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Abstract. We established cell suspension culture on ginsadgsame attempts have been made to
increase ginsenoside yield of ginseng cell cultbreugh manipulation various culture factors and
process variable. The maximum biomass yields dfstslpension culture of ginseng was obtained
in medium containing 2,4-D as compared to IBA orAAlowever, ginsenoside production was
much higher in IBA or NAA containing medium and gtn IBA was determined to be optimal
for cell growth (10.1 mg/L DW) and ginsenoside proion (7.2 mg/g DW). Addition of
cytokinin (BA and kinetin) did not affect cell gréfivbut ginsenoside production was increased
when the medium supplemented with 0.5 mg/L BA &rrig/L kinetin. Half and full strength MS
medium were found to be equally suitable for batimtass as well as ginsenoside production. At
various sucrose concentration investigated, 30 syitrose enhanced biomass yield as well as
ginsenoside production and further increase ofaagcconcentration upto 70 g/L led to a decrease
in ginsenoside accumulation and biomass producfidgre maximum growth and ginsenoside
production was obtained for nitrogen concentratitb80 mM.
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1. Introduction fatty acids, alcohol and vitamin [2]. The
saponins known as ginsenosides are widely
Ginseng Panax ginseng C.A. Meyer) believed to the major bioactive compounds of

which belong to the Araliaceae, is one of the ginseng.
most variable oriental herbs. It has been used as
a healing drug and health tonic in countries as
Korea, China and Japan since ancient times [1].
Until now, ginseng has reported to contain

saponins, antioxidants, peptides, polysaccharides,

Recently, the production of secondary
metabolites using plant cells has been the
subject of extended research [3]. The plant cell
cultures has been considerd as a potential
alternative for the efficient production of
ginseng and its active ingradients, such as
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number of reports of ginseng cell culture were
published time to time [4-6]. However, there is
still a need to the productivity of the tissue
culture process in order to be economically
competitive with field cultivation of ginseng. A

number of physical and chemical factors that
could influence secondary metabolite in plant
cell cultures have been found [2,7].
Optimization of the hormone concentration and
combination are often effective. For ginseng
cell growth, 2,4 D is most commomly used in
routine culture maintenance [6]. But use of this
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Duncan’'s multiple range test using SAS
program (Version 6.12, SAS Institute Inc.,
Cary, USA).

3. Results and discussion

To understand the culture characteristics of
the suspended cells of ginseng in shake flask,
the effect of plant growth regulators (2,4-D or
IBA or NAA combination with BA or kinetin)
on cell growth, ginsenoside production by

safety concerns. Alterations in the biomass yield of cell suspension culture of
environmental factors such as nutrient levels, 9inseng was obtained in medium containing
light, and temperature may also effective in 2:4-D as compared to IBA or NAA. However,

increasing productivity.

In this paper, we established cell suspension
culture of ginseng cell and some attempts have
been made to increase biomass and ginsenosid
yield of ginseng cell culture.

2. Materials and methods
Stock cell culture and culture condition

Stock suspension cells &f. ginsengwere
maintained in MS medium. The cultural
conditions were done as described by [8].

Determination and analyses

Extraction and determination of ginsenoside
production were determined as reported
previously [9].

Experimental design and data analysis

All experiment were repeated three times
with 3 replicates. Data were subjected to

ginsenoside production was much higher in
IBA or NAA containing medium (Table 1).
Considering these results, 7 mg/L IBA was
edetermined to be optimal for the cell growth
(10.1 g/L DW) and ginsenoside (7.29 mg/g DW
total ginsenoside) of ginseng suspension
culture. Addition of cytokinins (BA and
kinetin) did not affect cell growth but
ginsenoside productivity (particularly Rb
group) was increased when the medium
supplemented with 0.5 mg/L BA or 0.5 mg/L
kinetin (Table 2). These results obtained in this
present study is quite interesting because almost
all suspension culture of ginseng cells reported
until now were claimed to require 2,4-D which
is a potent herbicide and carcinogen and
therefore unsuitable for pharmaceutical and
food industries [10]. From this point of view,
our system is apparently favourable for the
process scale up for commercial ginsenoside
production by ginseng cells without addition of
the chemical 2,4-D.
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Table 1. Effect of different auxin on cell growthdaginsenoside production

Auxin Concentration  Fresh wt. Dry wt. Ginsenoside (mg/g DW)
(mg/L) (g/L) (g/L) Rg Rb Total
2,4-D 1 328 4 119a 1.81 2.35 4.16
1 144 d 7.5d 2.16 3.05 5.21
3 170 c 8.8 cd 2.09 3.49 5.58
IBA 5 178 c 91c 2.43 3.31 5.74
7 216 b 10.1b 2.61 4.69 7.29
9 226 b 105b 1.42 4.22 5.64
1 132d 71e 2.85 5.33 8.18
3 134d 7.3 de 3.28 5.58 8.76
NAA 5 152 cd 7.8d 2.61 4.83 7.44
7 164 c 7.6 cd 2.16 4.08 6.24
9 188 c 9.7b 2.16 2.45 4.61

*Mean separation by Duncan’s multiple range tept<a0.05

Table 2. Effect of different cytokinins (along witlmg/L IBA) on cell growth and ginsenoside prodomti

Cytokinins  Concentration Fresh wt. Dry wt. Ginsenoside (mg/g DW)
(mg/L) (g/L) (9/L) Rg Rb Total
0 192 6 10.1b 1.88 2.78 4.66
0.1 230 a 11.2 ab 1.81 2.75 4.55
BA 0.5 252 a 115a 1.75 5.33 7.08
1.0 243 a 11.1ab 1.79 3.53 5.32
0.1 225 ab 11.1 ab 1.16 4.62 5.78
Kinetin 0.5 240 a 11.7 a 1.49 5.82 7.32
1.0 242 a 114 a 1.56 3.59 5.15

*Mean separation by Duncan’s multiple range tept<a0.05

Table 3 shows the effects of different

strength of MS medium on biomass and
ginsenoside production. Half and full strength
MS medium were found to be equally suitable

for both biomass as well as ginsenoside

production. High salt strength (2.0) inhibited
cell growth ginsenoside production. Such a
phenomenon was also described in provious
cultures of ginseng adventitious roots [11].

Table 3. Effect of different sucrose concentratarcell growth and ginsenoside production

Sucrose Fresh wt. Dry wt. Ginsenoside (mg/g DW)
concentr. (g/L) (g/L) (g/L) Rg Rb Total
10 27d 29d 0.32 0.66 0.98
30 180 a 10.8 a 2.17 4.39 6.56
50 98 b 8.4b 1.07 2.25 3.32
70 52c 57c 0.09 1.58 1.67

*Mean separation by Duncan’s multiple range tept<a0.05
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At various sucrose
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concentrations seed rape could be increase about 8-fold on a

investigated, 30 g/L sucrose enhanced biomass fresh weight basis when sucrose concentration

yield (180 g/L FW, and 10.8 g/L DW), and
ginsenoside production (total

production upto 6.56 mg/g DW). Further

in the growth medium was raise from 2 to 22%

ginsenoside (w/v). Choi et al. (1994a, b) found that the
optimal concentration of sucrose for cell growth

increase of sucrose concentration upto 70 g/L was between 30 and 50 g/L and upto 70 g/L

led to a decrease in ginsenoside accumulation sucrose

inhibited cell growth, while the

and biomass production (Table 4). On the ginsenoside content showed a steady increase

contrary of our results, several
suggested that a relatively high sucrose level
was benificial to secondary metabolite synthesis
[12]. For example, Weselake et al. [13] reported
that the triacylglycerol content of the cells of oi

authors with sucrose concentration of upto 60 g/L.

Based on our results it can be concluded that
high sucrose level and secondary metablite
production is not a general phenomenon and

depends on plant species.

Table 4. Effect of different strength of MS mediom cell growth and ginsenoside production

Sucrose Fresh wt. Dry wt. Ginsenoside (mg/g DW)
concentr. (g/L) (g/L) (g/L) Rg Rb Total
10 225 4 99a 1.45 4.88 6.33
30 185b 10.3 a 2.27 4.45 6.73
50 153 ¢ 9.4 a 0.98 3.57 4.55
70 98 d 6.8 b 0.46 3.45 3.91

*Mean separation by Duncan’s multiple range tept<a0.05

The effect of the initial nitrogen
concentration in the medium for cell growth
and metabolite production was studied Rn
ginsengcell cultures. The initial nitrogen level
was adjusted to 30, 60, 90 and 120 mM. The
kinetics of growth (based on dry weight) in
various cultures is shown in (Table 5). It is

apparent that growth was inhibited at a high
initial N concentration. The highest dry weight
reached 11.6 g¢g/L at an initial nitrogen
concentration of 30 mM. The highest
ginsenoside production was (7.46 mg/g DW) at
initial medium nitrogen concentration of 30
mM after 25 days of culture.

Table 5. Effect of different nitrogen concentratmmcell growth and ginsenoside production

nitrogen Fresh wt. Dry wt. Ginsenoside (mg/g DW)
concent.(mM) (g/L) (g/L)
Rg Rb Total
30 206 & 116a 2.85 4.62 7.47
60 182 b 10.8 a 2.17 4.48 6.65
90 112 ¢ 8.1b 0.65 4.11 4.76
120 76d 6.1d 0.23 4.32 4.56

*Mean separation by Duncan’s multiple range tept<a0.05
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In cell cultures ofP. quinquefolium [13]
reported that the final dry cell weight was
relatively low with the low nitrogen
concentration. Maximum cell dry weight
obtained (15 g/L) at a total initial nitrogen
concentration of 40 mM and the cell growth

was inhibited at a high initial nitrogen
concentration of 80 mM. Similarly, the
accumulation  of total saponin  and

polysaccharide were also influenced by initial
nitrogen concentration in the medium. The
maximum production of ginseng saponin and
polysaccharide obtained (1.5 g/L and 2.19 g/L)
at the initial nitrogen concentration of 40
mM.[14]. In the simultaneous production of
ginseng saponin and polysaccharide by
suspension cultures & ginseng[15] reported
that production of ginseng saponin was related
with the total nitrogen concentration. The result
suggested that a low nitrogen concentration was
beneficial for the stimulation of total saponin
production.
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Nubi ciy huyén phu € bao Nhan sarRanax ginseng.A.
Meyer: Anh hrong aia cac cht kich thich sinh trong
va mot s6 thanh pln trong méi teong dén sinh kidi

va sin phaim ginsenoside

Nguyén Trung Thanh Kee Yoeup Paék

'Khoa Sinh hc, Treong Pai hoc Khoa e Ty nhién, PHQGHN, 334 Ngusn Trai, Ha Nsi, Viét Nam
’Khoa Cay tong, Trnrong Pai hoc Quic gia Chungbuk, 361-736 Cheongju, HansQu

Té bao Nhan sanid duoc nudi dy trong moéi tedng long MSdé san xuat sinh kibi va sin phim
trao doi chit ginsenosidebdi véi auxin, sinh kidi thu dugc 16n nHit & 2,4-D so sanhdi IBA va
NAA. Nhung sin phim ginsenoside tichiy caod IBA va NAA. Két qua thu duogc 1a (7.2 mg/g tng
lwong khd, 6ng  ginsenoside) va sinh &hla 10.1 g/L tong lrong khdd ndngdd 7 mg/L IBA. Con
déi voi cytokinin khi rong do tang tr 0.1dén 1.0 mg/L (BA va kinetinjia khénganh hrong dén sy
sinh trong aia € bao, nleng ting c6 y nga déi véi san phim ginsenoside khi méitdng MS duoc
bd sung 0.5 mg/L IBA hic NAA. Nongdd mdi tnrong MS i 50 haic 100% & thich &p cho s tich
lily sinh kii té bao va dng hyp sin prim ginsenoside. dhg do duong 30 g/L 1a éi wu cho & sinh
truong aia € bao va s tong hyp sin prim ginsenoside. Sinh Ehté bao va sn ptim ginsenosidéa
thu duoc lén nhit & ndng d6 30mM nitrogen.

Keywords Auxin, cytokinin, sucrose,amgdd mdi treong MS.



