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An efficient procedure has been developed for callus induction and cell suspension cultures
of C. saxicola for the first time. Explant selection was carried out among leaf, stem and root
to select a suitable type of explants capable of higher callus formation. Leaf explants thus
selected showed maximum response to callus induction (67.1%). Modified Bs medium sup-
plemented with 0.5 mg 1-! 2,4-D plus 2 mg 1-! BA was the most favorable medium for callus
formation with the highest induction rate (94.8%) and greatest fresh weight of callus (1.7 g
per explant). Cell suspension cultures were established by transferring 2—8 g fresh callus to
80 ml liquid Bs medium. An inoculum size of 8 g produced the greatest biomass accumula-
tion, dehydrocavidine and berberine productions, which was 13.1 g 171, 8.0 mg 1-! and 4.1 mg
171, respectively. In response to various sucrose concentrations from 10g 1=! to 80 g 171,
cultures with 60 g sucrose 1-! not only produced the highest dry biomass (18.5 g 1-!) but also
the highest formation of dehydrocavidine (11.6 mg 1-!) and berberine (7.6 mg 1-'). These
prepared cell suspension cultures provided a useful material for further regulation of alkaloid

biosynthesis and for enhanced production of valuable alkaloids on a large scale.
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Introduction

Corydalis saxicola Bunting, with the local name
yan-huang-lian, is a perennial herbaceous plant
which belongs to the Fumariaceae family and only
grows in limestone hills, distributed in Southern
China (Wen et al., 1993). According to traditional
Chinese medicine or folk medicine, it is beneficial
in antibacterial, acesodyne, detumescence and
antipsychotic. It is also applied in the treatment
of hepatitis and hepatocirrhosis. Dehydrocavidine
and berberine are the major bioactive components
in C. saxicola (Ke et al., 1982). In the pharmaceuti-
cal industry, alkaloids extracted from C. saxicola
are utilized in the production of the Yan-Huang-
Lian Injection to treat hepatitis, hepatocirrhosis
and liver cancer (Jiang et al., 2002).

With an increasing demand for those products,
the plant cell culture provides an attractive alter-

Abbreviations: BA, 6-benzyladenine; 2,4-D, 2,4-dichloro-
phenoxyacetic acid; d, day; h, hour; FW, fresh weight;
DW, dry weight; Bs, Gamborg’s medium (Gamborg
etal., 1968).
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native source that could overcome the limitations
of extracting useful metabolites from limited natu-
ral resources. And it is now widely being employed
as a model system to investigate the production
of specific secondary metabolites because it offers
experimental advantages both to basic and applied
research and to the development of models with
scale-up potential (Buitelaar and Trapmer, 1992;
Chang and Sim, 1995; Mukherjee et al., 2000). Ad-
ditionally, cell cultures exhibit advantages for stud-
ies of elicitor-induced responses (Honee et al.,
1998; Steven et al., 2000; Stella and Braga, 2002;
Lu and Mei, 2003), which are otherwise difficult
to be carried out in the intact plant. Although gen-
eration of callus and suspension cultures of some
Corydalis species have been described (Iwasa and
Kamigauchi, 1996; Sagare et al., 2000; Nalawade
et al., 2003; Nalawade and Tsay, 2004), there is lit-
tle information available in literature with respect
to C. saxicola. Realizing the importance of C. saxi-
cola and its extracts in clinical medicine, we at-
tempted to apply this strategy to establish callus
and cell suspension cultures of C. saxicola acting
as source for the production of valuable secondary
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metabolites. In the present paper, the initiation of
callus and cell suspension cultures of C. saxicola
and their characteristics are described. Moreover,
special alkaloid productions are also investigated
by manipulating inoculum size and sucrose con-
centration in 250 ml flasks.

Materials and Methods

Plant material and culture conditions for
callus induction

Materials of C. saxicola were collected from
Dongnan, Guangxi Province, China in November
2002. Fresh, healthy and mature explants obtained
from the plant were cleaned under running tap
water and surface-sterilized by placing them in
70% ethanol for 1 min, followed by two treat-
ments of 10 min rinse in 0.1% mercuric chloride
solution and five times wash with sterile distilled
water. After surface sterilization, explants were
cut into about 1 cm? for leaves and 1 cm length for
stems and roots. Then they were placed separately
on 30 ml Bs basal medium in 150 ml flasks supple-
mented with 3% sucrose and different cytokinin/
auxin combinations solidified with 1% agar.

The media used for all the experiments were
autoclaved at 108 kPa, 121 °C for 20 min. The pH
value of the media was adjusted to 6.0 prior to
autoclaving. All the cultures were maintained un-
der 16-h photoperiod illumination. The incubation
temperature was kept at (25 £ 1) °C.

Suspension cultures and cell growth determination

Suspension cultures were developed by transfer
of 2—-8 g fresh weight (FW) friable calli into 250 ml
flasks containing 80 ml Bs liquid medium supple-
mented with 0.5mg 1-! 2,4-D (2,4-dichlorophen-
oxyacetic acid) and 2.0 mg 1-! BA (6-benzylade-
nine), the best exogenous hormone combination
determined for callus formation. All the cell sus-
pension cultures were placed on a rotary shaker
with a speed of (130 £ 5) rpm at (25 £ 1) °C in
the dark. The cells were harvested from suspen-
sion cultures by filtration via a Buchner funnel
with a filter paper, washed with distilled water to
remove residual medium, and then filtrated again
under vacuum. After filtration the cells were dried
at 50 °C to constant dry weight (DW). Cell growth
was measured on DW basis.
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Assay of alkaloids

Dried samples (100 mg) were pulverized and ex-
tracted with 5 ml methanol/HCI (99: 1, v/v), then
ultrasonicated three times for 1 h at room temper-
ature. After combining them and filtering through
a No.1 filter paper, the resultant solution was ad-
justed to pH 9 using ammonia and then extracted
three times with chloroform. A sample of 5 ml
cell-free liquid medium was also adjusted to pH 9
and extracted with chloroform for three times. The
combined organic phases were dried with anhy-
drous Na,SO, and evaporated to dryness under
reduced pressure, and then dissolved in 0.1 ml
methanol. These solutions were passed through a
0.45 um filter prior to HPLC analysis. A reverse-
phase C18 column (Dikma Diamonsil, 5 um,
250 mm x 4.6 mm) was used. The mobile phase
consisted of acetonitrile and water (40:60, v/v) sup-
plemented with 3.4 g 1! KH,PO, and 1.7 g 1! so-
dium dodecyl sulfate. The mobile phase was fil-
tered through a 0.45 um filter membrane and then
degassed. The flow rate was 1 ml min~' and the
column temperature was kept at 25 °C. The chro-
matogram was monitored at 345 nm. All injection
volumes were 10 ul.

Alkaloids were identified by TLC, HPLC-diode
array detection of spectra and MS compared with
standards (Agilent 1100 LC/MSD Trap, Palo Alto,
CA, USA). Authentic berberine was purchased
from Sigma (St. Louis, MO, USA). Dehydro-
cavidine was obtained from NICPBP (National
Institute for the Control of Pharmaceutical and
Biological Products), Beijing, China. Alkaloid
concentrations in the samples were the combina-
tion of alkaloids in cells and media.

Results and Discussion

Effects of different types of explants on
callus induction

Different types of explants were placed on basal
Bs medium containing 1 mg 17! 2,4-D, 1 mg 1-! BA
and 1 mg 1! kinetin for 2 months of cultivation.
Leaf explants exhibited highest frequency of callus
formation (67.1%), which was almost 2- and 12-
fold greater than that obtained in stem and root
explants, respectively. These results obtained here
indicated that leaf and stem explants were suitable
for callus induction of C. saxicola rather than root
explants. Similar results were reported in callus in-
duction of Orthosiphon stamineus, in which it was
described that callus could be induced successfully
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from leaf, petiole, stem but not root (Lee and
Chan, 2004). Owing to the capacity of higher cal-
lus formation, hence, leaf explants were used for
further experiments.

Effects of exogenous plant growth regulators
on callus formation

Calli were successfully generated in all combina-
tions of 2,4-D and BA two months after inocula-
tion. But no callus was induced by basal Bs me-
dium only (Table I). This indicated that exogenous
hormone was essential to callus formation of
C. saxicola. The exclusive presence of BA in the
medium, regardless of its concentration, was less
satisfactory for callus initiation. While in the ab-
sence of BA, the cultures containing correspond-
ing concentrations of 2,4-D showed higher callus
weight in a range from 0.25¢g to 0.63 g FW per
explant and higher response from 27.7% to 68.3%
(Table I). This phenomenon suggests that 2,4-D
played a more important role in callus formation
from leaf explants compared to BA. However, the
combinations of auxin and cytokinin were found
to produce more callus than auxin or cytokinin
alone. One combination containing 0.5 mg 1! 2.4-
D and 2mg 1-! BA, was proved to be the most
efficient in promoting callus development (1.68 g)

Table 1. Effects of exogenous plant growth regulators on
callus formation from leaf explants of C. saxicola.

24-D BA Induction rate Fresh weight
[mg1™']  [mgl] (%) el
0 0 0° 0d

0.5 182 + 6.5¢ 0.22 £ 0.05¢

1 16.8 + 5.2¢ 0.26 + 0.04¢

2 245+ 0.5° 0.32 + 0.23¢

0.5 0 61.3 + 10.5° 0.62 £ 0.11°

0.5 77.0 £ 1.8 0.89 + 0.15°

1 862+ 5.2° 1.35 £ 0.26*

2 948 + 8.1° 1.68 £ 0.132

1 0 683 + 5.2° 0.63 + 0.15°

0.5 712 £ 10.52 0.82 £ 0.07°

1 695+ 7.3 0.67 £ 0.06°

2 87.6 + 6.5° 1.40 £ 0.072

2 0 277 + 8.1¢ 0.25 £ 0.11¢

0.5 50.1 £ 10.5° 0.45 + 0.15¢

1 275+ 8.1° 0.29 £ 0.07¢

2 287+ 52°¢ 0.25 + 0.05¢

Percentages of callus formation were scored on each ex-
plant after 8 weeks of cultivation. Data present the ave-
rage of triplicate experiments (means * S.D.). Means
followed by the same letters are not significantly diffe-
rent at p < 0.05 using Tukey’s test.
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from leaf explants with 94.8% response, followed
by 1mgl'24-D +2mgl ' BA (1.40 g) and then
0.5mg 1! 24-D + 1mg 17! BA (1.35g). In addi-
tion, most of the cultures containing 2,4-D ( 0.5-
1 mg 1-1) and BA ( 0-2 mg I!) produced friable
yellowish calli, which initiated at cut surfaces of
the explants about 20 d after inoculation and pro-
liferated quickly. However, cultures with BA only
resulted in less friable calli and white roots germi-
nated from those compact calli after 3 months of
cultivation. This observation was similar to callus
development of Holostemma adakodien (Martin,
2003).

A plant growth regulator is a key factor respon-
sible for callus initiation and development in plant
cell cultures. Our results indicate that the combi-
nation of 2,4-D and BA was effective to satisfacto-
rily induce calli from leaf explants of C. saxicola.
The medium used for callus formation of C. platy-
carpa Makino and C. ochotensis var. raddeana,
which are also relatives of Corydalis, contained a
low level of 2,4-D (1 mg 1-!) (Iwasa and Kamigau-
chi, 1996; Iwasa et al., 2003). In C. ambigua, Hira-
oka et al. (2001) described that the medium includ-
ing 2,4-D and BA could induce callus on the ex-
plant surface. The stimulative effect of 2,4-D in
combination with BA on callus formation has also
been reported for Oryza sativa (An et al., 2004).

During following subcultures, healthy and
young calli cultured on Bs + 0.5mg 17! 24-D +
2mg 1! BA showed a bright yellow color, but
some of them turned brownish as they grew older.
Those calli were also observed to favor light condi-
tion (16-h photoperiod) rather than complete
darkness. Calli cultivated under complete dark
condition more frequently turned into brown or
dark in comparison to those calli under light con-
dition. Therefore, the homogenous calli selected
from cultures were maintained on Bs medium con-
taining 0.5 mg 17! 2,4-D and 2mg 1-! BA under
light condition for a long repeated subculture
process. Development of fast-growing homoge-
neous callus was achieved after about one year.

Effects of inoculum size on suspension cultures

Suspension cultures were initiated by transfer-
ring 2—8 g fresh friable calli into 80 ml Bs liquid
medium in 250 ml flasks. In the case of 8 g, cell
growth increased in the initial 12 d followed by a
remarkable decrease. This biomass decrease could
be caused by some cells which couldn’t adapt to
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the change from solid to liquid medium and gradu-
ally went to death. After that, biomass increased
rapidly and reached the highest value (13.1 g 1°1)
on day 21, with about 6 times increase compared
to that at the beginning (2.1 g 1-1). Similar devel-
opment of 6 g callus was demonstrated and the
stationary phase was reached after 21 d. Asto4 g,
a lag phase of about 12 d was observed, followed
by a slower growth. However, there was no
marked growth for 2 g during the whole cultiva-
tion and an appreciable amount of cell debris ac-
cumulated in the media in 30 d. For alkaloid pro-
duction, it was enhanced remarkably with the in-
crease of inoculum size (Table II). Dehydrocavi-
dine production reached the lowest value of
0.51 mg 1-! at the inoculum size of 2 g, and in-
creased to the highest value of 8.02mg 1! at 8 g.
Berberine production also increased from 0.28 mg
1-! to 4.13mg 1-! when inoculum size rose from
2gto8g.

The results show that cell growth requires a cer-
tain initial density of cells and lower inoculum size
is inhibitory to growth of suspension cultures. Sim-
ilar growth inhibition has also been reported for
transformed cell suspension cultures of Coleus for-
skohlii (Mukherjee et al., 2000). The inoculum size
had a positive effect on biomass and metabolite
production up to an optimum concentration (Gor-
ret et al., 2004). In this study, the optimal inoculum
size for biomass accumulation and the production
of alkaloids was 10% (FW, w/v), which is compara-
ble to those obtained by Chiou eral. (2001) for
production of polyunsaturated fatty acids in cell
suspension cultures of Marchantia polymorpha.

Time course of cell growth and alkaloid production
in suspension cultures

These suspension cultures showed continuous
and stable accumulation of biomass after 4—5 sub-
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cultures by transferring 10% (FW, w/v) cells to
fresh medium. The time course of cell growth and
alkaloid production has been studied by growing
suspension cells in 250 ml flasks, containing 80 ml
liquid Bs medium (30 g 1-! sucrose). As shown in
Fig. 1, cell growth was slow during initial 6 d of
cultivation. From day 6, biomass accumulated rap-
idly and reached the greatest value on day 18, with
14.1 g DW I-!. Then a slow decrease of biomass
was observed in the later stage of cultivation.
Some cultures continued to grow for up to 30d,
but invariably darkened and appeared less healthy.
For alkaloid production, dehydrocavidine produc-
tion increased stably 6 d after inoculation and re-
sulted in a peak of 8.22 mg 1! on day 18. The time
profile of berberine production was similar to that
of dehydrocavidine production. The highest pro-

154| —=— Biomass
—O— Berberine
12| —&— Dehydrocavidine
9

Biomass [g 1, DW]
Alkaloid production [mg 1]

Time [d]

Fig. 1. Time courses of cell growth and alkaloid produc-
tion in C. saxicola suspension cultures. The suspension
cells were grown in liquid Bs medium containing 0.5 mg
17! 2.4-D and 2 mg 1-! BA and incubated on a rotary
shaker at (25 £ 1) °C in the dark. Data indicate means
of three independent experiments (means = S.D.).

Table II. Effects of inoculum size on dry biomass and alkaloid production in C. saxicola suspension cultures.

Inoculum mass Harvest Dry biomass Alkaloid production
-1
[e] day g 177] Dehydrocavidine Berberine
[mg 1] [mg 1]
2 24 2.5 +£025 0.51 £0.18 0.28 £ 0.07
4 24 59 +0.37 2.62 £0.24 1.50 £ 0.30
6 21 10.8 £ 0.41 593 + 1.18 338 £0.77
8 21 13.1 £ 0.77 8.02 + 0.74 4.13 £ 0.35

The suspension cultures were cultivated in Bs medium containing 0.5 mg 1-! 2,4-D and 2 mg 1! BA on a rotary

shaker. Data are expressed as means £ S.D. (n = 3).
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duction (4.31 mg 1!) was also produced on day
18. Those alkaloid productions were found to be
slightly greater than that in the first suspension
cultures (Table IT). The cause was the increase of
biomass. The culture behavior demonstrated that
suspension cells acclimatized themselves to liquid
medium and exhibited stable growth. Results ob-
tained here indicate that the favorable subculture
method is the transfer of an inoculum size of 10%
(FW, w/v) to fresh media every 21 d.

Effects of sucrose concentration
on suspension cultures

High sucrose concentration usually resulted in
high biomass accumulation and secondary metab-
olite production of plant cell cultures. In response
to increased sucrose concentration from 10g 1!
to 60 g 171, cultures not only accumulated more
biomass but also produced more alkaloids (Table
IIT). On the contrary, biomass accumulation and
alkaloid production were significantly decreased
when sucrose concentration increased from 60 g 1-!
to 80 g 1-! (Table III). This phenomenon suggests
that the cell growth was suppressed by relatively
higher initial sucrose concentration, which con-
tributed to higher osmotic pressure (Zhang et al.,
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1996). Similar suppression was also reported in
cell cultures of Panax ginseng (Akalezi et al., 1999)
and Camptotheca acuminata (Pasqua et al., 2005).
The optimal sucrose concentration for maximal
biomass and alkaloid production was 60 g 1-!. In
all cases of sucrose concentrations, the pH value
of medium presented a similar profile to biomass,
which coincided with alkaloid biosynthesis. The re-
sults demonstrate that manipulation of sucrose
concentration is an effective method to improve
alkaloid production in this cell culture, which is in
agreement with Zhang et al. (1996) and Pasqua
et al. (2005).

In conclusion, callus and cell suspension cultures
of C. saxicola were achieved for the first time and
provided a homogenous material for the produc-
tion of dehydrocavidine and berberine. Remarka-
ble improvements of both biomass accumulation
and alkaloid production were successfully ob-
tained by manipulating inoculum size and sucrose
concentration. The optimal inoculum size and
sucrose concentration were 10% (FW, w/v) and
60 g 171, respectively. This work may be beneficial
for further regulation of alkaloid biosynthesis and
for enhanced production of valuable alkaloids on
a large scale.

Table III. Effects of various sucrose concentrations on suspension cultures.

Sucrose pH of Dry biomass Alkaloid production
-1 ; -1
g 177] medium g 177] Dehydrocavidine Berberine
[mg 171] [mg 171]

10 583 £ 0. 35 8.09 + 0.27 591 £ 0.38 2.38 £ 045
30 6.25 £ 0.4 14.1 £ 0.67 8.22 £ 0.41 431 £0.53
60 6.53 + 0. 39 185 £1.52 11.6 £ 0.72 7.57 £0.52
80 585+ 042 10.6 + 1.10 6.84 £ 0.36 3.43 £ 0.58

The suspension cultures were cultivated in Bs medium containing 0.5 mg 1-! 2,4-D and 2 mg 1! BA on a rotary
shaker and collected on day 21 of cultivation. Data indicate means of three independent experiments (means +

S.D.).
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