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The effects of lanthanum nitrate (La>*) and cerium nitrate (Ce*") on Echinacea angustifolia callus growth
and subculture were studied by the measurement of callus fresh weight, dry weight and time-course
curve. The effects of La® on soluble protein content, peroxidase activity and shoot differentiation of
callus were also investigated. Low concentrations of La® and Ce™ (0.01, 0.1 and 1 mg/l) showed
enhancing action on callus growth while the suppress effect was found at hi%h concentration
treatments (10 and 100 mg/l). The result from time-course experiment indicated that La’* or ce* showed
promotion on callus growth after 15 days cultured and ce" displayed a better effect than La*. Different
proportion mixture of La®>" and Ce*" at 1 mg/l in total showed stimulating action on callus growth and the
optimum proportion was the mixture of 40% La®>* and 60% Ce*". Inhibitory effects were observed when
the calli derived from the treatments with La>* and Ce* were subcultured for the first generation. The
dose-dependent effects of La>* on soluble protein content, peroxidase activity and shoot differentiation
were also noticed. The optimum concentration for callus growth and shoot differentiation was 0.1 mg/l
and the green, loose calli with low percentage of brown callus were obtained at this concentration.
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peroxidase activity, shoot differentiation.

INTRODUCTION

Echinacea angustifolia, one of the three important
medicinal plants native of North America, was introduced
into China in the 1980s and is now widely cultivated
around the country for commercial purpose. Extracts from
root or the whole plant showed antioxidative, anti-
inflammatory, free-radical scavenging, immunomodulating
activity and has been widely used for a variety of
ailments, such as common cold, toothache, coughs, sore
throats, snakebite, and so on (Barrett, 2003; Hu and Kitts,
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Abbreviations: REE, Rare earth elements; MS,
Murashige and Skoog basal medium; FW, fresh weight;
DW, dry weight; POD, peroxidase.

2000; Kindscher, 1989).

In vitro regeneration of E. angustifolia from different
explants has been reported successfully. High-frequency
shoot formation from seed, leaf and stem segment and
direct somatic embryogenesis from hypocotyl explants
made the rapid propagation easier (Goeckel et al., 1992;
Harbage, 2001; Lakshmanan et al., 2002). Indirect
somatic embryogenesis such as shoot and root differen-
tiation from callus cultures is also an effective method for
rapid propagation and there are many reports on other
plant species. However, only one paper reported the
shoot differentiation from anther-derived calli of Echinacea
purpure (Zhao et al., 2006) and there is little information
available in the literature about callus culture and growth
of E. angustifolia.

Rare earth elements (REE) such as lanthanum, cerium,
neodymium and europium have been reported to show
biological effects on culture plant cell and tissue in vitro.



2334 Afr. J. Biotechnol.

Low concentration of REE could promote cell growth,
plantlet rooting and accumulation of secondary metabolism
products (Chen et al., 2004; Lu et al., 2006; Luo et al.,
2008). REE were also found to have stimulating or
inhibitory effects on soluble protein content, antioxidant
enzymes activity, nitrogen metabolism of in vitro culture
leaf, shoot and root system (Song et al., 2004; Wan et al.,
2004; Wang et al., 2007; Zhang et al., 2005). In recent
years, several researchers have investigated the effects
of REE on callus growth, chemical constituents and cell
ultrastructure of callus (Lu and Chen et al. 1998; Lu and
Lu et al. 1998; Ma et al., 2002; Ning et al., 2005; Yang et
al., 2005), but little attention has been paid to their effect
on callus differentiation. In this study, we investigated the
effects of different concentration of lanthanum nitrate
(La*") and cerium nitrate (Ce*) on E. angustifolia callus
growth and subculture. La®* and Ce*" were applied into
medium as single compound or mixed formation. Effect of
La*" on shoot differentiation from callus derived from leaf
tissue was explored. The soluble protein content and
peroxidase activity, which are generally considered as
the important physiology parameters, were determined at
different culture times.

MATERIALS AND METHODS
Callus induction and subculture

Young leaves of E. angustifolia were collected from three month old
seed-germinated plants grown at greenhouse. Fresh leaves were
surface-sterilized by soaking with 0.1% HgCl, for 10 min and
shaking continually. Leaves were subsequently washed five times
with sterile water under aseptic conditions. For callus initiation, the
leaf margins were removed. Leaf sections (0.5 x 0.5 mm) were
inoculated on callus induction medium with the adaxial surface. The
callus induction medium was composed of MS basal medium
(Murashige and Skoog, 1962) supplemented with 6-benzylamino-
purine (1 mg/l), a-naphthaleneacetic acid (1 mg/l), vitamin Bg (1
mg/l) and sucrose (3% w/v). All chemical regents used were AR
grade. The medium was adjusted to pH 5.8 before adding agar (8
g/l) and then sterilized by autoclaving at 121°C for 20 min. All
Erlenmeyer flasks (100 ml containing 20 ml medium) consisting of 8
- 10 leaf explants were maintained in dark conditions at 25 + 2°C for
10 days and then moved to light conditions with a 12 h photoperiod
of 25 umol/m? s at 25 + 2°C for 20 days. The calli induced from leaf
explants were subcultured for proliferation on fresh MS medium at
light conditions every 25 days. After 4 or 5 times subculture, the
calli with stable growth and same morphological characteristics
were screened for later experiments.

REE and treatment

Lanthanum nitrate hexahydrate (La(NOgs)s;-6H,0, 98%, AR) and
cerium nitrate hexahydrate (Ce(NOs)s-6H20, 99%, AR) obtained
from Chengdu Kelong Chemicals Regent Plant (Chengdu, China)
were used to provide the La** ion and Ce*" ion for the test in this
study, respectively. Stock solutions of 100 mg/l REE were prepared
in distilled water. The suitable volume of REE solution was added
into culture medium before pH adjustment and sterilization at
121°C. On treatments with La®* or Ce* individually, five
concentrations ranged from 0.01 to 100 mg/l were applied, while on
treatments with mixed REE, different proportion of La® and Ce*

was added simultaneously into the medium to give total
concentration of 1 mg/l. The medium without REE was used as the
control. For every flask of culture experiments, 0.5 + 0.02 g fresh
weight callus were inoculated. The culture temperature and light
condition were the same as callus subculture described above. Two
experiments with three replicates at each treatment were carried
out.

Measurement of callus growth

The fresh calli from the five flasks of different treatments at 30 days
after cultured were measured as fresh weight (FW), then dried at
60°C in an oven till constant weight and measured as dry weight
(DW). The measurements were repeated twice. At time-course
experiments, the growth of calli (FW and DW) was measured at
different intervals from triplicate. The measured values at different
time point were converted to the FW or DW of 1 g inoculated callus.

Determination of soluble protein content and peroxidase
activity

One gram of callus (FW) from the treatments of different
concentrations of La®" after cultured for 30 days was ground using a
glass rod in mortar at an ice bath. The extraction was carried out
with 5 ml of Tris-HCI buffer at pH 8.0. Extract was centrifuged
(5,000 g, 15 min) at 4°C and the residue was extracted again with
the same method. The combined supernatant was used for
quantification determination. Soluble protein content was
determined according to Bradford (1976). Bovine serum albumin
was used as the control. Peroxidase (POD) was extracted and
determined with the method described by Wakamatsu and
Takahama (1993). The determination was done at 25, 30 and 35
days after culture and triplicate samples were analyzed at each
time.

Shoot differentiation

Subcultured calli of about 4-5 mm in size derived from the culture
without REE were transferred onto fresh MS basal medium
supplemented with 1 mg/l naphthaleneacetic acid, 1 mg/l 6-benzy-
laminopurine, 1 mg/l VB¢ and different concentrations of lanthanum
nitrate (0, 0.01, 0.1, 1, 10 and 100 mg/l). About 45 to 50 calli in 10
flasks were used for each treatment and three replicates were
applied. Number of differentiated shoots and brown calli were
recorded 40 days after cultured.

RESULTS AND DISCUSSION

Effects of La®* and Ce*" on callus growth of E.
angustifolia

To determine the effects of La*" and Ce* on callus
growth of E. angustifolia, FW and DW of callus were
measured after a 30-day growth period on MS medium.
Calli treated with lower concentration of La** or Ce*
(0.01, 0.1 and 1 mg/l) showed a significant increase in
FW as compared to the control calli (Figure 1A).
However, an obvious reduction in FW was observed in
calli treated with higher concentration of REE (10 and
100 mg/l). Callus treated with 0.1 mg/l La* or Ce*
showed the highest FW among the other REE treatments
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Figure 1. Effects of different concentrations of La®* and Ce*" on fresh weight (A) and dry weight
(B) of E. angustifolia callus after 30 days cultured. The same letter at the same series columns
indicates there was no significant difference among the treatments according to the LSD Test at
5% level. Bar at each value represents the standard deviation of mean.

and the control (Figure 1A). The same trend of REE
effects on callus DW was observed (Figure 1B), but there
was no significant difference between the treatments at
0.01 or 1 mg/l of La* and the control as well as between
the treatments at 0.01 mg/l of ce* and the control. The
promotion action on callus growth at low concentration of
REE and inhibitory action at high concentration
demonstrated dose-dependent effect. These results are
in accordance with the reports published previously
(Chen et al.,, 2004; Lu et al., 1998; Wu et al., 2001).
However, Ma et al. (2002) reported that the different
concentration of La®*" which ranged from 10 to 10™ g/I all
showed a promoting effect on callus FW of Ginkgo
biloba.

Time-course of callus growth with REE treatment

Callus growth curve treated with 0.1 mg/l REE and the
control without REE is shown in Figure 2. The effect of
La* or Ce* on callus growth had a similar trend. Callus
grew slowly during the first 10 days but hereafter
developed with a rapid growth phase. Callus FW and DW
of the control were higher than that of the treatments with

REE on days 10 after being cultured because the
addition of REE had a negative effect on cell growth
during the lag phase (Yuan et al., 1998). On days 20 and
25, callus FW at treatments with La** or Ce* were
significantly higher than those growing in the medium
without REE. However, an obvious increase of callus DW
treated with REE was observed on day 15. This was
possibly due to promotion effect of REE on nutrient
elements uptake and metabolism (Guo, 1999). Compared
to lanthanum, cerium showed a strong stimulation effect
on callus growth. This result is different from the previous
report which found that the growth of Cistanche
deserticola callus was much more sensitive to La*" than
to Ce® because La** has a larger covalent radius
(Ouyang et al., 2003). The different valences of cerium
ion might produce different effects on cell growth through
changing the conformation of the oxidoreductase (Xiang
and Ge, 2008).

Effects of the mixture of La®* and Ce* on callus
growth

Similar to treatment with La®* or Ce* alone, the mixture
of La*" and Ce* remarkably promoted callus growth at
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Figure 2. Time-course curve of fresh weight (A) and dry weight (B) of E. angustifolia callus
treated with 0.1 mg L™ La®* and Ce*". The same letter at the lines of same time indicates
there was no significant difference among the treatments according to the LSD Test at 5%
level. Bar at each data point represents the standard deviation of mean.

the total concentration of 1 mg/l (Table 1). When La®* (0.4
mg/l) and ce* (0.6 mg/l) were mixed into MS medium,
the highest fresh weight (7.07 g) and dry weight (0.55 g)
were obtained, respectively. Several researchers have
reported the effects of the mixture of REE on callus or
cell growth of medicinal plants (Chen et al., 2004; Ge et
al., 2006; Ouyang et al., 2003; Yuan et al., 2002), but the
composition of the mixture of REE used in these studies
was extremely different from each other.

Callus growth of subculture from the culture treated
with REE

The calli cultured in the medium added with 0.1 and 1
mg/l of La®* and Ce* were subcultured onto new MS
medium without addition of REE after 25 days. The callus
FW and DW were determined on days 10, 15, 20 and 25
and the result is shown in Figure 3. Calli from treatment
with REE could grow normally as the control but the
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Table 1. Effect of the mixture of La*>* and Ce*" at different proportion on callus growth of E. angustifolia.
Concentration of REE (mg/l) Growth of callus (g)
La® ce® Fresh weight Dry weight
0 0 459+032c 0.36 £0.05¢c
0.3 0.7 559+0.71b 0.45+£0.05b
0.4 0.6 7.07+£0.79a 0.55+0.06 a
0.5 0.5 5.64+0.56 b 0.45+£0.03b
0.6 0.4 6.95+0.62 a 0.53+0.11 ab
0.7 0.3 5.93+0.77b 0.48 £0.10 ab

The data is shown as mean + SD from two experiments with triplicate at each treatment. Values followed by the same letter in the

same column were not significant according to the least significant difference test at 5% level.

BCK [ JLe01F Lal0 EEced.1 GagcCel0)
A

70+

Frest weigh: of callus (g)
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Figure 3. Effects of La®* and Ce*" on fresh weight (A) and dry weight (B)
of the subcultured callus. Calli derived from the treatments with 0.1 mg L™
La® (La0.1), 1 mg L™ La* (Lal.0), 0.1 mg L™ Ce* (Ce0.1), 1 mg L™ Ce*
(Cel.0) and the control without REE (CK) were subculture onto fresh MS
basal medium for the first generation. The same letter at the columns of
same time indicates there was no significant difference among the
treatments according to the LSD Test at 5% level. Bar at each value
represents the standard deviation of mean.
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Figure 4. Effect of different concentrations of La®* on soluble protein content of
Echinacea angustifolia callus. The same letter at the columns of same time
indicates there was no significant difference among the treatments according to the
LSD Test at 5% level. Bar at each value represents the standard deviation of mean.

biomass was lower than that of the control at the first 20
days. On days 25, only the DW of treatment with 0.1 and
1.0 mg/l Ce** were higher than that of the control (Figure
3B) and there was no significant difference on callus FW
between the treatments with REE and the control (Figure
3A). Our result is similar to previous report on Coptis
chinensi (Lu et al.,, 1998). It is not clear how the REE
affect callus growth during subculture. A full
understanding for a long term effects of REE on
subculture of callus needs continuous subculture for
many times.

After subcultured for more than 30 days, some calli at
1.0 mg/l La>* or Ce* treatment appeared color changed
from green to pale green. The brown callus was also
observed firstly in treatment with REE after being cultured
for 40 days but the same case did not appear in the
control.

Effect of La®" on soluble protein content

Fi%ure 4 shows the effects of different concentration of
La™ on the soluble protein content of callus at three
culture times. Compared to the control, treatment with 0.1
mg/l La®>* showed a significant increase and almost no
obvious influences were found at the concentration of
0.01 and 1 mg/l. In contrast, the soluble protein content
decreased markedly at high concentration treatments and
the difference between 10 or 100 mg/l and the control

was significant. These results are similar to the early
published report which also showed a dose-dependent
effect (Li et al.,, 2001; Wan et al., 2004). However,
another paper reported that the high concentration of
REE up to 320 mg/l had no negative effect on soluble
protein content of aloe leaf cultured in vitro (Zhang et al.,
2005). A decreased trend of the soluble protein content
was observed when the culture time increased due to the
fact that the most vigorous growth of callus was at 25
days after incubation.

Effect of La®* on POD activity

As shown in Figure 5, La** addition at 0.01 and 0.1 mg/l
significantly increased the POD activity of callus and the
addition at 1 mg/l had only a slight effect. In agreement
with the results determined on soluble protein content,
the high concentrations of La* (10 and 100 mg/l) also
showed an inhibitory action on the POD activity. Similar
results that REE enhanced the POD activity of root (Hong
et al., 2005; Song et al., 2002, 2004), shoots (Wang et
al., 2007), leaf (Zhang et al., 2005) and callus (Ge et al.,
2006) cultured in vitro at low concentration have already
been reported. As one of the antioxidative enzymes,
peroxidase plays an important role in plant growth and
development and is considered as an indicator of growth
(Wolter and Gordon, 1975). The POD activity enhanced
by La®" is possibly related to partial replacement of the
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Figure 5. Effect of different concentrations of La®>* on peroxidase activity of Echinacea angustifolia
callus. The same letter at the columns of same time indicates there was no significant difference
among the treatments according to the LSD Test at 5% level. Bar at each value represents the

standard deviation of mean.

metals in POD by La®*" (Wang et al., 2003).

Effect of La®" on shoot differentiation

Low shoot differentiation rate, less than 10% which was
different from the report on anther culture by Zhao et al.
(2006), was obtained from either the control or treatments
with La*, but the stimulation effect of La* for
differentiation at low concentration (0.01 and 0.1 mg/l)
was still observed. Optimal concentration of La* for
shoot differentiation was 0.1 mg/l and the difference
between this concentration and the control was
significant. No shoot differentiation was found at
treatment with 100 mg/l La>* and the differentiation rate of
0.67% was recorded at 10 mg/l concentration (Table 2).
Most of the calli from the control and treatments with 0.01
and 0.1 mg/l La*" exhibited normal growth with green and
loose callus. No difference of the percentage of brown
calli could be found among the three concentrations.
When the concentration of La®* increased, the callus
color changed from green to pale green, brown and dark
brown, and the morphology of callus changed from loose
to watery. In agreement with the change of color and

morphology, the g)ercentage of brown calli increased from
8.36 at 1 mg/l La® to 85.56 at 100 mg/l La>* (Table 2).

Our results showed that La** added into the
differentiation medium had a significant influence on
organogenesis. Hai et al. (2006) also observed the
enhance effect of low concentration of REE (from 0.5 to
3.0 mg/l) on plantlet induction from callus of wheat anther
culture. Ning et al. (2005) reported that the addition of 1.2
mg/l REE in induction medium of callus exhibited a higher
differentiation rate than the addition REE in the
differentiation medium. REE was considered to play a
similar role as the plant hormone (Lu et al., 1997) and
also thought to be analogous to Ca, especially to La,
which was nicknamed ‘super calcium’ (Brown et al.,
1990). La** may affect shoot differentiation through acting
on the plant endogenesis hormone and influencing the
function of calcium.
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Table 2. Effect of lanthanum nitrate on shoot differentiation and callus morphology.
Lanthanum Percentage of shoot Percentage of Morphology of
nitrate (mg/l) differentiation (%) brown calli (%) callus
0 5.56 + 1.0 bc 141+1.2d green, loose
0.01 6.97+09b 1.36+1.2d green, loose
0.1 9.70+09a 3.48+1.2d green, loose
1 486+1.2c 8.36+23¢c pale green, loose
10 0.67+1.2d 40.43+4.1b brown, watery
100 0.00+0.0d 85.56 +2.9a dark brown, watery
Calli were cultured on MS basal media supplemented with 1 mg/l a-naphthaleneacetic acid, 1
mg/l 6-benzylaminopurine, 1 mg/l VBe and different concentration lanthanum nitrate. Data were
recorded after 40 d of culture. Results represent mean + SD of three replications, each with 40 —
50 calli. Values with different letters in each column were significantly different (LSD multiple
comparison, p < 0.05).
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