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Summary. Curculigo orchioides Gaertn is a herbaceous plant that has long been used as a tonic in Vietnam with
noticeable health benefits. However, the demand for rhizomes of this species could not be met due to their decreasing
number in natural habitats. Despite its vulnerability, there are still not enough researches on producing calli of
C. orchioides, which is a method having the capacity of creating a large source of cell biomass for bioactive compounds’
extractions. Thus, this study was conducted to figure out the best conditions for C. orchioides’s callus proliferation.
Different light regimes, mineral media, and concentrations of some factors like kinetin (KIN), a-naphthaleneacetic
acid (NAA), yeast extract (YE), activated charcoal (AC), and silver nitrate (AgNO,) were examined. It is shown by
the results that half-strength MS medium (%2 MS) given 0.5 mg/L KIN and MS medium supplemented with 0.5 mg/L
KIN and put in the dark (0 light hour : 24 dark hours) are the optimal conditions for callus proliferation, with the
highest fresh weights (FWs), dry weights (DWs), and growth indices (GIs) of 3.89 g/ 0.45 g/ 7.78, and 4.10 g/ 0.47
g / 8.20, respectively. Additionally, the inhibitory effects of AgNO,, YE, and AC were demonstrated since there was
no observed heavy callus in the media containing those factors.

OnTuMu3anus ycjaoBuil KyJLTUBUPOBAHMS ISl IpoJupepanun
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Annomauusn. Curculigo orchioides Gaertn — 3To TpaBSHHUCTOE pacTEHUE, KOTOPOE JIOJITO€ BPeMsl MCIIOJIb30Ba-
JI0Ch BO BreTHaMe kak ToHU3UpYytoliee cpeacTBo. OnHako MOTpeOHOCTh B KOPHEBUINAX ATOTO BHUJA HE MOXKET OBITH
TIOJTHOCTBIO YAOBJICTBOPECHA M3-3a YMCHBUICHUA WX YUCICHHOCTU B €CTCCTBCHHBIX MCCTOO6I/ITaHI/IHX. HeCMOTpH Ha
YSA3BUMOCTb BH/IA, IO CUX TIOP HEJAOCTATOUHO MCCIIEIOBAHMI 10 POU3BOACTBY KasutycoB C. orchioides nist SKCTpak-
MU OMOJIOTHYECKH aKTUBHBIX COCTUHECHUH. TakuM 00pa3oM, 3TO UCCIICIOBAHNE HAPABIICHO HA YIYUIICHUE YCIOBUI
Jutst paspacranus kayutyca C. orchioides. Bpun nccieoBaHbl pa3IndHbIe PEKUMbI OCBEIICHHS, MUHEPAJIbHBIC CPEIIbI
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1 KOHIICHTpAIIMM B HUX TakWxX BemecTB, Kak kuHeTHH (KIN), a-HadrammaykcycHas kucinota (NAA), IposkxKeBoit
sketpakT (YE), akrusuposanubiii yrons (AC) u nurpar cepedpa (AgNO,). Pesynbrarsl MoKasbIBaroT, 4To cpena MS
nosoBuHHON koHIEHTparwu (Y2 MS) mpu 0,5 mr/n KIN u cpena MS ¢ mobasnenuem 0,5 mr/nm KIN, B ycrmoBusx
TeMHOTHI (0 CBETOBBIX 4acoB: 24 TEMHBIX Yaca) ABISIETCS ONTUMAIBHON IS Pa3MHOXKECHHUS KaJuTyca ¢ HAaUBBICIIUMHU
3HAYCHHUSIMH CBIPOro Beca (FWs), cyxoro Beca (DWs) u unaexcos pocta (GIs): 3,89r/0,451/7,78u4,10r/ 0,471/
8,20, cootseTcTBeHHO. Kpome Toro, nposemonctpuposansl uarubupytomme s¢pdexrs AgNO,, YE n AC, nockonbky
B cpejie, coliepikaliieii 5Tu (pakTopbl, He HAOIIONAIOCh YBEINYCHHS KaJLTyca.

Introduction

Curculigo orchioides Gaertn. (Hypoxidaceae)
is a medicinal plant growing in tropical monsoon
regions. The rhizome of this species contains
many metabolites (flavone, glycoside, steroid,
saponin, and triterpenoid) with remarkable health
benefits including antidiabetic, preventing bone
loss, antiasthmatic, hepatoprotective, antimicrobial,
and antifungal effects (Kubo, 1983; Jaiswal, 1984;
Misra, 1984; Misra, 1990; Xu J. P, Xu R. S., 1992;
Venukumar, Latha, 2002; Lakshmi, 2004; Chauhan,
Dixit, 2007; Madhavan, 2007; Cao, 2008; Pandit,
2008; Nagesh, Shanthamma, 2009; Singh, 2009;
Agrahari, 2010; Zou, 2010). Unfortunately, the
number of C. orchioides individuals is falling rapidly
due to deforestation and over-exploiting of rhizomes
for medicine production (Wala, Jasrai, 2003). The
extensive utilization of C. orchioides rhizomes
was caused by the inefficient bioactive compound
extraction based on whole plants since secondary
metabolites’ abundance in plant individuals is low
(less than 1 % of the total carbon) (Bourgaud, 2001).
Thus, it is crucial to find a method for meeting
the urgent demand of C. orchioides’s secondary
compounds without decreasing their number.

Callus induction is the most suitable procedure
for satisfying the mentioned need since it can greatly
increase cell biomass to produce large amounts of
secondary metabolites without depending on the
traditionally cultivated plants (Ahn, 1996). Though
callus cells are genetically unstable, this problem
can be solved by continuously subculturing calli
for a long period (from several weeks to several
years) until their growth parameters remain
unchanged after three consecutive subculture cycles
to create stable cell lines (Fett Neto, 1994; Miura,
1998; Bourgaud, 2001; Miguel-Chavez, 2007;
Jin, Keng, 2013; Biswas, 2013). However, there
are few published studies on callus induction of
C. orchioides. In particular, Nagesh et al. (2010)
indicated that the highest callus formation level
was obtained in the medium supplemented with
0.5 mg/LL BAP (6-benzylaminopurine) and 3 mg/L
2,4-D (2,4-dichlorophenoxyacetic acid). Moreover,

as it was proven in Dhenuka et al.’s study (1999),
proliferating green callus was given rise from leaf
explants by using MS (Murashige, Skoog, 1962)
medium added with 9 uM BAP.

Because of C. orchioides’s low number in their
natural habitats and the lack of studies on callus
proliferation of this valuable plant, we investigated
the impacts of different factors on callus growth of
C. orchioides to create a sufficient source of biomass
for extracting bioactive compounds. Several factors
(mineral media, photoperiods, yeast extract (YE),
activated charcoal (AC), and silver nitrate) were
tested for the first time to find new stimuli and
inhibitors of C. orchioides’s callus formation, which
could then be applied in the cell culture stage of
secondary metabolites’ productions.

Materials and methods

Plant materials

Primary calli provided by the Department of
Biology, University of Sciences (Thua Thien Hue,
Vietnam) were utilized as materials in this study.

Effects of several factors on callus proliferation

To optimize the condition for callus growth,
the following experiments were conducted; each
experiment lasted for four weeks:

1. Different concentrations of kinetin (KIN)
(0, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 mg/L) were
supplemented into the MS medium to determine the
best KIN amount, which was then used in further

experiments.
2. Combinations between the most suitable
KIN concentration and different NAA

(a-naphthaleneacetic acid) amounts (0, 0.5, 1.0, 1.5,
2.0, and 2.5 mg/L) were also tested to find out the
optimal NAA concentration.

3. Basal MS medium, half-strength MS medium
(1/2 MS), and quarter-strength MS medium (1/4
MS) were compared to point out the most suitable
mineral medium.

4. The proper photoperiod was figured out by
comparing two conditions namely 0 hour and 16
hours of light per day.
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5. To examine the effect of silver nitrate (AgNO,)
on callus proliferation, 0, 0.5, 1.0, and 1.5 mg/L
AgNO, were added into the MS medium.

6. The impact of YE on multiplying C. orchioides
callus was investigated by supplementing different
quantities of YE (0, 100, 200, 300, and 400 mg/L)
into the MS medium.

7. To indicate how calli grow in medium with AC,
0, 0.5, 1.0, and 1.5 g/L of AC were supplemented
into the MS medium.

The conclusion of the optimal condition for callus
multiplication was made by statistically comparing
the best concentrations of the above factors.

Culture conditions

In each experiment, 0.5 g callus was cultured on
different media, containing 30 g/L sucrose and 8 g/LL
agar.

All media (pH = 5.8-6.0) were autoclaved at
121 °C, 1 atm for 20 minutes, after which 20 mL was
poured into 100 mL glass bottles covered by 2 layers
of aluminum foils.

Cultures were incubated at the temperature of
24-26 °C, under white LED tubes (1.2 m), with each
tube’s photon flux density of 34 umol/m?s.

Data analysis
The growth index (GJ) of callus after four weeks
of culturing was calculated as following:

Where FW is the average callus fresh weight
after four weeks, /W is the initial weight of the
primary callus.

All experiments were repeated three times so that
the sample size for each treatment was 30 bottles
(10 bottles per replicate).

Means were compared by Duncan’s test (Duncan,
1955) (o0 = 0.05) using SPSS software (version
20). Bar charts were drawn using Microsoft Excel
(2013).

Results

Effects of plant growth regulators (PGRs) on
callus proliferation

As it is highlighted in Table 1, low KIN
concentration has a positive impact on callus
growth. Specifically, FW, dry weight (DW), and G/
of calli reached the peaks of 2.31, 0.36, and 4.62
respectively on MS medium given 0.5 mg/L KIN.
Low levels of callus growth were observed in media
with higher KIN concentrations (1.0-3.0 mg/L)
(Fig. 1a).

Being similar to KIN, the greatest stimulatory
effect of NAA was obtained at low concentration.
Particularly, 0.5 mg/L is the optimal NAA
amount, with maximum FW and GI of 3.8 and
7.6 respectively. However, many calli growing on
media containing NAA are black, watery, and have
the average DW values being lower than the ones

Gl = rw on medium supplemented with 0.5 mg/L KIN alone
w (Table 2, Fig. 1b).
Table 1
Effect of KIN concentrations on callus proliferation after 4 weeks of culturing
KIN (mg/L) FW (g) DW (g) GI
0.0 - - —

0.5 2.31*" 0.36* 4.62
1.0 2.05% 0.24* 4.10
1.5 2.04%® 0.23® 4.08
2.0 1.81% 0.21*® 3.62
2.5 1.70% 0.19° 3.40
3.0 1.65° 0.17° 1.30

* Note (applied for Table 1-5): Within a column, means having a letter in common are not significantly different by

Duncan’s test (p < 0.05).

Effects of different mineral media on callus
proliferation

Lowering compounds’ quantities in MS medium
stimulates the formation of large calli. However,
callus proliferation is inhibited on a medium whose
compounds are over-eliminated. In particular, /2 MS
is the optimal mineral medium for callus growth

(with the greatest FW, DW, and GI of 3.89, 0.45, and
7.78 respectively) while 4 MS is the most unsuitable
medium of all examined ones since no callus with
high FW, DW and GI was observed (Table 3, Fig.
2a). Additionally, 2 MS medium with 0.5 mg/L
KIN is between the two best culture conditions for
the proliferation of C. orchioides callus (Fig. 4).
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Fig. 1. The colours and morphological features of calli cultured on media with different KIN amounts (0.5-2.5 mg/L,
from top to bottom) (A) and combinations between 0.5 mg/L KIN and NAA (0.5-2.5 mg/L, from top to bottom) (B).
All calli are ivory (some of the calli are black). The number of black calli on media with NAA is higher than that on
media with KIN alone. The calli separate from one another with no large cluster formed. Scale bar: 1 cm.
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Fig. 2. Colours and morphological features of calli growing on different mineral media (MS, /2 MS, and ¥4 MS, from
left to right) (A) and under different photoperiods (16 L : 8 D and 0 L : 24 D, from left to right) (B). Almost all calli
are ivory, with several ones turning black. The highest callus multiplication levels were observed on 2 MS medium
and the medium put in dark condition.

Table 2
Effects of combinations between 0.5 mg/L KIN and different NAA concentrations
on callus proliferation after 4 weeks of culturing
PGRs (mg/L)
KIN NAA Fw (e bW (e) ol
0.5 0.0 2.31% 0.36* 4.62
0.5 0.5 3.80* 0.25%® 7.60
0.5 1.0 2.95° 0.19%® 5.90
0.5 1.5 2.24% 0.15° 4.48
0.5 2.0 1.87¢ 0.13° 3.74
0.5 2.5 1.66¢ 0.11° 1.32
Table 3
Effects of different mineral media on callus proliferation after 4 weeks of culturing
KIN (mg/L) Mineral media FW (g) DW (g) GI
0.5 MS 2.58° 0.38° 5.16
0.5 %2 MS 3.89* 0.45° 7.78
0.5 Ya MS 1.88¢ 0.21¢ 3.76

Effect of photoperiod on callus proliferation conditions are larger than those of calli growing in

Both the light hours of 0 and 16 have positive bottles which were illuminated 16 hours per day
impacts on callus growth, with high GI values of (Table 4, Fig. 2b). Moreover, putting calli in the
8.20 and 5.16 respectively. However, the average dark is considered to be one of the best conditions
FW (4.10) and DW (0.47) of calli cultured in dark for growth of C. orchioides callus (Fig. 4).
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Table 4
Effects of photoperiod on callus proliferation after 4 weeks of culturing
Photoperiods (light hours : dark hours) FW (g) DW (g) Gl
16 : 8 2.58° 0.38° 5.16
0:24 4.10° 0.47* 8.20

Fig. 3. The colours and morphological features of calli cultured on media with different YE (a), AC (b) and AgNO, (c)
concentrations, namely 0-400 mg/L, 0—1.5 g/L and 0—1.5 mg/L, respectively (in a figure section, factor’s concentrations
were ordered from top to bottom). There are inverse correlations between callus growth and the amounts of these 3
factors. Specifically, callus proliferation falls when the 3 factors’ quantities increase. High numbers of black calli were
observed on media with YE or AC. Additionally, no large callus cluster was found on culture media supplemented
with AC, YE or AgNO,. Scale bar: 1 cm.
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Fig. 4. Comparisons among conditions with stimulatory effects on callus proliferation, namely MS medium + 0.5 mg/L
KIN, %2 MS medium + 0.5 mg/L KIN and the dark condition. Despite insignificant differences among DWW values of
the 3 factors, %2 MS medium supplemented with 0.5 mg/L KIN and the photoperiod of 0 L : 24 D are proven by the data
to be the most suitable conditions for the growth of C. orchioides calli, with optimal FWs and GIs of 3.89 g—7.78 and
4.10 g— 8.2 [Within a series, means having a letter in common are not significant different by Duncan’s test (p <0.05)].

Effects of YE, AC and AgNO, on callus
proliferation

It is demonstrated in Table 5 that YE, AC,
and AgNO, are all inhibitors of the growth of
C. orchioides callus. Specifically, no examined
concentration of these 3 factors could produce

calli with high FW, DW, and GI. Additionally, calli
cultured on medium with AC and YE tend to turn
black (Fig. 3). Therefore, YE, AC, and AgNO,
should not be used as supplementary compounds for
callus multiplication of C. orchioides.

Table 5
Effects of YE, AC and AgNO, on callus proliferation after 4 weeks of culturing

KIN (mg/L) YE (mg/L) AC (g/L) AgNO, (mg/L) FW (g) DW (g) Gl
0.5 0.0 0.0 0.0 2.58* 0.38* 5.16
0.5 100 - - 1.78° 0.21° 3.56
0.5 200 - - 1.46" 0.16% 2.92
0.5 300 - - 1.38% 0.15% 2.76
0.5 400 — — 1.23¢ 0.13¢ 2.46
0.5 - 0.5 - 1.42° 0.17° 2.84
0.5 - 1.0 - 1.15° 0.13% 2.30
0.5 - 1.5 - 1.12° 0.11¢ 2.24
0.5 - - 0.5 1.12° 0.11¢ 2.24
0.5 - - 1.0 1.5° 0.17° 3.0
0.5 — - 1.5 1.4° 0.16° 2.8

Discussion lignin biosynthesis, vascular differentiation, and

KIN is a PGR with the ability to enhance callus
proliferation and regeneration by influencing
mitosis, cytokinesis, total protein synthesis,

the differentiation of mature chloroplasts from
protoplastids (Wan, 1988). However, it is indicated
by the results in Table 1 that only a low quantity
of KIN has these positive effects, which is in line
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with the work of Farzinebrahimi et al. (2014), who
concluded that raising KIN concentration from
1 mg/L to 5 mg/L gradually lowers callus induction
rate of Gardenia jasminoides Ellis. The same
phenomenon was also observed in using BAP
(6-benzylaminopurine, which is also a cytokinin)
for callus induction of Pogostemon mollis Benth.
(Lamiaceae) (Muthuraj, 2018). Specifically, only 0.5
mg/L BAP could stimulate the highest callus amounts
from stem and leaf explants of P. mollis. However, in
several other species such as Nerium odorum, KIN

completely suppresses callus formation with no
callus produced by examined KIN concentrations
(0.5-5 mg/L) (Prakasha, Umesha, 2018).

Several authors including Arivalagan et al.
(2012), Wee (2015), and Rahman et al. (2019)
demonstrated that combining high amounts of NAA
with KIN had the effect of raising callus weight
and induction rate. Particularly, Arivalagan et al.
(2012) reported that MS media supplemented with
combinations of NAA (1-2 mg/L) and KIN (0.5-1
mg/L) were among the most suitable culture media
for Sauropus androgynus’s callus growth. This
result was agreed by Wee’s research (2015) on S.
androgynous. Specifically, 2 mg/L NAA and 1 mg/L
KIN gave rise to the largest and heaviest calli from
leaf explants, with an average FW and expansion
factor of 4.53 g and 18.50 cm? In a study about
Catharanthus roseus (L.) G. Don, Rahman et al.
(2019) found the stimulatory effect of 2 mg/L. KIN
+ 1 mg/L NAA combination, which is enhancing
the formation of calli having the greatest average
FW (1.477 g). Being similar to these findings, the
average FW of C. orchioides calli treated with the
optimal NAA + KIN combination in our research is
significantly high (3.8 g). This result was different
from that of Nagesh et al. (2010) claiming that
C. orchioides calli grown on MS media given NAA
and KIN only had the low average FW of 0.713 g.
However, the quality of the produced C. orchioides
calli was low, with the black color and low DW.
Therefore, combining NAA and KIN seems to be
inappropriate for C. orchioides’s callus proliferation
and we then only used 0.5 mg/l KIN in further
experiments. The found negative impact might be
caused by ethylene, a growth inhibitor, which is
synthesized when NAA presents in culture media
(George, 2008).

As it is mentioned above, there are only
two published studies on callus proliferation of
C. orchioides (Dhenuka, 1999; Nagesh, 2010).
However, those studies only focused on examining
the impacts of PGRs on callus induction of this plant

without considering other factors, which have been
reported to be able to affect the formation of calli,
such as photoperiod, mineral media, AC, and YE
(Vasil, Hildebrandt, 1966; Pan, Staden, 1998; Ma,
2009; Wani, 2014). Thus, we examined those new
factors to find out how C. orchioides calli responded.

As it is highlighted in Table 3, lowering nutrients
in MS medium in half created the optimal medium
for callus proliferation of C. orchioides. There are
also researches on different species providing a
similar conclusion about the strong growth of calli
on %2 MS medium. First of all, after testing MS, 4
MS, and ¥4 MS medium, Wani et al. (2014) reported
that maximum callus growth of Costus pictus was
obtained when 2 MS and %4 MS were utilized while
no callus formation was detected on full strength
MS medium. Additionally, MS medium is proven to
be not effective as 2 MS medium in inducing callus
of Boerhaavia paniculata Rich (Souza, 2014).
Finally, in a study on Dendrocalamus hamiltonii, an
insignificant difference in terms of promoting callus
formation between the two most efficient media,
namely MS and Y2 MS, was illustrated by Zang et
al. (2016).

[lluminating callus cultures for 16 hours per day
is the best photoperiod for callus growth of some
species such as Litchi chinensis Sonn. and Nicotiana
tabacum L. In particular, a high of 16.67 g callus
was produced when L. chinensis leaf explants were
incubated under the light regime of 16 light hours
(L) : 8 dark hours (D) (Ma, 2009). Additionally,
the results of comparing 16 L: 8 Dand 0 L : 24 D
shown by Siddique and Islam (2015) demonstrated
that the optimal amount of N. tabacum L. callus
(97.20 %) was obtained under light conditions
while dark conditions could only produce a low
quantity of watery, glossy silver calli with few
embryogenic features. However, in the case of
C. orchioides, a completely distinct phenomenon
was found. Specifically, calli cultured on the
medium put in dark condition were heavier and
grew more vigorously than the ones incubated under
the light regime of 16 L : 8 D. This finding might be
explained by the photodegradation of natural auxins
in calli and synthesis of phenolic compounds, which
could inhibit enzymes having key roles in cell
proliferation (Yeoman, Davidson, 1971).

In addition to factors having positive effects, the
present research also figured out inhibiting factors
namely YE, AC, and AgNO,. Firstly, though Ag**
cation (derived from AgNO,) is proven to have the
ability to interfere with negative impacts of ethylene
by binding to its receptors on the cell membrane
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(Goren et al., 1984; Yang, Hoffman, 1984; Bleecker
et al., 1998), low levels of C. orchioides’s callus
growth were observed on all media supplemented
with AgNO,. Secondly, the high adsorption capacity
of AC might be the main reason for its inhibitory
effect. Specifically, the change of pH and the loss of
auxins, cytokinins, and vitamins caused by AC could
make calli grow ineffectively in culture medium
(Pan, Staden, 1998). Finally, the inverse correlation
between YE concentrations and callus growth in
our study was also found by Vasil and Hildebrandt
(1966). Particularly, when YE quantity increased
from 125 to 5000 mg/L, callus proliferation of carrot
(Daucus carota), endive (Cichorium endivia) and
lettuce (Lactuca sativa) explants fell to the minimum
values of 1.320 g, 2.425 g, and 0.478 g respectively.

However, there are also authors including George
et al. (2008) who claimed that YE could be used to
promote plant growth because of its high amino acid
content.

Conclusion

From the results illustrated in Fig. 4, it could be
concluded that the following conditions are optimal
for callus proliferation of C. orchioides:

1. Half-strength MS medium supplemented with
0.5 mg/L KIN + 30 g/L sucrose + 8 g/L agar.

2. MS medium supplemented with 0.5 mg/L
KIN + 30 g/L sucrose + 8 g/L agar and put in dark
conditions (0 L : 24 D).
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