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ABSTRACT

Clinacanthus nutans (Burm. f.) Lindau is a medicinal plant rich in polyphenols and possesses multiple pharmacological 
properties. It is widely used as a side treatment for cancer and to prevent oxidative stress-related diseases. The present 
study aims to investigate the effects of light illumination and subculture frequency on the growth and proliferation of cells 
in the suspension culture of C. nutans. Friable callus induced from leaf explants C. nutans were cultured in liquid Murashige 
& Skoog medium supplemented with 0.25 mg/L 2, 4-dichlorophenoxyacetic acid, and 0.25 mg/L 6-benzylaminopurine to 
initiate the cell suspension culture. The suspension cultures were incubated under different conditions (16 hr photoperiod 
and continuous darkness). Subcultures were conducted every two weeks for ten subculture cycles. Results revealed that 
higher cell biomass was obtained under the exposure of 16 hr photoperiod with the highest biomass production at the fifth 
subculture cycle (growth index of 11.8) exhibiting stable growth from the eighth to the tenth subculture cycle. The suspension 
cells showed stable growth rates up to the 10th subculture cycle producing small aggregates and single cells. The present 
study indicated that light illumination significantly impacts the growth of suspension cultures for C. nutans in the production 
of valuable secondary metabolites.
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INTRODUCTION

Clinacanthus nutans (Burm. f.) Lindau, locally
known as Sabah Snake Grass or Belalai Gajah is a
popular medicinal plant in Southeast Asia. It is
traditionally used to treat insect bites, snake bites,
and viral infections. The plant gained popularity in
Asia due to its potential anti-cancer properties. The
leaves of this plant have been widely used as
complementary and alternative medicine (CAM) to
delay cancer progression or to prevent cancer by the
infusion of dried leaves in water or consumed as tea
(Fong et al., 2019). The utilization of CAM has been
shown to enhance health and physical well-being,
wound healing, and reduce the side effects from
chemotherapy among cancer patients (Dhanoa et al.,
2014). Numerous studies have also reported on the
anti-cancer properties of C. nutans particularly on its
anti-proliferative activity against human cancer cell
lines such as breast, liver, colon, and cervical which
further suggested that this herbal plant can be

potentially used as a complementary approach to
treat and prevent cancer (Yong et al., 2013;
Arullappan et al., 2014; Hamid & Yahaya, 2016; Wang
et al., 2019). Besides, the plant is also known to
possess significant pharmacological properties such
as antioxidant (Khoo et al., 2015; Sarega et al., 2016),
anti-viral (Kunsorn et al., 2013), anti-inflammatory
(Mai et al., 2016), and antiangiogenic activities
(Ng et al., 2018).

Previous studies revealed the presence of
phenolics, flavonoids, alkaloids, steroids, phyto-
sterols, saponins, diterpenes, proteins, and
polysaccharides in the leaves and stem extracts
C. nutans, further contributing to its pharmacological
activities (Mustapa et al., 2015; Rahim et al., 2016;
Kong et al., 2019). However, the production of
bioactive compounds in C. nutans has been reported
to not only be affected by external environmental
factors such as climate, altitude, and soil conditions
(Kong & Abdullah Sani, 2017) but also post-
harvesting factors such as storage duration and
conditions (Raya et al., 2015). This results in the
inconsistent accumulation and harvest of bioactive
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compounds particularly for the production of
valuable secondary metabolites.

Plant cell culture approaches have been
successfully established as an alternative method for
the production of valuable secondary metabolites for
pharmaceutical purposes and as food additives under
controlled conditions without the interference of
seasonal, environmental variations, and geographical
restrictions (Yue et al., 2016; Cardoso et al., 2019).
Cell suspension culture, on the other hand, has been
reported to be potentially beneficial in the large-scale
production of novel secondary metabolites due to its
rapid growth and short biosynthetic cycles (Tan et
al., 2010). The production of valuable secondary
metabolites from cell suspension cultures has been
successfully reported in many plants such as the
accumulation of paclitaxel from Taxus baccata
(Tabata, 2004), camptothecin from Camptotheca
acuminate (Pi et al., 2010), and shikonin from
Arnebia euchroma (Hao et al., 2014).

Several strategies have been used to enhance
the production of cell biomass and secondary
metabolites. This includes the selection of high-
yielding cell cultures and the manipulation of
chemical or physical factors to improve the growth
of cell biomass and to stimulate the biosynthesis of
secondary metabolites (Murthy et al., 2014). The
accumulation of cell biomass via the in vitro system
has been reported to be influenced by various
factors such as plant growth regulators, light, and
temperature (Bordbar et al., 2015; Georgieva et al.,
2015). Light illumination is one of the key factors in
cell cultures particularly to provide energy for the
metabolism of the cultured cells. However, the
conditions in the maintenance of cell cultures are
species-specific. Besides, repetitive subculture
practice is a critical step in maintaining cultures and
stimulating continuous growth. Phua et al. (2018) and
Bong et al. (2021) have reported on the successful
establishment of cell suspension culture in C. nutans
for the production of phenolics and flavonoids.
However, both studies did not include reports on the
effects of light exposure duration and subculture
frequency on the growth of cell cultures of C.
nutans. Hence, the current study aims to evaluate the
effects of light illumination and subculture frequency
contributing to efficient biomass production in the
cell suspension culture of C. nutans, enabling the
further establishment of highly productive cell culture
of C. nutans.

MATERIALS AND METHODS

Callus culture
The callus of C. nutans was initiated by culturing

leaf explants on MS (Murashige and Skoog, 1962)
medium supplemented with 0.25 mg/L 2, 4-D and 0.25

mg/L BAP, 30 g/L sucrose, and 2.75 g/L GelriteTM

(Duchefa, Netherlands) as described by Bong et al.
(2021). The pH of the medium was adjusted to 5.7 ±
0.1 before autoclaving at 121°C for 15 min under the
pressure of 1.05 kg cm-2 (Tomy ES-315, Japan). All
cultures were maintained in the culture room at 25 ±
2°C under 16 hr photoperiod provided by cool white
fluorescent lamps (Philips TL-D, 36W). The callus
cultures were subcultured at four-week intervals for
callus proliferation.

Effect of light on cell biomass production
An initial inoculum of 0.5 g of friable callus was

dispensed into 150 mL Erlenmeyer flasks containing
25 mL of liquid MS medium supplemented with 0.25
mg/L 2, 4-D, and 0.25 mg/L BAP. All the cultures were
maintained at 25 ± 2°C on an orbital shaker with
constant agitation of 120 r.p.m under different
conditions which are 16 hr photoperiod with cool
white fluorescent lamps and 24 hr continuous
darkness with six replicates for each treatment. For
the treatment in darkness, the cultures were covered
with aluminum foil and placed in conditions similar
to the other cultures exposed to light. The cells were
harvested on the 14th day using suction-filtering
through filter paper in a porcelain funnel connected
to the vacuum pump and the fresh weight of the cells
was weighed. The dried weight was obtained by
oven drying the fresh cells at 40°C until a constant
weight was attained. The collected data were analyzed
via an independent t-test at p<0.05 (SPSS version 24).

Effect of subculture frequency on cell biomass
production

The suspension cells were harvested and sub-
cultured into 25 mL fresh medium with the same
media composition every two weeks to study the
effect of subculture frequency on cell biomass
production. A total of 0.5 g of suspension cells were
used as the initial mass with six replicates for 10
consecutive subculture cycles. All the cultures were
maintained at 25 ± 2°C on an orbital shaker with
constant agitation of 120 r.p.m under 16 hr
photoperiod under cool white fluorescent lamps.
The cells were separated from the liquid media by
suction-filtering through filter paper in a porcelain
funnel connected to a vacuum pump after 14 days
of each subculture. The fresh weight and growth
index were determined at the end of each subculture
cycle. Data were analyzed using one-way analysis of
variance (ANOVA) followed by mean comparison
using Duncan’s Multiple Range Test (DMRT) at
p<0.05 (SPSS version 24).

Experimental design and statistical analysis
All experiments were set up as a completely

randomized design and all data was analyzed using
IBM SPSS version 24.
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RESULTS AND DISCUSSION

Effect of light illumination on cell biomass
production

In the current study, light illumination resulted
in a positive response in terms of the production of
cell biomass in the cell suspension culture of C.
nutans (Table 1). Results revealed that there was a
significant difference in the fresh weight and dry
weight of the cell biomass produced from the light
and dark treatments. The cell biomass (fresh and dry)
measured was significantly higher in the cultures
exposed to 16 hr photoperiod compared to the cells
cultured under complete darkness. A total of 0.771 g
fresh weight and 0.050 g dry weight were produced
from the cultures incubated in the 16 hr photoperiod
whereas the cultures placed under complete darkness
produced 0.616 g of fresh weight and 0.043 g of dry
cell weight. The fresh and dry cell biomass obtained
under the treatment of 16-hr photoperiod was 1.25-
fold and 1.16-fold, respectively and these values
were higher than the cell biomass obtained under
complete darkness. Cell cultures incubated under the
16 hr photoperiod changed from pale yellow to
whitish (Figure 1A and 1B) whereas the cultures
grown under dark conditions changed from pale
yellow to light brown (Figure 1C and 1D).

Light illumination is an important exogenous
factor for plant growth and development. It provides
an energy source to build the fundamental blocks
for plant growth (Ali & Abbasi, 2014). It also has
significant effects on plant morphogenesis and
biochemical pathways particularly in the bio-
synthesis of primary and secondary metabolites (Mir
et al., 2017). Light influences the rate of cell division,
chloroplast differentiation, and photosynthetic
pathway stimulation in plants (Garcia et al., 2011).
Besides, light is needed for photo-morphogenesis
and chlorophyll biosynthesis in plant tissue culture
(George, 2008). In addition, light functions as an
abiotic elicitor for the induction of specific enzyme
activities involved in the accumulation of secondary
metabolites in plant cells (Murthy et al., 2014).

In the present study, cell cultures exposed to
light was found to produce higher cell biomass than
cell cultures incubated under the dark condition.
This indicated that light illumination is crucial for cell

growth and proliferation in C. nutans. According to
Rikiishi et al. (2008), light signaling stimulates the
physiological changes in tissue cultures such as the
level of endogenous hormones in plant cells. Light
modulates the auxin signaling system and controls
the level of auxin in plant tissue for plant growth and
development (Halliday et al., 2009). Previous reports
also indicated that light is essential for the growth
of suspension cultures of Artemisia absinthium
(Ali & Abbasi, 2014). They found that light-grown
cultures exhibited 3.9-folds higher in terms of dry
biomass in comparison to the dry biomass obtained
from the dark-grown cultures. Jalil et al. (2015) also
observed that the cell cultures of Zingiber zerumbet
incubated under 16:8 (light:dark) condition doubled
in the initial biomass production compared to the
cultures incubated under the dark condition.

In contrast, several studies have shown that cell
cultures grown in dark displayed a higher cell growth
rate than cell cultures that were exposed to light
(Wu et al., 2007; Beigmohammadi et al., 2019). Mir
et al. (2017) observed that the dark-grown cultures
of Artemisia amygdalina produced higher dry
biomass within the log phase when compared to
light-grown cultures. Hasanloo et al. (2008) also
noted that the growth of cells and flavonolignan
accumulation in the suspension culture of Silybum
marianum was higher in the dark-grown cultures
than in the light-grown cultures. They explained that
this could be due to light exposure influencing the
lower expression rate of key enzymes for the
biosynthesis of gibberellins, resulting in lower
growth rates in the cultures. Besides, illumination
had also no significant effect on the growth and cell
biomass accumulation on cell suspension cultures
in Angelica sinensis (Zhang et al., 2019) and
Orthosiphon stamineus (Bordbar et al., 2015). This
was not the case for the cells of C. nutans as the
light was observed to be an important factor for cell
growth in liquid media.

Effect of subculture frequency on cell biomass
production

The effect of subculture frequency on cell
biomass production in suspension culture of C.
nutans cultured in MS liquid medium supplemented
with 0.25 mg/L 2, 4-D, and 0.25 mg/L BAP for ten

Table 1. Effect of light on fresh weight, dry weight, and growth index of cell suspension culture
of C. nutans on MS medium supplemented with 0.25 mg/L 2, 4-D, and 0.25 mg/L BAP after 2
weeks of culture

Illumination Fresh weight (g) Dry weight (g) Growth index

16-hr photoperiod 0.771 ± 0.014a 0.050 ± 0.001a 0.541 ± 0.029a

24-hr continuous darkness 0.616 ± 0.016b 0.043 ± 0.001b 0.232 ± 0.033b

Results are expressed as mean ± standard error of six replicates. Values followed by the same letter are not
significantly different (Independent samples t-test at p<0.05).
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subculture cycles is presented in Figure 2. The
growth index recorded ranging from 0.33 to 11.80.
Over ten subculture cycles, the growth of the cells
showed a progressively increasing trend from the
first subculture to the fifth subculture cycle. The
lowest growth index was recorded at the first
subculture cycle with a growth index of 0.33 and
fresh cell weight of 0.665 g. There was a sharp
increase in the growth index from the third to the
fifth subculture. The highest growth index (11.80)
was achieved at the fifth subculture cycle and a total
of 6.211 g of fresh weight of cells was obtained,
which was significantly higher than other subculture
cycles. The growth index was 35.73 times higher than
the initial growth index. After the fifth subculture
cycle, the growth index declined until the ninth
subculture cycle, from 5.94 down to 1.87. The growth
index of cells then slightly increased at the tenth
subculture cycle with the value of 2.32. There was
no significant difference observed between the
eighth and the tenth subculture cycle in terms of cell
fresh weight. This indicated that the cells showed a
constant and stable growth pattern from the eighth
to the tenth subculture with the fresh weight of cells
ranging from 1.436 g to 1.660 g. Throughout the ten
subculture cycles, the color of the cultures changed

from pale yellow to white at the third subculture
cycle and this remained unchanged until the tenth
subculture cycle (Figure 3). The cell cultures were
morphologically homogenous comprising of a mixture
of small cell aggregates and fine cells.

Subculture of cell suspension is important to
maintain ensure and maintain the healthy condition
of cells for a prolonged duration. This step has to
be carried out before the cultures enter the stationary
phase (Wahyuni et al., 2020). During the stationary
phase of the cultures, several growth-limiting factors
can inhibit cell growth such as exhaustion of
nutrients in the culture medium, oxygen depletion,
and the accumulation of toxic by-products,
metabolites, or dead cells (Neumann et al., 2009).
Cultures need to be subcultured into the new medium
to maintain the viability of the cells. In this study,
the cell suspension culture of C. nutans was
successfully established using a friable callus. A
previous study conducted by Ch’ng and Chan (2013),
showed that the growth of cell suspension culture
was significantly affected by the texture of callus.
They revealed that the cell suspension culture of
Artemisia annua developed from friable callus
showed fast-growing, stable, and sustainable
characteristics as well as being homogenous, which

Fig. 1. Effect of light on physical characteristics of cell suspension culture of C. nutans
after 2 weeks of culture. (A, B) light and (C, D) darkness. Scale bars represent 1 cm.
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Fig. 2. Effect of subculture frequency on growth index and fresh cell weight of cell
suspension cultures of C. nutans for ten subculture cycles. Results are expressed as
mean ± standard error (error bar) of six replicates. Values followed by the same letter
are not significantly different (Duncan’s multiple range test at p<0.05).

Fig. 3. The effect of subculture frequency on the morphology of cell suspension culture of C. nutans (upper) and dried
cells (bottom). (A, B) third subculture cycle, (C, D) fifth subculture cycle, (E, F) seventh subculture cycle, and (G, H)
ninth subculture cycle. Scale bars represent 1 cm.

consisted of fine cells whereas the compact cell lines
were found to produce inconsistent outcomes and
were made up of big cell aggregates. A similar
observation was also reported by Narayani et al.
(2017) where friable callus was observed to segregate

into free cells easily compared to compact callus in
cell suspension cultures of Viola odorata.

In the present study, subculture frequency was
observed to enhance the growth of the cells. The
growth of C. nutans cells gradually increased and
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achieved maximum growth at the fifth subculture
cycle. The decline in cell growth after the fifth
subculture cycle could be due to residual effects
of plant growth regulators and by-product
accumulation in cultures. However, no visible
morphological variation or changes were observed
in the cultures. The growth of cultures became
relatively stable in terms of biomass production
after the eighth subculture cycle. This indicated
that the cell suspension culture of C. nutans was
successfully maintained for 10 subculture cycles.
The cells were able to grow and proliferated for more
than five months of culture with regular subculturing.
Similarly, Lo et al. (2012) successfully maintained the
cell suspension culture of Artemisia annua by
subculturing the cells at 16 days intervals for 33
subculture cycles.

In this study, the cells were sieved with a
sterilized stainless-steel sieve to separate small cell
clumps from the larger clumps. The larger clumps
were broken into small aggregates using a spatula.
After a few subcultures, the cells appeared to be
homogenous which consisted of small aggregates
and fine cells. Liu et al. (2018) also observed that
the cell suspension of Gardenia jasminoides showed
a stable growth with a small granular texture after
ten subcultures. Based on the report of Soomoro
and Memon (2007), the subculture step is required
to maintain consistent growth and homogenous
morphology in the cell cultures. This is because cells
in cultures tend to form clusters and aggregates
which can affect the oxygen and nutrient absorption
of the cells. Homogeneous cell cultures facilitate the
uniform access of nutrition to all the cells that
enhance cell growth (Narayani et al., 2017).

CONCLUSION

In conclusion, light illumination and repetitive
subculture were found to significantly affect the
growth of cell suspension culture of C. nutans. Light
illumination was observed to positively impact the
growth of cell cultures and the proliferation of cell
mass peaked at the 5th sub-culture cycle. The
outcomes from the current study indicated that these
optimized conditions could further assist the in vitro
optimization of cell suspension cultures for C. nutans
for the production of valuable secondary metabolites.
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