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Abstract

In the current study, effects of different light regimes and spectral lights were evaluated on the callus
induction frequency, callus biomass and free radical scavenging activity in Ajuga Bracteosa. The hypocotyl
explants derived from wild grown plants were used for callus culture establishment on MS solid media
fortified with 1.0mg/L TDZ in combination with 0.5mg/L NAA. Among the different light regimes applied in
this study, higher growth characteristics in callus cultures (maximum callus induction frequency: 90%) and
biomass formation (5.6g/L FBM) were observed in the explants grown under continuous dark for two weeks
culture period followed by transference into light (16h light & 8 h dark) for two weeks. The monochromatic
lights were found most effective in terms of enhancement of biomass and antioxidant activity. Yellow light
was found to influence maximum callus biomass (FW: 28g/L). Comparatively higher antioxidant activity
(88%) was observed in yellow light grown callus tissues, followed by red light (80%). Hence, the findings of
the current study emphasized the important role of different photoperiod regimes and monochromatic lights
on callus induction, biomass accumulation and antioxidant activity in A. bracteosa.
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Introduction
Ajuga bracteosa Wall. Ex. Benth commonly known as
Kori Booti in Pakistan (due to its bitter taste) and
‘Jan-i-adam’ in Kashmir of family Labiatae is a highly
valued endangered medicinal plant (Gautam et al.,
2011). There are 40-50 species in Ajuga genus, which
are mostly found in temperate and subtropical
regions of Pakistan, China, Kashmir to Bhutan,
Malaysia and western Himalayas (Khare, 2007). In
Pakistan Ajuga bracteosa is distributed in northern
hilly areas (Chandel and Bagai, 2010). It has pink and
white color flowers which are hermaphrodite (Pal and
Pawar, 2011). It is used as a phyto-medicine for the
treatment of different diseases, like rheumatism,
gout, amenorrhoea and palsy (Jan et al., 2014). The
leaves of A. bracteosa are used for curing of measles,
headache, stomach acidity and pimples (Sharma et
al., 2004). The powder of leaves of this plant is also
useful against burn and boils, hypertension, sore
throat, jaundice and as blood purifier. Additionally,
the anti-cancerous, anti-inflammatory and anti-
malarial activities of the plant extracts are also
reported for A. bracteosa (Jan et al., 2014). The
biological activities of the extracts are due to the
presence of different compounds present in different
parts of A. bracteosa. From its aerial parts, different
compounds such as, vy-sitosterol, [-sitosterol,
tetracosanoic acid and tri acontanyldocosanoate have
been isolated (Chopra and Nayar, 1956). Within the
different valuable bioactive compounds isolated from
the bark of A. bracteosa is a clerodanediterpenoid
which is useful for curing jaundice and sore throat in
experimental animal models (Rastogi and Mehrotra,
1990). A. bracteosa market demand has been
intensively increased not only in Pakistan but also in
other neighboring countries in the recent years.
Therefore, A. bracteosa is in danger of extinction in
Pakistan due to many factors including habitat
destruction, illegal collection and lack of proper
protection and cultivation procedures (Saeed et al.,
medicinal
should be

implemented on the conservation and sustainable

2017). Considering its paramount

significance, research  programs

utilization of A. bracteosa.

Establishment of the in vitro plant cultures is

necessary for the conservation and continuous
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production of healthy plant material with sustainable
metabolite profiles (Khan et al., 2013). Cell cultures,
especially callus cultures can produce a handful of
secondary metabolites (Nikolaeva et al., 2009;Khan
et al., 2019a ;Khan et al., 2019b). Callus cultures can
be exploited further to provide inoculum for the
establishment and development of cell suspension as
a source of explant for plantlet regeneration for
induction of somatic embryos and adventitious root
cultures (Abbasi et al.,, 2016) Callus cultures are
usually affected by various in vitro conditions
including but not limited to explant type, plant
growth regulators, nutrient supply, carbon source and
other environmental conditions (Khan et al., 2016). A
number of physical and environmental factors have
been studied to check the extensive production of
metabolites (Nagella and murthy, 2011). Strategies
are applied during in vitro cultures to enhance the
production of these valuable metabolites. Light has
been studied extensively for its effects on in vitro
growth and secondary metabolites accumulation in
plants. Light is an important parameter that affects
plant cell cultures in an array of ways ranging from its
effect on growth and development (Shin et al., 2006)
to primary and secondary metabolism (Shohael et al.,
2006). The present research work was conducted to
investigate the effects of plant growth regulators
under the influence of different light regimes on
evaluation of

callus growth parameters and

antioxidant potential in the regenerated callus tissues.

Material and methods

Plant material, sterilization, and preparation of
explants

The wild grown plantlets of A. bracteosa were collected
from Swat area of Khyber Pakhtunkhwa and used for
callus induction. The plants were then sterilized to free
explants from contamination; those can be maintained
in aseptic environment. For this purpose, the plants
were washed with tap water for 25 minutes followed by
surface sterilization with 2% solution of sodium
hypochlorite for 20-30 minutes. Then it was treated
through 0.5% of mercuric chloride for 2-3 minutes. The
plants were then washed through distilled water 5
times for 5 minutes. The young hypocotyl area was

removed from the surface sterilize plantlets and was
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cut into suitable size of 0.3 cm for making explants to

be used in the experiments.

Optimization of different light regimes and plant
growth regulators (PGRs) for callus induction and
culture characteristics

Callus cultures were initiated from the surface sterilized
hypocotyl explants (~0.3 cm), inoculated in each 100-ml
flask containing 3oml of MS (Murashige and Skoog,
1962) medium containing 3% sucrose and 0.8% (w/v)
agar and supplemented with varying concentrations of
PGRs. The PGRs used were, Thidiazuron (TDZ), Indole-
3-butyric acid (IBA), 2,4-dichlorophen-oxyacetic acid
(2,4-D) and Naphthalene acetic acid (NAA) at varying
levels (0.5, 1.0 and 1.5mg/L) or in combinations for
callus induction and growth parameters in explants.
Among all the PGRs treatments, NAA (0.5mg/L) + TDZ
(1.omg/L) were the optimum PGRs combination and
was selected for subsequent experiments on to check the
effects of different photoperiod regimes on callus growth
characteristics. The different photoperiods employed in
this study are listed in table 1. The pH of the media was
adjusted at 5.6-5.8 before autoclaving and the cultures
were placed at 25+2°C in a growth room having 16/24
hours of light, 35-45umol/m2/s of irradiance, and
approximately 70% relative humidity. Data was
recorded after 4 weeks of culture cultivation as callus
induction frequency calculated by number of responding
explants divided by total number of cultivated explants
into 100 and callus fresh and dry weight (g/L). The dry
weight of callus was gravimetrically determined after

drying at 60°C for 48 h.

Effects of different monochromatic colored lights on
callus induction and culture growth characteristics
Three to four hypocotyl explants were cultivated on
MS medium, fortified with TDZ (1.omg/L) + NAA
(0.5mg/L) under different spectral lights. For
assessment of the effects of different monochromatic
lights on callus formation, different spectral light
sources were selected. The different spectral light
sources were consisting of yellow, blue, green, red, and
violet color tube rods. For control treatment cool-
white light was provided. After four weeks of culture
cultivation, data on growth parameters in callus
cultures was collected as callus induction frequency
(%), fresh weight (g/L) and dry weight (g/L).

2019

Free radical scavenging activity

Antioxidant potential of the callus cultures,
established in response to the effects of different light
sources was determined according to the method of
Abbasi et al.,, (2010) through DPPH° free radical
scavenging method. The dried plant extract (10mg)
from each sample was dissolved in 4ml of methanol
and was then added to a methanolic solution of DPPH
(1, 1-diphenyl-2-picrylhydrazyl; 1 mM, o.5ml). The
mixture was then vortexed and the solution was read
through spectrophotometer at 517 nm. The less
absorbance showed higher scavenging activity.
Ascorbic acid was then wused as a standard
antioxidant. The DPPH scavenging activity at various

concentrations was checked by using formula,

Antioxidant activity of the sample = [(Ac1 - As2 / Ac1)
x 100],
Where Aci = Absorbance of control and As2 =

Absorbance of the sample.

Table 1. Application of various photoperiods in
combination with PGRs from L1 to L9 for in-vitro

callus induction of A. bracteosa.

MS + PGRs . . Period of
Treatments (mg/L) Light regimes Incubation
TDZ (1.omg/L)
L1 + NAA Darkness 2?_}§§ei2§k
(0.5mg/L) 4
TDZ (1.omg/L) ~ .
L2 + NAA Light 2‘(‘ Bf:ellig?t
(0.5mg/L) 4
TDZ (1.omg/L) 16-hrs light, 8-
L3 + NAA Photoperiod hrs dark
(0.5mg/L) (4weeks)
TDZ (1.omg/L) 3 weeks dark
+ NAA . followed by 1
L4 (0.5mg/1)  Thotoperiod (o it (16/8-
hrs)
TDZ (1.omg/L) 2 weeks dark
+ NAA . followed by 2
L5 (0.5mg/L) Photoperiod weeks light
(16/8-hrs)
TDZ (1.omg/L) 1 week dark
+ NAA . followed by 3
L6 (0.5mg/L) Photoperiod weeks light
(16/8-hrs)
TDZ (1.omg/L) 3 weeks light
+ NAA . (16/8-hrs)
L7 (0.5mg/1)  Thotoperiod ¢l ity
week dark
TDZ (1.omg/L) 2 weeks light
+ NAA . (16/8-hrs)
L8 (0.5mg/L) Photoperiod followed by 2
week dark
TDZ (1.omg/L) 1 week light
+ NAA . (16/8-hrs)
Lo (0.5mg/L) Photoperiod followed by 3
weeks dark
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Results

Impacts of different photoperiod regimes on callus
induction frequency and biomass formation

In this study, hypocotyl explants of A. bracteosa
grown in vitro under continuous dark for two weeks
followed by two weeks light (Ls), resulted in the
maximum callus induction (90%) and biomass
formation (5.6g/L FBM and 3.2g/L. DBM) on solid
MS medium supplemented with TDZ (1.omg/L) +
NAA (0.5mg/L).
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Fig. 1. Callus organogenesis in A. bracteosa as affected
by different light treatments after 4 weeks culture period
at significance level of P<0.05. (a): Callus induction

frequency, (b): Fresh weight, (c): Dry weight.
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It was further observed that when the culture
cultivation period of explants in continuous dark
exceeds the two weeks period, a gradual decrease in
the callus growth parameters was observed. It can be
seen in Fig 1ab,c that three weeks dark pre
incubation followed by one week light exposure
caused a decrease in the induction frequency (80%)
and biomass accumulation (3.0g/L FBM; 1.5g/L
DBM) respectively. Incubation of hypocotyl explants
under continuous dark for four weeks (L1) produced
considerable values in the callus growth parameters
i.e. callus induction frequency of (75%) and biomass
(3.5g¢/L FBM and 1.8g/L DBM)
respectively, on the same hormonal treatment. At
control treatment (16 h light & 8h dark; L3) the

formation

explants were induced to form 65.3% callus of 1.6g/L
FBM (Fig 1,b). Further, the pre incubation of culture
flasks into continuous light followed by transference
of flasks into dark condition (L7, L8 and L9) did not
enhance the callus induction frequency as well as the
biomass formation. Among all the light regimes very
less values of callus induction (20%) and biomass
formation (0.5g/L fresh weight) were observed in
explants grown in L9 i.e one week light followed by

three weeks dark.

Impacts of different photoperiod regimes on
antioxidant potential in callus cultures

For determination of the antioxidant potential in the
callus cultures raised in vitro under the effects of
different photoperiod regimes, DPPH free radical
scavenging assay was employed. Significant variations
were observed in the callus cultures in response to the
different light regimes. As indicated in Fig. 2,
Maximum antioxidant activity (82%) was observed in
the callus cultures grown under continuous dark (L1).
It was followed by L5, where in 76% free radical
scavenging activity was determined in the callus
cultures raised in vitro by cultivation of explants in
continuous dark for two weeks followed by
transference into light treatment for two weeks (16 h
light & 8 h dark). Continuous light luminance (L2)
was found less inducer of the antioxidant potential in
callus cultures. Among all the light regimes very less
antioxidant activity (22%) was recorded in the callus

cultures under continuous light (L2).
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Over all light treatments were less effective in
induction of antioxidant potential in callus cultures in
present study (Fig 2). Pre exposure of the culture
flaks to light followed by dark treatment resulted in
lower antioxidant activity when compared with pre-
incubation of flasks in dark followed by light treatment.
Cultures grown in control photoperiod (L3: 16h light &
8 h dark) resulted in a moderate antioxidant response
(45%) in the callus cultures (Fig 2). Thus it is evident
that like the in vitro growth patterns in the callus
induction and biomass formation, the antioxidant
potential was also strictly influenced by the
application of different photoperiod regimes in

current study.
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Fig. 2. Percent free radical scavenging activity in the
callus cultures as affected by different photoperiod
treatments at 4 weeks culture stage at significance

level of P<0.05.

Impacts of different colored monochromatic lights
on callus induction frequency and biomass
formation

In this part of research studies we checked the effects
of different colored lights on callus induction,
biomass formation and antioxidant potential in A.
bracteosa. Hypocotyl explants were exploited on MS
medium containing 1.omg/L TDZ in combination
with o0.5mg/L. NAA under different colored light
sources. Highest callus induction frequency (90%)
was observed in cultured flaks grown under yellow
color. In control treatment (white color), the callus
induction frequency observed was 75% (Fig. 3a). By
applying green color light 32% callus induction

frequency was observed. When blue color light was

2019

applied it gave 65% callus induction frequency. By
applying red color light the callus induction frequency

observed was good 81%.
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Fig. 3. Callus organogenesis in A. bracteosa as affected
by different colored spectral lights after 4 weeks culture
period at significance level of P<o0.05. (a): Callus

induction frequency, (b): Fresh weight, (c): Dry weight.

And in last when violet color light was applied it gave
about 73% callus induction frequency. Fresh callus
biomass (FBM) was checked by applying different
color lights. In control treatment the fresh callus
biomass observed was 22g/L. By applying green color

light 9g/L fresh callus biomass was observed.
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When blue color light was applied it gave 21g/L fresh
callus biomass (Fig. 3b). By applying red color light
the fresh callus biomass observed was the best 28g/L.
Dry callus biomass (DBM) was also determined in
callus cultures grown under different colored lights.
By applying red color light the dry callus biomass
observed was the best 9.5g/L (Fig. 3¢). When yellow
color light was applied the result obtained was good
that was 8g/L dry callus biomass. However, under
violet color light was applied it gave about 6g/L dry

callus biomass.

Impacts of different monochromatic lights on
antioxidant potential in callus cultures

The data on antioxidant potential in callus cultures
raised in vitro under different monochromatic lights,
showed that almost every colored light resulted in a
significantly higher antioxidant activity in callus
cultures (Fig. 4). In control treatment the callus
cultures were observed to detoxify 68% of the free
radicals through DPPH assay. Green color light
resulted in 70% of antioxidant activity followed by
blue color light (72%). An increase in the antioxidant
activity was observed when the callus cultures were
grown under red light which resulted in 80% activity.
When yellow color light was applied the result
obtained was the highest which was about 88%.
Further under violet light the callus cultures were
observed to have a free radical scavenging activity of
68% (Fig. 4).
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Fig. 4. Percent free radical scavenging activity in the
callus cultures as affected by different colored spectral
lights at 4 weeks culture stage at significance level of
P<o0.05.
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A different response in the antioxidant potential was
observed in the callus cultures under colored lights
when compared with the callus grown under different
photoperiod regimes. The application of different
intensities of light and quality are thus useful in
induction of the antioxidant potential in medicinal
plants through in vitro cultures such as callus culture
in the medicinally important plant A. bracteosa in the

present study.

Discussion

Ajuga bracteosa is one of the vital pharmacological
plant species with broad spectrum of health
promoting attributes. It is an endangered plant
species that needs to be properly maintained and
utilized through advance technologies. Plant cell
culture technology provides an efficient and
alternative platform for conservation (ex-situ) of
endangered medicinal plant species, where the
conventional propagation procedures are limited
(Ganaie et al., 2016, Ibrar and Hussain, 2009). In the
current study, effects of different light regimes and
several monochromatic spectral lights were evaluated
on callus induction frequency, callus biomass and free
radical scavenging activity in A. bracteosa. A total of
9 different treatments on hypocotyl explant of A.
Bracteosa were carried out on MS solid media
containing TDZ (1.omg/L) + NAA (0.5mg/L) for
different incubation periods under different light
regimes. Additionally the effect of different colors of
light i.e. control (white color), green, blue, red, yellow
and violet were also tested in this study. Among the
different light regimes applied in this study we
observed higher growth characteristics in callus
cultures i.e higher induction frequency and biomass
formation in the explants grown under continuous
dark for two weeks followed by transference into light
(16h light & 8 h dark) for two weeks. Moreover very
poor growth response in cultured flaks was observed
in presence of continuous light treatment. Light
interacts with plant growth regulating substances
during morphogenesis and thus the interplay between
them can directly affect the cell division, growth and
biomass formation (Khan et al., 2013). Several
studies have shown the promoting effects of light

intensity, photoperiod or spectral quality on callus
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organogenesis, somatic embryogenesis and secondary
metabolites production in a variety of medicinal
plants (Ali et al., 2018; Khan et al., 2017; Mohammad
et al., 2019). Similar to our study, it has been reported
that continuous light irradiance can cause an intense
stress condition in explants that can eventually
results in lesser biomass formation (Khan et al.,
2017). Conversely, Ali and Abbasi (2014) reported a
comparative elevated response in callus biomass
under light than in dark grown cultures. In a similar
study, Wu, C.H. et al. (2007) observed 68.5% callus
induction under 16-hrs light and 8-hrs dark, while
51.6% callus induction frequency was observed under
12-hrs light and 12-hrs dark in the adventitious root
cultures of Echinacea purpurea. The different colored
lights also induced considerable induction and
biomass formation of callus in explants. Yellow light
was found to influence maximum callus induction
frequency. However, red light resulted in the
maximum accumulation of biomass in callus cultures.
It can be inferred from this study that red-light might
activated the gene expression and regulation of
certain growth related factors in plant cell for
instance, activation of phytochromes system is the
main factor involved in the higher induction,
promotion and biomass formation of callus in
hypocotyl explants of A. bracteosa. In a similar
fashion, H. Fazal et al., (2016) observed callus growth
in Prunella vulgaris L. under various spectral lights
and concluded maximum callogenic response of
(95%) induced by green light. In another study, Ali et
al (2019) also recorded maximum production of
biomass and medicinal metabolites through
adventitious roots in Ajuga bracteosa under different
spectral lights. Callus culture has also been known to
be the essential step for the development of plantlet
either through somatic embryogenesis or directly
through culture (Ahmad et al., 2014). Contrary Tariq
et al. (2014) detected enhanced callus growth (90%)
in A. absinthium upon subjection of white light
followed by green light (82%) and dark incubation
resulted in (70%). There has been a direct effect of
light system on growth and development of plant
including production of important medicinal
compounds. The antioxidant activity of the callus

cultured samples raised in-vitro under different light
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treatments were subjected through the DPPH free
radical scavenging method as described in (Khan et
al., 2013). The control exhibited 68% of free radical
scavenging activity. Comparatively higher antioxidant
activity of 88% was observed under yellow light color,
followed by 80% in red light. In a similar study, as
compared to control, green and yellow lights have
incremented the higher potential in the somatic
embryos of Eleutherococcus senticosus (A. Shohael et
al., 2006). Comparatively, blue color light resulted in
72% of antioxidant activity. Senger (1982) observed a
major role of blue light in formation of chlorophyll,
stomata opening and chloroplast development,
furthermore promotion of lettuce seedling growth.
Evans (2001) observed enhanced growth with blue
light while decreased growth with white light because
of photochemical alterations of the culture medium.
By applying green light color we observed free radical
scavenging activity of 70%.Whereas the lowest
antioxidant activity (68%) was found by applying
violet light color. The reason behind the observed
conflicting results by various researchers may be due
to the differences in the intensities and sources of
light and variation of light perceptions among the
plant species (Tariq et al, 2014). Though many
reports have established the physiological and
morphological effects of light color and quality, rather
the responses varied considerably upon species of
plants (da Silva et al, 1997). In this study, the
maximum dry biomass (9.5g/L) was observed by
applying red color light after 4weeks. Under red light
a higher amount of biomass and artemisinin were
observed in hairy root cultures of Artemisia annua
(Wang, Y et al., 2001). Ghasemzadeh et al., (2010)
observed improved flavonoids synthesis in lower light
intensities (310pumol m=2 s-1) as compared to higher
light pulses (790umol m~2 s-?) irradiated cultures of
Haliabara species. However upon subjection to lower
light intensities the antioxidant activity was greater in
the leaves of Halia bara and Haliabentong when
determined through 1,1-diphenyl-2 picrylhydrazyl
(DPPH) method. The application of different
intensities of light and quality enhanced the
antioxidant potential in the callus cultures of A.
bracteosa in the present study. It was evident that

like the in vitro growth patterns in the callus
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induction and biomass formation, the antioxidant
potential was also strictly influenced by the
application of different photoperiod regimes and
spectral lights in current study. These results
assertively related the impact of light on plant cellular
growth and antioxidant potential. In a similar study,
as compared to dark grown cultures of Catharanthus
roseus, the light grown cultures accumulated lesser
amount of ajmalicine which is an antihypertensive

activity alkaloid (L. Almagro et al., 2011).

Conclusion

Conclusively, the Ajuga bracteosa is a valuable
medicinal plant species. The current study involves
the establishment of callus culture and also
investigated the effects of photoperiod regimes as well
as distinct monochromatic lights on callus culture of
A. bracteosa. The hypocotyl explants were used for
callus culture establishment on MS media fortified
with 1.omg/L TDZ in combination with 0.5mg/L
NAA. The monochromatic lights were found most
effective in terms of enhancement of biomass and
antioxidant activity. The highest callogenic response
and biomass production was found in -cultures
maintained under yellow and red lights respectively.
The Yellow light was found profitable in enhancement
of DPPH activity as compared to other lights and
control. Hence, the findings of the current study
emphasized the important role of different
photoperiod regimes and monochromatic lights in
biomass accumulation and

callus production,

antioxidant activity of A. bracteosa.
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