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Abstract Adventitious root cultures of Prunella vulgaris L. were established in shaking
flask system for the production of biomass and secondary metabolites. Adventitious
root cultures were induced from callus cultures obtained from leaf explants on solid
Murashige and Skoog (MS) medium containing combination of 6-benzyladenine (BA;
1.0 mg 1"") and naphthalene acetic acid (NAA; 1.5 mg I""). Thereafter, 0.49 g inoculum
was transferred to liquid MS medium supplemented with different concentrations of
NAA (0.5-2.0 mg 1""). Growth kinetics of adventitious roots was recorded with an
interval of 7 days for 49 days period. Highest biomass accumulation (2.13 g/l) was
observed in liquid medium containing 1.0 mg 1" NAA after 21 days of inoculation.
However, other concentrations of NAA also showed similar accumulation pattern but
the biomass gradually decreases after 49 days of inoculation. Adventitious roots were
collected and dried for investigation of total phenolics (TP), total flavonoids (TF), and
antioxidant activities. Higher TPC (0.995 GAE mg/g-DRB) and TFC (6.615 RE mg/g-
DRB) were observed in 0.5 mg 1! NAA treated cultures. In contrast, higher antioxidant
activity (83.53 %) was observed 1.5 mg I"' NAA treated cultures. These results are
helpful in up scaling of root cultures into bioreactor for secondary metabolites
production.
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Introduction

Majority of the commercially important secondary metabolites have been widely isolated by
solvent extraction from different parts of naturally growing plants. But there are some
metabolites which are either produced in limited quantities in parental plants or difficult to
synthesize under laboratory conditions [1, 2]. That is why, plant cell, tissue, and organ culture
technology have received greater attention for producing metabolites of interest such as
pharmaceuticals, neutraceutical, fine chemicals, pigments, and cosmetics [3]. These in vitro
systems are specifically exploited for production due to their similarities to microbial cultures
under similar or modified growth conditions [4]. Furthermore, to produce large amount of
value added compounds, these culture system seems to be more promising and reliable than
field cultivation which need high initial stock, laborious, and in fact, long-lasting process with
greater possibility of fluctuation in quality and quantity of the resultant phytochemicals [5].

Among different classes of phytochemicals, polyphenols are the largest group which has
proven to exhibit higher antioxidant activity as compared to carotenoids and vitamins [6—8].
Caffeic acid derivatives, lignans, gallotannins, ellegitannins, xanthones, and stilbenes are some
of the examples of polyphenols [9, 10]. These compounds are effective in quenching toxic free
radicals, stimulation of immune system, regulation of gene expression, apoptosis induction,
enzyme activation, and interaction with cell-cycle arrest [11, 12]. Generally, there exist strong
relationships between phenolics and flavonoids with antioxidant activity [13]. An interest in
plant-based antioxidants has increased due to lower side effects as compared to synthetic
antioxidant which sometimes induce carcinogenic effects [14]. Among different methods used
for determination of antioxidant activities, DPPH is one of the simplest, inexpensive, and rapid
methods used for the determination of antioxidant capacity of plant cells and derived products
[1, 15]. DPPH activity is not restricted to specific antioxidant component, solid, or liquid
samples, but is used for the overall antioxidant capacity of the samples.

Among different culture techniques, adventitious root culture is the most attractive system
for the production of biomass and commercially important metabolites [16]. Easily up-scaling
of adventitious root culture to bioreactor is another advantage of this method [17]. As
compared to other culture techniques (cell, embryo, and intact plant), root culture (hairy and
adventitious) is widely exploited for production of bioactive compounds due to high efficiency
and similarities with those from mother plants [18]. Naturally, biotic and abiotic stress
conditions alter the synthesis of bioactive compounds in plants. Therefore, the synthesis of
bioactive compounds in adventitious root culture can be altered by exposure to different
conditions. Furthermore, it is relatively easy to get control over physical and chemical
environmental conditions of adventitious root cultures [19].

Prunella vulgaris L. (P. vulgaris) species belongs to family Labiataec and commonly known
as “self-heal” [20, 21]. Chang and Yeung were the first scientists who observed the inhibitory
activity of aqueous extracts of P. vulgaris against human immunodeficiency virus (HIV) [22]. Later
on in 1989, Tabba and his team isolated, purified, and characterized “Prunellin” as an anti-HIV
component from aqueous extracts of P. vulgaris [23]. After these reports, no one further worked on
this species either to isolate Prunellin or to enhance its production. Majority of the available reports
mainly focus on its biological activities. These activities include anti-inflammatory, anti-tumor,
anti-viral, immune system stimulant, and production of T lymphocytes and cytokines [21, 24-28].
Till now, no reports are on hand on the development of adventitious root culture of P. vulgaris. Our
lab team is trying to optimize and develop different in vitro culture protocols for this important
species. Therefore, the main objective of the present study was to optimize adventitious root culture
for the production of biomass and secondary metabolites. This simple protocol has the potential for
commercial applications and the current study need HPLC fingerprinting of Prunellin.
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Materials and Methods
Seed Germination and Explant Collection

Whole plants of P. vulgaris were collected from natural habitat of District Swat, Pakistan.
These plants were authenticated through taxonomic markers in the Medicinal Botanic Centre
(MBC), PCSIR Laboratories Complex, Peshawar. After plant authentication, seeds were
collected in June 2012.These seeds were surface sterilized by using recent method of Ahmad
et al. [2]. Seeds were washed several times with sterile distilled water after treatment with
mercuric chloride (HgCly; 0.2 %) and ethanol (70 %). Sterilized seeds were then inoculated to
plant growth regulators free Murashige and Skoog (MS) [29] medium containing 30 g 1”'
sucrose, solidified with 7-8 g 1" agar; the pH was adjusted to 5.3 and autoclaved at 121 °C for
25 min. Inoculated flasks were placed in growth chambers at 25 °C+2 under 16/8 h photo-
period with light intensity of 40-mol m > s~ After 30 days of inoculation, leaf explants were
collected from in vitro grown plantlets for callus induction.

Callus Induction from Leaf Explants

Leaf explants (~3-4 mm® pieces) of in vitro grown plantlets were placed on MS-medium
containing combination of 6-benzyladenine (BA; 1.0 mg 1) and naphthalene acetic acid
(NAA; 1.5 mg I'"). After 30 days of explant inoculation, friable calli was collected for
development of adventitious root culture.

Adventitious Root Culture and Growth Kinetics

For optimization of adventitious root culture, 0.49 g of 30 days old calli was transferred to
100 ml Erlenmeyer flasks containing 40 ml MS-basal media supplemented with different
concentrations of NAA (0.5-2.0 mg 1'"). These cultured flasks were placed in orbital shaker
(120 rpm; Gallenkamp, England) at 25 °C for seven weeks period. Data regarding growth
kinetics was collected with 7 days interval for a period of 49 days. Growth curve was
established for the biomass accumulation of the rapidly growing adventitious root culture,
obtained in response to different concentrations of NAA.

Adventitious Root Biomass Determination

For fresh biomass (FB), adventitious roots were collected from liquid media. These roots were
carefully washed with sterile distilled water and pressed gently on filter paper (Whatman Ltd.,
England) to remove excess water and finally weighted (Sortorious digital balance; Germany).
Similarly, for dry biomass (DB) determination, roots were dried in an oven (Thermo Scientific;
Germany) at 50 °C and finally weighted. Fresh and dry biomass of adventious roots were
expressed in gram/flask.

Analytical Methods

The dried biomass of adventitious root cultures was grinded in mortar and pestle for extract
preparation. In test tube, 10 mg of the powdered material of each sample was mixed with 10 ml
of ethanol. The solution was vertixed daily for 1 week. After 1 week, these solutions were
centrifuged at 14,000 rpm for 15 min. The supernatent was used for determination of different
activities. The total phenolic content in each sample was determined by using the recent
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methods of Ahmad et al. [2]. Briefly, 0.1 ml (2N) Folin-Ciocalteus reagent was mixed with
0.03 ml extract and 2.55 ml sterile distilled water. Before incubation for 6 min, the mixture was
centrifuged (10,000 rpm; 14 min) and then filtered through 45 pum membrane in UV—visible
spectrophotometer (Shimadzu-1650; Japan) cuvette. The absorbance of the resulted mixture
was measured at 760 nm. Gallic acid (Sigma; 1.0-10 mg/ml,; R*=0.9878) was used for plotting
standard calibration curve. Results as Gallic acid equivalent (GAE) mg/g of dry root biomass
(DRB) were obtained from % TPC by using the following equation:

% total phenolic content = 100 x (As—Ag)/(Cr x Dp)

Where Ag is the absorbance of the sample and Ap is absorbance of blank, Cg is the
conversion factor from standard curve, and D is the dilution factor.

The TFC in DRB was determined by using the method of Ahmad et al. [2] with little
modification. Methanolic extract (0.25 ml) of treated samples was mixed with sterile distilled
water (1.25 ml) and 0.075 ml 5 % (w/v) AICl;. Before incubation (5 min) and centrifugation
(10,000 rpm; 14 min), the solution was mixed with 0.5 ml of NaOH (1 M). The absorbance
was checked at 510 nm with UV—-visible spectrophotometer (Shimadzu-1650PC, Japan). Rutin
(Sigma; 1.0-10 mg/ml; R*=0.9866) was used for plotting standard calibration curve. The total
flavonoid content was expressed as rutin equivalent (RE) mg/g-DRB of extracts.

DPPH radical scavenging activity (DRSA) in different samples was determined according
to the method of Ahmad et al. [12] with little modifications. Briefly, ethanolic extract (1.0 ml;
5 mg/20 ml) of each sample was mixed with 2.0 ml of DPPH free radical solution (0.25 mg/
20 mlx4). The mixture was incubated in the dark for approximately 30 min. The absorbance
of resulted mixture was measured at 517 nm at room temperature by using UV-visible
spectrophotometer model (Shimadzu-1650PC, Japan). Finally, the radical scavenging activity
was calculated as percentage of DPPH discoloration using the following equation:

DRSA(%) = 100 x (1-Ap/Ap)

Where Ap represents absorbance of plantlets extract at 517 nm and Ap, is the absorbance of
the DPPH solution without tissue extract.

Statistical Analysis

Analysis of replicated mean values, standard errors (+), and least significant difference (LSD)
was carried out by using Statistix software (8.1 versions), and Origin Lab (8.5) software was
used for graphical presentation.

Results and Discussions
The Effect of NAA Concentrations on Adventitious Roots Biomass and Growth Kinetics

In the present study, adventitious root culture of P vulgaris has been established (Fig. 1).
Adventitious root biomass accumulation and growth kinetics were investigated for 49 days
period. Initially, 0.498 g of callus inoculum was inoculated in liquid medium containing different
concentrations of NAA (0.5, 1.0, 1.5, and 2.0 mg 171). Maximum adventitious root biomass
accumulation (2.13 g/l) was observed after 21 days of callus immersion in liquid medium
containing 1.0 mg I"' of NAA. The addition of 1.5 mg "' NAA also induced higher accumulation
of biomass (1.95 g/l) but lower than 1.0 mg "' of NAA. Other NAA treated cultures also
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Fig. 1 Optimization of adventitious root culture in P. vulgaris. a Mother plant of P. vulgaris used for explants
collection. b Callus formation from leaf explants on solid medium containing 1.0 mg I"' of BA and 1.5 mg "' of
NAA. ¢ Inoculation of calli to 100 ml Erlenmeyer flasks containing liquid MS medium and different NAA
concentration and sequent shaking on orbital shaker at 120 rpm. d Development of adventitious roots. e Roots
formation on 0.5 mg I"' of NAA, f 1.0 mg I”' NAA, g 1.5 mg I"' NAA, and h 2.0 mg ' NAA

produced optimum biomass after 21 days. It shows that the production of adventitious root
biomass in liquid culture is PGRs dependent. The growth kinetics showed that biomass accumu-
lation increases up to 21 days; but later on, a gradual decline in biomass was observed from 28 to
49 days (Fig. 2). After 21 days, 0.5 mg "' NAA treated culture showed threefold increment in
biomass, 1.0 mg 1! NAA showed more than fourfold, 1.5 mg "' NAA showed fourfold, and
2.0 mg 1 ' NAA showed more than threefold increment in biomass (Fig. 2). The root morphology
and color remains the same throughout the experiment. Data regarding adventitious root culture in
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Fig. 2 Fresh adventitious roots biomass accumulation in liquid culture of P vulgaris after treatment with
different concentrations of NAA (0.5, 1.0, 1.5, and 2.0 mg 1""). The growth kinetics of adventitious roots was
studied for 49 days of culture period. Mean data were collected from experiments which were arranged in
triplicates. Mean data and standard errors (+S.E) were calculated by using Statix software (8.1). For graphical
presentation of data, OriginLab software (8.1) was used. Mean data are significantly different at P<0.05
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P, vulgaris is absent in the cited literatures; however, many studies revealed that the addition of
NAA to solid/liquid medium stimulate adventitious root induction in high-valued medicinal
plants. Lee et al. [30] reported that lower concentration of NAA accelerate adventitious root
production in Aloe vera. Taylor et al. [31] observed that the addition of NAA to the medium
induced adventitious roots in Lycopersicon esculentum. Hussain et al. [32] found that application
of NAA is the best option to produce adventitious rooting in Eurycoma longifolia. NAA has also
been reported to be superior to IBA for production of adventitious roots in Cornus mas and Ulmus
parvifolia [33, 34]. The possible reason is that under in vitro conditions, plant cells and tissues
more rapidly absorb and utilize NAA than IBA. Peeters et al. [35] recorded that the uptake of
NAA was six times faster than IAA in tobacco explants. Similarly, Van Der Krieken et al. [36]
observed that the uptake of IBA was 4 times faster than IAA. Contrarily to previous reports, in this
investigation, different concentrations of NAA induced optimum adventitious rooting response in
P, vulgaris liquid culture. Therefore, it is concluded that the addition of 1.0 or 1.5 mg I"' NAA
ensure the best medium for adventitious root production in P. vulgaris.

Biomass Independent Total Phenolics Content Production

In the present study, TPC was investigated in DRB of P. vulgaris. It has been observed that
TPC production was completely dependent on PGR concentrations rather than biomass
accumulation (Fig. 3). Maximum TPC (0.995 GAE mg/g-DRB) was observed in roots treated
with 0.5 mg 1”' NAA in comparison with Gallic acid curve (R*=0.9878). The production of
dry biomass (33 mg/l) on the same medium is lower than other concentrations of NAA tested.
It means that TPC production in liquid culture of P. vulgaris is independent of biomass
accumulation. Higher DRB (86 mg/l) was observed in roots treated with 1.5 mg "' of
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Fig. 3 Biomass independent and PGRs dependent correlation of total phenolics content in adventitious root
culture of P. vulgaris. Mean data were collected from experiments which were arranged in triplicates. Mean data
and standard errors (£S.E) were calculated by using Statix software (8.1). For graphical presentation of data,
OriginLab software (8.1) was used. Mean data are significantly different at P<0.05
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NAA. But the production of TPC (0.263 GAE mg/g-DRB) is lower than 0.5 mg 1! of NAA
augmented medium. Significantly similar TPC (0.234 GAE mg/g-DRB) was observed in roots
treated with 1.0 mg I"' NAA. Biomass independent production of TPC was recently reported
by Ali et al. [37] in callus cultures of Artemisia absinthium. It has been previously reported that
the accumulation and biosynthesis of commercially important secondary metabolites in me-
dicinal plant species is possible by varying the culture conditions, including the type of growth
regulator and concentration [38—41]. In the present investigation, lowest TPC was observed in
dry biomass of adventitious roots obtained in response to 2.0 mg I"' NAA. However, lower
NAA concentration enhanced the production of TPC (Fig. 3). Dornenburg and Knorr [42] and
Chan et al. [43] reported that high auxin levels in culture medium often inhibit the production
of secondary metabolites. The current results suggest that 0.5 mg 1" NAA is suitable growth
regulator for TPC production in adventitious root culture of P. vulgaris.

Biomass Independent Total Flavonoids Content Production

To investigate the production of flavonoids content in P, vulgaris, adventitious root culture initially
tested more than 20 culture media using different auxin treatments with the aim of obtaining higher
adventitious roots biomass. As compared to phenolics content, the production of TFC was also
found to be PGR dependent. The production of flavonoids content did not show linear correlation
with biomass accumulation. However, the production rate of TFC in adventitious root culture of
P, vulgaris was higher than TPC. Maximum TFC (6.62 RE mg/g DRB) was observed in roots
treated with 0.5 mg I"' of NAA in comparison with Rutin calibration curve (R*=0.9866, Fig. 4). As
discussed earlier that when the concentration of NAA was increased in the culture media, a decline
was observed in TPC production. But we did not observe similar response during TFC production
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Fig. 4 Biomass independent and PGRs dependent correlation of total flavonoids content in adventitious root
culture of P. vulgaris. Mean data were collected from experiments which were arranged in triplicates. Mean data
and standard errors (£S.E) were calculated by using Statix software (8.1). For graphical presentation of data,
OriginLab software (8.1) was used. Mean data are significantly different at P<0.05
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because significantly similar production of TFC (5.51 RE mg/g DRB) was observed in roots
treated with 1.5 mg 1 ' NAA (Fig. 4). Furthermore, the dry biomass of roots was also higher at
1.5 mg I'! of NAA. In contrast, the production of TPC and TFC in control roots was lower than
NAA treated roots. The current results are in agreement with the reports of Ali et al. [37]. During
current experiment, it was observed that the production of important metabolites was not restricted
to biomass accumulation but vary with type and concentration of PGRs. Literature is scarce on
production of secondary metabolites through adventitious root culture in Prunella, however, many
workers reported that indole butyric acid (IBA) is more potent than NAA in production of biomass
and secondary metabolites [44—46]. However, we observed positive effect of NAA and the
differences in data may be due plant species and growth conditions.

Biomass Dependent DPPH Radical Scavenging Activity (DRSA)

Free radicals are constantly generated in body that is highly reactive due to the presence of
unpaired electrons. These unpaired electrons produce more toxic species by donating or taking
electron from other molecules such as oxygen free radicals and some non-radical derivatives of
oxygen [47, 48]. This discrepancy cause aging and lethal diseases including diabetes mellitus,
arthritis, cancer, arteriosclerosis, and cardiovascular diseases [49]. The presence of different
antioxidants in intact plants or in vitro culture neutralize the harmful effects of ROS by using
endogenous antioxidative enzyme defense system such as ascorbate peroxidase (APX),
catalase (CAT), peroxidase (POD), and superoxide dismutase (SOD).

TPC and TFC showed biomass independent and PGRs dependent mode of production, but
the DRSA in root cultures treated with different NAA concentrations showed linear correlation
with biomass production. Higher DRSA (83.5 %) and biomass (86 mg/l) were observed in
culture treated with 1.5 mg I"' of NAA (Fig. 5). Significantly similar, DRSA (81.17 %) was
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Fig. 5 Biomass dependent and PGRs independent correlation of total phenolics content in adventitious root
culture of P. vulgaris. Mean data were collected from experiments which were arranged in triplicates. Mean data
and standard errors (£S.E) were calculated by using Statix software (8.1). For graphical presentation of data,
OriginLab software (8.1) was used. Mean data are significantly different at P<0.05
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also observed in roots grown on medium containing 1.0 mg I"' of NAA as compared to control
(24.1 %). Recently, Ali et al. [1, 37] and Tariq et al. [50] reported biomass dependent and
PGRs independent, and biomass independent and PGRs dependent DPPH based antioxidant
activity in callus and suspension cultures of Artemisia absinthium. Moreover, Lo et al. [51]
reported higher DRSA in shoot culture containing roots in Dendrobium tosaense as compared
to Dendrobium moniliforme and Dendrobium linawianum. Gulluce et al. [52] observed
maximum DPPH activity in callus cultures of Satureja hortensis than synthetic butylated
hydroxytoluene antioxidant agent. Similarly, Grzegorczyk et al. [53] reported DPPH activity in
hairy and regenerated roots of Salvia officinalis.

Plant cell, tissue, and organ cultures are widely exploited for the production of high-valued
secondary metabolites [54]. During in vitro cultures, different factors affect the production of
important metabolites [55]. Auxin and cytokinin alone or their synergistic combinations
significantly alter the production of metabolites depending on plant species. Kinetin enhances
the production of anthocyanins in Haplopappus gracilus but inhibit it in populous cell cultures
[56]. But we observed PGRs independent activity in adventitious root culture of P. vulgaris.
However, as the concentration of NAA increases from 0.5 to 1.5 mg 1!, the DRSA also
increases but the activity decreases with further increment in NAA (2.0 mg 171) stock solution.

In conclusion, this is the first report on optimization of adventitious root culture in shaking
flask system for production of biomass and metabolites. P. vulgaris root culture was investi-
gated by treating leaf-derived callus cultures with different NAA concentrations to induce
rooting. Among different NAA concentrations, 1.0 mg I”' was found effective in fresh biomass
accumulation after 21 days of inoculation. However, 0.5 mg 1! NAA was effective for TPC
and TFC production. Furthermore, these in vitro roots showed optimum antioxidant potential
than control. Therefore, this study further need up gradation to bioreactor system for higher
production of biomass and bioactive compounds for commercial applications.
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