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Abstract

Vitex negundo L., an aromatic species, is used worldwide to cure several illnesses due to the presence of pharmacologically important
metabolites in it. Cytokinin’s show plant growth promoting activity, so can be exploited in micropropagation of medicinal plants. The present
study was aimed to assess the potential of cytokinin in improving in vitro organogenesis, biological activities and blooming in V. negundo. V.
negundo offers various medicinal benefits due to its rich composition of active compounds. However, its conservation is threatened due to
over-exploitation, necessitating optimized micropropagation protocols for sustainable use. Standardized and reproducible micropropagation
systems are crucial for conservation and medical applications. To induce the axillary bud formation, explants were placed on Murashige and
Skoog (MS) basal medium enriched with different plant growth regulators (PGRs) as 6-benzylaminopurine (BAP), diphenyl urea (DPU),
thidizuron (TDZ) and meta-topolin (mT), individually or in combinations. The newly grown shoots were planted in half-strength MS medium
supplemented naphthalene acetic acid. After sufficient root development, the rooted shoots were planted in small poly-stacks comprising of
garden soil, sand and compost (1:1:1). Plantlets from in vitro cultures were successfully transplanted into the soil. Direct shoot regeneration
and blooming of V. negundo were primarily induced by cytokinin. The optimal concentration of cytokinins for shoot regeneration was found to
be 2.0 mg L* mT and 1.5 mg L TDZ in MS medium. After 37 days of cultivation, the nodal explants showed a 100 % shoot regeneration rate at
this concentration. The study revealed the potential of cytokinin in improving the biological activity of V. negundo.

Keywords: acclimatization; cytokinin; micropropagation; meta-topolin; naphthalene acetic acid; thidizuron

Introduction biological processes at cellular to organismal levels. CKs are
frequently used for biotechnological manipulation in plants to
enhance their regeneration. The hormone-induced changes in
phytochemical profile increase the therapeutic metabolite
production. Many efforts have been made to develop suitable
culture protocols for many rare and endangered plant species. Many
potential commercial species lack effective in vitro strategy for
promoting biomass propagation. Hence, cytokinininduced
organogenesis has become a handy tool to increase bud
regeneration rate (9). CK signalling is a potential target for enhancing
future shoot regeneration efficiency, as it activates the shoot
progenitor at later stages and allows chromatin to maintain shoot
identity genes at priming stage. CKs also have important regulatory
role in plant growth. For instance, the vegetative phase changes in
Arabidopsis thaliana  through miR172/TOE1-TOE2 module,
development and environmental responses of plants through CKRs
(cytokinins response) and shoot branching regulation in Pisum
sativum through SMXL/D53 strigolactone signalling repressors and
Cytokinin’s (CKs) are phytohormones that show wide-range up-regulation of PsSSMXL7/D53 transcripts (10).
actions on plant growth and development, so are used forimproving
the plant micropropagation (8). Their coordinated regulatory effects
and cross-talk interactions with other phytohormones and signalling
networks are highly sophisticated, eliciting and controlling the varied

Plants are an excellent source of biologically active compounds
of pharmaceutical significance. There is renewed interest in
natural medicines obtained from various plant parts (1).
However, the increasing use of herbs for healthcare has imposed
great threat to the endangered plant species and natural
resources (2). Many pharmaceutical companies largely depend
on wild medicinal plants as raw materials for the extraction of
medically important compounds (3). The genetic diversity of
medicinal plants is depleting at an alarming rate due to their over
-exploitation and ruinous harvesting race for medicines. Hence,
there is urgent need to conserve, cultivate and sustain the use of
medically important plants (4). Several biotechnological tools
and techniques are used to conserve the rare and threatened
plants (5) to enhance their multiplication through in vitro
regeneration (6), genetic transformation and production of
secondary metabolites using plants as bioreactors (7).

V. negundo L. (Verbenaceae), commonly known as
‘Nirgund?, is an aromatic deciduous shrub (4-5 m) found mostly in
warmer zones at an altitude of 1500 m in outer region of Himalayas
and some districts of Himachal Pradesh (11) and is used to cure
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several illnesses worldwide. The plant is a panacea of herbal
formulations with several of its metabolites exhibiting significant
pharmacological properties. The plants are reported to possess
several biological activities, including the improvement in receptive
and retentive power of mind. Flavonoids, iridoids, terpenes and
steroids are the major class of compounds isolated from V. negundo
(12). Essential oils extracted from its leaves are used to improve skin
complexion (2). Vitexin compound 1 (VB-1) has shown hair growth-
promoting effects, indicating its potential as a new therapy for
alopecia treatment (13). Another metabolite methyl 3-(2-5-hydroxy-
6-methoxy-4-oxo-4H-chromen-2-yl) ethyl) benzoate, found in the
plant, is used to treat rheumatism (12) by the mechanism of radical
quenching and another novel compound tris (2/4-di-tert-
butylphenyl) phosphate helps in relieving the pain, chronic
bronchitis and cold. Two bioactive compounds 22,23-dihydro-a-
spinasterol-3-D-glucoside and salicylic acid are used as astringent,
febrifuge, sedative, tonic and vermifuge. Chloroform extract from
the seeds vyielded triterpenoids (14). It shows anti-inflammatory
activity and plant possesses potent mosquito repelling activity (15)
against Aedes aegypti, Culex quiquefasciatus and C. tritaenirrhynchus
(16). The methanolic extract of V. negundo has anti-bacterial activity
against E. coli, Klebsiella aerogenes, Proteus wulgaris and
Pseudomonas aeruginosa, antifeedant activity against Spodoptera
litura and Achoegjanata (17). A few previous attempts at V. negundo
direct in vitro regeneration have been made (18), but none
attempted the optimization of various plant growth regulators and
repeated the generation of plantlets from regenerated plants (19).
Therefore, the present study was aimed to standardize the impact of
cytokinin on in vitro organogenesis, its biological activity and
blooming in V. negundo.

V. negundo shows a wide range of medicinal benefits, such
as reducing inflammation, fighting oxidation, acting against
microbes, protecting the liver and combating cancer. These effects
come from its rich supply of active compounds like flavonoids,
alkaloids, glycosides, phenolics and essential oils. Recent research
has also pointed out its antibacterial and antibiofilm abilities.
Additionally, it is gaining attention for its potential in treating breast
cancer, due to presence of cytotoxic flavonoids like casticin. Despite
its therapeutic significance, large-scale exploitation of wild
populations has raised concemns over its conservation, making in
vitro propagation an essential alternative. Past studies have
reported success in micropropagation using nodal and leaf
explants with different combinations of plant growth regulators.
Yet, issues like low shoot multiplication rates, poor rooting
efficiency and inconsistent acclimatization remain. Moreover, there
is a lack of standard protocols and limited molecular analysis of
regenerated plants to ensure genetic correctness. Techniques like
using bioreactors, enhancing metabolites with elicitors and
integrating nanobiotechnology are still not widely explored. These
gaps highlight the need for an optimized and reproducible
micropropagation system that can aid both conservation efforts
and sustainable use of V. negundo for medical purposes.

Materials and Methods
Collection and disinfection of explant material

Healthy disease-free explants of V. negundo were procured from
the herbal garden of the University of Gautam Buddha (GBU)
campus. Mature 18" month old mother plants, maintained in the
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herbal garden at GBU, were used to collect explant material.
Apparently healthy branches were carefully selected to collect 4-5
c¢m long twigs. The leaves were removed and twigs washed with
liquid hand soap in a 500 mL plastic container, followed by tap
water washing for 30 min and then thoroughly rinsed in detergent
(Tween-20) solution for 5-10 min. The plant material was surface
disinfected with 0.1 % HgCl, for 3-5 min and thoroughly washed
with sterile distilled water.

Preparation of culture media for shoot induction

The explants were inoculated on Murashige and Skoog (MS) basal
medium, which consists of macronutrients, micronutrients,
vitamins and other essential components. The MS basal medium
was supplemented with different plant growth regulators (PGRs)
to induce shoot bud formation and proliferation. The cytokinin
treatments used were 6-benzyl amino purine (BAP), diphenyl urea
(DPU), thidizuron (TDZ) and meta-topolin (mT), which were
applied separately at three concentrations (1.0, 1.5 and 2.0 mg L%).
Additionally, naphthalene acetic acid NAA was used as an auxin
treatment at a concentration of (1.0 mg L%).

The experiment was designed as a completely randomized
design (CRD) with three replications, where each treatment had 10
explants per replication, making a total 30 explants per treatment.
The explants were inoculated on the MS basal medium
supplemented with the different PGRs and combinations and
incubated at 25 + 2 °C with a 16-hr photoperiod. The cultures were
sub-cultured every 4 weeks to maintain the shoot induction and
proliferation. For shoot development, the induced shoots were
transferred to the MS basal medium supplemented with
combination treatments, including mT (2.0 mg L) + NAA (1.0 mg LY)
and TDZ (1.5 mg L* each) + NAA (1.0 mg L%). These cultures were
also incubated at 25 + 2 °C with a 16-hr photoperiod and sub-
cultured every 4 weeks to promote shoot elongation and rooting.

Culture media for root induction

To induce roots in micro-cuttings of in vitro regenerated V.
negundo shoots, a half-strength MS medium was used with two
different concentrations of NAA (1.0 and 2.0 mg L*). The medium
was solidified with 0.8 % agar (w/v) and the pH was adjusted to
5.7 using 0.1N NaOH and/or 0.1N HCl before autoclaving at 121 °C
for 15 min. The cultures were incubated at a temperature of 27 °C
and 60-70 % relative humidity under a 16-hr photoperiod.

Acclimatization and hardening

After developing a considerable root system, the regenerated
explants were transferred to soil. The plantlets were carefully
removed from the culture phytaars, which were 250 mL and/or
500 mL in size. The roots were gently rinsed under running tap
water to remove any agar residue. The plantlets were then placed in
small plastic pots (approximately 5-7 ¢cm in diameter) filled with
mixture of sand, compost and soil in a 1:1:1 ratio (by volume or
weight). To maintain high humidity and prevent sudden
dehydration, the pots were covered with polythene bags. The
interior of the bags was sprayed with water every 24 hr to keep the
environment humid. After 7 days, the plantlets were removed from
the polythene bags and relocated to a test field. This process was
repeated three times in a completely randomised design to ensure
reliable results. The successful acclimatization plantlets were then
transferred to larger pots or direct to the field, where they continued
to grow and thrive. The plant survival in the field was 92 %.
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Statistical analysis

All the experiments were conducted with three replicates and
each treatment had 10 explants per replication, making a total 30
explants per treatment. To ensure the reliability of the results, the
data were statistically analysed using the NTSYS-pc version 2.1
(Numerical Taxonomy and Multivariant Analysis System) (20). The
data were subjected to analysis of variance (ANOVA) to determine
significant differences between treatments. The means and
standard errors were calculated for each treatment and the result
were presented as mean + standard error. This statistical
approach allowed us to identify significant differences between
treatments and to draw conclusions about the effects of different
variables on the experimental outcomes.

Results and Discussion

In this study, we investigated the effects of different growth
regulators at various concentrations or in combinations on the
regeneration of shoots from nodal explants of V. negundo in vitro.
We used MS medium supplements with four different growth
regulators: BAP, TDZ, DPU and mT, each at three concentrations
(1.0, 1.5 and 2.0 mg L*). The results of the experiment are
presented in Table 1 (Fig. 1-4). After 37 days of cultivation, the

highest average number of shoots was recorded in MS medium
supplemented with 2.0 mg L mT and 1.5 mg L TDZ, with 100 %
shoot regeneration. The highest response for shoot expansion
was observed in MS medium with 2.0 mg L** mT, with an average
number of shoots per explant and the highest number of shoot
length per explant. In contrast, the medium with 1.0 mg L* BAP
showed the lowest percentage of shoot regeneration (40 %). The
medium with 1.0 mg L DPU showed an average fewer number of
shoots and shoot length per explant, with 80 % of cultures
responding (Fig. 5).

For root initiation, half-strength MS medium was used.
The result showed that root induction was relatively low in MS
medium (MS media without PGRs). Regenerated shoots (2.5-3.5
cm) were transferred to half strength MS medium supplemented
with NAA at two different concentrations (1.0 mg L* and 2.0 mg L
1) for root induction. The result showed that 98 % root induction
was achieved when shoots were transferred to half strength MS
medium supplemented with 1.0 mg/L NAA (Fig. 6). In contrast, the
percentage of root induction was lower (less than 98 %) when 2.0
mgL* NAAwas used (Table 2) (Fig. 7).

To enhance shoot development, we investigated the
effects of different mixtures of cytokinins and auxins. Specially, we
used two combinations: 2.0 mg L mT+1.0mg L* NAAand 1.5 mg

Table 1. Effect of three different concentrations (1.0, 1.5 and 2.0 mg L) of BAP, DPU, TDZ and mT on shoot regeneration of V. negundo nodal
explant after 37 days and mT showed the best response amongst all PGRs

PGRi Concentratio_r; of Nion' oocfu?:fézr/‘t Ex;:)l:;\:sf ;u;)\(/g{::.{r;o.) Shoot re%eneration No. of shoots (mean Mean shoot length
(mgL?) PGRs (mgL?) phytajars inoculated in a phyta jar (%) * SE) (cm)
Control 0 5 0 0 0 0

5 3 60 3+0.57 1.88+0.33
1.0 5 4 80 3.5+0.5 3.3+0
5 2 40 2.6+0.66 2.96+0.66
5 4 80 3+0.40 3.05+0.47
1.5 5 2 40 3.33+0.33 2.93+0.33
5 3 60 4+0 4.85+0.5
BAP 5 5 100 3.5+£0.5 4.7+0.5
20 5 3 60 3.66+0.33 3.43+0.33
5 3 60 3+0.40 3.8+0.25
5 4 80 3.5+0.5 3.7+0.5
1.0 5 4 80 2.33+0.88 3.23+£0.33
5 5 100 2.5+0.5 4.05+0
5 3 60 3.33+£0.33 3.7+0.33
1.5 5 3 60 3+0.57 3.56 £0.57
5 2 40 3+0.57 4.06+£0
DPU 5 4 80 3.33+0.33 3.86+0.33
20 5 5 100 4+0 3.35+0
5 3 60 4+0 43+0
5 4 80 4+0.40 4.26+0
1.0 5 5 100 4.4+0.24 4.56£0.20
5 4 80 4.16+0.30 4.15+0.30
5 5 100 46+0.24 4.38+0.20
1.5 5 5 100 5.4+0.24 4,44 +0.37
5 5 100 5.16+0.30 5.06+0.16
D7 5 5 100 4.83+0.54 4.83+0.80
20 5 5 60 4.85+0.40 4.57+0.28
5 3 80 3.5+0.42 4.1+0.36
5 4 80 4.8+0.37 5.4+0.77
1.0 5 4 80 5+0.44 5.58+0.49
5 5 100 5.16 £0.30 5.66 £0.22
5 4 80 5+0.44 5.81+0.22
1.5 5 5 100 4.8+0.30 5.88+0.21
5 5 100 5.6+0.24 5.78+0.24
MT 5 5 100 5.16+0.30 5.95+0.16
20 5 5 100 5.57+0.20 6.17+0
5 5 100 5.85+0.14 6.05+0.14
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Fig. 1. Effect of BAP concentration on shoot regeneration parameters in Vitex negundo.
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Fig. 2. Effect of DPU concentration on shoot regeneration parameters in Vitex negundo.
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Fig. 3. Effect of TDZ concentration on shoot regeneration parameters in Vitex negundo.
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Effect of mT Concentration on Shoot Regeneration Parameters in
Vitex negundo
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Fig. 4. Effect of mT concentration on shoot regeneration parameters in Vitex negundo.

Fig. 5. Growth and invitro blooming of V. negundo; (a) Shoot initiation from nodal explants of V. negundo on MS medium; (b) Shoot
proliferation on MS medium; (c-d) Shoot elongation on MS medium; (e) In vitro blooming of V. negundo; (f) Hardening of micro-propagated
plants; (g) Close-up of micro-propagated plants; (h) Field grown micro-propagated plants.

Fig. 6. Growth of V. negundo and in vitro rooting of V. negundo; (a) Initiation of in vitro rooting from shoots of nodal explants; (b) In vitro rooting
from shoots; (c) /n vitro rooting and shooting of V. negundo; (d) Close-up of in vitro rooting and shooting of explant; (e) Hardening of micro-
propagated plant; (f) Field grown of micro-propagated plants.
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Table 2. Effect of auxin NAA on in vitro root induction in tissue culture raised from shootlets of Vitex negundo after 21 days of culture

PGR NAA (mg L) Concentration of NAA (mg L™) No. of root regenerated (%) Average no. of roots (mean+ SE) Average length of root (cm)

1.0 60 % 5.66+0.33 7+0.11
10 1.0 70 % 620 7.030.08
: 1.0 80 % 7+0.57 6.5+0.25
2.0 30% 4+0.57 6.13£0.52
20 2.0 50 % 3.33£0.33 6.03+0.08
: 2.0 40 % 2.66+0.66 5.93+0.37
Effects of NAA Concentration on Root Development Parameters in
negundo
80
70
[
5 60
2
o 50
o
% 40 O Root Regeneration (%)
'_
% 30 O Average No. of Roots
= O Average Root Length (cm)
a 20
10
0 | |
1.0 mg/L 2.0mg/L
CONCENTRATION

Fig. 7. Effects of NAA concentration on root development parameters in V. negundo.

L™ + 1.0 mg L™ NAA. The result presented in Table 3 (Fig. 8) shows ~ when medium was supplemented with cytokinins (BAP, DPU,
that the combination of 2.0 mg L* mT + 1.0 mg L* NAA was the  TDZ and mT) or in combination with NAA. However, the blooming
most effective for enhancing multiple shoots. This combination  was not uniform in each trial. We observed that blooming failed to
resulted in 98.7 % shoot formation, with an average shoot length.  occur when the medium was fortified with any one of the
Furthermore, 100 % of the shoots responded to this treatment,  cytokinins (BAP, DPU, TDZ and mT) alone or with auxin alone.
with an average shoot length (Fig. 5). However, when the MS medium was supplemented with different
concentrations of cytokinins (BAP, DPU, TDZ and mT) in

In this study, we used regenerated shoots were as e ) 3 )
combination with auxin (NAA), the shoots started developing

explants to induce blooming. We found that blooming occurred

Comparison of Shoot Induction Efficiency between mT+NAA and
TDZ+NAA Treatments in ¥ negundo
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Fig. 8. Comparison of shoot induction efficiency between mT + NAA and TDZ + NAA treatments in V. negundo.

Table 3. Effect of mixtures of cytokinin and auxin on in vitro shoot induction in tissue culture raised plantlets of Vitex negundo after 15 days of culture

Average no. of shoots

. 1 o
PGR Concentration (mgL?) No. of shoot regenerated % (mean * SE) Average length of shoots (cm)

mT + NAA 2.0+1.0 100 % 5.57+0.20 6.05+0

TDZ + NAA 1.5+1.0 98 % 5.85+0.14 5.97+0.16
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inflorescence at the shoot apex. In our study, we found that the
combination of mT and NAA was the most effective for promoting
flower bud formation and blooming. Blooming occurred after 10
days in the presence of this combination (Fig. 5). This suggests
that the interaction between mT and NAA plays a crucial role in
inducing blooming in regenerated shoots of V. negundo.

This study developed an in vitro protocol for the
proliferation of shoots, root induction and effective adaptation of
the medicinal herb V. negundo L. The protocol involved surface
sterilization of explants with 0.1 % HgCl, for 5 minutes, resulting in
over 94 % explants being free of surface contaminants with
minimal tissue injury. The explants were then cultivated to
investigate clonal propagative effectiveness, explants were
cultivated on MS medium with various concentrations and
mixtures of cytokines and auxin to investigate clonal propagative
effectiveness, with the greatest response observed at 2.0 mg L
!mT. Regenerated shoot tips were induced to root in half-strength
MS media supplemented with two different doses NAA and the
optimal rooting was achieved with half-strength MS medium
containing 1.0 mg L* NAA, yielding a high number of healthy
roots, thus establishing an efficient in vitro protocol for large-scale
propagation of V. negundo (Fig. 6).

The present study found that a combination of 2.0 mg L*
mT and 1.0 mg L NAA was the most effective for nodal segment
and shoot tip culture of V. negundo, with the highest concentration
of 2.0 mg L™ mT yielding the largest number of shoots per explant
on average. This result is consistent with previous studies, such as
those on Chrysanthemum (21) and shoot multiplication in other
plants, where mT at 2.0 mg L* was found to have a positive impact
(22). Additionally, BAP at 2.0 mg L* was found to be the most
effective concentration for shoot tip culture in pear plants (23),
while the combination of mT at 2.0 mg L* and NAA at 1.0 mg L*
was found to be the most effective for regeneration via nodal
induction.

The results of this study are also in line with other research
on plant tissue culture, where the use of auxins and cytokinins has
been found to be effective for shoot proliferation. For example,
the combination of 9.0 M BAP and 0.5 M indole-3-acetic acid was
found to be the most effective for shoot-tip cultures of Pyrus
elaeagrifolia Pallas (24), while NAA was found to be more effective
than 1AA or IBA for producing multiple shoots in rose genotypes
(25). Similarly, the use of 2, 4-D and BAP was found to be effective
for shoot proliferation in Woodfordia fruticose (26) and the
combination of BAP and IAA was found to be the most effective
for shoot proliferation from shoot tips and nodal segment
explants. In the present study, nodal segments were found to
have a higher shooting frequency multiplication than shoot tips in
V. negundo, highlighting the importance of explant selection for
successful plant tissue culture.

Upon culturing nodal segments and shoot tips on MS
media that containing BAP, DPU, TDZ and mT in different
compositions, it was shown that mT outperformed other
cytokinins relation to shoot multiplication. Because of differences
in genotypes and explant, various authors may have come up
with different conclusions. Nodal segments and shoot tips were
rooted and grown into complete plantlets. Root and shoot
development derived from shoots are particularly critical for
tissue culture-derived shoot establishment (27). To find the

optimal root induction strategy, many tests had been completed
using a half-strength MS medium added with different amounts
of nutrients, such as auxin (NAA). However, the regenerated
shoots were discovered to be effective when rooted on MS media
added with 0.5 mg L* IBA to induce root from invitro grown
shoots of V. negundowas investigated in the previous study (28).
Half-strength MS medium added with 0.5 mg L* IBA was used to
grow rooting shoots. Nevertheless, in this inquiry NAA was used
alone for rooting. In both half-strength, MS mediums with 1.0 mg
L NAA, the optimal concentration for root development and
proliferation was obtained.

This study also reports the role of four cytokinins (BAP,
DPU, TDZ and mT) for inducing shoots from explants. In the
present study, it was found that the shoot regeneration was
negatively impacted by high concentrations of mT and NAA (29).
In this study, it is also found that auxin and cytokinin
combinations (mT + NAA) and (TDZ + NAA) stimulate blooming,
Meta-topolin was superior overall other cytokinin for shoot
regeneration but also for rooting (30).

Conclusion

The micro-propagation method developed for V. negundoin this
study was highly efficient, with rapid shoot multiplication and
rooting. Cytokinins, a class of plant hormones, play a crucial role
in plant growth and development and their importance in
micropropagation has become increasingly clear. The results
showed that meta-topolin (mT) outperformed other cytokinins in
enhancing in shoot multiplication, shoot growth and rooting. This
makes mT a promising candidate for in vitro propagation of other
Vitex species. The study also found that combining auxin and
cytokinin (mT + NAA) and (TDZ + NAA)) stimulated blooming, After
a brief hardening period, micro propagated plantlets of V.
negundo showed a remarkable 98 % survival rate when
transferred to the soil. Overall, mT superior to other cytokinins for
both shoot regeneration and rooting. This study demonstrated
the effectiveness of using four cytokinins (BAP, DPU, TDZ and mT)
to induce shoots from explants. The developed procedure
provides a reliable strategy for the conservation and large-scale
propagation of this valuable aromatic medicinal plant. Cytokinin-
based micro propagation offers a promising technique for the
large-scale multiplication and preservation of V. negundo,
ensuring its availability for future generations.
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