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Abstract: An effective and reproducible micropropagation protocol was developed for Centratherum
punctatum Cass. Successful in vitro initiation of callus and subsequent plant regeneration were
obtained on nodal explants cultured on MS medium supplemented with plant growth regulators
(PGRs). The maximum frequency of callus formation (98.3%) was noted on MS containing 4.0 mg/L
6-Benzylaminopurine (BAP) and 3.5 mg/L Kinetin with a maximum callus weight of 2.02 g. The best
shoot induction frequency (100%) with an average of 30.2 shoots per explant was achieved when
4.5 mg/L BAP and 4.0 mg/L Kinetin were added to the MS. The same PGR combination resulted in
the best callus-mediated shoot formation (8.3 shoots/callus mass). The highest rhizogenic response
(95.3%) with an average 26.1 roots per shoot and root length of 6.2 cm was obtained with 1.0 mg/L
Indole-3-acetic acid (IAA)-supplemented MS medium. The gas chromatography–mass spectrometry
(GC-MS) technique was applied in the present study to analyze the methanolic extracts of the leaf,
callus, and root of regenerated C. punctatum shoots to detect the different phytochemical constituents.
The leaf extract of the regenerated C. punctatum showed 37 phytocompounds; some important
bioactive compounds were the Phytol,1,6-Octadien 3,5-Dimethyl-Cis, 4,8-Dimethylnona-3,8-dien-2-
one, 2,6-Octadiene, Stigmasterol, Chondrillasterol, Lanosteryl acetate, etc. In the callus, the extract
had a total of 57 phytocompounds; among them, the Stigmasterol, Guanosine, and Tri-decanoic acid
were the major ones. In the root extract, the GC-MS revealed a low number of 23 phytocompounds,
the important compounds of which were Stigmasterol, Trimethylsilyl (TMS) derivative, Chrysantenyl
2-methuylbutanoate, 4-tert-Butoxybutan-1-ol, etc. The order in terms of numbers of phytocompounds
present in tissue sources are callus > leaf > root.

Keywords: callogenesis; direct–indirect regeneration; GC-MS; methanolic extracts; phytosterols;
medicinal compounds

1. Introduction

Medicinal plants are a vital resource for billions around the world, serving as the
foundation of both traditional remedies and modern pharmaceuticals. These plants not
only offer cultural and economic benefits to communities but they may also be of significant
interest in scientific research and the thriving herbal pharmaceutical sector. The World
Health Organization (WHO) notes that a majority of individuals in developing nations,
ranging from 70 to 95%, primarily depend on these plants for their basic healthcare needs [1].
Herbal medicine has made a significant contribution in healthcare as it has been in use
since the dawn of mankind [2]. Centratherum punctatum Cass. is a herbaceous plant which
belongs to the family Asteraceae and has been regarded as a species from the Vernonieae
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tribe. C. punctatum is found in Australia, Central and South America, the West Indies, the
Philippines, India, and Java [3]. It is a fragrant, bushy, perennial plant and attains a height
up to 45–60 cm, well-branched with purple flowers at the terminal ends, with aromatic
leaves [4]. It is commonly known as Lark daisy, Kesavardhini, and Brazilian Bachelor’s
Button [4,5]. It is known for its medicinal value and is used to treat various ailments. It was
highlighted that C. punctatum (being rich in secondary metabolites) serves as a health-caring
plant with various beneficial properties including antimicrobial, anti-oxidant, anti-allergic,
anti-inflammatory, and cytotoxic anti-tumor effects [5]. Due to these important facts, the
plant is referred to as a traditional wound healer.

Plant tissue culture is a technique utilized to propagate and cultivate plants in an arti-
ficial environment. This method allows for the production of a sufficient number of plants
with uniform traits. The basic steps include selection and preparation of plant material,
surface sterilization, and placement of plant parts (explants) onto nutrient medium supple-
mented by plant growth regulators for inducing callus, shoots, and roots. The obtained
plantlets can then be transferred to the soil. The whole technique has revolutionized plant
biotechnology and has become an essential tool for plant scientists and researchers [6,7].

In vitro cultures have been involved in plant breeding and the conservation of endangered
species. The conservation of the biodiversity, often affected by natural phenomena, may heavily
depend on plant tissue culture. This technique allows for the cultivation and fast propagation
of endangered plant species, thus promoting conservation [8]. Several medicinally impor-
tant plant species like American ginseng (Panax quinquefolius L.) [9], Madagascar periwinkle
(Catharanthus roseus (L.) G. Don) [10], and common yew (Taxus baccata L.) [11] have successfully
been cultured using tissue culture.

Moreover, the plant cell and tissue cultures are widely utilized in gene expression
analysis, genetic transformation, and functional genomics research [12]. It is possible to
harvest secondary metabolites from a variety of medicinal plants by increasing the yield
using a cell/tissue culture technique [13]. In C. punctatum, a medicinal ornamental plant,
a 14-day-old in vitro-derived leaf was noted to be responsive in 0.5 mg/L Thidiazuron-
supplemented media for direct and indirect shoot regeneration [14]. The same research
group earlier described a C. punctatum micropropagation protocol through transverse
thin cell layers technology (tTCLs) in which 1.0 mm wide leaves and 2.0 mm thick nodal
explants were observed to be effective [15]. However, biotechnological methods involving
other explants or regeneration mode and/or in vitro morphogenesis using PGRs was still
not found to be sufficient.

After the establishment of a plant cell culture, the researchers tried to analyze the
extract in order to identify potential bioactive molecules present in it using GC-MS [2,16].
GC-MS is widely used in various fields like chemistry, biology, pharmacology, and environ-
mental science to examine complex mixtures and to identify unknown compounds [17].
The technology makes it possible to separate a mixture of compounds into individual
components using gas chromatography, followed by the analysis of separated components
using mass spectrometry, which may detect the ionized fragments. The resulting mass spec-
tra provide valuable information about the molecular weight, structure, and identification
of compounds [18].

In plant tissue culture context, GC-MS can be used for multiple applications, such as in the
analysis of volatile organic compounds, the identification and quantification of plant hormones,
the characterization of secondary metabolites, and the metabolic profiling of other compounds.
GC-MS was recently applied for the phytochemical profiling of Hibiscus asper Hook. fil. [19], and
those of several medicinal plants such as carnation (Dianthus caryophyllus L.), common thyme
(Thymus vulgaris L.), and common basil (Ocimum basilicum L.) [20].

The aim of this study was to investigate the effect of different plant growth regu-
lators on callus formation, regeneration, and root induction in the successful culture of
C. punctatum. This study also evaluated metabolite profiles and detected valuable phy-
tocompounds present in tissues through GC-MS. Moreover, a comparative account of a
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metabolomic map, which may be the first of its kind, was prepared based on the results
from the in vitro-developed callus, leaf, and roots.

2. Material and Methods
2.1. Plant Materials, Surface Disinfection, and In Vitro Culture Establishment

Explants of Centratherum punctatum Cass were collected from the campus of Jamia
Hamdard and were used as experimental materials. These explants were treated with
2–3 drops of Teepol (a surfactant solution) which was followed by immersion in water
for 10 min. Subsequent rinsing was conducted under running tap water. The explants
were immersed in 70% ethanol for two min, followed by two rinses with double-distilled
autoclaved water. This process was repeated twice. Subsequently, the explants were treated
with 0.1% mercuric chloride (HgCl2) for one min and then rinsed thrice with double-
distilled autoclaved water. Murashige–Skoog (MS) [21] medium containing 30 g/L sucrose
and various plant growth regulators (PGRs) such as 2,4-Dichlorophenoxyacetic acid (2,4-D)
(1.0–3.0 mg/L), α-naphthalene acetic acid (NAA) (0.5–2.5 mg/L), BAP (2.0–4.0 mg/L),
Kinetin (Kn) (1.5–3.5 mg/L), and IAA (0.5–1.5 mg/L) were used. The pH of the medium
was adjusted to 5.6–5.8 using a pH meter with 0.1 N solution of HCl and/or NaOH.
Subsequently, 0.7% agar was incorporated into the MS medium as a solidifying agent. The
medium (10 mL) was then poured into glass culture tubes or conical flasks (100 mL), which
were autoclaved at 121 ◦C for 25–30 min and 15 psi. The cultures were incubated at a
temperature of 25 ± 2 ◦C, under a photoperiod regime of 16 h light and 8 h darkness, with
a light intensity of 100 µ mol m−2s−1 PPFD.

2.2. Callus Induction Using Nodal Explant

The surface-sterilized nodal explants were cultured on MS medium, supplemented by
auxins (2-4-D (1.0–3.0 mg/L) + NAA (0.5–2.5 mg/L)) and cytokinins (BAP (2.0–4.0 mg/L) + Kn
(1.5–3.5 mg/L)), for induction of callus. The callus development was observed within 7–10 days
and the callus was sub-cultured within 4 weeks. Callus biomass weight was measured after
4 weeks of incubation.

2.3. Adventitious Shoot Induction from Callus

Nodal callus of about one gram was placed onto MS medium, supplemented with the
same level of PGRs, i.e., 2.0–4.5 mg/L BAP and 1.0–4.0 mg/L Kinetin for caulogenesis. The
shoot induction percentage (the number of callus clumps with at least one shoot, %) and
the mean number of shoots per explant or callus clump with mean shoot length were noted
after 8 weeks of incubation.

2.4. Axillary Shoot Induction Using Nodal Explants

Nodal explants were placed horizontally (attached throughout length) on MS medium
enriched with BAP (2.0–4.5 mg/L) and Kinetin (1.0–4.0 mg/L) for shoot formation. The
shoot regeneration frequency (%) and the mean number of shoots per explant were recorded
after 8 weeks of culture, with mean shoot length. Eight-to-ten test tubes contained nodal
explants (each containing one explant) in each PGR treatment and each experiment was
repeated three times.

2.5. In Vitro Rooting and Acclimatization

The regenerated shoots were separated and were sub-cultured on media supplemented
by varying IAA (0.5–1.5 mg/L) concentrations. The shoots showing root induction percent-
age and the mean number of roots with their root length were counted after four weeks. To
acclimatize the plantlets with induced roots, the plants were carefully removed from the
culture medium and cleaned with sterile double-distilled water. The plants were planted
in plastic pots containing 3:1 blend of soil and vermiculite for acclimatization. This process
lasted for approximately 3–4 weeks, and to maintain humidity, the pots were covered with
cellophane wrap. Subsequently, the acclimatized plantlets were relocated to a greenhouse
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environment, maintaining a relative humidity from 60% to 70% and a constant temperature
of 25 ± 2 ◦C, following a 16/8 h day/night cycle.

2.6. Preparation of Plant Methanolic Extract for GC-MS Analysis and Identification of
Chemical Constituents

In vitro-derived calluses, leaves, and roots of adventitious origin, harvested from
best growth media (callus from 4.0 mg/L BAP+ 3.5 mg/L Kn; shoot leaf from 4.5 mg/L
BAP+ 4.0 mg/L Kn; and root from 1.0 mg/L IAA) were dried in sterilized condition and
finely ground. The powdered samples of the above-mentioned tissues were soaked in
100% methanol (1.0 gm in 5.0 mL) for 12 h [22]. Syringe filter of pore size 0.22 µm was
used to filter the extracts. The extracts were centrifuged at 8000 rpm and at a temperature
of 4 ◦C for 10 min. Later, the supernatant was collected (leaving the debris) into new
tubes and 1.0 µL of each sample was used for analysis via GC-MS. The sample was taken
to University Science Instrumentation Center, AIRF, Jawaharlal Nehru University, Delhi
for GC-MS analysis. Plant extracts were analyzed using a GC-MS QP2010 Plus system
(Shimadzu, Kyoto, Japan). The system was equipped with an auto-injector (AOC-20i), a
head space sampler (AOC-20s), a mass selective detector with an ion source set at 220 ◦C
and an interface operating at 270 ◦C. The mass range from 40 m/z to 650 m/z was utilized
for analysis, setting the threshold at 1000 EV. Additionally, the injector was configured for
split injection mode at 10:1 ratio operating at 260 ◦C. Initially, the temperature was set to
100 ◦C for a period of 2 min, following which it was incrementally increased to reach 300 ◦C
at a rate of 10 ◦C per min. Helium was used as the carrier gas, exhibiting a linear velocity
of 40.9 cm/s under a pressure of 90.5 kPa. The apparatus functioned with an aggregate
flow rate of 16.3 mL/min, accompanied by a columnar flow rate of 1.21 mL/min.

In order to identify the molecules, the structure, the molecular mass, and the spectral
fragments were considered and compounds were cross-referenced with the established com-
ponents from the National Institute of Standards and Technology’s (NIST14s.lib, accessed
on 2 February 2023) library data base which encompasses more than 62,000 patterns.

2.7. Experimental Design and Statistical Analysis

The effect of PGRs on explants in inducing callus, shoot formation, and in vitro rooting
were studied by randomized design. The PGRs used in various treatments contained eight–
ten explants and each of the experiments were conducted twice with three replica. The
results are presented as the mean values ± standard errors. The means with the same
letters in different columns are not significantly different and the mean difference was
determined by Duncan’s multiple range test (DMRT) at p ≤ 0.05 using SPSS ver. 26.0
(SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Callus Induction

Nodal explants were inoculated on media with different PGRs, i.e., 2, 4-D, BAP, Kinetin,
and NAA, to induce callus development. Variable calli were obtained in different media;
NAA and 2, 4-D-containing media resulted in soft, loose calluses (Figure 1a). Among the
various tested combinations, the best callus induction ability and growth were observed
on the medium containing a combination of BAP (4.0 mg/L) and Kinetin (3.5 mg/L)
(Figure 1b,c). On this medium, the compact, dense callus development with a frequency
of 98.3% and an average callus weight of 2.02 g was observed after four weeks of culture
(Table 1). Soft calli were shown to be non-productive in the organogenic adventitious
shoots development process at any combination of PGRs applied in the culture medium.
Thus, these calli were omitted from future experimental processes.
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Figure 1. Callus development on Centratherum punctatum leaf explants: (a) friable callus induced on
medium with 2,4-D (2.5 mg/L) + NAA (2.0 mg/L), (b,c) compact nodal callus with occasional roots
formation on medium containing BAP (4.0 mg/L) + Kn (3.5 mg/L) (scale bars: 0.5 cm).

Table 1. Callus induction frequency, callus biomass from nodal explants on MS medium with various
PGRs after 4 weeks of culture in Centratherum punctatum.

PGRs (mg/L)
Callus Induction (%) Weight of Callus (g)

Type of Callus
Observed2,4-D NAA BAP Kn

2.0 1.5 62.21 ± 1.28 c 0.71 ± 0.08 c

White-brownish
compact callus

2.5 2.0 76.40 ± 0.81 c 0.85 ± 0.32 c

3.0 2.5 89.54 ± 0.31 b 1.20 ± 0.09 b

4.0 * 3.5 * 98.32 ± 0.47 a* 2.02 ± 0.04 a*

1.0 0.5 0 0

Watery-friable
callus

1.5 1.0 67.35 ± 0.49 c 0.19 ± 0.02 c

2.0 1.5 78.13 ± 0.70 ab 0.48 ± 0.01 ab

2.5 * 2.0 * 82.27 ± 1.24 a* 0.76 ± 0.21 a*
3.0 2.5 70.63 ± 0.89 c 0.32 ± 0.03 c

* Represents highest % of response on corresponding medium. Values are mean ± SE of three replica with two
experiments each. Mean values of two sets of separate experiments containing PGRs (BAP + Kn and 2,4-D +
NAA) within a column followed by different letters are significantly different according to Duncan’s multiple
range test (DMRT) at p ≤ 0.05.

3.2. Adventitious Shoot Induction

A nodal callus was placed onto MS with the same levels of BAP and Kinetin to
induce callus-mediated adventitious shoot regeneration (Figure 2a,b). The best results
with 66% of regeneration, i.e., 8.3 shoots/callus clump were detected on the medium
containing 4.5 mg/L BAP + 4.0 mg/L Kinetin, and the shoots grew well under in vitro
condition (6.1 cm mean shoot length after 8 weeks of culture), followed by 4.0 mg/L BAP +
3.5 mg/L Kinetin treatment in which 6.6 shoots per callus mass were observed (Table 2).
Callus-mediated shoot formation was less found in other tested PGR combinations.

Table 2. Shoot induction frequency, shoot numbers from callus of Centratherum punctatum in MS
medium containing various concentrations of BAP and Kn.

PGRs (mg/L) Shoot Induction
(%)

No. of Shoots/Gram
of Callus

Mean Shoot
Length (cm)BAP Kn

2.0 1.0 0 c 0 c 0c

2.5 1.5 33.24 ± 0.13 b 3.2 ± 1.27 b 2.6 ± 0.35 b

3.0 2.5 40.67 ± 0.38 b 4.1 ± 0.63 b 3.3 ± 0.17 b

4.0 3.5 52.41 ± 0.24 a 6.6 ± 0.35 a 5.2 ± 0.69 a

4.5 * 4.0 * 66.33 ± 0.44 a* 8.3 ± 0.75 a* 6.1 ± 0.63 a*
For each PGR treatment, 24 explants were used. * Represents highest % of response on corresponding medium.
Data were scored after 8 weeks of culture. Values are mean± SE of three replica with two experiments each. Mean
values within a column followed by different letters are significantly different according to Duncan’s multiple
range test (DMRT) at p ≤ 0.05.
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3.3. Axillary (Direct) Shoot Regeneration

Nodal explants were excised and cultured on MS with various concentrations of BAP
and Kinetin to induce shoot regeneration (Figure 3a–c). The best responses (100%) were
achieved on the medium supplemented with 4.5 mg/L BAP and 4.0 mg/L Kinetin after
8 weeks of culture (30.2 shoots per explant with an average length of 8.5 cm). The second
best treatment was the combination of 4.0 mg/L BAP + 3.5 mg/L Kinetin, where an average
of 26.4 shoots per explant was produced (Table 3). The medium with 2.0 mg/L BAP +
1.0 mg/L Kinetin had the lowest effectiveness, i.e., a 60.4% shoot induction frequency and
an average of 8.1 shoots per explant were observed.
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Table 3. Direct shoot induction frequency, shoot number, and growth of Centratherum punctatum in
various BAP and Kn-containing MS medium after 4 weeks in culture.

PGRs (mg/L) Shoot Induction
(%) No. of Shoots

Mean Shoot
Length (cm)BAP Kn

2.0 1.0 60.42 ± 0.87 d 8.1 ± 0.57 d 2.0 ± 0.12 d

2.5 1.5 68.14 ± 1.17 c 12.3 ± 0.94 c 4.0 ± 0.06 c

3.0 2.5 72.56 ± 1.44 c 21.3 ± 1.0 c 4.5 ± 0.29 c

4.0 3.5 88.28 ± 0.90 b 26.4 ± 1.15 b 6.2 ± 0.17 b

4.5 * 4.0 * 100.0 ± 2.89 a* 30.2 ± 0.92 a* 8.5 ± 0.28 a*
* Represents highest % of response on corresponding medium. Data were scored after 8 weeks of culture. Values
are mean ± SE of three replica with two experiments each. Mean values within a column followed by different
letters are significantly different according to Duncan’s multiple range test (DMRT) at p ≤ 0.05.

3.4. Induction of Roots in Regenerated Plantlets

Regenerated C. punctatum shoots (adventitious and direct origin) were excised and
transferred to media with various concentrations of IAA. The best responses were achieved
in 1.0 mg/L IAA treatment (Figure 4a,b), which resulted in the 95.2% rooting percentage
with 26.1 roots per shoot and an average root length of 6.2 cm (Table 4). The other tested PGR
treatments had a low-to-moderate rooting influence on in vitro regenerated shoots. The
rooted shoots were transplanted to a pot (Figure 4c,d) containing 3:1 soil and vermiculite.
The plants with well-developed roots transferred to the greenhouse survived normally and
showed a 70–80% survival frequency.
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Table 4. Root induction in Centratherum punctatum on medium containing different IAA concentra-
tions after 4 weeks in culture.

IAA
(mg/L)

Root
Induction (%) No. of Roots/Shoot Mean Root Length

(cm)

0.5 40.16 ± 1.18 c 18.3 ± 0.81 c 2.5 ± 0.33 c

1.0 * 95.27 ± 0.60 a* 26.1 ± 0.58 a* 6.2 ± 0.21 a*
1.5 80.52 ± 0.52 b 20.5 ± 1.25 b 4.8 ± 0.11 b

For each PGR treatment, 24 explants were used. * Represents highest % of response on corresponding medium.
Values are mean ± SE of three replica with two experiments each. Mean values within a column followed by
different letters are significantly different according to Duncan’s multiple range test (DMRT) at p ≤ 0.05.

3.5. GC-MS Analysis

The GC-MS analysis of leaf methanolic extract of regenerated C. punctatum shoots
revealed a total of 37 phytochemicals, presented in Figure 5a and Table 5. Some of the
most important bioactive compounds are the Phytol (9.92%), 1,6-Octadien,3,5-Dimethyl-
,Cis (13.56%), 4,8-Dimethylnona-3,8-dien-2-one (5.88%), 2,6-Octadiene,2,4-dimethyl- (8%),
Stigmasterol (9.75%), Chondrillasterol (5%), and Lanosterylacetate (5.51%). Other detected
compounds present in the leaf extract are Squalene, Neophytadiene, oxiranehexadecyl, and
palmitic acid Trimethylsilyl (TMS) derivatives. In the callus, the methanolic extract shows
a total of 57 phytocompounds (Figure 5b), among which Stigmasterol (24.85%), Guano-
sine (9.06%), Tridecanoicacid (5.72%), 1,6-Octadien,3,5-Dimethyl-,Cis(5.81%), and Squalene
(4.40%) are the major ones (Table 6). Some compounds are present exclusively in the callus,
like 4H-pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl, and guanosine; in the literature,
these were reported to display microbial inhibitory activity, inflammation suppression,
growth restraining, neuro-inflammation, oxidative stress, and excitotoxicity activity. In
the root methanolic extract, the GC-MS analysis revealed a low number of compounds,
i.e., 23 phytocompounds (Figure 5c), the major compounds of which were Stigmasterol
(17.42%), TMS derivatives (28.50%), Chrysantenyl2-methuylbutanoate (10.31%), 4-tert-
Butoxybutan-1-ol, etc. (Table 7). Active compounds like chrysantenyl 2-methyl butanoate
had previously shown antibacterial properties. Cedren-13-ol, 8- had lipid peroxidation;
meanwhile, oleic acid and propyl ester, which showed antifungal properties and carbinox-
amine present in the root extract, displayed antihistaminic potential. The order in terms of
numbers of phytocompounds present in tissue sources is callus > leaf > root.
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Table 5. Phytochemical compounds present in the methanolic leaf extract of C. punctatum in vitro
culture using GC-MS analysis.

Peak R. Time Area Area% Name

1 9.473 2814136 3.38 Sucrose
2 11.315 1087916 1.31 Pentanoic acid, 2-(methoxymethyl)-4-oxo-
3 12.750 943200 1.13 Neophytadiene
4 13.002 89147 0.11 Oxirane, hexadecyl-
5 13.202 286531 0.34 3,7,11,15-Tetramethyl-2-hexadecen-1-ol
6 14.362 1494158 1.79 Decane, 1-bromo-2-methyl-
7 14.761 1376385 1.65 Palmitic Acid, TMS derivative
8 15.422 8261961 9.92 Phytol
9 15.884 1054928 1.27 Phytol, TMS derivative
10 16.179 123837 0.15 Eicosane, 7-hexyl-
11 16.301 195717 0.24 1-Docosanol, acetate
12 16.974 185984 0.22 N1-Isopropyl-2-methyl-1,2-propanediamine
13 18.384 708458 0.85 Acetylcholine bromide
14 18.455 2426875 2.91 Crotonyl isothiocyanate
15 18.832 11287490 13.56 1,6-Octadien, 3,5-Dimethyl-, Cis
16 19.130 1705225 2.05 Bicyclo[3.1.1]heptan-3-one, 2,6,6-trimethyl-, (1.alpha.,2.alp
17 19.566 12486993 15.00 2(5H)-Furanone, 5-(2-methyl-3-methylene-4-butyl)-
18 19.939 308148 0.37 2-Butenoic acid, 2-methyl-, 1,1a,1b,4,4a,5,7a,7b,8,9-decahy
19 20.040 442568 0.53 4,4′-((p-Phenylene)diisopropylidene)diphenol
20 20.135 1002999 1.20 2-Butenoic acid, 2-methyl-, 2-methyl-2-propenyl ester, (E)-

21 20.372 172984 0.21
5A-Methyl-3,8-Dimethylene-2

Oxododecahydrooxireno[2′,3′:6,7]Naphtho[1,2B]
Furan-6-YL 2-Methyl-2-B-Utenoate
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Table 5. Cont.

Peak R. Time Area Area% Name

22 20.880 502397 0.60 1-Azatricyclo[3.3.1.13,7]Decane-4,6,10-Trione,
23 21.022 621615 0.75 Squalene
24 21.435 4898059 5.88 4,8-Dimethylnona-3,8-dien-2-one
25 22.034 6658350 8.00 2,6-Octadiene, 2,4-dimethyl-
26 22.572 152066 0.18 Stigmasta-4,7,22-trien-3.alpha.-ol
27 23.407 650675 0.78 Vitamin E
28 24.490 269170 0.32 5-Cholesten-3.beta.-acetoxy-24-thiol
29 24.716 8119706 9.75 Stigmasta-5,22-Dien-3-Ol
30 25.374 4164314 5.00 Chondrillasterol
31 25.937 145352 0.17 .beta.-Amyrone
32 26.566 1008550 1.21 Noruns-12-Ene
33 27.675 146023 0.18 Acetic acid, 3-hydroxy-7-isopropenyl-1,4a-dimethyl-2,3,4,4
34 28.253 1764216 2.12 Phytyl palmitate
35 28.943 4585371 5.51 Acetic Acid 17-(1,5-Dimethyl-Hex-4-Enyl)-4,4,1
36 31.866 893299 1.07 9,12-Octadecadienoic acid (Z,Z)-, octyl ester
37 32.157 225509 0.27 9,10,12,13-Tetrabromooctadecanoic acid

83260312 100.00

Table 6. Phytochemical compounds present in the methanolic callus extract of C. punctatum using
GC-MS analysis.

Peak R. Time Area Area% Name

1 4.870 1720817 2.56 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-
2 7.900 991141 1.47 1,4-Diacetyl-3-acetoxymethyl-2,5-methylene-l-rhamnitol
3 9.234 6098776 9.06 Guanosine
4 9.976 86895 0.13 Butanoic Acid, 1-Methylhexyl Ester
5 11.046 630043 0.94 Alpha-L-Galactopyranoside, methyl 6-deoxy-
6 12.603 154311 0.23 Isopropyl myristate
7 13.097 200311 0.30 Benzene, (1-ethylundecyl)-
8 13.533 1119716 1.66 Benzene, (1-Methyldodecyl)-
9 14.154 3854840 5.72 Tridecanoic acid
10 14.537 368787 0.55 Benzene, (1-methyltridecyl)-
11 14.736 6547794 9.72 Azuleno[4,5-b]furan-2(3H)-one, 3a,4,6a,7,8,9,9a,9b-octahy
12 15.257 148285 0.22 3-Methyl-2-Pent-2-Enyl-Cyclopent-2-Enone
13 15.419 419102 0.62 Phytol
14 16.268 240870 0.36 Tricosyl acetate
15 16.970 72107 0.11 2-Butanamine, 2-methyl-
16 17.017 141687 0.21 5-Decanone
17 17.150 152870 0.23 Silane, Trichlorooctadecyl-
18 17.433 73677 0.11 Tetracyclo[6.1.0.0(2,4).0(5,7)] Nonane, 3,3,6,6,9,9
19 17.532 280521 0.42 3,3,6,6,9,9-Hexaethyltetracyclo[6.1.0.0~2,4~.0~
20 17.610 233436 0.35 Fumaric acid, 2-octyl 8-chlorooctyl ester
21 17.865 170331 0.25 Cyclopentanol, 3,3,4-Trimethyl-4-P-Tolyl-, (
22 17.965 110757 0.16 Triamylbenzenes
23 18.226 168774 0.25 Benzene, Hexadecylpentyl-
24 18.352 109276 0.16 Tetracyclo[6.1.0.0(2,4).0(5,7)]nonane, 3,3,6,6,9,9-hexaethy
25 18.574 711913 1.06 Valeric acid, 2-methyloct-5-yn-4-yl ester
26 18.767 273738 0.41 Triamylbenzenes
27 18.853 3914084 5.81 1,6-Octadien, 3,5-Dimethyl-, Cis
28 19.041 698160 1.04 Cyclooctanepropanal, 1-Nitro-2-Oxo-, (.+-.)-
29 19.137 1193280 1.77 2,5-Furandione, 3-(Dodecenyl)Dihydro-
30 19.417 341915 0.51 3-(4-Isopropylphenyl)-2-Methylpropanal #
31 19.518 183490 0.27 1-(4-Undecylphenyl)Ethanone
32 19.590 2565091 3.81 2(5H)-Furanone, 5-(2-methyl-3-methylene-4-butyl)-
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Table 6. Cont.

Peak R. Time Area Area% Name

33 19.858 328123 0.49 3,3,6,6,9,9-Hexaethyltetracyclo[6.1.0.0~2,4~.0~
34 20.042 281338 0.42 4,4’-((p-Phenylene)diisopropylidene)diphenol
35 20.147 715085 1.06 Tetracosatetraene, 2,6,10,15,19,23-Hexameth
36 20.277 528992 0.79 1h-Purin-6-Amine, [(2-Fluorophenyl)Methyl]
37 20.557 195366 0.29 Heptacosane, 1-chloro-
38 20.676 457102 0.68 3-(4-Isopropylphenyl)-2-Methylpropanal #
39 21.020 2965566 4.40 Squalene
40 21.377 317308 0.47 1-(4-Undecylphenyl)ethanone
41 21.602 126037 0.19 Tetratetracontane
42 21.772 132976 0.20 Tert-Butyl(Dimethyl)Silyl ([Tert-Butyl)Dim
43 21.859 580965 0.86 Oxirane, 2,2-dimethyl-3-(3,7,12,16,20-pentamethyl-3,7,11,
44 22.003 154676 0.23 Cyclododecasiloxane, Tetracosamethyl-
45 22.062 149027 0.22 .delta.-Tocopherol
46 22.388 255473 0.38 2,2,4-Trimethyl-3-(3,8,12,16-Tetramethyl-Hept
47 22.575 399552 0.59 Stigmasta-4,7,22-trien-3.alpha.-ol
48 22.683 279519 0.42 (R)-6-Methoxy-2,8-dimethyl-2-((4R,8R)-4,8,12-trimethyltr
49 23.030 173306 0.26 2-Methylhexacosane
50 23.419 449827 0.67 Vitamin E
51 24.491 940173 1.40 Ergost-5-en-3-ol, (3.beta.)-
52 24.723 16732924 24.85 Stigmasta-5,22-Dien-3-Ol
53 25.409 1233682 1.83 Stigmast-5-En-3-Ol, (3.Beta.,24s)-
54 27.159 482631 0.72 9,19-Cyclolanostan-3-ol, 24-methylene-, (3.beta.)-
55 27.683 332363 0.49 24-Norursa-3,12-diene
56 28.240 2632334 3.91 4,4a,6b,8a,11,11,12b,14a-Octamethyl-Docosah
57 28.961 2525755 3.75 Acetic Acid 17-(1,5-Dimethyl-Hex-4-Enyl)-4,4,1

67346895 100.00

Table 7. Phytochemical compounds present in the methanolic in vitro root extract of C. punctatum
using GC-MS analysis.

Peak R. Time Area Area% Name

1 9.435 9086621 28.50 4-tert-Butoxybutan-1-ol, TMS derivative
2 14.007 101638 0.32 Chrysantenyl 2-methuylbutanoate
3 14.133 161145 0.51 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester
4 14.887 388609 1.22 Azuleno[4,5-b]furan-2(3H)-one, 3a,4,6a,7,8,9,9a,9b-octahy
5 15.090 144661 0.45 6-Methyl-2-(4-methylcyclohex-3-en-1-yl)hepta-1,5-dien-4-
6 15.306 464106 1.46 Cedren-13-ol, 8-
7 15.451 76948 0.24 Octyl tetradecyl ether
8 16.301 96897 0.30 Oleic Acid, Propyl Ester
9 18.403 138729 0.44 Ethanamine, 2-[(4-Chlorophenyl)-2-Pyridiny
10 18.567 3288142 10.31 Chrysantenyl 2-methuylbutanoate
11 19.020 2752301 8.63 8-Hydroxy-2,2-dimethyl-8-phenyl-oct-5-en-3-one
12 19.462 73419 0.23 Tridecane, 7-hexyl-
13 20.199 105608 0.33 Eicosane
14 20.916 78320 0.25 Tricosane, 2-Methyl-
15 21.031 602490 1.89 Squalene
16 21.608 281207 0.88 Hexatriacontane
17 22.067 85059 0.27 .delta.-Tocopherol
18 23.039 81202 0.25 Tetracontane
19 24.507 173201 0.54 Ergost-5-en-3-ol, (3.beta.)-
20 24.743 5554604 17.42 Stigmasta-5,22-Dien-3-Ol
21 25.426 758195 2.38 Chondrillasterol
22 26.984 169076 0.53 24-Noroleana-3,12-diene
23 28.232 7223088 22.65 4,4a,6b,8a,11,11,12b,14a-Octamethyl-Docosah

31885266 100.00
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4. Discussion

In this present study, the whole plant was regenerated and multiplied via tissue culture
by utilizing different PGRs. The in vitro-regenerated tissues including different plant parts
(callus, leaf, and root) were analyzed using GC-MS for secondary metabolites. Firstly, the
nodal explants with leaves were placed onto media with 2,4-D and NAA, which resulted
in fast-growing calli. The exogeneous application of 2,4-D has long been known to be an
important trigger in developing the callus by promoting cell division [23]. In this study,
the callus induction frequency and biomass were high on the medium containing BAP
and Kinetin combinations, and the callus developed on the nodal explants was compact.
The present study thus indicates that the BAP and Kinetin combination showed fast cell
division in the developing callus, similar to the effect of cytokinins exerted on other plant
species. The callus-inducing ability of BAP and Kinetin was earlier noted in eggplant
(Solanum melongena L.) [24], in pomelo (Citrus grandis (L.) Osbeck) [25], and in cycads
(Encephalartos spp.) [26]. An increase in the concentration of BAP and Kinetin triggered
direct shoot induction as well. Direct shoot regeneration from nodal ex plants was reported
in many plants like water hyssop (Bacopa monnieri (L.) Pennell) [27], the winter jasmine
(Jasminum nudiflorum Lindl.) [28], and Mansonia altissima [29]. Very similar reports, i.e., for
cytokinin-induced shoots production, were observed in other plant species like plantain
(Musa sp., “Oniaba” and “Apantu pa” cultivars) [30] and medicinal aloe (Aloe vera (L.)
Burm. f.) [31]. It is known that cytokinins, functioning as plant growth regulators, regulate
numerous processes of plant growth and development, such as the cell division, initiation,
and development of shoots and cellular differentiation [32,33]. The combination of BAP and
Kinetin was proved to be efficient in enhancing regeneration and shoot growth in a variety
of plant species such as potato (Solanum tuberosum L.) [34], fever tea (Lippia javanica (Burm.
f.) Spreng.) [35], white sandalwood (Santalum album L.) [36], and English oak (Quercus robur
L.) [37]. In Aloe vera (L.) Burm. f.), the same BAP and Kinetin combinations demonstrated
to be highly efficient in inducing callus development [38].

These in vitro-developed shoots were later rooted on IAA-containing medium. Sim-
ilar responses, i.e., root induction with IAA, were observed in many other investigated
plants such as tomato (Solanum lycopersicum L.) [39] and false chamomile (Tripleurospermum
insularum Sch. Bip.) [40]. IAA, a naturally occurring auxin, has previously been considered
to be crucial for in vitro rooting as well as in the plant regeneration process [41], as was
demonstrated in Alocasia longiloba. The regenerated plants were finally transferred to the
greenhouse, where they survived normally.

Similar to earlier work, the methanolic extracts of the in vitro-regenerated plant
parts—leaf, callus, and root—-were separately evaluated through GC-MS in order to
detect the active compounds present in the extracts [17,42,43]. In the leaf, 37 phytochemical
compounds were isolated, 57 were detected in the callus, and 23 bioactive compounds were
found in the root extract. The extracts derived from C. punctatum leaves, callus, and roots
contained several bioactive compounds exhibiting various medicinal properties. Neophy-
tadiene, oxiranehexadecyl, and palmitic acid TMS derivative possess anti-inflammatory,
antimicrobial, and antitumor properties [44–47]. Phytol, which is common in leaf and
callus extracts, has anticancer, antioxidant, antitumor, antimicrobial, diuretic, and anti-
malarial properties [48]. 1-Docosanol acetate acts as a humectant, emulsifier, and thickener
in cosmetics [49], whereas acetylcholine bromide acts as a neurotransmitter at cholinergic
synapses [50]. Sivasubramanian and Brindha [2] reported that the ethanolic extract of
C. punctatum’s aerial parts containing Eugenol, Spathulenol, Viridiflorol, Hexadecanoic
acid, Phthalic acid, bis (7-methyloctyl) ester, Eicosane, and Squalene had antioxidant and
cytotoxic effects with anticancerous potential.

Squalene, which is present in all three extracts, has antimicrobial, antioxidative, tumor-
inhibitory actions, as well as cancer-preventing potential and immune system enhancing
effects. In addition, disease-resistance activities like chemo-preventive, lipoxygenase sup-
pressors ability, pesticidal characteristics, skin hydrating, and emollient activity were
observed for squalene, present in various extracts of C. punctatum [45,51]. Vitamin E,
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present in this studied plant extract, is known for its multiple beneficial properties, in-
cluding the ability to inhibit tumor growth, alleviate spasms, function as an antioxidant,
dilate blood vessels, provide pain relief, mitigate diabetes, protect the liver, lower choles-
terol levels, regulate blood sugar, and act against sterility [45,52]. 3.beta.- Ergost-5-en-3-ol
and stigmasterol, present in all three extracts, and 3beta.-stigmast-5-en-3-ol, present in
the callus, exhibit antioxidant, anti-inflammatory, hypo cholesterolemic, anticancerous,
antipyretic, and diuretic properties [51]. 9,12-Octadecadienoic acid (Z,Z), an octyl ester,
also has hypo-cholesterolemic properties [45].

Lanosteryl acetate, present in the C. punctatum leaf and callus, plays a role in cataract pre-
vention and treatment [53]. Beta-amyrone, present in the leaf extract, is anti-inflammatory [54],
whereas chondrillasterol, found in the leaf and root extract, is antimicrobial in nature [55]. Cer-
tain compounds limited to the callus, such as 4H-pyran-4-one and 2,3-dihydro-3,5-dihydroxy-
6-methyl, may have antimicrobial, anti-inflammatory, and growth-inhibition properties [52].
Guanosine, also found only in the callus, is known to mitigate neuro-inflammation and
impart an effect of oxidative stress and excitotoxicity. Furthermore, it has nourishing ef-
fects on neuronal and glial cells [56]. Isopropyl myristate is an emollient and is used in
skin-lubricating lotions [57], whereas eremanthin is a compound with antidiabetic and
antilipidemic effects [58,59]. Tetratetracontane, present in both the callus and root, has an-
tioxidant as well as cytoprotective activities [60]). Delta-tocopherol, detected in the callus
and root extract, exhibits antioxidant properties [61]. Some active compounds exhibiting
medicinal properties are found in the root extract only, such as chrysantenyl 2-methyl bu-
tanoate; it is an essential oil possessing antibacterial properties [62]. Cedren-13-ol-8 has
an affinity to inhibit lipid peroxidation [63]. Oleic acid propyl ester is antifungal, whereas
carbinoxamine is antihistaminic [64]. Eicosane is a bronchodilator [65], and Hexatriacontane,
present in the root extract, possesses antibacterial properties [66]. Thus, the plant C. punctatum
is immensely valuable medicinally as the extracts of various tissues, especially the callus,
synthesize a variety of phytocompounds, the yield of which may further be improved by
adopting biotechnological strategies.

5. Conclusions

In vitro shoot regeneration was successfully induced on Centratherum punctatum ex-
plants using specific PGR combinations of BAP and Kn, added to MS medium. The GC-MS
analysis revealed a diverse array of phytochemicals in the plant tissues, highlighting the
medicinal significance of the species. The in vitro-regenerated plant or plant parts can
provide a continuous source of raw materials for the utilization of secondary metabolites
by mitigating overexploitation risks. This chemical profiling is pivotal for extending future
research of therapeutic uses.
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