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Abstract

Rhinacanthus nasutus (L.) Kurz is used in Thai traditional medicine for the treatment of skin diseases, ringworm, and eczema. This re-
search studied the effects of cytokinin and auxins on callus induction and evaluated antioxidant activity of R. nasutus. Nodes, young,
and mature leaf explants were cultured on MS medium containing 0, 1, 2, 3, and 4 mg/1 kinetin (6-furfurylaminopurine) and 0, 1 mg/1
1-naphthaleneacetic acid (NAA), indole-3-acetic acid (IAA), and 2,4-dichlorophenoxyacetic acid (2,4-D) for 6 weeks to induce callus.
Calli derived from nodes, young and mature leaves, and other plant parts were ultrasonically extracted with methanol to determine
total phenolic content (TPC), total flavonoid content (TFC), and antioxidant activity by ferric reducing antioxidant power (FRAP), 2,2-
diphenyl-1-picrylhtdrazyl (DPPH), and 2,2’-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) assays. Nodal explants on MS me-
dium containing 1mg/1 kinetin combined with 1mg/1 2,4-D were most efficient in callus production with the average fresh and dry
weight per explant of 2.29+0.14 and 0.18 +0.01 g, respectively. Addition of kinetin combined with NAA or 2,4-D had a positive effect
on callus induction from young and mature leaf explants. The leaf extract showed the highest TPC, TFC, FRAP, and ICso of DPPH and
ABTS assays (ca 113 mg GAE/g extract, 45 mg QE/g extract, 121 mg TE/g extract, 53 pg/ml and 14 ng/ml, respectively), followed by callus
derived from nodes. Overall, phenolic content was higher than flavonoid content. A strong positive correlation was found between
FRAP assay, TPC (r=0.973), and TFC (r = 0.798), indicating that phenolic and flavonoid compounds are responsible for antioxidant ac-

tivity of R. nasutus.
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Introduction

Plants belonging to the Rhinacanthus genus in the Acanthaceae fam-
ily are distributed throughout Southeast Asia, including Thailand
[1]. Rhinacanthus nasutus (L.) Kurz (known as Thong Pan Chang in
Thai) is a slender-stemmed, erect, branching, and sometimes hairy
shrub, reaching a height of 1-2m. The leaves are opposite, simple,
and can grow up to 8 cm in length, while the flowers are white with
a slight brown spot at the base [2]. Plant parts of R. nasutus are used
in traditional medicine to treat various ailments such as skin dis-
eases, ringworm, eczema, inflammation and atopic dermatitis, and
infectious disease caused by Mycobacterium tuberculosis [3]. Root
extracts showed hepatoprotective effects in rats [4], while the
leaves are used to treat allergy-related diseases [5]. Stem extracts
are used for the treatment of ringworms which causes a ring-
shaped infection on the skin [6]. A phytochemical analysis of R.
nasutus showed that naphthoquinones were a major component in-
cluding rhinacanthin-A to -D and rhinacanthin-G to -Q, rhinacan-
thone, lignan groups and polyphenolic compounds [7]. Wu et al. [8]
also reported on the isolation and identification of anthraquinone
compounds from the leaf and stem. Rhinacanthus nasutus is a valu-
able medicinal herb in terms of quantitative and qualitative bioac-
tive compounds.

The general method of propagation of R. nasutus is through
stem cuttings and seeds which fall easily but are sensitive to

physical factors, especially the weather [9]. Unregulated collect-
ing of this medicinal plant in the wild has resulted in an alarming
reduction in the natural population, with efforts urgently re-
quired to conserve and propagate its natural fertility. Plant tissue
culture is now widely used to produce plantlets from various
types of explants such as cell, tissue, organ, or protoplast using
aseptic techniques, with the morphogenetic potential of the
explants greatly impacted by medium composition. A suitable
medium contains macronutrients and micronutrients, amino
acids, organic compounds, vitamins, carbon sources, solidifying
agents, and plant growth regulators (PGRs) [10]. The culture me-
dium is modified to promote development and create the re-
quired morphogenesis for individual species [11].

Callogenesis is an important aspect of indirect organogenesis for
research into bioactive molecules in medicinal plants [12]. Callus is
defined as a group of parenchyma cells derived from somatic tis-
sues that are cultured in the medium. Callus can be white or
cream-colored, green, or purple in some parts or all of the plant
[13]. The types and concentrations of PGRs and explants affect suc-
cessful callus production. Cytokinins and auxins are commonly
used as PGRs in plant tissue culture media. Callus induction can be
promoted by suitable exogenous hormones such as auxin and cyto-
kinin, either alone or in combination [14]. Callus cultures can be
used to stimulate the bioactive production of cells or tissue cultures

Received: July 17, 2023. Revised: August 27, 2023. Editorial decision: August 28, 2023. Accepted: September 15, 2023

© The Author(s) 2023. Published by Oxford University Press.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For

commercial re-use, please contact journals.permissions@oup.com


https://orcid.org/0000-0002-5084-1188
https://academic.oup.com/

2 | Yaowachaietal

[15], while PGRs play a critical role in the growth, development, and
spread of plant system nutrients. Changing environmental condi-
tions drive plants to use a variety of hormonal alterations to adapt
and survive [16]. In the preliminary study, it was found that the ad-
dition of cytokinin higher than auxin resulted in the formation of
callus and new shoots in some explants. Therefore, this study choo-
ses to use a high concentration of cytokinin and a low concentra-
tion of auxin. High concentrations of auxin resulted in the death of
plant parts, so a concentration of 1mg/l was selected. Cytokinin
concentrations of 1-4mg/l were at a level that could well induce
callus and shoot formation.

Previous research mainly reported on the phytochemical con-
stituents in R. nasutus extracts. Phenolic compounds account for
most of the antioxidant activity in plants [17] but the phytochem-
ical constituents and antioxidant activities of callus derived from
different types of R. nasutus explants have not been investigated.
Therefore, this study assessed the combined effects of auxins,
cytokinins, and explant types on callus induction of R. nasutus.
Total phenolic and flavonoid contents and antioxidant activities
by ferric reducing antioxidant power (FRAP), 2,2-diphenyl-1-pic-
rylhtdrazyl (DPPH), and ABTS assays were also evaluated for calli
from other parts of wild R. nasutus plant extracts.

Materials and methods

Plant material

Node explants were collected from R. nasutus plants growing in
Khon Kaen Province, Thailand (16°2853.1"N 102°49'05.9”E). The
specimens were deposited at the Department of Biology, Faculty
of Science, Naresuan University, Phitsanulok, Thailand and iden-
tified by Dr. Pranee Nangngam (Researcher at the Department of
Biology, Faculty of Science, Naresuan University, Phitsanulok,
Thailand). Explants used in this research were permissible by the
Plant Varieties Protection Office, Department of Agriculture,
Thailand. The nodes were washed for 15min under running tap
water and soaked for 1min in 70% (v/v) ethanol, followed by dis-
infection with 0.1% (w/v) mercuric chloride (HgCl,) for 15 min un-
der aseptic conditions. The nodes were then rinsed in sterilized
distilled water for 5min, three times, and cultured on MS
medium [18] with 30g/l sucrose for shoot induction. The MS
medium was solidified using 8 g/1 of agar with pH adjusted to 5.8.
The medium was autoclaved at 121°C for 20 min for sterilization.

Callus induction

Nodes, young leaves, and mature leaves from 8-week-old in vitro
grown plants were selected for callus induction. The nodal
explants were cut into 0.5cm lengths, with the leaves cut into
0.5 x 0.5 cm squares. The explants were cultured on solid MS me-
dium supplemented with kinetin at 0, 1, 2, 3, and 4 mg/l in combi-
nation with NAA, IAA, or 2,4-D at 0 and 1mg/1. All media were
solidified using 8¢/l of agar, with pH adjusted to 5.8 before
autoclaving. The IAA used in this study was Sigma (Product No.
12886), which is classified in the CA/F type sterilization category.
Therefore, IAA can be autoclaved [19]. Callus induction cultures
were incubated at 25+2°C with 16/8h (light/dark) photoperiod
under white cool fluorescent light at 40 pmol/m?/s for 6 weeks.
Response, survival, and callus induction percentages were
recorded after 6 weeks of culture. Survival percentages in differ-
ent media were estimated from the characteristics of explants
that survived. Explants that produced callus were used to calcu-
late callus induction percentage, fresh weight, and dry weight
after drying for 3days at 45°C.

Preparation of R. nasutus extracts

Calli derived from the node, young leaf, and mature leaf of
in vitro cultured (1 mg/l kinetin + 1mg/1 2,4-D) explants and leaf,
stem, stem with bark, and lateral taproot of wild R. nasutus plants
(Khon Kaen Province, Thailand) were dried in a hot air oven at
50°C for 7days and then ground into powder. All dried sample
powders (1g) were extracted with methanol (10ml) by
ultrasound-assisted extraction (UAE) for 30min using 40Hz ul-
trasonic power at 30°C. The extractions were repeated nine times
and the extract solutions were combined. The supernatant was
collected and evaporated to dryness in SpeedVac equipment at
room temperature for 24 h and stored at —20°C for further analy-
sis. Extract percentage yield was calculated using the follow-
ing formula:

Percentageyield = (actual yield/theoretical yield) x 100. (1)

Determination of total phenolic content

Total phenolic content (TPC) was determined using the Folin-
Ciocalteu method described by Hmamou et al. [20]. Aliquots of 20 pul
of sample extracts were dissolved in methanol (1 mg/ml) and added
to 100 pl of 10% (v/v) Folin-Ciocalteu solution and 80 pl of 7.5% (v/v)
sodium carbonate (Na,COs) in a 96-well microplate. The micro-
plates were incubated in the dark at room temperature for 30 min
followed by measurement of absorbance at 765nm using a micro-
plate reader spectrophotometer. A standard curve was prepared
using 2-fold dilutions of gallic acid (5-320 pg/ml) and all values were
expressed as mg gallic acid equivalent per g dry weight extract
(mg GAE/g extract).

Determination of total flavonoid content

Total flavonoid content (TFC) was determined using the alumi-
num chloride method described by Oh et al. [21]. Aliquots of
100l of sample extracts were dissolved in methanol (1 mg/ml)
and added to 20 pl of 0.5% (w/v) sodium nitrate (NaNO3) and 35 pl
of 1% (w/v) aluminum chloride (AICl;) in a 96-well microplate.
The reaction mixture was incubated in the dark at room temper-
ature for 10min. Absorbance values were measured at 430nm
with a microplate reader and a standard curve was prepared us-
ing 2-fold dilutions of quercetin (5-320 pg/ml). All values were
expressed as mg quercetin equivalent per g dry weight extract
(mg QE/g extract).

Evaluation of antioxidant activities
FRAP assay

The FRAP assay was conducted as described by Niroula et al. [22]
with slight modifications. The FRAP reagent was freshly prepared
every day by mixing acetate buffer (300 mM, pH 3.6), 2,4,6-Tris(2-
pyridyl)-s-triazine (TPTZ; 10mM in 40mM of HCI), and FeCls
(20mM in distilled water) in a ratio of 10:1:1 (v/v/v). The FRAP re-
agent was incubated at 37°C before use. Aliquots of 190pul of
FRAP reagent were mixed with 10pl of sample extracts and dis-
solved in methanol (2mg/ml) before incubating in the dark at
37°C for 15 min. The reaction was measured by the absorbance at
593nm using a microplate reader and a standard curve was pre-
pared using 2-fold dilutions of Trolox (1.25-320 pg/ml). All values
were expressed as mg Trolox equivalent per g dry weight extract
(mg TE/g extract).

DPPH radical scavenging assay

The DPPH radical scavenging assay was performed according to
the modified method described by Li et al. [23]. Briefly, DPPH was



prepared at 0.2mM in methanol. Aliquots of 100pul of diluted
samples were mixed with 100ul of DPPH solution in a 96-well
microplate and incubated in the dark at room temperature for
30min. After incubation, the absorbance was measured at
517nm using a microplate reader. Free radical scavenging activ-
ity (FRSA) was calculated using the following formula:

% FRSA = [1_(Asample/Acontrol)] X 1007 (2)

where Agample is the absorbance of the sample solution and
Acontrol 18 the absorbance of the negative control. The antioxidant
activity was expressed as the half-maximal inhibitory concentra-
tion (ICso) by plotting graphs of scavenging activity against sam-
ple concentration and comparing with ascorbic acid.

ABTS radical scavenging assay

The ABTS radical scavenging assay was determined as described
by Ehiobu et al. [24] with slight modifications. Briefly, ABTS radi-
cal cation solution was prepared by mixing 7.0 mM ABTS solution
and 2.45mM potassium persulfate 1:1 (v/v) followed by 12-16h
incubation in the dark at room temperature. Before use, the
ABTS™ solution was diluted with distilled water to obtain absor-
bance at 734nm between 0.7 +0.03. Then, 50ul of diluted sam-
ples was added to 150 ul of ABTS™ solution and incubated in the
dark at room temperature for 10 min. After incubation, the absor-
bance at 734nm was measured using a microplate reader. The
scavenging activity percentage was calculated using formula (2),
with antioxidant activity expressed as ICso using ascorbic acid as
a standard.

Statistical analysis

Ten replicates of all samples were carried out for callus induc-
tion, with five replicates for TPC, TFC, and antioxidant activities
for each treatment. All data were presented as mean + standard
error (SE) and analyzed by one-way analysis of variance
(ANOVA), with mean comparisons tested by Duncan’s multiple
range test at P<.05 level (IBM SPSS® Statistics version 22.0).
Correlations between TPC, TFC, and antioxidant activities (FRAP,
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DPPH, and ABTS assays) were presented as values of Pearson'’s
correlation coefficient, with significant differences in correla-
tions determined at the P<.01 level. Multivariate analysis was
conducted by a principal component analysis (PCA) biplot using
Pearson-type matrices. A hierarchical cluster analysis (HCA) and
heatmap were performed on explant extract types based on TPC,
TFC, and antioxidant activities, with Pearson’s correlation coeffi-
cient, PCA, and HCA implemented by OriginPro, Version
2022 software.

Results
In vitro callus induction

For nodal explants, results showed that MS media containing
1-2mg/1 kinetin, 2-4 mg/1 kinetin + 1mg/l NAA, 1-2mg/l kinetin
+ 1mg/l IAA, and without PGRs obtained 100% survival (Table 1).
Survival percentages declined for other PGR types and concentra-
tions. Callus induction was effective in all treatments, except for
media containing 1mg/1 2,4-D. Highest callus induction percent-
age (100%) was obtained for combinations of 3-4mg/1 kinetin +
1mg/l NAA. Interestingly, media containing kinetin alone and
without PGRs produced new shoot formations (Fig. 1A).
Stereomicroscopic observation showed that the callus tissues
were compact. Calli were induced from the cut end of the node,
mostly with established pigments of light green to dark green
(Fig. 1B). Significantly highest fresh and dry weights were
obtained from media containing 1mg/l kinetin + 1mg/l 2,4-D at
2.29 and 0.18g, respectively (P<.05, Table 1). Fresh and dry
weights of calli induced from nodal explants were higher than
calli from young and mature leaf explants.

For young leaf explants, 100% survival and callus induction
were observed on MS media containing 1 and 4 mg/1 kinetin com-
bined with 1mg/1 2,4-D (Table 2). After incubation, several young
leaf explants were enlarged one to two times in size after
2 weeks. Callus induction from young leaf explants was obtained
only in the media supplemented with kinetin + NAA or kinetin +
2,4-D. Callus tissue was compact with light green, dark green,
and slightly brown pigments, and many calli were induced from

Table 1. Effect of different cytokinin and auxin combinations on callus induction from nodal explants.

PGRs (mg/l) Survival (%) Callus induction (%) Fresh weight (g) Dry weight (g)

Kinetin NAA IAA 2,4-D

0 0 0 0 100.00 + 0.00% 10.00 + 10.008 0.01+0.00™ 0.00+0.008
1 0 0 0 100.00 +0.00% 40.00+16.33°F 0.16+0.00"" 0.02+0.008™
2 0 0 0 100.00 +0.00% 50.00+16.67°° 0.26+0.01f 0.03+0.008
3 0 0 0 70.00+15.28%°¢ 70.00+15.28%°¢ 0.23+0.02¢ 0.030.008
4 0 0 0 80.00 +13.33%P 40.00 +16.33°F 0.55+0.11° 0.06+0.01f
0 1 0 0 80.00+13.332" 70.00 + 15.28%°4 0.17+0.01 0.03+0.008"
1 1 0 0 80.00 +13.3320 60.00 +16.33%7¢ 0.63+0.05° 0.08+0.00°
2 1 0 0 100.00 +0.00% 60.00 +16.33%¢ 0.04 +0.00M 0.01+0.00'8
3 1 0 0 100.00 +0.00% 100.00+0.00% 1.16+0.03° 0.14+0.00°
4 1 0 0 100.00 +0.00%° 100.00+0.00% 0.96+0.024 0.11+0.01°
0 0 1 0 70.00+15.28% 30.00+15.28%F 0.07 £0.0187 0.01+0.00"
1 0 1 0 100.00 +0.00% 90.00 + 10.00%° 0.18+0.007% 0.02+£0.0087
2 0 1 0 100.00 +0.00% 100.00+0.00% 1.92+£0.10° 0.19+0.01%
3 0 1 0 90.00 +10.00% 90.00 +10.00%°¢ 1.80+0.02° 0.15+0.00°
4 0 1 0 70.00 + 15.28%° 70.00 + 15.28%°4 0.19+0.02f" 0.03+0.008
0 0 0 1 0.00+0.00¢ 0.00 +0.00f 0.00+0.00" 0.00+£0.018
1 0 0 1 40.00+16.33P 60.00 +16.33%74 2.29+0.14% 0.18+0.01%
2 0 0 1 80.00 +13.33%® 80.00+13.33%¢ 0.99+0.04% 0.09+0.004
3 0 0 1 70.00+15.28%¢ 70.00+15.28%¢ 1.29+0.09° 0.11+0.01°
4 0 0 1 50.00 + 16.67°° 60.00+ 16.33% 4 0.18+0.01% 0.03+0.008

Notes: Mean + SE values followed by different superscripts in the same column are significantly different according to ANOVA and Duncan’s multiple range

test (P <.05).
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Figure 1 Morphological characteristics of callus established from R. nusutus. (A) Nodal explants cultured on MS medium without PGRs. (B) Nodal
explants cultured on MS medium with 1mg/1 kinetin + 1mg/1 2,4-D. (C) Young leaf explants cultured on MS medium with 2 mg/l kinetin + 1mg/1 2,4-D.
(D) Mature leaf explants cultured on MS medium with 1 mg/l kinetin + 1mg/1 2,4-D. (E) Mature leaf explants cultured on MS medium with 1mg/1

kinetin + 1mg/l NAA (arrow). (F) Callus derived from node with taproot.

Table 2. Effect of different cytokinin and auxin combinations on callus induction from young leaf explants.

PGRs (mg/1) Survival (%) Callus induction (%) Fresh weight (g) Dry weight (g)
Kinetin NAA IAA 2,4-D
0 0 0 0 50.00+16.67°°¢ 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00¢
1 0 0 0 30.00+ 15.28%F 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00¢
2 0 0 0 20.00+13.33°f 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00°
3 0 0 0 0.00+0.00° 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00¢
4 0 0 0 0.00+0.00" 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00°
0 1 0 0 30.00+ 15.28%F 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00°
1 1 0 0 60.00 +16.33%°¢ 60.00 + 16.33°¢ 0.35+0.02° 0.07 +0.00¢
2 1 0 0 40.00 +16.33°F 40.00 +16.33° 0.46 +0.06° 0.09+0.01°
3 1 0 0 80.00+13.33%° 80.00 +13.33%" 0.53+0.02° 0.09 +0.00°¢
4 1 0 0 60.00 +16.33%°¢ 60.00 + 16.33°° 0.63+0.112 0.11+0.012
0 0 1 0 50.00+16.67°°¢ 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00°
1 0 1 0 60.00 +16.33%® 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00°
2 0 1 0 50.00+16.67°¢ 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00°
3 0 1 0 70.00+ 15.28%°4 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00¢
4 0 1 0 70.00+ 15.28%°4 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00°
0 0 0 1 0.00+0.00° 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00°
1 0 0 1 100.00 +0.00%° 100.00 +0.00% 0.52+0.03° 0.09+0.01°¢
2 0 0 1 90.00 + 10.00%° 90.00 + 10.00? 0.71+0.06% 0.10+0.01%°
3 0 0 1 90.00 + 10.00%® 90.00 +10.00% 0.63+0.05% 0.09+0.01°¢
4 0 0 1 100.00 +0.00%° 100.00 +0.00% 0.68 +0.042 0.09 +0.00°¢

Notes: Mean + SE values followed by different superscripts in the same column are significantly different according to ANOVA and Duncan’s multiple range

test (P <.05).

the leaf edge (Fig. 1C). Dead explants turned a dark brown color.
Fresh and dry weights of young leaf explants were significantly
highest in media with 2mg/l kinetin + 1mg/1 2,4-D and 1mg/l
NAA at 0.71 and 0.10 g, respectively (P < .05, Table 2).

For mature leaf explants, the highest survival percentage
(100%) was observed on MS media with 1-2 mg/1 kinetin + 1mg/1
2,4-D (Table 3). Several mature leaf explants were one to two

times larger after 2weeks of incubation. Mature leaf explants
induced calli at 100% when cultured on MS media containing
1-3mg/] kinetin + 1mg/l 2,4-D (Fig. 1D). Callus tissue was in-
duced from the leaf edge, and the tissue and pigment of the calli
were similar to calli from young leaf explants. Media containing
kinetin alone and combinations of kinetin + IAA did not induce
calli. Interestingly, media containing 1mg/] kinetin + 1mg/l NAA
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Table 3. Effect of different cytokinin and auxin combinations on callus induction from mature leaf explants.

PGRs (mg/l) Survival (%) Callus induction (%) Fresh weight (g) Dry weight (g)

Kinetin NAA IAA 2,4-D

0 0 0 0 20.00+13.33% 0.00+0.00¢ 0.00+0.00f 0.00+0.00°
1 0 0 0 30.00 + 15.28°4¢ 0.00+0.00¢ 0.00+0.00f 0.00+0.00¢
2 0 0 0 60.00+ 16.33%°4 0.00+0.00¢ 0.00+0.00f 0.00+0.00¢
3 0 0 0 80.00+ 13.33%° 0.00+0.00¢ 0.00+0.00" 0.00+0.00°
4 0 0 0 70.00+15.28%° 0.00+0.00¢ 0.00+0.00f 0.00+0.00¢
0 1 0 0 30.00+15.285°¢ 0.00+0.00¢ 0.00+0.00f 0.00+0.00¢
1 1 0 0 70.00+15.28%° 70.00 + 15.28°¢ 0.31£0.01¢ 0.06 +0.00¢
2 1 0 0 70.00 + 15.28%b¢ 60.00+16.33°¢ 0.26+£0.01° 0.05+0.00¢
3 1 0 0 80.00+13.332° 60.00 +16.33°4 0.25+0.02¢ 0.05+0.00¢
4 1 0 0 80.00 + 13.33%° 40.00+16.33¢ 0.29+0.05¢ 0.05+0.01¢
0 0 1 0 30.00 + 15.28°%¢ 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00°
1 0 1 0 40.00 + 16.33P<de 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00¢
2 0 1 0 70.00 + 15.28%b¢ 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00¢
3 0 1 0 70.00 + 15.28%b¢ 0.00+0.00¢ 0.00+0.008 0.00+0.00°
4 0 1 0 80.00 +13.33%P 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00¢
0 0 0 1 0.00+0.00¢ 0.00+0.00¢ 0.00+0.00¢ 0.00+0.01¢
1 0 0 1 100.00 +0.00% 100.00 £ 0.00% 0.88+£0.06% 0.11+0.01%
2 0 0 1 100.00 +0.00% 100.00 +0.00% 0.77 £0.06° 0.10+0.01°
3 0 0 1 90.00 + 10.00? 100.00 +0.00% 0.48£0.034 0.07 +0.00¢
4 0 0 1 90.00 + 10.00% 90.00 + 10.00?° 0.62+0.02° 0.08+0.00°

Notes: Mean + SE values followed by different superscripts in the same column are significantly different according to ANOVA and Duncan’s multiple range

test (P <.05).

produced root formation at about 0.5cm in some explants
(Fig. 1E and F). Significantly highest fresh and dry weights of cal-
lus were observed on MS media with 1mg/l kinetin + 1mg/12,4-D
at0.88 and 0.11 g, respectively (P < .05, Table 3).

Quantification of phenolic compounds

Methanolic extracts of different types of explants were extracted by
UAE, with percentage yields presented in Table 4. Node callus gave
the highest yield of 38.22%, which was not significantly different
from mature leaf callus (36.92%). Stem with bark extract had the
lowest yield of 7.24%. Interestingly, crude extracts from node,
young leaf, and mature leaf calli had significantly higher
percentage yields than crude extracts from wild plant parts.

TPC values obtained from the extracts were analyzed using the
Folin-Ciocalteu method, with results shown in Table 5. The TPC
value of the methanolic leaf extract was significantly highest at
113.11mg GAE/g extract (P < .05), followed by node callus extract at
53.21mg GAE/g extract which was significantly higher than the
other extracts. Extracts from node, young leaf, and mature leaf
callus had TPC values significantly higher than extracts from wild
plants (stem, stem with bark, and lateral root), with methanolic
lateral root extract giving the lowest TPC value of 14.01mg
GAE/g extract.

TFC of R. nasutus extracts was analyzed using the aluminum
chloride method, with results shown in Table 5. The TFC value of
leaf extract was significantly higher than other explants at
45.15mg QE/g extract (P<.05), followed by in vitro extracts in-
cluding young leaf callus extract (25.31 mg QE/g extract), mature
leaf callus extract (17.56 mg QE/g extract), and node callus ex-
tract (10.15mg QE/g extract). The TFC value of the node extract
was not significantly different (P <.05) from the taproot extract
(10.28 mg QE/g extract), with lowest TFC value observed for the
stem extract (6.81mg QE/g extract) that was not significantly
different (P<.05) from the stem with bark extract (7.17mg
QE/g extract).

Table 4. Extract percentage yield for different explant types.

Explant type Yield (%)

Node callus 38.22+0.19%
Young leaf callus 26.42+0.11°
Mature leaf callus 36.92+0.59%
Leaf 24.67 +0.58°¢
Stem 10.60+0.33¢
Stem with bark 7.24+£0.14
Lateral root 27.69+0.18°
Taproot 14.31+1.24¢

Notes: Mean + SE values followed by different superscripts in the same column
are significantly different according to ANOVA and Duncan’s multiple range
test (P <.05).

Antioxidant activities

The FRAP reducing power scavenging activities are shown in
Table 5. A significantly (P<.05) highest value of FRAP was
obtained for the methanolic leaf extract at 121.10mg TE/g ex-
tract, followed by the node extract (46.27 mg TE/g extract) and
stem with bark extract (11.88 mg TE/g extract). The FRAP value of
methanolic extracts of young leaf callus (7.20mg TE/g extract),
mature leaf callus (7.13mg TE/g extract), stem (7.18mg TE/g
extract), lateral root (7.75mg TE/g extract), and taproot (8.32mg
TE/g extract) was not significantly different (P <.05).

DPPH FRSA was significantly influenced by explant type.
Scavenging activity on DPPH radical was expressed as ICso value
(Table 5). The lower the ICs value, the more effective scavenging
of DPPH with higher antioxidant activity. The ICso values of R.
nasutus extracts and standard are shown in Table 5. The ICs
value of the standard ascorbic acid was 5.52 ug/ml. For ICsq valu-
ations, methanolic leaf extract had significantly (P <.05) highest
DPPH scavenging activity (52.95 ng/ml) followed by the node cal-
lus extract (118.33 pg/ml), with lowest DPPH scavenging activity
observed for the lateral root extract (1,247.62 pg/ml).

ABTS-free radical scavenging abilities and standard expressed
as ICsp values are shown in Table 5. A statistically significant dif-
ference was found between ABTS scavenging activity across the
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Table 5. TPC, TFC, FRAP, and ICso values by DPPH and ABTS assay of different explant types.

Explant type TPC TFC Antioxidant activities
(mg GAE/g extract) (mg QE/g extract)

FRAP assay ICso by DPPH ICso by ABTS
(mg TE/g extract) assay (ug/ml) assay (ug/ml)
Node callus 53.21+0.12° 10.15+0.07¢4 46.27 £0.97° 118.33+0.23¢ 55.91+0.11¢
Young leaf callus 27.40+0.06° 25.31+0.26° 7.20+0.20¢ 303.19+0.23¢ 212.43+0.53"
Mature leaf callus 30.72+0.144 17.56£0.37¢ 7.13+0.564 523.82+0.68" 211.75+0.31"
Leaf 113.11+0.98% 45.15+0.40% 121.10+2.46% 52.95+0.16° 14.44 +0.06°
Stem 25.99+0.46" 6.81+0.11f 7.18+0.754 624.52+0.58" 100.55 +0.48°
Stemn with bark 20.40+0.368 7.17 +0.06 11.88+0.25° 620.69 +1.568 138.90+0.50°
Lateral root 14.01+0.19" 9.47 £0.14¢ 7.75+0.524 1,247.62 +1.80" 209.47 +0.858
Taproot 35.99+0.05¢ 10.28 +0.064 8.32+1.38¢ 275.42 +0.824 71.35+0.24¢
Ascorbic acid - - - 5.52+0.02% 3.28+0.017

Notes: Mean + SE values followed by different superscripts in the same column are significantly different according to ANOVA and Duncan’s multiple range

test (P <.05).

different types of explants, with ICso value of the standard ascor-
bic acid 3.28 pg/ml. The ICso value of methanolic leaf extract
showed significantly (P<.05) highest activity (14.44ug/ml) fol-
lowed by the node callus extract (55.91 pg/ml). Lowest ABTS radi-
cal scavenging (higher ICso value) was observed for young leaf
callus (212.43 pg/ml) and mature leaf callus (211.75 pg/ml).

Correlations and multivariate statistics

The relationship between TPC and TFC with antioxidant FRAP,
DPPH, and ABTS scavenging activities was studied using
Pearson’s correlation analysis (Fig. 2). No significant correlations
(P <.01) were found between TPC and TFC with antioxidant activ-
ities, except for correlations between TFC with ABTS. TPC
showed significantly strong positive correlations with FRAP
(r=0.973) and TFC (r=0.828) and significantly strong negative
correlations with ABTS (r=-0.737) and DPPH (r=-0.686). It also
exhibited a significantly positive correlation with FRAP (r=0.798)
and a significantly negative correlation with DPPH (r=-0.521)
but was not significantly correlated with ABTS. FRAP exhibited a
significant negative correlation with ABTS (r=-0.702) and a less
pronounced negative correlation with DPPH (r=-0.562). In con-
trast, DPPH and ABTS demonstrated a strong and significant pos-
itive correlation (r=0.646).

A PCA biplot was produced to evaluate the correlations be-
tween TPC and TFC with antioxidant FRAP, DPPH, and ABTS
scavenging activities of R. nasutus extracts. The biplot showed
that the two principal components accounted for 90.12% of the
total variance. The components PC1 and PC2 explained 83.7%
and 14.7% of the total variation, respectively (Fig. 3). The PCA fac-
tor loading showed that TPC, FRAP, and DPPH scavenging activi-
ties were strongly associated with PC1, while TFC and ABTS were
highly correlated with PC2. The PCA biplot separated the leaf ex-
tract from the other R. nasutus extracts in the positive quadrant
of PC1. Conversely, lateral root, mature leaf, and young leaf
extracts were separated in the positive quadrant of PC2. The
biplot was used to differentiate between several extracts, with
the direction and length indicating the contribution of each vari-
able. In PC1, leaf extract had positive coefficients for TPC and
FRAP scavenging activity. The direction of the eigenvectors indi-
cated leaf extract characteristics through contained phenolic
compounds and antioxidant activity by FRAP assay. By contrast,
lateral root, mature leaf callus, and young leaf callus extracts
were considered negative coefficients for DPPH scavenging activ-
ity. In PC2, the negative coefficient for TFC indicated characteris-
tics of leaf extract. The ABTS scavenging activity had positive

TPC
1
TPC . TFC 0.8
0.6
TFC . . 0.4
0.2
FRAP . . . DPPH 0
0.2
DPPH . . . . ABTS -0.4
-0.6
- @+ 000l
-1

Figure 2 Pearson’s correlation coefficient matrix between phenolic
compounds and antioxidant activities of R. nasutus extracts. FRAP
radical scavenging activity; DPPH radical scavenging activity (ICso); ABTS
radical scavenging activity (ICso). (* represents significance at P <.01).

-0.5 0.0 0.5 1.0
T ” T T
410
1 4 ABTS TFC
R vic .
P MLC L %
© DPPH
5
<+ FRAP
4] TPC
=0 0.0
&)
n-‘ .
SB
o 405
.14
;
LR NC
4-1.0
T T T
2 0 2 4

PC 1 (74.68%)

Figure 3 PCA biplot from PC1 and PC2 for R. nasutus extracts (red dots)
based on their phenolic compounds and antioxidant activities (blue
letters). LR, lateral root; MLC, mature leaf callus; YLC, young leaf callus;
L, leaf callus; SB, stem with bark; S, stem; TR, taproot, NC, node callus;
FRAP radical scavenging activity; DPPH radical scavenging activity (ICso);
ABTS radical scavenging activity (ICsp).

coefficients in PC2, demonstrating characteristics for lateral root,
mature leaf, and young leaf callus extracts.
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Figure 4 HCA and heatmap of phenolic compounds and antioxidant activities of R. nasutus extracts. LR, lateral root; MLC, mature leaf callus; YLC,
young leaf callus; L, leaf callus; SB, stem with bark; S, stem; TR, taproot, NC, node callus; FRAP radical scavenging activity; DPPH radical scavenging
activity (ICso); ABTS radical scavenging activity (ICso); the numbers 1-5 refer to the number of replications.

The HCA heatmap results quantitatively identified the pheno-
lic compounds, while the antioxidant activity indicated two main
clusters in the dendrogram (Fig. 4). Cluster I included TPC, FRAP
scavenging activities, and TFC, while ICso values by DPPH and
ABTS assays were in Cluster II. The R. nasutus extracts were sepa-
rated into six major clusters, with the variables following the
same pattern. Cluster I consisted of the methanolic node callus
extract, while young leaf and mature leaf callus were grouped in
Cluster IV. The methanolic leaf extract and taproot extract were
grouped in Cluster II and Cluster III, respectively. Cluster V in-
cluded the methanolic stem extract and stem with bark extract,
while lateral grouped in Cluster VI
(Supplementary Table S1).

root extract was

Discussion

In vitro callus induction

Successful, micropropagation of R. nasutus has recently been
reported for shoot and root multiplication and secondary metab-
olite production. In this study, the main objective was to develop
an efficient in vitro protocol for large-scale production of callus
from various types of explants. Results indicated that the
responses of callus differed at varying concentrations and combi-
nations of kinetin and auxins (NAA, IAA, and 2,4-D). Nodal
explants showed higher percentages of callus induction and
fresh weight compared with young leaf and mature leaf explants.
Sulaiman and Toma [25] achieved successful callus induction in

Arbutus andrachne using nodal explants. Similar results have also
been documented in other plants, including Pseudarthria viscida
[26] and Lycopersicon esculentum [27]. Plant nodes contain meriste-
matic tissues that are easy to reactivate, with high concentra-
tions of plant hormones (cytokinins and auxins) in the plant body
providing high callus productivity [28]. The young and mature
leaf explants enlarged due to callus growth, showing the sign of
dedifferentiation. Results showed that fresh and dry weights of
callus derived from young leaves were similar to callus derived
from mature leaves. Reshi [29] showed that R. nasutus leaf ex-
plant had maximum callusing percentage. The success of callo-
genesis depends on the source and developmental stage of the
explant, plant species, PGRs, and culture conditions [30, 31].
Addition of PGRs, such as natural or synthetic phytohor-
mones, at specific phases of growth or maturation, can be used
to influence plant development [32]. Cytokinin and auxin hor-
mone groups are essential in tissue culture for plant regenera-
tion. This research successfully developed calli on MS media
supplemented with 1mg/l kinetin + 1mg/l 2,4-D, with highest
fresh and dry weights of callus derived from the nodes, while me-
dia added with kinetin alone produced shoots with roots on nodal
explants. Therefore, the ratio of auxins to cytokinins plays an im-
portant role in explant induction. A high auxin-to-cytokinin ratio
induces root formation, while a low ratio induces shoot forma-
tion, and a suitable ratio stimulates callus induction [33]. Similar
results were also observed by Handayani et al. [34] who reported
that various concentrations of 2,4-D and kinetin stimulated
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callus formation in cinnamon. 2,4-D is widely used to induce cal-
lus formation from various types of explants because it converts
cells to a dedifferentiated state where they start dividing [35].
Kinetin added to the media stimulates cell division and encour-
ages organ development and the proliferation of shoots [36, 37].
Cheruvathur et al. [38] also confirmed that media containing an
auxin-cytokinin combination was necessary for callus induction
in R. nasutus. The pigments of callus are implicated in fundamen-
tal developments for plant life such as photosynthesis, plant pro-
tection, and reproduction [39]. Our results indicated that nodes
of R. nasutus could be used as explants for callus induction, while
MS media containing 1mg/1 kinetin + 1mg/1 2,4-D was optimal
for mass production of callus.

Quantification of phenolic compounds and
antioxidant activities

In vitro calli derived from the nodes, young leaves, and mature
leaves extracted with methanol were subjected to quantification
of phenolic compounds and antioxidant activities and compared
with other R. nasutus wild plant parts. Results showed that leaf
extracts from wild plants gave higher TPC values than the other
extracts, while callus derived from node extracts provided higher
values of TPC compared with in vitro callus extract. Similar
results were observed by Bukke et al. [1] who reported that the
methanolic leaf extract of R. nasutus produced the highest TPC.
Recently, research findings on the phytochemicals contained in
R. nasutus have identified a class of phenolic compounds, plant
steroids, isoprenoids, anthracenediones, and naphthoquinones
[40]. From our results, the TFC value of leaf extract was higher
than the other explants followed by young leaf callus extract.
Interestingly, all the methanolic extracts contained higher phe-
nolics than flavonoids, except for the callus derived from the
node. Polyphenols are secondary plant metabolites that are in-
volved in growth, reproduction, pigmentation, and defense of
pathogens [41]. They are generally classified into phenolic acids,
flavonoids, stilbenes, and lignans [42, 43]. Nirmaladevi et al. 7]
confirmed that the leaves of R. nasutus contained compounds
such as alkaloids and polyphenols. Therefore, callus culture
techniques could be used to enhance the production of phenolic
and flavonoid compounds.

Antioxidant activities of R. nasutus extracts were evaluated
and compared with FRAP, DPPH, and ABTS assays. Results
showed that the leaf extract had higher scavenging activity than
the other extracts, while the node callus showed higher in vitro
scavenging activity. Both these results depended on the amounts
of phenolic and flavonoid compounds. In this study, node callus
showed pigments of light green to dark green, while callus de-
rived from nodal explants showed green and slightly brown pig-
ments. Ahmad Fauzi et al. [44] reported that callus formation of
Azadirachta indica that contained green pigment had higher bioac-
tive pigment content and antioxidant potential activities com-
pared with brown and cream callus, with TPC and TFC more
highly correlated with FRAP than DPPH and ABTS radical scav-
enging activity. Thus, phenolic and flavonoid compounds of R.
nasutus could be major factors in the FRAP assay. Differences in
antioxidant activity depend on the antioxidant reactions; FRAP
(reduces metal ions), DPPH (scavenges free radicals), and ABTS
(reduces synthetic radical cations) [45, 46]. The activity of phe-
nolics and flavonoids in reducing Fe** to Fe?* also plays a signifi-
cant role. Primary active components in R. nasutus extracts were
classified as naphthoquinones including rhinacanthin-C, -D, -N
and -Q, rhinacanthone, and polyphenolic compounds [6]. Results
demonstrated that node callus extracts contained higher

phenolic and flavonoid content and antioxidant activity than
other explants from R. nasutus wild plants.

Conclusions

Rhinacanthus nasutus is a medicinal plant that contains bioactive
compounds with a variety of pharmacological applications. This
study investigated the effects of cytokinins, auxins, and explant
types on R. nasutus callus induction. Results showed that all ex-
plant types could induce callus but nodal explants were more
suitable. MS media containing 1mg/1 kinetin + 1mg/l 2,4-D was
appropriate for node callus induction, while leaf extract of R.
nasutus showed highest phenolic and flavonoid contents and an-
tioxidant activity. Callus derived from nodes showed higher phe-
nolic than flavonoid content and higher antioxidant activity than
young leaf and mature leaf explants. Pearson’s correlation and
PCA results showed that TPC and TFC had strongly positive cor-
relations with the FRAP assay, while HCA and heatmap results
showed that the leaf extract gave more effective TPC, TFC, FRAP,
DPPH, and ABTS assays. Our findings provide credence to the no-
tion of callus culture to optimize bioactive compounds.
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