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Abstract: This study aims to investigate whether the in vitro-cultured L. pumila var. alata has higher
antioxidant activity than its wild plant. An 8-week-old L. pumila var. alata nodal segment and
leaf explants were cultured onto Murashige and Skoog (MS) medium supplemented with various
cytokinins (zeatin, kinetin, and 6-benzylaminopurine (BAP)) for shoot multiplication and auxins
(2,4-dichlorophenoxyacetic acid (2,4-D) and picloram) for callus induction, respectively. The results
showed that 2 mg/L zeatin produced the optimal results for shoot and leaf development, and
0.5mg/L 2,4-D produced the highest callus induction results (60%). After this, 0.5 mg/L 2,4-D was
combined with 0.25 mg/L cytokinins and supplemented to the MS medium. The optimal results
for callus induction (100%) with yellowish to greenish and compact texture were obtained using
0.5mg/L 2,4-D combined with 0.25 mg/L zeatin. Leaves obtained from in vitro plantlets and wild
plants as well as callus were extracted and analyzed for their antioxidant activities (DPPH and
FRAP methods) and polyphenolic properties (total flavonoid and total phenolic content). When
compared with leaf extracts of in vitro plantlets and wild plants of L. pumila var. alata, the callus
extract displayed significantly higher antioxidant activities and total phenolic and flavonoid content.
Hence, callus culture potentially can be adapted for antioxidant and polyphenolic production to
satisfy pharmaceutical and nutraceutical needs while conserving wild L. pumila var. alata.

Keywords: shoot multiplication; callus induction; plant growth regulator; antioxidant activities;
polyphenolic activities; Labisia pumila var. alata

1. Introduction

Labisia pumila (Blume) Mez is a member of the Myrscinaceae family, and it is known
by several vernacular names, such as Selusuh Fatimah, Tadah Matahari, Mata Pelanduk
Rimba, and others [1]. It is primarily found in Southeast Asia’s lowlands and forests with
hills [2], and Ibrahim and Jaafar [3] described it as a shade-loving plant that thrives in
thinned jungle with 70% to 90% shade. This plant is well known as a medicinal plant,
with a long history of use in traditional medicine, especially for postpartum medicine for
pregnant women [4—6].

Previous studies have shown that, in addition to being a postpartum medicine, Labisia
pumila also has biological activities, such as antioxidant, antimicrobial, antifungal, anti-
inflammatory, anti-carcinogenic, anti-proliferative, and phytoestrogenic effects and can
prevent post-menopausal osteoarthritis [7-12]. All these medicinal uses are due to the
phytochemical contents of L. pumila, which include resorcinol, flavonoids, and phenolic
acids [13,14], which have been proven by previous studies.
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L. pumila has been sought after since the discovery of its medicinal properties, and
there is a strong demand for its raw materials on the market [4]. However, because of
its slow growth rate, the source of this herb in its natural habitat is diminishing [2]. As a
result, plant tissue culture techniques are used to promote large-scale production in order
to maximize supply and ensure that this plant does not become extinct. Callus initiation
is the first step in cell growth and the development of secondary metabolites [15]. There
have been a few studies on enhancing essential oils, antioxidant activity, and secondary
metabolite production [16,17], particularly polyphenolics via callus culture [2,6,18], but
none have been conducted on L. pumila.

Antioxidants are the chemical compounds that may postpone or slow the onset of
a lipid oxidation reaction in the food system or substances that oppose or inhibit the
oxidation reaction promoted by oxygen or peroxides [19], also known as reactive oxygen
species (ROS) [20]. ROS oxidation can cause cell membrane disintegration, membrane
protein damage, and DNA mutation, all of which can lead to aging and the development of
other diseases [19]. As excess free radicals circulating in the body, they oxidize low-density
lipoproteins (LDL) and cause other serious diseases [20].

Antioxidants’ primary role is to bind to free oxygen radicals and prevent these radicals
from harming healthy cells. By breaking free radical chain reactions and sacrificing their
electrons, the molecule may prevent another molecule from oxidizing [21,22]. In other
words, antioxidants serve as free radical scavengers by reacting to reactive radicals and
neutralizing them, resulting in a less dynamic, risky, and toxic substance than the radicals
that have been eliminated.

Phenolics are the largest group of secondary metabolites. They all have one or more
phenol groups as standard features and they range in complexity from a simple aromatic
ring structure to a highly complex polymeric structure [23], with the majority being water-
soluble and biosynthetically derived from the shikimic acid pathway [24,25]. Phenolic
compounds are colorless liquids that can produce flammable liquids that burn with a sooty
flame due to incomplete combustion [21]. Moreover, phenolic compounds have structural
features including a phenol ring backbone, in which a carbon atom is bound to a hydroxyl
group (OH) or other substitutes such as sugar molecules and organic acids [24,26,27].

In several trials, callus extract was compared to in vivo plant parts for its antioxidant
properties and polyphenolic content, and it was discovered that callus extract can have
higher or lower antioxidant properties than its source explants [28]. Since there has been
little research on the antioxidant and polyphenolics of L. pumila var. alata, especially
on callogenesis, the current study examines the ability of its plantlets to multiply and
induce callus under various plant growth regulators. The antioxidant and polyphenolic
activities of wild plants, in vitro plantlets, and the callus of L. pumila var. alata were also
compared. The findings point to a new way to produce antioxidants that do not require wild
plant harvesting.

2. Results
2.1. Shoot Multiplication

The present study showed that, after six weeks of culture, the number of shoots, length
of shoots, and the number of leaves were all affected by different plant growth regulators
at different concentrations for shoot multiplication of L. pumila var. alata using the nodal
segment as the explant. The results of this study revealed major differences between three
plant growth regulators—BAP, kinetin, and zeatin—with zeatin outperforming the other
two hormones. In comparison to BAP and kinetin, MS supplemented with 3, 1, and 2 mg/L
zeatin has shown the highest mean results, which are 6 to 7 shoots, 4 cm, and 3 to 4 in the
number of shoots, length of shoots, and the number of leaves on each culture, respectively
(Table 1, Figure 1).
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Table 1. The effects of BAP, kinetin, and zeatin on shoot multiplication from nodal segment of Labisia
pumila var. alata after 6 weeks of culture.

Growth Regulators (mg/L) No. of Shoots Length of Shoot No. of Leaves
BAP Kin Zea (cm)

0 0 0 5.56 abcd 3.89 ab 2.1bc

1 0 0 6.15 abc 3.55 abc 1.6 bedef

2 0 0 203g 2.15 efg 1.0 def

3 0 0 3.92 bedef 2.51 defg 1.73 bede

4 0 0 4.06 abcdef 2.49 defg 1.4 cdef

5 0 0 3.25 efg 2.37 defg 1.42 cdef

0 0 0 4.19 abcedef 3.19 abcd 1.8 bed

0 1 0 3.32 efg 2.61 cdefg 0.93 ef

0 2 0 3.13fg 2.54 defg 0.93 ef

0 3 0 3.61 def 2.26 efg 1.1 def

0 4 0 3.75 cdef 2.71 cdefg 1.4 cdef

0 5 0 212¢g 213 fg 0.8f

0 0 0 2.74 fg 210g 1.4 cdef

0 0 1 5.36 abcde 432 a 24b

0 0 2 6.53 ab 3.50 abc 3.13a

0 0 3 6.64 a 2.95 bede 2.27b

0 0 4 5.29 abcde 2.93 bedef 1.0 def

0 0 5 6.10 abc 2.89 bedefg 1.0 def

Means with the same letter in each column are not significantly different at (p < 0.05) from each other according to

DMRT analysis. BAP = 6-benzylaminopurine, kin = kinetin, and zea = zeatin.

Figure 1. The effect of different concentrations of zeatin on growth of Labisia pumila var. alata compared to the control after
6 weeks of culture. (A) Stunted growth (4 mg/L zeatin), (B) healthy growth (2 mg/L zeatin), and (C) control treatment.
Horizontal bar = 1 cm.

According to Table 1, the highest mean in the number of shoots was observed in 2 and
3 mg/L zeatin, followed by 1 mg/L BAP, and the lowest in 5 mg/L kinetin. Furthermore,
1 mg/L zeatin also recorded the highest mean of length of shoot, followed by control,
1 mg/L BAP, and 2 mg/L zeatin. The kinetin concentration of 5 mg/L and the control
treatment had the lowest mean of this parameter. Table 1 also revealed that 2 mg/L zeatin
had the highest mean number of leaves, followed by control, 2 mg/L, and 3 mg/L zeatin,
while 2 mg/L BAP recorded the lowest mean of this parameter.

2.2. Callus Induction
2.2.1. Callus Induction Using a Single Concentration of 2,4-D and Picloram

For these two auxins, there are substantial variations in callus induction percentage,
with 0.5 mg/L 2,4-D and 1.0 mg/L picloram having the highest mean percentage of callus
induction. Table 2 shows that 0.5 mg/L 2,4-D had the highest callus induction rate of 60%,
followed by 1 mg/L picloram with a 50% callus induction rate. The control treatment,
which had no callus induced, had the lowest callus induction percentage. Other picloram
concentrations, on the other hand, had a higher mean callus induction percentage than
other 2,4-D concentrations. In the current study, all concentrations of picloram were able
to induce more callus than other concentrations of 2,4-D, despite the fact that 0.5 mg/L
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2,4-D showed the highest callus induction compared to 1 mg/L picloram (Table 2). In the
current study, callus induced with 0.5 mg/L and 1 mg/L 2,4-D had a greenish and compact
texture, while callus induced with 1.5 mg/L had a friable, yellowish to greenish callus
texture (Figure 2).

Table 2. The effects of 2,4-D and picloram at different concentrations on the callus induction percent-
age of leaf explants of Labisia pumila var. alata after 4 weeks of culture.

Growth Regulators (mg/L) :
8 g/ Callus Induct:on Callus Morphology, Texture
2,4-D Picloram Percentage (%) Score
0 0 NC - NC
0.5 0 60 a ++ Greenish, compact
1 0 6.7 c ++ Greenish, compact
15 0 67 ¢ N Friable, ye119w1sh to
greenish
2 0 NC - NC
25 0 NC - NC
0 0.5 6.7 ¢c + Friable, yellowish
0 1 50 a +++ Friable, whitish
0 1.5 30b ++ Friable, whitish
Friable, yellowish to
0 2 27b ++ whitish
Friable, yellowish to
0 25 27b + whitish

Means with the same letter are not significantly different at (p < 0.05) from each other according to DMRT analysis.
NC = no callus, 2,4-D = 2,4-dichlorophenoxyacetic acid, + = callus grown on one edge of leaf, ++ = callus grown

on two edges of leaf, +++ = callus grown on three edges of leaf.

Figure 2. Callus induction of Labisia pumila var. alata on MS medium with single concentration of 2,4-D and picloram after 4
weeks of culture. (A) 0.5 mg/L 2,4-D and (B) 1.0 mg/L picloram. Horizontal bar = 1 cm.

2.2.2. Callus Induction using Combination of 0.5 mg/L 2,4-D and 0.25 mg/L
Different Cytokinins

Further investigation was carried out using a combination of 0.5 mg/L 2,4-D and
0.25 mg/L cytokinins (zeatin, kinetin, BAP, TDZ), with the results revealing a large differ-
ence between them. The combination of 0.5 mg/L of 2,4-D with 0.25 mg/L zeatin produced
the highest callus induction percentage of 100%, followed by kinetin with 73.4% and TDZ
with just 6.6% (Table 3).
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Table 3. The effects of 0.5 mg/L 2,4-D and 0.25 mg/L different cytokinins on callus induction
percentage of leaf explant of Labisia pumila var. alata after 4 weeks of culture.

Growth Regulators (mg/L)  Callus Formation (%) Callus Score  Morphology, Texture

0.52,4-D + 0.25 zeatin 100 a T Compact, yellowish
to greenish
0.52,4-D + 0.25 kinetin 734 ab ++ Friable, yellowish to
greenish
0.52,4-D + 0.25 BAP 46.6b + Friable, yellowish to
greenish
0.52,4-D + 0.25 TDZ 6.6 ¢ + Friable, whitish

Means with the same letter are not significantly different at (p < 0.05) from each other according to DMRT analysis.
BAP = 6-benzylaminopurine, TDZ = thidiazuron, + = callus grown on one edge of leaf, ++ = callus grown on two
edges of leaf, +++ = callus grown on three edges of leaf.

All combinations of 2,4-D with BAP, kinetin, and TDZ produced friable and yellowish
to greenish callus in the current study, while zeatin produced compact and greenish callus
(Table 3, Figure 3).

Figure 3. Callus induction of Labisia pumila var. alata on MS medium with combination of 2,4-D and cytokinins after 4 weeks
of culture. (A) 0.5 mg/L 2,4-D + 0.25 mg/L zeatin and (B) 0.5 mg/L 2,4-D + 0.25 mg/L kinetin. Horizontal bar = 1 cm.

2.2.3. Callus Induction Using a Combination of 1.0 mg/L Picloram and
0.5 mg/L Cytokinins

The current study also discovered that combining 1 mg/L picloram with 0.5 mg/L
kinetin resulted in the highest callus induction percentage, with 80%, followed by kinetin
with 66.6%, and the lowest with just 20% callus induction with TDZ (Table 4). In the current
study, picloram combined with BAP and picloram combined with kinetin induced callus
that was whitish and compact and whitish and friable, respectively (Table 4, Figure 4).
In the current research, a combination of 1 mg/L picloram, 0.5 mg/L TDZ, and zeatin
induced compact, whitish to dark brown and compact, greenish callus, respectively.

Table 4. The effects of 1.0 mg/L picloram and 0.5 mg/L different cytokinins on callus induction percentage of leaf explant
of Labisia pumila var. alata after 4 weeks of culture.

Growth Regulators (Mg/L) Callus Formation Percentage (%) Callus Score Morphology, Texture
1.0 picloram + 0.5 zeatin 33.4 ab + Greenish, compact
1.0 picloram + 0.5 kinetin 80 a +++ Whitish, friable

1.0 picloram + 0.5 BAP 66.6 ab ++ Whitish, compact
1.0 picloram + 0.5 TDZ 20b + Whitish to dark brown,
compact

Means with the same letter are not significantly different at (p < 0.05) from each other according to DMRT analysis. BAP
= 6-benzylaminopurine, TDZ = thidiazuron, + = callus grown on one edge of leaf, ++ = callus grown on two edges of leaf, +++ =
callus grown on three edges of leaf.
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Figure 4. Callus induction of Labisia pumila var. alata on MS medium with the combination of picloram and cytokinins after
4 weeks of culture. (A) 1.0 mg/L picloram + 0.5 mg/L kinetin and (B) 1.0 mg/L picloram + 0.5 mg/L BAP. Horizontal bar = 1 cm.

2.3. Total Antioxidant, Phenolic, and Flavonoid Content in Wild Plant and In Vitro Culture of
Labisia pumila var. alata

2.3.1. Total Phenolic and Flavonoid Content in Wild Plant, In Vitro-Derived Plantlet, and
Callus of Labisia pumila var. alata

The phenolic content of each extract differed significantly. The highest total phenolic
content was recorded in callus extract (1.9 mg GAE/g DW), followed by the leaf extract of
the in vitro plantlet (1.44 mg GAE/g DW) and the leaf extract of the wild plant (1.01 mg
GAE/g DW) (Table 5). In comparison to leaf extracts from the wild plant (1.67 mg QE/g
DW) and leaf extracts from in vitro plantlets (1.41 mg QE/g DW), total flavonoid content
in the callus extract (2.38 mg QE/g DW) was significantly higher.

Table 5. Total phenolic and flavonoid content of different samples of Labisia pumila var. alata
aqueous extract.

Source of Sample Total Phenolic Content Total Flavonoid Content
P (mg GAE/g DW) (mg QE/g DW)
Wild leaves 1.01 = 0.07 ¢ 1.67 £ 0.02 ¢
In vitro plantlets 14 £0.07b 141 +£0.68b
Callus 1.9+ 014 a 238 +£0.18 a

Means with the same letter in each column are not significantly different at (p < 0.05) from each other according to
DMRT analysis. GAE = gallic acid equivalent, QE = quercetin equivalent.

2.3.2. Total Antioxidant (DPPH and FRAP Methods) in Wild Plant, In Vitro-Derived
Plantlet, and Callus of Labisia pumila var. alata

Table 6 shows the DPPH free radical scavenging activity of the three sample sources.
The in vitro plantlet leaf extract (57.47 mg TE/g DW) and wild plant leaf extract (40.45 mg
TE/g DW) had lower antioxidant activity than L. pumila var. alata callus extract (75.88 mg
TE/g DW). Table 6 also showed that the in vitro callus from the leaf explant of L. pumila var.
alata had the highest antioxidant activity (151.76 mg TE/g DW) using the FRAP method,
followed by the leaf extract from the in vitro plantlet (115 mg TE/g DW) and the leaf extract
from the wild plant (80.91 mg TE/g DW).
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Table 6. Total antioxidant activities using DPPH and FRAP methods of different samples of Labisia
pumila var. alata aqueous extract.

Total Antioxidant Content (mg TE/g DW)

Source of Sample DPPH FRAP
Wild plant 40.45 £2.69 c 81 £539¢
In vitro plantlet 57.47 £ 2.63 b 115+ 5.25b
Callus 75.88 +5.80a 152 +11.59 a

Means with the same letter in each column are not significantly different at (p < 0.05) from each other according to
DMRT analysis. DPPH = 2,2-diphenyl-1-picrylhydrazyl, FRAP = ferric reducing antioxidant potential.

The results of Pearson correlation analysis, shown in Figure 5, indicate a highly
significant and positive linear correlation between the total antioxidant activities findings

using the DPPH and FRAP methods (R? = 0.7336).

200+

y=3.841x+4.939
150

R’=0.7336 ®

Total antioxidant content (DPPH) (mg TE/ g DW)

0 | | | 1
0 10 20 30 40

Total antioxidant content (FRAP) (mg TE/g DW)

Figure 5. Correlation (R?) between antioxidant activities using FRAP and DPPH methods in leaf
extract of wild plant, in vitro plantlet, and callus of Labisia pumila var. alata. DPPH = 2,2-diphenyl-1-
picrylhydrazyl, FRAP = ferric reducing antioxidant potential.

2.3.3. Correlation between Antioxidant Activities and Total Phenolic and Flavonoid
Content in Wild Plant, In Vitro-Derived Plantlet, and Callus of Labisia pumila var. alata
The DPPH activity was significantly correlated with the FRAP activity in different
extracts of L. pumila var. alata, as shown in Table 7. The same findings were observed for
total phenolics and total flavonoids, with both polyphenolic contents being significantly and
positively correlated with total antioxidant activities using both DPPH and FRAP methods.

Table 7. Pearson correlation of polyphenolic compounds and antioxidant activities of different
samples of Labisia pumila var. alata.

Variables 1 2 3 4
1 TPC 1
2 TFC 0.86 * 1
3 DPPH 0.81* 0.91* 1
4 FRAP 0.98 * 091* 0.86 * 1

* is significantly affected at p < 0.05. TPC = total phenolic content, TFC = total flavonoid content,
DPPH = 2,2-diphenyl-1-picrylhydrazyl, FRAP = ferric reducing antioxidant potential.
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3. Discussion

In some studies, tissue culture techniques were found to be more successful than
conventional methods such as cutting techniques and seed germination in establishing
L. pumila var. alata plantlets [14,29]. The current findings are consistent with those of
Marbawi et al. [30], who discovered that, using the nodal segment as an explant, the
optimal concentration and type of plant growth regulator for shoot multiplication is 20 uM
zeatin. In addition, 1-7 mg/L of zeatin induced up to 100% shoot regeneration in L. pumila
var. alata, according to Ling et al. [4].

Tekdal and Cetiner [31] discovered that zeatin was superior to other cytokinins during
Thermopsis turcica Kit Tan et al. shoot regeneration. In Solanum nigrum L. and Vaccinium
corymbosum L., zeatin has also been linked the development of shoots [32,33]. The stim-
ulating effect of zeatin during shoot regeneration may be attributed to the lower affinity
of cytokinin-degrading enzyme for zeatin, allowing zeatin to be comparatively higher in
concentration and thus having a higher potential for organogenesis in plants than any
other cytokinin at the same concentration [34,35].

The present research, on the other hand, found significant differences in the shoot
multiplication responses of L. pumila var. alata plantlets with BAP treatment versus kinetin
treatment in L. pumila var. alata plantlets. The optimum BAP concentration for inducing shoots
and leaves, according to Table 1, is 1 mg/L. In a study by Nisha Rani and Nair [36], BA was
found to be more successful than kinetin in a shoot regeneration study, which is consistent
with the findings of Sahoo and Chand [37] and Chandramu et al. [38]. Withania somnifera
(L.) Dunal nodal explants treated on MS medium supplemented with 1 mg/L BAP yielded
the highest number of shoots (8.0). Studies on medicinal and aromatic plant species such as
Psoralea corylifolia L. [39], Eclipta alba (L.) Hassk. [40], and Mentha viridis L. [41] also proved
that BAP is superior to other cytokinins for shoot regeneration in these species.

As shown in Figure 1, raising the concentration of plant growth regulators until it
reached 3 mg/L increased the shoot multiplication response, but it decreased once it
exceeded 3 mg/L. This finding is in line with studies on Mentha viridis L. [41], Scrophulana
kakudensis Franch [42], Psoralea corylifolia L. [39], and Terminalia arjuna Roxb. [43] cultures,
which found that the number of shoots per culture gradually increased when increasing
the cytokinin concentration from 1.0 to 3.0 mg/L of BAP, with shoot proliferation declining
after 3mg/L.

Furthermore, 2,4-D is the most significant PGR used for the proliferation of callus,
callus induction, and also callus maintenance, according to Rao et al. [44]. Michelia champaca
(Magnoliaceae) Linn callus may also be induced on MS medium supplemented with 2,4-D
at a concentration of 2 mg/L or lower, according to Abdelmaged et al. [45]. A 100% callus
induction was observed in the current study when a combination of 0.5 mg/L 2,4-D and
0.25 mg/L zeatin was used. Callus induction can occur when there is an intermediate
ratio and interaction of exogenous auxin and cytokinin, causing cellular differentiation and
organogenesis in tissue and organ cultures [30,46].

The combination of zeatin and NAA induced undesirable hard callus formation
within 6 weeks of culture initiation, resulting in indirect organogenesis and delay in shoot
regeneration [30]. The combination of 0.4 mg/L 2,4-D and 1.6 mg/L zeatin promoted callus
induction of the seeds of flax plant [47], while 100% callus induction was also found on
Hibiscus syriacus L. leaf explants when MS medium was supplemented with 0.5 mg/L 2,4-D
and 0.5 mg/L zeatin [48]. When leaf explants were supplemented with a combination of
1 mg/L picloram and 0.5 mg/L BAP, up to 67% callus induction was observed in the
current study. In their research, Oi et al. [49] discovered that medium containing 3 mg/L
picloram, 2 mg/L glycine, 1000 mg/L glutamine, and 0.05 mg/L BAP was the best for
pineapple (Ananas comosus (L.) Merr.) callus induction.

For antioxidant analysis in L. pumila var. alata, leaves from the wild plant, in vitro
plantlet, and callus were used as samples. The DPPH free radical scavenging method
and the ferric reducing antioxidant potential (FRAP) method were used to measure total
antioxidants [50,51]. These findings indicate that in vitro propagated callus and leaves have
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a greater capacity to scavenge the DPPH radicals and reducing ferric ions. Compared to the
in vitro plantlet and leaf from the wild plant, the callus extract showed a nearly two-fold
and one-fold increase in scavenging capacity and in reducing ferric ions, respectively.

According to a previous analysis, the leaf callus has a higher total phenolic, flavonoid,
and squalene content than wild explants, resulting in the highest antioxidant activity
(ICs5p = 88.8 mg/mL) using the DPPH assay [52]. In vitro methanol stem extracts and
ethanol leaf extracts had the highest antioxidant properties, with 1Csy values of
0.248 + 0.45 mg/mL and 0.397 &£ 0.67 mg/mL, respectively, while in vivo chloroform
stem extracts had lower antioxidant activity (ICsp of 10.99 £ 0.24 mg/mL) [53]. Mint,
tapioca, Indonesian bay-leaf, sweet potato, ‘cekur manis’, and betel leaves are other plants
that have been assessed using this method and showed a strong capability of reducing
ferric ions. Three spices, which are basil, laurel, and juniper, also display ferric ion reducing
activity [54].

Previous studies on Labisia pumila [2,6,8,18] have reported that it has been identified to
contain a few phytochemicals. Most of them are phenolic compounds, including phenolic
acids and flavonoids, and other detectable constituents have been shown to have high
antioxidant properties spectrophotometrically by testing their free radical scavenging, ferric
reducing antioxidant power (FRAP), and B-carotene bleaching activities using extracts
from wild plants but none from extracts of in vitro cultured plants. Studies also found that
leaves from all wild plant varieties displayed higher antioxidant activities compared to
stem and roots.

The current study also found that the total phenolic content in the callus extract was
significantly higher than that in the in vitro plantlets and wild samples. In contrast to wild-
grown plants, the callus extract in methanol solvent had the highest phenol content [55].
The higher phenolic content in callus extracts suggests that in vitro callus cultures, rather
than field-grown plant organs, may produce high-concentration bioactive compounds with
antioxidant activity [56]. The total flavonoid content results also recorded the same pattern
of the total phenolic content, except for the total flavonoid content of in vitro plantlets,
which not significantly different from the wild plant extracts. Mustapha and Harun [57]
found a similar pattern of findings when comparing the total flavonoid content in callus
and wild leaf extracts, demonstrating that the callus tissue has the same phytochemicals as
the mother plant, showing that plant cells grown in culture have the ability to synthesize
bioactive compounds that are identical to the parent plant from which they are generated.

Callus cultures are usually favored over intact plants for secondary metabolite devel-
opment because callus in vitro growth is not affected by seasonal or climatic conditions,
allowing it to be accessible all year [28]. Though intact plant organs produce secondary
metabolites, cultures of undifferentiated cells (calli) are a rich source of a wide range of sec-
ondary metabolites [56,58]. The superiority of callus in producing the highest antioxidant
activity compared to other sources of the extract is due to its totipotency and plant growth
hormone treatment (55) and most likely due to a lack of morphological differentiation in
callus cultures, which is often necessary for higher secondary metabolite development [59].

The existence of antioxidants in L. pumila var. alata was attributed to these identified
compounds, as demonstrated by the positive correlation between DPPH and FRAP assays
with total phenolic content and total flavonoid content in the present study. These positive
correlations mirrored those found in Manivannan et al.’s [42] study, which found a strong
positive correlation between the total phenol, flavonoid content, and antioxidant content of
tissue extracts. As cancer prevention agents and also for other human disorders, phenolic
compounds and flavonoids are applied to the vast majority of organic compounds in
higher plants, including medicinal and officinal plants [60]. A positive correlation between
antioxidant activity and phenolic content has also been reported in other studies [32,61,62].

The reasons that in vitro cultured plants and callus recorded higher content of antiox-
idants might be related to plant growth regulators and nutrient content in the cultured
medium causing oxidative stress or regulation in the tested plants, thus increasing antioxi-
dant enzymes such as CAT, SOD, POD, and APX [63-65]. Plant growth regulators such
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as cytokines and auxins may have induced polyphenol synthesis during in vitro cultiva-
tion [55]. Since callus growth in a nutrient-rich culture medium is inevitably subjected to
greater carbon influx than field-grown plant specimens, it may affect the metabolic flux
for the biosynthesis of elevated levels of phenolics [66]. The production of phenolics in
the callus is determined by the abundance of the carbon source in the medium [67], as
well as the growth rates of the cultured tissue [68] and the levels of auxin/cytokinin in the
medium [69,70].

4. Materials and Methods
4.1. Plant Materials and Maintenance

In vitro plantlets of Labisia pumila var. alata were obtained from Forest Research
Institute of Malaysia (FRIM), Kuala Lumpur, Malaysia and propagated onto MS [71]
supplemented with 1 mg/L BAP (w/v), 3% (w/v) sucrose, and 3 mg/L Gelrite (w/v) at pH
5.7. The plantlets were maintained for 8 weeks and subcultured at 4-week intervals before
the subsequent experiment.

4.2. Media Preparation

MS solidified medium contained 0.1 g/L myo-inositol, 0.0001 g/L thiamine-HCL,
0.0005 g/L pyridoxine-HCL, 0.0005 g/L nicotinic acid, 0.5 g/L casein hydrolysate, 0.5 g/L
proline, and 30 g/L sucrose and was solidified with 3 g/L Gelrite. The pH of this medium
was adjusted to pH 5.7 before autoclaving. For the shoot multiplication experiment, the
PGRs used were zeatin, kinetin, and BAP, and for each PGR, six different concentrations
were used: 0 (control), 1, 2, 3, 4, and 5 mg/L for each PGR.

In the callus induction experiment, the PGRs used were 2,4-D (0.5 mg/L) and picloram
at six different concentrations (0 (control), 0.5, 1.0, 1.5, 2.0 and 2.5 mg/L). Later, the optimum
concentration of 0.5 mg/L 2,4-D and 1 mg/L picloram was combined with 0.25 mg/L and
0.5 mg/L different cytokinins.

4.3. Shoot Multiplication

Eight-week-old stem-containing nodes from in vitro plantlets were used as the ex-
plants for the shoot multiplication experiments. The stem was cut into 1-1.5 cm sections,
each with a node, and cultured on hormone-free MS medium (MSO) and MS basal media
supplemented with different cytokinin concentrations. The number and length of shoots
formed and the number of leaves formed were examined after 6 weeks of culture. Shoot
length was measured as the height of the shoot.

4.4. Callus Induction and Maintenance

The leaves of 8-week-old in vitro plantlets were excised and used as explants for callus
induction. The leaf was excised into 4 mm x 4 mm pieces with sterile scalpels and cultured
on hormone-free MS medium (control) and MS basal medium combined with various
concentrations of auxins alone or in combination with various concentrations of cytokinins.
After 4 weeks of culture, the data callus score, percentage of callus formation, morphology,
and texture of the callus were all collected.

4.5. Measurement of Total Antioxidant Activity
4.5.1. Extract Preparation

First, 0.5 g fully expanded leaves from the wild plant of L. pumila var. alata grown
for 6 months, leaves from in vitro plantlets, and callus samples were harvested and cut
into small pieces. The samples were extracted in 150 mL conical flasks (room temperature)
with 25 mL of distilled water and sealed with aluminum foil. On an orbital shaker, the
sample mixtures were allowed to stand at room temperature for 1 h in the dark. After 1 h,
the samples were filtered through a Whatman filter paper to obtain the aqueous extracts,
labelled, and placed in a —80 °C freezer for later analysis [72].
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4.5.2. Ferric Reducing Antioxidant Potential Assay (FRAP)

First, 3 mL of FRAP reagent was mixed with 200 puL of each sample extract
(10 parts 300 of sodium acetate buffer at pH 3.6, 1 part of 10 TPTZ solution, and 1 part of
20 FeCl3.6H,0). The reaction mixture was incubated in a 37 °C water bath for 30 min, and
the absorbance was measured at 593 nm. The techniques used were adapted versions of
Wong et al. [72] and Benzie and Strain [73]. The antioxidant potential was represented as
mg Trolox equivalent per gram dry weight (mg TE/g DW) of leaf sample based on the
ability to reduce the ferric ions in the extracts.

4.5.3. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Free Radical Scavenging Assay

The DPPH free radical scavenging assay of each sample was calculated using the
method developed by Wong et al. [72] using the free radical DPPH. Methanolic DPPH solu-
tion was prepared by dissolving 0.1 mM DPPH in methanol and measuring the absorbance
at 515 nm until the absorbance remained stable during the assay cycle. A total of 40 uL leaf
extract was combined with 3 mL of 0.1 mM methanolic DPPH solution. The absorbance
was measured at 515 nm after 30 min of incubation at room temperature. Total antioxidant
content was expressed as mg Trolox equivalent per gram dry weight (mg TE/g DW).

4.5.4. Total Phenolic Content Determination

The total phenolic acid content was measured using the Folin—Ciocalteu phenol
reagent method, as described by Singleton and Rossi [74]. One milliliter of each sample
extract was applied to a test tube containing 9 mL of sterile water. The mixture was carefully
mixed using a vortex machine after 1 mL Folin—Ciocalteu phenol reagent was applied to
each test tube. After 5 min of mixing, 10 mL 7% sodium carbonate was added. The overall
volume of the mixture was 25 mL after adding 4 mL distilled water. The mixture was then
incubated at room temperature for 90 min to complete the reaction. Finally, the absorbance
at 750 nm was determined with a spectrophotometer. The total phenolic acid content of
the leaf extracts and callus was calculated as mg gallic acid equivalents per gram plant
material on a dry basis (mg GAE/g DW).

4.5.5. Total Flavonoid Content Determination

The total flavonoid content was measured using the aluminum chloride colorimetric
assay, as described by Marinova et al. [75]. In a test tube, 1 mL of each sample extract was
mixed with 4 mL of distilled water. Following this, 0.3 mL 5% sodium nitrite was applied to
each test tube. After 5 min, 0.3 mL 10% aluminum chloride was applied to the mixture. At
the sixth minute, 2 mL 1 M sodium hydroxide was added. The mixture was then adjusted
to 10 mL by adding 2.4 mL distilled water. A vortex machine was used to fully blend the
mixture, and the absorbance was determined at 510 nm using a spectrophotometer. The
total flavonoid content of the extracts was calculated as mg quercetin equivalents per gram
plant material on a dry basis (mg QE/g DW).

4.6. Experimental Design and Data Analysis

All experiments were conducted in a completely randomized design and were re-
peated twice. Each treatment consisted of three replicates. Mean values of various treat-
ments were subjected to analysis of variance (ANOVA), and the significant difference
was separated using Duncan’s Multiple Range Test (DMRT). SAS version 9.4 was used to
determine the significance at p < 0.05.

5. Conclusions

Our research successfully identified and compared the biochemical properties of wild
plant leaves, leaves from in vitro grown plantlets, and callus of L. pumila var. alata, and
discovered that callus is the best antioxidant source, followed by in vitro plantlets and wild
plant. This study adds to the body of knowledge about a more practical, time-saving, and
easy-to-cultivate approach for the health supplement and pharmaceutical industries.
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