International Journal of Horticultural Science and Technology (2025) Vol. 12, No. 3, pp. 693-706  doi.org/10.22059/ijhst.2024.368380.731

International Journal of Horticultural Science and Technology
Journal homepage: http://ijhst.ut.ac.ir

Enhancing Morpho-phytochemical Properties of Catharanthus
roseus L. var. ‘Ocellatus’ via Plant Growth Regulators

Elham Jafarpour, Azizollah Kheiry*, Mohsen SaniKhani, Farhang Razavi

Department of Horticultural Science, Faculty of Agriculture, University of Zanjan, Zanjan, Iran

ARTICLE INFO

*Corresponding author’s email: kheiry@znu.ac.ir

ABSTRACT

Article history.

Received: 26 November 2023,
Received in revised form: 1 April 2024,
Accepted: 3 April 2024

Article type:

Research paper

Keywords:

Antioxidant capacity,

Auxins,

Catharanthus roseus L var. Ocellata,
Medicinal plant,

Tissue culture

Catharanthus roseus L. is a valuable medicinal plant renowned for its
potent anticancer compounds, i.e., vincristine and vinblastine. The
efficient mass production of this plant can be challenging due to
limitations in conventional propagation methods. Tissue culture
techniques offer a promising alternative, and optimizing plant growth
regulator (PGR) treatments can play a crucial role in achieving
successful in vitropropagation. In this study, we investigated the
effects of several PGR combinations, i.e, NAA, BAP, and 2,4-D, on the
morpho-phytochemical attributes and antioxidant activity of in vitro-
grown Catharanthus roseus L. var. ‘Ocellata’. The plants were
arrangedin a completely randomized design with three
replications. The results demonstrated that applying PGRs, either alone
or in combination, significantly improved the morphological
characteristics. The NAA treatment caused the highest plant height,
number of branches and leaves, and root diameter. Notably, the
treatment with 2,4-D resulted in the highest photosynthetic pigment
content compared to the control. Moreover, the treatments with NAA +
BAP and NAA + BAP + 2,4-D exhibited the highest levels of total
phenolic compounds (TPC) and total flavonoid content (TFC) in both
roots and leaves. Regarding antioxidant activity, the DPPH radical
scavenging assay revealed the highest radical scavenging percentages,
i.e, 74.21% (NAA + 2,4-D) in leaf samples and 78.08% (NAA + 2,4-D)
in root samples. These findings emphasize the potency of PGRs in
optimizing tissue culture protocols for Catharanthus roseusL., thus
facilitating the production of superior-quality plants with enriched
medicinal properties. This study contributes to the advancement of
sustainable and efficient cultivation of bioactive compounds from
Catharanthus roseus L. using tissue culture techniques.

Introduction

making Catharanthus roseusa highly sought-

Catharanthus roseusl. commonly known as
Madagascar periwinkle, is a medicinal plant
renowned for its production of valuable
anticancer compounds, vincristine, and
vinblastine (Kabesh et al.,, 2015; Pereira et al,,
2009). These compounds possess significance in
treating various types of cancer,
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after plant in the pharmaceutical industry (Chen
et al,, 2018; Yamamura et al., 2017; Montagna et
al,, 2017; Gajalakshmiet al., 2013; Marcone et al,,
1997; Pandey-Raiet al, 2006). However,
conventional methods of propagation, such as
sexual reproduction and cutting, exhibit low
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success rates and pose challenges for large-scale
production (Bakrudeenet al, 2011). Tissue
culture techniques have partly solved these
problems and have emerged as a promising
approach for the efficient and sustainable
production of this valuable plant species
(Sandhya et al., 2016).

Tissue culture, conducted under controlled
laboratory conditions, provides an ideal
environment conducive to propagating plant
material rapidly and accurately while maintaining
genetic uniformity and desired traits (Anand,
2010; Smetanska, 2008). In tissue -culture,
optimizing culture media components, including
plant growth regulators (PGRs), can vitally assist
in enhancing growth, development, and
secondary metabolite production under in vitro-
grown plants (Roberts, 2012).

PGRs, such as auxins and cytokinin, and their
combinations, reportedly regulate various
physiological processes in plants (Yonget al,
2009). They  influence cell division,
differentiation, and organogenesis, thus affecting
the growth and development of tissue-cultured
plants (Mitra et al., 2016). Moreover, PGRs have
reportedly amended the biosynthesis of
secondary metabolites, including phenolic
components, flavonoids, and alkaloids, which are
responsible for the therapeutic properties of
medicinal plants (Derbassi et al., 2022; Ochatt et
al, 2022).

In this study, our objective was to investigate the
effects of different PGR treatments on the
morphological and phytochemical characteristics
of in vitro-grown Catharanthus roseusL. var.
‘Ocellata’ plants. We sought to optimize the tissue
culture conditions to increase the production of
valuable bioactive compounds with potential
therapeutic applications. By evaluating various
combined and separate PGR treatments,
including NAA (Naphthalene acetic acid), BAP (6-
benzylaminopurine), and 2,4-D (2,4-
dichlorophenoxyacetic acid), we aimed to
elucidate the specific roles of these regulators in
enhancing plant growth, biomass accumulation,
and secondary metabolite synthesis.

Materials and Methods

Plant materials and explant preparation
Nodal shoot explants (with two pairs of leaves)
were obtained from healthy Catharanthus roseus
L. plants grown in the research greenhouse at the
University of Zanjan. The explants were
immediately transferred to the Horticulture
Biotechnology and Tissue Culture Laboratory for
further processing.
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Sterilization protocol

The explants were subjected to a sterilization
protocol to eliminate any surface contaminants.
The protocol involved washing the explants with
running tap water for 5 min, followed by
immersion in a solution of 70% ethanol for 1 min,
and subsequently in 5% sodium hypochlorite for
10 min. The explants were then rinsed three times
with sterile distilled water (Hernandez-
Dominguez et al., 2004).

Culture medium and treatment setup

After sterilization, the explants were placed on a
culture medium based on Murashige and Skoog
(MS) (Classic Murashige and Skoog, 1962)
medium supplemented with different PGRs as
treatments. The PGR treatments were NAA (1 mg
L), (1 mg LY) + BAP (1 mg L'1), NAA (1 mg L)
+ 2,4-D (0.5 mg L'1), NAA (1 mg L1) + BAP (1 mg
L1) 4+ 2,4-D (0.5 mg L'1), BAP (1 mg L1), BAP (1
mg L) + 2,4-D (0.5 mg L1), 2,4-D (0.5 mgL1). A
control treatment without any PGRs was also
included. The research was conducted as a
completely randomized design (CRD) with three
replications.

Incubation and growth conditions

Following the treatment setup, the explants were
incubated in a growth chamber at a temperature
of 25 °C under a 16 h photoperiod provided by
white fluorescent lights with a photon flux density
of 70 umol m2 s-1,

Measurement of morphological traits

After 90 days of growth in the tissue culture
environment, various morphological traits were
measured, including plant height, stem diameter,
intermediate length, root diameter, root length,
number of branches (NB), number of leaves, fresh
yield, dry yield, tissue water content (shoot and
root water content), tissues dry matter content
(shoot and root dry matter content), shoot fresh
yield, root fresh yield, shoot dry yield, and root
dry yield.

Measurement of photosynthetic pigments
Chlorophyll a, chlorophyll b, and carotenoid
contents were evaluated according to a method
described by Arnone (1949).

Measurement of phytochemicals,
determination of total phenolic and flavonoid
content

Phytochemical attributes such as total phenolic
content (TPC) and total flavonoid content
(TFC) were assayed. Methanolic extracts of shoot
and root tissues were prepared and the TPC was
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evaluated using the Folin-Ciocalteu reagent
method and calibrated against Gallic acid
standards, following a relevant protocol
(Singleton and Rossi, 1965). The results were
expressedas mg of Gallic acid equivalents
(GAEmg g1) per g of dry weight extract. A
spectrophotometer measured the absorbance at
765 nm.

The spectrophotometric colorimetric method
(Kahkonen et al,, 1999) determined the TFC. The
reaction mixture was prepared in a test tube by
adding 500 pL of the extract solution, 100 pL of
10% aluminum chloride solution, 100 pL of 1 M
potassium acetate solution, and 2.8 mL of distilled
water. The samples were incubated for 40 min at
room temperature,and the absorbance was
measured at 415 nm using a spectrophotometer
(T-60, PG Instrument UK). Quercetin was used to
plot the standard curve, and the results were
expressed as milligrams of quercetin equivalents
(QE mg g1) per gram of extract.

Antioxidant capacity determination

The antioxidant capacity of the plant
extracts was assessed using  three  different
methods: DPPH (1,1-diphenyl-2-picrylhydrazyl)
radical scavenging assay, reducing power assay,
and phosphomolybdenum assay (TAC assay).

DPPH (1,1-diphenyl-2-picrylhydrazyl)
radical scavenging assay

The DPPH radical scavenging assay was
performed according toa relevant method
(Hatano et al,, 1988). A stock solution of DPPH
was prepared by dissolving 4 mg in 100 mL of
methanol and kept at 20 °C for further use. A
mixture of 250 pL of plant samples and 750 pL of
DPPH aliquot was incubated for 15 min at room
temperature in the dark. Optical density was
measured at a wavelength of 517 nm. The
antioxidant capacity was calculated using the
following equation:

Free radical scavenging activity (%)
_ Control absorbance — Sample absorbance

x 100

Control absorbance

Reducing power assay

Reducing power activity was determined using a
method described in the literature (Oyaizu,
1986). A mixture of 0.5 mL plant extract, 0.5 mL
0.2 M phosphate buffer (pH 6.6), and 0.5 mL
potassium ferricyanide (10 mg L) was incubated
at 50 °C for 20 min. Then, 0.5 mL of trichloroacetic
acid (TCA) (100 mg L1) was added to the
solution, and the mixture was centrifuged at 3000
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rpm for 10 min. Then, 0.5 mL of the supernatant
was diluted with 0.5 mL of pure water and mixed
with 0.1 mL of FeCI3 (0.1%). The optical density
was measured at 700 nm after 10 min. Methanol
(80%) was used as a blank, and a solution mixture
without plant extract served as the control under
the same preparation conditions for each plant
sample.

total

Phosphomolybdenum  assay or

antioxidant capacity (TAC) assay

Total antioxidant capacity of plant samples was
determined using the phosphomolybdenum
assay as described in the literature (Prieto et al,,
1999). The phosphomolybdenum reagent
solution was prepared by mixing 1 mL of NazPO4
(28 mM), H2SOs+ (0.6 M), and ammonium
molybdate (4 mM) with 0.3 mL of the plant
extract. The reaction mixture was heated at 95 °C
in a water bath for 90 min, covered with silver foil
to avoid direct light exposure. After cooling them
down to room temperature, the absorbance was
measured at 695 nm using a spectrophotometer.
All treatments occurred in triplicates.

% TAC inhibition
_ Abs sample — Abs control

Abs sample
x 100

Statistical analysis

All data were subjected to one-way analysis of
variance (ANOVA) using SAS statistical analysis
software version 9.4. Data were expressed as
mean values + standard deviation (SD), and
significant differences were determined among
the treatment groups using LSD tests (P<0.05).

Results

Morphological attributes

Full plantlet regeneration of the typical shoot
explants on MS medium supplemented with
various PGRs occurred in the third month of in
vitro culture (Figs. 1 and 2).

Compared to the control, all measured
morphological  traits showed  significant
differences in all treatments. Regarding most of
the desired traits, the PGRS treatments improved
morphological attributes (Table 1). The highest
mean values of height (71.75 mm), number of
lateral branches (5), number of leaves (40), and
internode length (9.71 mm) occurred in response
to the 1 mg L1 NAA treatment. Regarding plant
diameter;, root diameter, and length, maximum
values (4.67 mm, 3.67 mm, and 115.97 mm)
occurred in response to the 1 mg L-1 BAP + 0.5 mg
L12,4-D,1 mg L't NAA + 1 mg L-1 BAP, and 0.5 mg
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L1 2,4-D treatments, respectively. Meanwhile, the highest significant values (8662.43 mg, 709.7 mg,
smallest root diameter and length (0.53 mm and 3051.66 mg, 5610.77 mg, 236.5 mg, and 473.2
10.66 mm) were in the control group. The fresh mg) in MS medium supplemented with 1 mg L1
and dry yield and its components, such as fresh NAA + 1 mg L-* BAP (Table 1).

and dry yield of the roots and shoots, had the

Fig. 1. Shoot regeneration of the typical shoot explant of C. roseusL. var. ‘Ocellatus’ on MS medium supplemented with
different PGRs (a: NAA, b: NAA + BAP, c: NAA + 2,4-D, d: NAA + BAP + 2,4-D, e: BAP, f: BAP + 2,4-D, g: 2,4-D, h:
control). NAA: 1-Naphthaleneacetic acid, BAP: 6-Benzylaminopurine, 2,4-D: 2,4-Dichlorophenoxyacetic acid.

Fig. 2. Root system regeneration of the typical shoot explant of C. roseus L. var. ‘Ocellatus’ on MS medium
supplemented with different PGRs (a: NAA, b: NAA + BAP, c: NAA + 2,4-D, d: NAA + BAP + 2,4-D, e: BAP, f: BAP + 2,4-
D, g: 2,4-D, h: control). NAA: 1-Naphthaleneacetic acid, BAP: 6-Benzylaminopurine, 2,4-D: 2,4-Dichlorophenoxyacetic

acid.
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Table 1. Morphological traits of C. roseusvar. ‘Ocellatus’ on MS medium supplemented with different PGRs.

Treatments Height (mm) NB Plant Diameter (mm) NL IL (mm) RD (mm) RL (mm)
1 mg L' NAA 71.75 £0.092 54082 2.75+0.01¢ 40 £ 12 9.71 £ 0.292 3.04 +£0.582 22.76 +0.294
1 mg L' NAA + 1 mg L' BAP 68.96 + 18.5% 341 3.29 £ 0.9b° 29 +8.7° 7.55 +1.2]%b¢ 3.67 +£0.592 70.14 +£9.5°
1 mg L' NAA+0.5mgL!'24-D 57.06 + (0.6bd 1.66 +0.57¢ 2.71 £0.04¢ 25+ 1° 7.72 £0.05% 0.46 + 0.05° 24 + 44
Nl Nl N
tmgLINAATTmg LEBAPTOSmE L™ g1 004 150 2400 3.5+0.68 223345030 5494096  301£1.9° 2417437
1 mg L' BAP 62.18 + 5.05%b¢ 3+0° 2.92+0.19¢ 28.33 +1.5° 7.48 +2.08b° 0.74 +0.12° 45.28 £26.56°
I mgL!'BAP+0.5mgL"'24-D 45.01 +2.8d 1+0d 4.67+0.4? 23 +£3b 6.08 + 0.82bcd 1.44 +0.43b 8.50 +1.24
0.5mgL!124-D 51.61 £ 5.7¢de 1.33 +£0.57« 3.21 +0.05b 24.66 +5.03° 5.17 £2.06¢ 0.76 = 0.09° 11597 £ 18.12
Control 2449 +3.1F 1+04 3.89 +(0.41% 22.66 £2.3b 2.29 £0.99¢ 0.53 £0.03b 10.66 +7.174
LSD 12.57 0.79 0.79 7.37 2.18 1.34 21.26
Significant df
Treatment 7 sk ks ks ks sk sk skk
CV 13.76 20.28 13.58 15.85 19.63 15.83 15.50

Data was expressed as means + standard deviation (n = 3). Different superscript letters in the same column indicate significant differences according to LSD (p < 0.05), **
and * are significant at the 0.01 and 0.05 levels. (Nb: number of branches, NI: number of leaves, IL: intermediate length, RD: root diameter, RL: root length). Data are
mean values of n = 3. Mean values followed by different letters indicate they are significantly different by the LSD test (p<0.05). NAA: 1-Naphthaleneacetic acid, BAP:
6-Benzylaminopurine, 2,4-D: 2,4-Dichlorophenoxyacetic acid.
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Table 1. (Continued)

Treatments FY (mg) DY (mg) SHTW (%) RTW (%) DRM (%) DSHM (%) SHFY (mg) RFY (mg) SHDY (mg) RDY (mg)
1 mg L' NAA 7021.9 +7.8¢ 411.23+0.45° 9442+£225* 9398+£0.08  6.04+008  558+225" 2550.16+5.15¢ 4471.7 £5.8¢ 14226039  268.96+0.15°
1 mg L'NAA+1mgL! 8662.43 + 8.6° 709.7 £1.1* 92.25+1.31° 91.56+1.56° 843+£1.56° 7.75+1.319 3051.66 = 10.02° 5610.77 + 236.5+0.8* 4732+ 1.6°
BAP 17.92
1 mg L' NAA+0.5mgL" 8028.2+9.1° 527.66 £ 1.2 9343 £0° 93.42 £ 0P 6.57 £ 04 6.57 £ 08 2930 £ 10° 5098.2 £ 2P 192.4 +1.3b 335.2+0.17°
12,4-D
I mg L' NAA+1mgL! 4993 + 28.74 318.7 £2.64 9243 +0.54¢ 94.17+0.71* 5.82+0.71°  7.56+0.54¢ 1603.1 £6.5¢ 3389.9 £27.44 121.2+0.5¢ 197.5 +2.34
BAP+0.5mgL!24-D
1 mg L' BAP 1602.97 £ 14.27¢ 132.86 + 1.4¢8 1.43 £1.62f 94 +£2.47° 599+247°  8.56 +£1.62¢ 1429.6 + 10.5F 173.37 £ 4.08¢8 122.4+1.2¢ 10.39 £0.358
ImgL!'BAP+05mgL" 303830 +4837¢ 302.83 +4.8¢ 90.93 +0.78" 88.75+1.24 1124+ 1.2 9.07+0.782 1783.76 £ 11.34 12545+ 161.76 +0.9¢ 141.06 +3.9¢
12,4-D 37.10¢°
0.5mgL'24-D 197030 + 11.7° 171.7 £ 1.5° 91.24+2.07¢  9147+2.13° 8.524+2.13° 875+2.07° 1606.46 £ 10.1°¢ 363.8 £5.3F 140.6 = 1.04¢ 31.03+1.16°
Control 864.53 + 16.45" 64.76 + 0.6 93.11+1.67° 8631+5.18° 13.68+5.18 6.88+1.67 787.53 +15.2¢8 77 £1.5" 5423 +0.76" 10.53 £ 0.408
LSD 38.7 3.81 0.04 0.35 0.35 0.04 17.8 30.83 1.6 3.08
Significant df
Treatment 7 Hk #3% *k #k B *% *k *k sk *x
CV 0.49 0.66 0.02 0.22 2.49 0.35 0.52 0.69 0.64 0.97

Data was expressed as means + standard deviation (n = 3). Different superscript letters in the same column indicate significant differences according to LSD (p < 0.05), **
and * are significant at the 0.01 and 0.05 levels. (FY: fresh yield, DY: dry yield, SHTW: shoot tissue water content, RTW: root tissue water content, DRM: dry root matter,
DSHM: dry shoot matter, SHFY: shoot fresh yield, RFY: root fresh yield, SHDY: shoot dry yield, RDY: root dry yield. Data are mean values of n = 3. Mean values followed
by different letters indicate they are significantly different by the LSD test (p<0.05). NAA: 1-Naphthaleneacetic acid, BAP: 6-Benzylaminopurine, 2,4-D: 2.4-
Dichlorophenoxyacetic acid.
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P])otos_ynt[)etjc pigments carotenoid content (2.62, 0.63, 0.36 mg g! FW).
Data analysis indicated that MS medium The lowest mean values for these variables (1.18,
supplemented with 0.5 mg L-! 2,4-D produced the 0.26,0.20 mg g1 FW, respectively) occurred in the
highest chlorophyll a, chlorophyll b, and control (Table 2).
Table 2. Photosynthetic pigments content of C. roseus L. var. ‘Ocellatus’ on MS medium supplemented with different
PGRs.
Chlorophyll a (mg g! Chlorophyll b (mg g™ Carotenoid (mg g
Treatments FW) FW) FW)
1 mg L' NAA 2.05+£025% 0.48£0.11% 0.32 £0.04
1 mg L' NAA+ 1 mg L' BAP 1.97 £ 0.64% 0.43 +0.14% 0.29 £0.073¢
1 mg L' NAA+0.5mgL!24-D 1.47 £0.11% 0.36 + 0.02%° 0.22 +0.01b°
-1 -1
Img LT NAA+ 1 mg L BAP+0.5 mg 178 £ 0.75% 0.36 +0.13b 027 +0.1%
L'24-D
1 mg L' BAP 1.99 +£0.57%¢ 0.41 £0.12% 0.29£0.06*
1 mg L' BAP+0.5mg L 2,4-D 1.81 £ 0.44%* 0.35+0.07% 0.27 £0.05%
0.5mgL'24-D 2.6 +0.42° 0.63 £0.16* 0.36 £ 0.06*
Control 1.18 £0.39¢ 0.26 £0.08° 0.2+0.07¢
LSD 0.8501 0.2007 0.1153
Significant df
Treatment 7 * * ns
Ccv 26.34 2791 23.68

Data are mean values of n = 3. Mean values followed by different letters indicate they are significantly different
by the LSD test (p<0.05). NAA: 1-Naphthaleneacetic acid, BAP: 6-Benzylaminopurine, 2,4-D: 2,4-
Dichlorophenoxyacetic acid.

Phytochemical attributes and from 24.50 (1 mg L-1 NAA + 1 mg L1 BAP +
TFC varied among the treatment groups and had 0.5 mg L1 2,4-D) to 0.7 (control) in root samples
significant differences (Table 3), ranging from (Fig. 3A). Maximum TPC in the methanolic extract
128.82 (1 mg L-1 BAP + 0.5 mg L1 2,4-D) to 36.95 of the leaf and root samples (respectively, 394.5
(1 mg L1 NAA + 0.5 mg L1 2,4-D) in leaf samples and 306.17) occurred in response to 1 mg L-1 NAA

+ 1 mg Lt BAP treatment (Fig. 3B).

Table 3. Phytochemical traits of C. roseus L. var. ‘Ocellatus’ on MS medium supplemented with different PGRs.

SOV

Mean Square (MS)

DF PFRAP
TFL TFR TPL TPR DPPHL DPPHR TACL TACR N PFRAPR

Treatment 7 2913.20" 21671 10559.42**  23363.27"  26.35" 600.06™  67.39"" 297.70 122.67"" 422.96™

Error 16 21.03 1.42 24.10 1.42 10.14 2.34 2.86 2.34 7.87 7.04
LSD 7.93 2.06 8.49 2.06 5.51 53.16 2.92 2.65 4.85 4.59
()Y 4.92 16.35 1.94 16.35 4.52 17.83 1.96 2.27 4.90 3.28

Data are mean values of n = 3 and are significantly different by the LSD test (p<0.05). ** and * are significant at
the 0.01 and 0.05 levels. Total flavonoid content in the leaf and root samples (TFL, TFR), total phenol content in
the leaf and root samples (TPL, TPR), DPPH in the leaf and root samples (DPPPHL, DPPHR), total antioxidant
capacity in the leaf and root samples (TACL, TACR), and PFARAP assay in the leaf and root samples (PFRAPL,
PFRAPR). NAA: 1-Naphthaleneacetic acid, BAP: 6-Benzylaminopurine, 2,4-D: 2,4-Dichlorophenoxyacetic acid.
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Fig. 3. Total flavonoid content (A) and total phenol content (B) of C. roseusL. var. ‘Ocellatus’ on MS medium
supplemented with different PGRs. Data are mean values of n = 3. Mean values followed by different letters indicate
they are significantly different by the LSD test (p<0.05). NAA: 1-Naphthaleneacetic acid, BAP: 6-Benzylaminopurine,

2,4-D: 2,4-Dichlorophenoxyacetic acid.

Antioxidant capacity

All three antioxidant assays revealed significant
differences among the treatments in both leaf and
root samples (Table 3).

Regarding DPPH, the highest radical scavenging
was 74.21% (1 mg L. NAA + 0.5 mg L1 2,4-D) and
78.08% (1 mg L1 NAA + 0.5 mg L1 2,4-D) in the
leaf and root samples, respectively (Fig. 4A). The
results varied from 74.21 to 65.66 in the leaves
and from 78.08 to 38.34 in the roots.

The TAC assay indicated that maximum
scavenging (89.33% and 87.9%) occurred in
response to 1 mg L-1 NAA + 1 mg L1 BAP and 1 mg
L1 NAA + 1 mg L't BAP + 0.5 mg L! 2,4-D in the
leaf and root samples, respectively (Fig. 4B). The
comparison of mean values showed that the
reducing power activity in the leaves and root
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samples were affected by the 0.5 mg L1 2,4-D + 1
mg L-1BAPand 1 mg L' NAA + 1 mgL1BAP + 0.5
mg L1 2,4-D treatments, thus having the highest
significance level (62.34 and 62.68 in the leaves
and roots, respectively) (Fig. 4C).

Pearson’s correlation coefficient

Pearson’s correlation coefficient of TAC, TPC,
DPPH, TAC, and RP from the roots were analyzed
and the results indicated that a positive
significant correlation was observed (Table 4).
The highest correlation between phytochemical
traits and antioxidant activity assays was related
to the TPC with TAC (R2 = 0.849) and DPPH (R2
= 0.845). The correlation coefficient between
DPPH and TAC was 0.966.
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Fig. 4. Antioxidant assays: DPPH assay (A), TAC assay (B), and reducing power assay (C) for C. roseus L. var. ‘Ocellatus’
on MS medium supplemented with different PGRs. Data are mean values of n = 3. Mean values followed by different
letters indicate they are significantly different by the LSD test (p<0.05). NAA: 1-Naphthaleneacetic acid, BAP: 6-
Benzylaminopurine, 2,4-D: 2,4-Dichlorophenoxyacetic acid.

Discussion

Fazal et al. (2020) reported that in the culture
medium of Prunella vulgarisaugmented with
various NAA concentrations, maximum biomass
production was detected, and NAA was the best
treatment for fresh biomass production. As a root
regulator substance, auxin is suitable for
controlling root development and its anatomy

701

(Olatunji et al.,, 2017; Overvoorde et al., 2010),
thus offering to encourage lateral root
development, biosynthesis, polar transport, and
signal transduction of auxin are crucial (Sun etal,,
2017). Cytokinin is another central regulator of
lateral root development (Laplaze et al., 2007;
Marhavy et al, 2011; Marhavyet al, 2014;
Moreira et al., 2013). Several reports indicated
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the increasing role of combined auxins and
cytokinins in fresh and dry root masses from in
vitro plants (Danova et al,, 2018). Morphogenesis
of Artemisia alba in vitro plantswas affected by
exogenous cytokinins. According to Purohit et
al. (2020) and Bakhshipour et al. (2019), auxin
and cytokinins are suitable for plant growth
enhancement. Cytokinin via scavenging pin-

formed (PIN) proteins leads to intervening with
polar auxin transport and regulates lateral root
development (Marhavy et al.,, 2011; Marhavy et
al,, 2014). Additional PGRs directly or indirectly
contribute to cell fate decisions and cooperate
differentially in lateral root development
(Chandler and Werr, 2015; Schaller et al., 2015).

Table 4. Pearson’s correlation coefficient of TFC, TPC, DPPH, TAC, and RP from the roots.

Total flavonoid

Total phenol

Reducing power

DPPH assay TAC assay
content content assay
Total flavonoid content 1 0.389" 0.556™ 0.633™" 0.434"
Total phenol content 1 0.845™" 0.849™" 0.505"
DPPH assay 1 0.966™" 0.551*
TAC assay 1 0.615™

Reducing power assay

1

Total flavonoid content (TFC), total phenol content (TPC), total antioxidant capacity (TAC), and DPPPH (1,1-
diphenyl-2-picrylhydrazyl) for the radical scavenging assay. *, ** and ns indicate significance at the 0.05 and 0.01

levels and non-significance, respectively.

Kulus (2020) revealed that IAA (at 1 mg L-1)
stimulated the synthesis of chlorophyll a and
carotenoids in Lamprocapnos
spectabilis, and similar results were obtained in
previous research (Sarami et al., 2017), indicating
that IAA was more effective than BAP on
photosynthetic pigments. Changes in the chlorophyll
content by PGRs could be related to growth rate
and primary and secondary metabolic activities
(Lichtenthaler, 1987). Kaviani (2014) and
Parsaeimehret al. (2010) reported the positive
effects of auxin-cytokinin, separately or in
combinations, on increasing the photosynthetic
pigment content of Ephedra, Eustoma
grandiflorumLl.  and Saccharum  officinarum L.
Furthermore, auxin-cytokinin revealed an increased
cell division rate and chlorophyll content by the
decrease in different enzymatic functions involved in
chlorophyll biosynthesis. The involvement of various
processes in the metabolism of chlorophyll and the
multidimensionality of PGRs impacts is the reason
for variable results (Bakhshipour et al., 2019).

These results were confirmed by a previous report
(Fazal et al.,, 2020). Flavonoids are one of the largest
groups of secondary metabolites belonging to
polyphenols and play different roles in treatments by
having a strong ability to degrade reactive oxygen
species (Matkowski, 2008). In soybean (Glycine
maxL. Merr) plants, associations were
studied between PGR treatments and the expression
level of different genes involved in the
biosynthesis of total phenolic, flavonoid, and
isoflavones. Results showed that the 6-BA treatment
caused the highest expression, followed by NAA and
GA3 treatments (Guo et al., 2018). PGRs noticeably
influence the production, distribution, and
accumulation of secondary metabolites, such as
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phenolics, and enhance the expression levels of
associated genes (Radic, 2016). PGRs, especially a
combination of applied auxin and cytokinins,
canlead to an accumulation of flavonoids in cell
culture. Their roles in the biosynthesis of flavonoids
are well documented (Bota and Deliu, 2015; El-
Shafey etal., 2016; Ji etal., 2015; Murthy etal.,, 2014).
PGRs have shown significant effects on antioxidant
scavenging, TPC, and TFC of micro-
propagated Vaccinium arctostaphylos L. plants, and
cytokinins treatments improved the antioxidant
activity of in vitro-grown plants (Bakhshipour et al,,
2019). Moreover, the extract ofin vitro-
grown Coleonema pulchellum L. plants showed high
scavenging activity against DPPH radical (Baskaran
et al, 2014). Another study that emphasized the
roles of PGRs in the antioxidant activity of in vitro-
grown plants was reported by Abbasi et al. (2019).

In plants, synergistic or additive functions between
several growth hormones, such as auxins and
cytokinins, by producing ethylene followed by an
induced systemic resistance (ISR) mechanism have
led to the appearance of total antioxidant capacity
(Cary et al., 1995; Heinrich 2008; Van Wees et al,,
2000; Woeste et al., 1999). Thus, growth hormones
in the medium might affect the cells to generate ISR
(Mustafa and Verpoorte, 2007) and increase
antioxidant activity. Bliochemical pathways and
physiological processes in plants can be influenced
by PGRs as they function. This signaling component

can change plant metabolism and bioactive
compounds (Mitra et al.,, 2016).

Aryalet al. (2019), Asemet al. (2020), Ganet
al. (2017), and Kainamaet al. (2020) reported

similar results about the presence of a strong
correlation between TPC and different antioxidant
activity assays. They suggested that bioactive
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compounds such as TPC and TFC play a scavenging
role and exhibit antioxidant activity.

Conclusion

An increase in demand for medicinal plants in recent
years has led to the use of biotechnology techniques
for the mass production of these plants in a uniform
manner. Tissue culture techniques with ideal
conditions for the micro-propagation of medicinal
plants have excelled in producing these plants. An
important and effective factor for 7n vitro production
of medicinal plants is the use of PGRs or
phytohormones. In addition to creating suitable
growing conditions for plant production, these
substances improve the phytochemical properties of
medicinal plants. Here, the positive role of PGRs
alone or in combination with each other enhanced
the morphological, physiological, phytochemical
properties, and antioxidant activity in the medicinal
plant Catharanthus roseusL. Collectively, 1 mg L!
NAA alone or in combination with 1 mg L1 BAP
improved the morphological attributes. Regarding
phytochemical properties, 0.5 mg L1 24-D
treatments alone or combined with 1 mg L1 BAP
resulted in optimal outcomes.

Conflict of Interest
The authors indicate no conflict of interest in this
work.

References

Abbasi BH, Siddiquah A, Tungmunnithum D, Bose S, Younas
M, Garros L, Drouet S, Giglioli-Guivarc’h N, Hano C. 2019.
Isodon rugosus (Wall. ex Benth.) codd in vitro cultures:
Establishment, phytochemical characterization and in
vitro antioxidant and anti-aging activities. International
Journal of Molecular Sciences 20, 452.

Anand S. 2010. Various approaches for secondary
metabolite production through plant tissue culture.
Pharmacia 1, 1-7.

Arnon DI. 1949. Copper enzymes in isolated chloroplasts
polyphenol oxidase in Beta vulgaris. Plant Physiology 24,
1-15.

Aryal S, Baniya MK, Danekhu K, Kunwar P, Gurung R,
Koirala N. 2019. Total phenolic content, flavonoid content
and antioxidant potential of wild vegetables from Western
Nepal. Plants 8, 96.

Asem N, Abdul Gapar NA, Abd Hapit NH, Omar EA. 2020.
Correlation between total phenolic and flavonoid contents
with antioxidant activity of Malaysian stingless bee
propolis extract. Journal of Apicultural Research 59, 437-
442.

Bakhshipour M, Mafakheri M, Kordrostami M, Zakir A,
Rahimi N, Feizi F, Mohseni M. 2019. /n vitro multiplication,
genetic fidelity and phytochemical potentials of Vaccinium
arctostaphylos L.. an endangered medicinal plant.
Industrial Crops and Products 141, 111812.

Bakrudeen A, Subha Shanthi G, Gouthaman T, Kavitha M,
Rao M. 2011. In vitro micropropagation of Catharanthus
roseus— an anticancer medicinal plant. Acta Botanica
Hungarica 53(1-2), 20.

703

Baskaran P, Moyo M, Van Staden J. 2014. In vitro plant
regeneration, phenolic compound production and
pharmacological activities of Coleonema pulchellum. South
African Journal of Botany 90, 74-79.

Bota C, Deliu C. 2015. Effect of plant growth regulators on
the production of flavonoids by cell suspension cultures of
Digitalis lanata. Farmacia 63, 716-719.

Cary AJ, Liu W, Howell SH. 1995. Cytokinin action is coupled
to ethylene in its effects on the inhibition of root and
hypocotyl elongation in Arabidopsis thaliana seedlings.
Plant Physiology 107, 1075-1082.

Chandler JW, and Werr W. 2015. Cytokinin-auxin crosstalk
in cell type specification. Trends in Plant Science 20, 291-
300.

Chen TW, Yeh DC, Chao TY, Lin CH, Chow LW, Chang DY,
Hsieh YY, Huang SM, Cheng AL, Lu YS, Consortium TBC.
2018. A phase I/II study of the combination of lapatinib
and oral vinorelbine in HER2-positive metastatic breast
cancer. Japanese Journal of Clinical Oncology 48 (3), 242-
247.

Classic Murashige T, and Skoog F. 1962. A revised medium
for rapid growth and bioassays with tobacco tissue
cultures. Physiologia Plantarum 15, 473-497.

Danova K, Motyka V, Todorova M, Trendafilova A, Krumova
S, Dobrev P, Andreeva T, Oreshkova T, Taneva S, Evstatieva
L. 2018. Effect of cytokinin and auxin treatments on
morphogenesis, terpenoid biosynthesis, photosystem
structural organization, and endogenous isoprenoid
cytokinin profile in Artemisia alba Turra in vitro. Journal of
Plant Growth Regulation 37,403-418.

Derbassi NB, Pedrosa MC, Heleno S, Carocho M, Ferreira IC,
Barros L. 2022. Plant volatiles: using scented molecules as
food additives. Trends in Food Science and Technology.

El-Shafey NM, Ahmed ES, Sayed M, Hammouda O, Khodary
S. 2016. Effect of growth regulators, carbohydrates and
antioxidant compounds on biomass, flavonoid
accumulation and enzyme activity in callus cultures of
Rumex vesicarius L. Egyptian Journal of Botany 56, 595-
612.

Fazal H, Abbasi BH, Ahmad N, Noureen B, Shah ], Ma D,
Chuanliang L, Akbar F Uddin MN, Khan H. 2020.
Biosynthesis of antioxidative enzymes and polyphenolics
content in calli cultures of Prunella vulgaris L. in response
to auxins and cytokinins. Artificial Cells, Nanomedicine,
and Biotechnology 48, 893-902.

Gajalakshmi S, Vijayalakshmi S, Devi RV. 2013.
Pharmacological activities of Catharanthus roseus: a
perspective review. International Journal of Pharma and
Bio Sciences 4, 431-439.

Gan |, Feng Y, He Z, Li X, Zhang H. 2017. Correlations
between antioxidant activity and alkaloids and phenols of
Maca (Lepidium meyenii). Journal of Food Quality 2017.

Guo X, Wang L, Chang X, Li Q, Abbasi AM. 2018. Influence of
plant growth regulators on key-coding genes expression
associated with phytochemicals biosynthesis and
antioxidant activity in soybean (<i>Glycine max</i> (L.)
Merr) sprouts. International Journal of Food Science &
Technology, 1-9.

Hatano T, Kagawa H, Yasuhara T, Okuda T. 1988. Two new
flavonoids and other constituents in licorice root: their
relative astringency and radical scavenging effects.


https://akjournals.com/view/journals/034/53/1-2/article-p197.xml
https://akjournals.com/view/journals/034/53/1-2/article-p197.xml
https://akjournals.com/view/journals/034/034-overview.xml
https://akjournals.com/view/journals/034/034-overview.xml

Jafarpour et al.,

Int. ]. Hort. Sci. Technol. 2025 12 (3): 693-706

Chemical and Pharmaceutical Bulletin 36, 2090-2097.

Heinrich M. 2008. Ethnopharmacy and natural product
research—multidisciplinary opportunities for research in
the metabolomic age. Phytochemistry Letters 1, 1-5.

Hernandez-Dominguez E, Campos-Tamayo F, Vazquez-
Flota F. 2004. Vindoline synthesis in /in vitro shoot cultures
of Catharanthus roseus. Biotechnology Letters 26(8), 671-
674.

Ji XH, Wang YT, Zhang R, Wu SJ], An MM, Li M, Wang CZ, Chen
XL, Zhang YM, Chen XS. 2015. Effect of auxin, cytokinin and
nitrogen on anthocyanin biosynthesis in callus cultures of
red-fleshed apple (Malus sieversii f. niedzwetzkyana).
Plant Cell, Tissue and Organ Culture (PCTOC) 120, 325-
337.

Kabesh K, Senthilkumar P, Ragunathan R, Kumar RR. 2015.
Phytochemical analysis of Catharanthus roseus plant
extract and its antimicrobial activity. International Journal
of Pure & Applied Bioscience 3,162-172.

Kahkonen MP, Hopia Al, Vuorela HJ, Rauha JP, Pihlaja K,
Kujala TS, Heinonen M. 1999. Antioxidant activity of plant
extracts containing phenolic compounds. Journal of
Agricultural and Food Chemistry 47, 3954-3962.

Kainama H, Fatmawati S, Santoso M, Papilaya PM, Ersam T.
2020. The relationship of free radical scavenging and total
phenolic and flavonoid contents of Garcinia lasoar PAM.
Pharmaceutical Chemistry Journal 53,1151-1157.

Kaviani B. 2014. Micropropagation of ten weeks (Matthiola
incana) and lisianthus (Fustoma grandiflorum) (two
ornamental plants) by using kinetin (Kin), naphthalene
acetic acid (NAA) and 2, 4-dichlorophenoxyacetic acid (2,
4-D). Acta Scientiarum Polonorum Hortorum Cultus 13,
141-154.

Kulus D. 2020. Influence of growth regulators on the
development, quality, and physiological state of in vitro-
propagated Lamprocapnos spectabilis (L.) Fukuhara. In
Vitro Cellular & Developmental Biology-Plant 56, 447-457.

Laplaze L, Benkova E, Casimiro I, Maes L, Vanneste S,
Swarup R, Weijers D, Calvo V, Parizot B, Herrera-Rodriguez
MB. 2007. Cytokinins act directly on lateral root founder
cells to inhibit root initiation. Plant Cell 19, 3889-3900.

Lichtenthaler H.K. 1987. Chlorophylls and carotenoids:
pigments of photosynthetic biomembranes, Methods in
Enzymology. Elsevier, pp. 350-382.

Marcone C, Ragozzino A, Seemuller E. 1997. Dodder
transmission of alder yellows phytoplasma to the
experimental host Catharanthus roseus (periwinkle).
European Journal of Forest Pathology 27, 347-350.

Marhavy P, Bielach A, Abas L, Abuzeineh A, Duclercq ],
Tanaka H, Parezova M, Petrasek ], Friml ], Kleine-Vehn J.
2011. Cytokinin modulates endocytic trafficking of PIN1
auxin efflux carrier to control plant organogenesis.
Developmental Cell 21, 796-804.

Marhavy P, Duclercq ], Weller B, Feraru E, Bielach A,
Offringa R, Friml ], Schwechheimer C, Murphy A, Benkova
E. 2014. Cytokinin controls polarity of PIN1-dependent
auxin transport during lateral root organogenesis. Current
Biology 24,1031-1037.

Matkowski A. 2008. Plant /n vitro culture for the
production of antioxidants—a review. Biotechnology
Advances 26, 548-560.

704

Mitra D, Sharma K, Uniyal N, Chauhan A, Sarkar P. 2016.
Study on plant hormone (indole-3-acetic acid) producing
level and other plant growth promotion ability (pgpa) by
Asparagus racemosus rhizobacteria. Journal of Chemical
and Pharmaceutical Research 8, 995-1002.

Montagna E, Palazzo A, Maisonneuve P, Cancello G, lorfida
M, Sciandivasci A, Esposito A, Cardillo A, Mazza M,
Munzone E, Lai A, Goldhirsch A, Colleoni M. 2017. Safety
and efficacy study of metronomic vinorelbine,
cyclophosphamide plus capecitabine in metastatic breast
cancer: a phase II trial. Cancer Letters 400, 276-281.

Moreira S, Bishopp A, Carvalho H, Campilho A. 2013. AHP6
inhibits cytokinin signaling to regulate the orientation of
pericycle cell division during lateral root initiation. PLoS
One 8, e56370.

Murthy HN, Lee EJ, Paek KY. 2014. Production of secondary
metabolites from cell and organ cultures: strategies and
approaches for biomass improvement and metabolite
accumulation. Plant Cell, Tissue and Organ Culture
(PCTOC) 118, 1-16.

Mustafa NR, Verpoorte R. 2007. Phenolic compounds in
Catharanthus roseus. Phytochemistry Reviews 6, 243-258.

Ochatt S, Alan A, Bhattacharya A, Hano C, Kiselev K,
Marconi P, Otoni W, Park S, Tang K, Weathers P. 2022.
Secondary metabolites: a boon from plants, the best
chemist in nature: preface from the editors. Plant Cell,
Tissue and Organ Culture (PCTOC) 1-6.

Olatunji D, Geelen D, Verstraeten 1. 2017. Control of
endogenous auxin levels in plant root development.
International Journal of Molecular Sciences 18, 2587.

Overvoorde P, Fukaki H, Beeckman T. 2010. Auxin control
of root development. Cold Spring Harbor Perspectives in
Biology 2,a001537.

Oyaizu M. 1986. Studies on products of browning reaction
antioxidative activities of products of browning reaction
prepared from glucosamine. The Japanese Journal of
Nutrition and Dietetics 44, 307-315.

Pandey-Rai S, Mallavarapu GR, Naqvi A, Yadav A, Rai SK,
Srivastava S, Singh D, Mishra R, Kumar S. 2006. Volatile
components of leaves and flowers of periwinkle
Catharanthus roseus (L.) G. Don from New Delhi. Flavour
and Fragrance Journal 21, 427-430.

Parsaeimehr A, Sargsyan E, Javidnia K. 2010. A comparative
study of the antibacterial, antifungal and antioxidant
activity and total content of phenolic compounds of cell
cultures and wild plants of three endemic species of
Ephedra. Molecules 15, 1668-1678.

Pereira DM, Ferreres F, Oliveira ], Valentdo P, Andrade PB,
Sottomayor M. 2009. Targeted metabolite analysis of
Catharanthus roseus and its biological potential. Food and
Chemical Toxicology 47, 1349-1354.

Prieto P, Pineda M, Aguilar M. 1999. Spectrophotometric
quantitation of antioxidant capacity through the formation
of a phosphomolybdenum complex: specific application to
the determination of vitamin E. Analytical Biochemistry
269, 337-341.

Purohit S, Joshi K, Rawat V, Bhatt ID, Nandi SK. 2020.
Efficient plant regeneration through callus in Zanthoxylum
armatum DC: an endangered medicinal plant of the Indian
Himalayan region. Plant Biosystems - an International
Journal Dealing with all Aspects of Plant Biology 154, 288-



Jafarpour et al.,

Int. ]. Hort. Sci. Technol. 2025 12 (3): 693-706

294.

Radic S. 2016. Influence of pH and plant growth regulators
on secondary metabolite production and antioxidant
activity of Stevia rebaudiana (Bert). Periodicum
Biologorum 118, 9-19.

Roberts J.A. 2012. Plant growth regulators. Springer
Science & Business Media.

Sandhya M, Deepti L, Bhakti D, Ravindra M, Pranay S, Gauri
A, Bansod I, Asmit H. 2016. Effect of growth regulator
combination on in-vitro regeneration of Catharanthus
roseus. International Journal of Life Science 6, 1-4.

Sarami R, Omidi H, Bostani A. 2017. The effect of auxin and
cytokinin on some morpho-physiological and germination
characteristics of Stevia (Stevia rebaudiana Bertoni) seeds.
Iranian Journal of Seed Research 3.

Schaller GE, Bishopp A, Kieber JJ. 2015. The yin-yang of
hormones: cytokinin and auxin interactions in plant
development. Plant Cell 27, 44-63.

Singleton VL, Rossi JA. 1965. Colorimetry of total phenolics
with phosphomolybdic-phosphotungstic acid reagents.
American Journal of Enology and Viticulture 16, 144-158.

Smetanska 1. 2008. Production of secondary metabolites
using plant cell cultures. Food Biotechnology, 187-228.

705

Sun CH, Yu]JQ, Hu DG. 2017. Nitrate: a crucial signal during
lateral roots development. Frontiers in Plant Science 8,
485.

Van Wees SC, De Swart EA, Van Pelt JA, Van Loon LC,
Pieterse CM. 2000. Enhancement of induced disease
resistance by simultaneous activation of salicylate-and
jasmonate-dependent defense pathways in Arabidopsis
thaliana. Proceedings of the National Academy of Sciences
97,8711-8716.

Woeste KE, Vogel JP, Kieber ]]J. 1999. Factors regulating
ethylene biosynthesis in etiolated Arabidopsis thaliana
seedlings. Physiologia Plantarum 105, 478-484.

Yamamura ], Masuda N, Yamamoto D, Tsuyuki S, Yamaguchi
M, Tanaka S, Tsurutani ], Tokunaga S, Yoshidome K,
Mizutani M, Aono T, Ooe A, Tanino H, Matsunami N,
Yasojima H, Nakayama T, Nishida Y. 2017. Gemcitabine and
vinorelbine combination chemotherapy in taxane-
pretreated patients with metastatic breast cancer: a phase
II study of the Kinki Multidisciplinary Breast Oncology
Group (KMBOG) 1015. Chemotherapy 62 (5), 307-313.

Yong JW, Ge L, Ng YE Tan SN. 2009. The chemical
composition and biological properties of coconut (Cocos
nuciferaL.) water. Molecules 14, 5144-5164.



