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Abstract

Catharanthus roseus is a medicinal plant that is of great importance due to its abundant production
of the alkaloids vincristine and vinblastine and their use in the production of anticancer drugs.
Given the high price of these compounds and their small amounts in this plant, efforts to increase
the production of these compounds have led to extensive research on this plant. The aim of the
present study is to investigate and test various factors affecting callus formation in Catharanthus
roseus, such as plant hormones (2.4-D (0.5, 1, 1.5 mg/L), NAA (0.5, 1, 3 mg/L), and BAP (0.5, 1, 3
mg/L)), ascorbic acid (50, 100, and 150 mg/L), melatonin, and yeast extract (50, 100, and 150
mg/L), as well as to investigate the best method for disinfecting Catharanthus roseus seeds. The
results of the study showed that for disinfection of Parvansh seeds, the best method with the highest
percentage of survival and the lowest percentage of fungal and bacterial contamination is related to
the anti-infection of sodium hypochlorite at 2.5%. Also, the appropriate culture medium for callus
growth is MS culture medium containing 1 mg/L NAA and 1 mg/L BAP. Also, in the ascorbic acid
treatment, the highest fresh weight of callus was observed in the 150 mg/L ascorbic acid treatment
(0.0872), which had the least color change (browning). Also, the results of examining the
morphological characteristics of calluses treated with melatonin and yeast extract showed that the
highest percentage of callus formation and the highest fresh weight of callus were related to yeast
extract at a concentration of 150 mg/L.
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Introduction

Medicinal plants have played a vital role in human life since ancient times, and today, about 80% of the
medicines we consume have plant roots. Catharanthus roseus, native to Madagascar and tropical regions, is
one of these natural treasures that has attracted attention due to its valuable medicinal compounds, especially
anticancer alkaloids such as vinblastine and vincristine. For the sustainable production of these compounds,
modern cultivation methods such as in vitro culture (tissue culture) are used. In this method, different parts
of the plant, such as callus, hairy roots, stem, and leaves, can be used to produce seedlings and control the
amount of alkaloids. Plant hormones, especially auxin and cytokinin, play a key role in growth and
development, as well as the process of callus formation. Research has shown that the appropriate
composition and concentration of these hormones can significantly affect the dry weight of callus and the
production of alkaloids; For example, the combination of BAP and NAA has yielded positive results. In
addition to hormones, substances such as ascorbic acid (vitamin C), yeast extract, and melatonin also help
improve callus formation and plant resistance. Ascorbic acid, as a potent antioxidant, plays a role in cell
division and growth, and yeast extract increases metabolic activity by providing nutrients and natural
hormones. Melatonin, with its antioxidant properties, also reduces oxidative stress and stimulates cell
division. The primary objective of this research is to identify the most effective method of seed disinfection
and to examine the impact of varying concentrations of plant hormones, ascorbic acid, melatonin, and yeast
extract on the callus formation process in the Parvanesh plant, aiming to optimize the production of valuable
medicinal compounds.

Materials and Methods

In this study, Parvansh seeds were obtained from Pakan Seed Company, Isfahan. Seed disinfection and initial
cultivation: For seed disinfection, 70% alcohol and three different concentrations of sodium hypochlorite
(1.5%, 2.5%, and 5%) were used. After washing and drying, the seeds were cultivated in MS culture medium
(without hormones) and first in the dark (temperature 24 + 2 °C) and then in controlled light conditions (16
hours of light, 8 hours of darkness) for germination. Investigation of hormones for callus formation: When
the seedlings reached the 8-leaf stage, the leaves were cut into small pieces (0.5 to 1 cm) and placed as
explants on MS culture medium containing different combinations of plant hormones 2.4-D, NAA, and BAP.
After 4 weeks, the percentage and fresh weight of calluses were measured. Effect of ascorbic acid: After
determining the best hormone combination (NAA 1 mg/L + BAP 1 mg/L), different concentrations of
ascorbic acid (50, 100, and 150 mg/L) were added to this culture medium (using a syringe filter for
sterilization). Then, leaf explants were cultured on these media, and the percentage and fresh weight of
calluses were evaluated. Effect of melatonin and yeast extract: In the next step, melatonin and yeast extract
were also added in three similar concentrations (50, 100, and 150 mg/L) to the culture medium containing
NAA and BAP hormones (this time before autoclaving). Callus growth was examined after 20 days.
Statistical analysis: All experiments were performed in a completely randomized design with three
replications, and data were analyzed using SPSS software and Duncan's test. Graphs were also drawn using
Excel.

Results and Discussion

The results showed that the seed disinfection method plays a vital role in the success of cultivation. 2.5%
sodium hypochlorite gave the highest percentage of seed viability, indicating its high efficiency in
eliminating bacterial and fungal contamination while maintaining seed health. In contrast, 5% sodium
hypochlorite had the lowest viability, and the use of 70% alcohol and 1.5% sodium hypochlorite resulted in
the highest contamination. Different combinations of plant hormones were tested to stimulate callus
formation from leaf explants. The results showed that MS medium containing 1 mg/L NAA and 1 mg/L
BAP, as well as MS medium containing 1 mg/L 2,4-D and 0.5 mg/L BAP, produced the highest callus fresh
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weight. The highest callus formation percentage (95.23%) was also observed in the same hormonal
combination (1 mg/L NAA and 1 mg/L BAP), indicating the importance of hormonal balance in the callus
formation process. Adding ascorbic acid to the culture medium significantly improved callus formation and
callus quality. A concentration of 150 mg/L ascorbic acid not only resulted in the highest callus formation
percentage (86.19%) and callus fresh weight, but also significantly prevented callus browning. This indicates
that ascorbic acid plays an essential role in reducing oxidative stress and maintaining callus health. In
investigating the effect of yeast extract and melatonin, the results showed that yeast extract at different
concentrations, especially 150 mg/L, was able to produce 100% callus formation and the highest callus fresh
weight (0.633 g). In contrast, melatonin at a concentration of 150 mg/L resulted in the lowest callus
percentage and weight. This finding confirms the importance of yeast extract as a rich source of nutrients and
growth regulators in improving callus formation.

Conclusion

The best method of seed disinfection is the use of 2.5% sodium hypochlorite, which provides high viability
and low contamination. The optimal composition for callus production includes MS medium with 1 mg/L
NAA and 1 mg/L BAP. An ascorbic acid concentration of 150 mg/L has the highest percentage of callus
formation. Yeast extract at a concentration of 150 mg/L increases callus formation, but melatonin at higher
concentrations inhibits callus growth.
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Table 1 - Analysis of variance of the effect of different disinfection treatments on the percentage
of contamination and live leaf explants

Meansquares
Degree of _
Sources of change freedom Live exolant Bacterial Fungal
P contamination  contamination
disinfection treatments 2 1644.44™ 300™ 1011™
Error 6 188.8 66.66 122.22
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Figure 1- Effect of disinfection methods on the percentage of viable and non-infected explants, fungally contaminated and bacterially
contaminated in Provansh. First disinfection: disinfection with 70% ethanol and 1.5% sodium hypochlorite, second disinfection:
disinfection with 70% ethanol and 2.5% sodium hypochlorite, and third disinfection: disinfection with 70% ethanol and 5% sodium
hypochlorite. Different letters indicate significant differences at the 1% probability level. The average presented has at least 3
replicates.
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Figure 2- Seedlings from live, uncontaminated seeds treated with 2.5% sodium hypochlorite.
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Table 2- Analysis of variance of callus formation percentage and fresh weight of callus seedlings under the influence of different
hormonal compounds

Sources of change Degree of freedom Mean squares
Callus formation percentage Callus fresh
weigh
hormonal compounds 11 1650.652™ 0.351™
Error 24 102.046 0.0001
Coefficient of variation - 14.22 42
(percentage)

A Jh::-lcla.»z): Dls g™
**Significant at the 1% probability level
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Table 3- Average callus formation percentage and callus fresh weight in different hormone combinations. The average presented has
at least 3 replicates.

Plant hormones (mg/L) Callus formation

) SAP NAA percentage Callus fresh weight Callus tissue Callus color
- 0.5 0.5 76.1902> 0.07823% Soft Milky
- 1 0.5 80.950%* 0.09510° Soft Milky
- 0.5 1 85.173%® 0.04863°f Soft Milky
- 1 1 95.236% 0.86600° Soft Milky
- 3 3 90.4732 0.66530° Soft Milky
- - - 61.903% 0.03777 Soft Milky
1 15 - 9.523¢ 0.03810° Compact Brown

0.5 1 - 71.420 0.06520% Soft Milky
1 0.5 - 95.23% 0.86230° Soft Milky
1 1 - 57.14¢ 0.0442¢ Soft Milky

15 15 - 61.90% 0.470° Soft Milky

Sl oy ) Jlea| Ch"” 03 I3 s Mt aiasOlis Calisee (o9
Different letters indicate significant differences at the 1% probability level.
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Figure 5- 1) Callus formation containing treatment 1 including 0.5 mg/L NAA and 0.5 mg/L BAP 2) Treatment 2 including 0.5 mg/L
NAA and 1 mg/L BAP, 3) Treatment 3 including 1 mg/L NAA and 0.5 mg/L BAP, 4) Treatment 4 including 1 mg/L NAA and 1 mg/L
BAP, 5) Treatment 5 including 3 mg/L NAA and 3 mg/L BAP, 6) Treatment 6 MS culture medium without hormones, 7) Treatment 7
including 1.5 mg/L BAP and 1 mg/L 2.4-D, 8) Treatment 8 including 1 mg/L BAP and 0.5 mg/L 2.4-D, 9) Treatment 9 including 0.5

mg/L BAP and 1 mg/L 2.4-D
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Figure 6- Browned explants of control callus (left), healthy

explant of callus with a concentration of 150 mg/L of
ascorbic acid (right)
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Table 4 - Analysis of variance of callus formation at different
concentrations of ascorbic acid

Sources of change Degree of freedom Mean squares

ascorbic acid 3 0.0309™
Error 8 0.004

Coefficient of

variation (percentage) - 12.22

ARSI clz.»Js Sols gme ™

**Significant at the 1% probability level
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Ll LSS Y
Table 5- Average callus formation percentage and callus fresh

weight at different concentrations of ascorbic acid. The
average presented has at least 3 replicates.

Ascorbic acid Callus Callus Type of Callus

concentration formation fresh texture color
percentage weight

0 50.439¢ 0.0159¢ Soft brown

50 61.783¢ 0.0287¢ Soft brown

100 75.513° 0.0456° Soft Milky

150 86.190° 0.0872% Soft Milky

doys ) Jla| C}d—w 3,13 gme IOt siasOlis Calidee (o9 >
o\:ﬁﬂ"‘

Different letters indicate significant differences at the 1% probability
level.
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Figure 7- Callus formation in MS culture medium containing 1 mg/L NAA with 1 mg/L BAP, with treatment, concentration of 150
melatonin (a) and yeast (b) and control (c)
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Table 6- Analysis of variance of callus formation percentage and fresh weight of callus of Provence under the
influence of different concentrations of yeast extract and melatonin
Mean squares

Degree of Callus

Sources of change freedom Callus fresh weight formation

percentage

yeast extract and melatonin 6 0.133™ 2807.540™
Error 14 0.003 90.702
Coefficient of variation 59.08 37.73

(percentage)

\ Jlea| C"“‘ 03 Gul3 Sna e
**Significant at the 1% probability level
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Figure 8- Average callus formation percentage and callus weight under the influence of different concentrations of yeast extract and
melatonin. The average presented has at least 3 replicates.
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