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The potted calla lily (Zantedeschia spp.) is a popular ornamental plant in the
global flower market. The most important problem of calla lily in indirect organogenesis
is callus production, low durability and growth of callus due to the phenolic and
alkaloidal compounds present. For this purpose, an experiment was conducted to
investigate the effect of fipexide (FPX) compared with activated charcoal and ascorbic
acid in the culture medium to improve the quality of the callus of the potted calla
lily (Zantedeschia ‘Sun Club’). FPX is one of the chemical compounds used in the
pharmaceutical industry. Recently, for in vitro conditions FPX was used in the culture
media to improve the quality of different stages of plant growth. A factorial experiment
in the form of a completely randomized design including FPX at concentrations of 0, 15
and 30 pmol L, activated charcoal (0 and 1 g L) and ascorbic acid at concentrations
of 0 and 2 g L, including 12 treatments, 3 replications, 12 samples for each treatment
and in the collection with 192 callus samples were implemented. In this research,
callus diameter, callus fresh weight, callus growth index and healthy callus percentage
were evaluated. The results showed that, FPX treatment, especially at a concentration
of 15 umol L* with activated charcoal, had the greatest effect on the examined traits
such as callus diameter (15.98 mm), healthy callus percentage (90%) compared to the
control samples (with an average of 7.36 mm and 54 % respectively). Totally, FPX
can be used as an effective and alternative compound in the callus growth medium-to
increase quality and performance.
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INTRODUCTION

Callus is used as an important tool for some genetic studies, for example, mutation and
gene transfer (Efferth, 2018). Today, many plant researches have focused on callus production
under in vitro conditions, which is influenced by nutrients and plant growth regulators (Nalousi
et al., 2019; Yu et al., 2021; Chutipaijit and Sutjaritvorakul, 2018). However, the use of the
organogenesis method requires callus from many plants cultured in vitro, which can be associated
with browning of the explant and production of phenolic compounds (Corduk and Cuneyt Aki,
2011). Browning and possible death of plant tissues during the initial stages of plant tissue
culture remains one of the persistent problems (Gerema and Emiru, 2021). Browning occurs
through high activities of polyphenol oxidase, peroxidase, and other enzymes that are triggered
for their defense in response to wounding (Onuoha et al., 2011). When cells are wounded
during cutting, with temperature fluctuations and aging of the sample, the browning reaction
begins depending on the plant sample's nature. One of the key factors in callus production,
preservation, and use is maintaining color stability and callus quality (Pan and Staden, 1999;
Onay et al., 1996). Browning in tissue culture samples may be dependent on species, cultivar,
developmental stage, physiological condition, tissue type, explant size, and age (Mohd Din
et al., 2016; Ozyigit, 2009). This may decrease the propagation rate, regeneration rate, and
viability of plant samples (Parthasarathy et al., 2007).

One of the significant problems in producing callus from some plant species involves
the browning effect caused by exudation of phenolic compounds into the culture medium,
followed by the deterioration and poor quality of the sample (Karolina et al., 2024). This could
be part of the plant response due to factors such as plant variety, injury, or other factors like
physiological aging or fluctuation in environmental conditions (Dias et al., 2016).

In some plant species like calla lily, tissue culture callus samples are highly sensitive
and produce a significant amount of phenolic compounds (Nery et al., 2015; Kulpa, 2016;
Xuan et al., 2023). Over the past few years, the potted calla lily (Zantedeschia spp.) has been
one of the most popular tuberous flowers in demand throughout the world. It possesses many
cultivars and plenty of colors. It is grown and traded as one of the most popular ornamental
plants in several regions all over the world (Xuan et al., 2023).

To reduce browning, substances like activated charcoal, ascorbic acid, PVP
(polyvinylpyrrolidone) and others are used to absorb the released compounds or prevent quality
degradation of callus samples due to their antioxidant properties (Thomas, 2008). Activated
charcoal is a tasteless material with an excellent porous system and large internal surface areas
that eliminate all non-carbon impurities. This chemical is used for the absorption of phenolic
substances that could cause browning of the explants and the culture medium (Huang et al.,
2007). Other chemicals that might be used to maintain quality and prevent excessive phenolic
compounds secretion from the callus are antioxidants such as ascorbic acid (Giri et al., 2012).

Numerous reports have demonstrated the use of activated charcoal and ascorbic acid in
in vitro conditions to preserve the quality of plant samples against damage caused by phenolic
compounds produced by callus (Thomas, 2008; Chaabani et al., 2015; Fitriana et al., 2019;
Chutipaijit and Sutjaritvorakul, 2018). Fipexide is a phytochemical compound which has also
served use in the pharmaceutical industry in the treatment of patients who have been suffering
from dementia and Alzheimer disease (Missale et al., 1983). Recent studies have revealed that
this compound induces callus growth and maintains its quality. Nakano et al. (2018) reported
that FPX acts as a new bioactive compound in the formation and growth of callus in plants.
Similarly, Yoshiki et al. (2022) conducted a study on the ornamental plant Matthiola incana,
reporting that the use of FPX in the culture medium enhanced callus formation and quality.
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Given the high production rate of phenolic compounds in calla lily, which may influence
callus production and quality under in vitro conditions, this study aimed to investigate the
effects of FPX—a novel compound—on callus-related indicators and quality. Additionally, we
examined the role of ascorbic acid and activated charcoal in relation to the quantitative and
qualitative performance of callus in the ornamental potted calla lily (Zantedeschia ‘Sun Club’)
under controlled in vitro conditions.

MATERIALS AND METHODS

The experiment was conducted in the Plant Tissue Culture Laboratory, National
Ornamental Plant Research Institute of Iran, Mahallat city. Plant materials used in this study
were the ornamental pot calla lily (Zantedeschia spp. cv ‘Sun Club’). Freshly formed callus
masses, derived from tissue-cultured microtubers of the calla lily plant with a diameter of 6
mm and of similar size, were used for the experiment.

For the experiment, different treatments were applied as outlined in table 1 using the
MS medium (Murashige and Skoog, 1962). The treatments included different concentrations
of activated charcoal (A0 and 1 g L), ascorbic acid (0 and 2 g L?) and fipexide (0, 15, and 30
uM L* immediately after inoculation, the treated callus samples were transferred to a growth
chamber with 16 hours of light (60 pumol m? s?) provided by white fluorescent lamps at a
temperature of 23 £+ 2°C for 14 days.

Table 1. Different concentrations of fipexide, ascorbic and activated charcoal on the callus parameters
of calla lily (Zantedeschia “Sun Club’).

Treatments code Activated charcoal (g/L)* Ascorbic acid (g/L) Fipexide (umol/L)
T, - - -
T, - - 15
T, - - 30
T, - 2 -
T, - 2 15
T, - 2 30
T, 1 - -
T, 1 - 15
T, 1 - 30
T, 1 2 -
T, 1 2 15
T, 1 2 30

*1 mol activated charcoal (AC)=12.01 g, 1 mol ascorbic acid (AA)=176.124 g, 1 mol fipexide (F)=388.85 g

In this experiment, the measured traits included callus diameter, fresh callus weight,
callus growth index, callus survival percentage, and callus regeneration percentage. Callus
diameter was measured using a digital caliper, fresh callus weight using a digital scale, and
the callus growth index and healthy callus percentage were calculated using the following
formulas.

. . . Callus diameter ar the beginning of the experiment- The final diameter of the callus
Farmula [1]: Cell growth index 1 x l{m
Callus diameter at the beginning of the experiment
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Number of healthy calli

Formula (2): Percentage of healthy callus= The number of calluses at the begining of the expripent

100

This study was conducted as a factorial experiment based on a completely randomized
design with a total of 12 treatments, each with 3 replications and 12 samples per replication.
Statistical analysis of the data was performed using SAS 9.4 software, and the mean comparisons
were done using Duncan’s multiple range test. The charts were drawn using Excel software.

RESULTS

The effects of different treatments on the measured traits were evaluated after 14 days.
Based on the results, it appears that among the three examined factors, the treatments containing
FPX were the most effective on the measured indices.

Callus diameter

According to the results presented in Fig. 1 and 6, the treatment with 15 uM L* FPX
combined with 1 gL* activated charcoal (AC,.AA .F)) had the greatest effect on callus size,
with an average diameter of 15.98 mm, compared to the other treatments. However, no
significant difference was observed between the AC..AA F, and the AC .AA .F, treatment
(15 uM LT FPX + 1 g L* activated charcoal), which shared the same average diameter of 15.98
mm. Furthermore, the application of 2 g L™ ascorbic acid alone (AC,.AA .F,) gave a higher
value in terms of callus diameter, with an average of 9.86 mm, compared to the application
of 1 g L* activated charcoal (AC .AA F ), which gave a mean of 6.87 mm in the culture
medium. However, in combination with FPX, the factor of activated charcoal (AC .AA .F =
15.98 and 15.68= AC .AA_.F,) had a higher effect on this trait compared to ascorbic acid
(11.75= AC,.AA_F and 11.73= AC,AA F,). Also, in those two levels (15 and 30 uM L")
of application of FPX alone in the culture medium (AC,.AA_F, and AC .AA_F,), it is more
effective on callus diameter compared to 2 g L™ ascorbic acid (AC,.AA .F ) or 1 g L™ activated
charcoal (AC,.AA F) alone (11.75= AC .AA_F, and 11.53= AC .AA .F,). Moreover, the use
of all three factors in the culture medium, at both levels of FPX (12.86= AC .AA_F, and
13.12= AC,.AA F)), had a greater effect compared to the use of ascorbic acid with different
levels of FPX (AC,.AA F, and AC .AA _F,)), but less effect compared to the use of 1 g L™
activated charcoal with both levels (15 and 30 uM L!) of FPX (AC,.AA_F and AC .AA F)).

Callus diameter (mm)
Ed

[ACAAFs [ ACAAF: | ACAAF: | ACAATs | ACAAAF: | ACsAAFS | ACIANKs | ACAASF) [ACAAF [AC AR Fa] ACAAF: | ACALF:
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Fig. 1. The effect of different treatments of fipexide, ascorbic acid and actived charcoal on the callus
diameter of calla lily (Zantedeschia ‘Sun Club’).
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Callus weight

Based ontheresult, the treatment with 15 Mm L*FPX in combination with 1 g L™ activated
charcoal was the highest effect for callus weight with an average of 284 mg as compared with
other treatments. Similar to callus diameter, FPX treatments at both concentrations combined
with 1 g L* activated charcoal (AC .AA F = 284 mg and AC,.AA .F,= 276 mg) had a more
significant effect than when used with 2 g L™ ascorbic acid (AC,.AA .F = 223 mg and AC,,.
AA F,=219 mg) in the culture medium. Even when all three factors were used in the culture
medium (AC .AA F =284 mgand AC,.AA .F,= 276 mg), this resulted in higher callus weight
(Fig. 2).
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Fig. 2. The effect of different treatments of fipexide, ascorbic acid and actived charcoal on the callus
weight of calla lily (Zantedeschia ‘Sun Club’).

Callus growth index

The term cell growth index has been used to determine the magnitude of callus growth
from the initiation of the culture up to the end of the experiment. Based on the analyzed results,
it appears that the AC,.AA .F, treatment had a strong correlation with the evaluated traits, as
all traits showed significant relationships with each other. According to the results in Fig. 3
and 6, treatments that included FPX (15 and 30 uM L) showed a notable performance for
this trait compared to other treatments. Treatments AC..AA .F, and AC,.AA .F, demonstrated
significant increases in the growth index, with averages of 136 and 130, respectively, compared
to the control treatment (AC,.AA F = 19).

Percentage of healthy callus

Maintaining health without the necrosis of callus is among the main factors for callus
quality. This factor has a direct impact on the division and multiplication of callus and sample
regeneration, enhancing the chances of success in callus production and propagation projects,
whatever the aim may be. The treatment with 15 uM L* FPX along with 1 gL* activated
charcoal (AC,.AA F,=90%) had the most significant effect on the health and quality of the
callus. The most interesting finding within this experiment was the significant increase in callus
quality while using various FPX concentrations (15 and 30 uM L) in comparison with the
control treatment (54%). According to the obtained results, it can be assumed that FPX not only
reduced necrosis and increased the lifespan of callus but also had the higher effect on callus
growth and size (Fig. 4 and 5).
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Fig. 3. The effect of different treatments of fipexide, ascorbic acid and actived charcoal on the callus
growth index of calla lily (Zantedeschia spp. cv ‘Sun Club’).
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Fig. 4. The effect of different treatments of fipexide, ascorbic acid and actived charcoal on the percentage
of healthy callus of calla lily (Zantedeschia ‘Sun Club’).

Fig. 5. (1). Callus size increase in C A F, treatment containing FPX (15 Mm L) and activated charcoal
(2 g L'Y) compared to the control. (2): Appearance of health and severity of necrosis of calluses, with
C,A F, treatment compared to control.
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DISCUSSION

Based on previous research, there are numerous reports on the application of compounds
like activated charcoal and ascorbic acid on the quality and growth of callus. As the results
showed, ascorbic acid and activated charcoal treatments decreased browning and improved the
quality of callus to some extent compared with the control; however, this difference was not
significant. Due to its antioxidant properties, ascorbic acid can significantly reduce substances
that negatively affect callus quality and the culture medium. Supplementation of ascorbic acid
into the culture medium was reported by Amente and Chimdessa (2021) to reduce browning of
callus quickly and improve their coloration. However, this activity is ceased after some time
because of the loss of antioxidant activity of ascorbic acid (Huang et al., 2007). ElImore et al.
(1990) did identify ascorbic acid as one of the antioxidant chemicals responsible for inhibiting
the browning of plant tissues in tissue culture. Using activated charcoal in the culture medium
increased callus growth and quality compared to the control, although its effects were less
pronounced compared to ascorbic acid across all traits.

A striking observation of the results showed that the use of activated charcoal in
combination with ascorbic acid in the culture medium proved more effective than the use
of ascorbic acid alone. In addition, the treatment consisting of the interaction of activated
charcoal with FPX proved more effective with regard to the characteristics evaluated in callus.
Activated charcoal has a positive effect on growth as a result of its being able to adsorb phenolic
compounds present in the culture medium (Chutipaijit and Sutjaritvorakul, 2018).

In a study conducted on date palm callus under tissue culture conditions, it was found
that the application of activated charcoal in the culture medium, by reducing callus browning,
created favorable conditions for the growth and survival of callus, and when combined with
other growth-promoting substances, it had better performance on callus growth and quality
(Fitriana et al., 2019). Activated charcoal exerts an indirect stimulatory effect by providing a
better cultural condition, thus enhancing the bioactivity of other active agents in the medium
(Chutipaijit and Sutjaritvorakul, 2018). However, it should be noted that in high concentrations,
activated charcoal can absorb not only phenolic compounds but also other active substances in
the culture medium, which may render them unavailable to the plant samples. Therefore, using
the minimum effective amount of activated charcoal in the medium, along with other growth-
promoting supplements, can help achieve the highest callus quality (Sakularat et al., 2015).

Moreover, using these compounds in high concentrations may have the opposite
effect and exacerbate callus browning. Thus, selecting the optimal minimum concentration of
compounds in the culture medium is crucial to achieving maximum quality (Thomas, 2008).
A study showed that the combination of activated charcoal with ascorbic acid in the culture
medium had a higher effect in inhibiting phenolic compounds in the culture medium and
promoting the growth of plant samples compared to using each of these compounds alone
(Nisyawati and Kariyana, 2013; Priyanka and Alok, 2015).

In the present work, FPX has been used as an additive for both enhancement of growth
and improvement in quality of callus. Nakano et al. (2018) stated that FPX is an effective
compound that enhances the intake of active agents in plants, thus enhancing callus induction
and proliferation during tissue culture. Additionally, the researchers noted that the physiological,
biochemical, morphological, and even gene expression mechanisms of plant samples in callus
production with FPX differ significantly from those of plant hormones, and further studies
are needed to investigate its effects on plants. Our research showed that FPX is effective in
enhancing callus growth and quality of calla lily in vitro, acting as an effective elicitor for
induction and development. Identification of FPX as an inducing molecule can add significant
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understanding and also open ways for further studies related to plant science. Yoshiki et al.
(2022) introduced FPX as a compound effective in callus growth, induction, and quality, which
leads to faster callus formation and growth compared to plant hormones. It was reported by
the researchers that applying FPX at a concentration of 15 pmol L* showed higher efficacy
in callus growth for plants such as soybeans, tomatoes, and Matthiola incana. Furthermore,
the authors indicated that higher concentrations of FPX would inhibit or reduce growth and
quality-related parameters, and the degree of effect depended on plant species (Nakano et al.,
2018; Yoshiki et al., 2022).

CONCLUSION

In this study investigated the effects of FPX—a novel compound—on callus-related
indicators and quality. Additionally, we examined the role of ascorbic acid and activated
charcoal in relation to the quantitative and qualitative performance of callus in the ornamental
potted calla lily (Zantedeschia ‘Sun Club’) under controlled in vitro conditions. In summary,
combining FPX with substances such as activated charcoal, which aids in absorbing phenolic
compounds in the growth medium, can be helpful in managing problems with callus growth
and browning in calla lily. The reduced effectiveness of the mixture with activated charcoal,
ascorbic acid, and FPX might be because of the higher levels of these substances in the mixture,
could have a lesser effect. Moreover, carrying out additional studies on this substance in plant
research and determining the best concentration to enhance its effectiveness in the growth
medium for different plant growth phases like callogenesis, regeneration, rooting, and gene
transformation based on the specific challenges of the plant in tissue culture procedures could be
beneficial for addressing hurdles in all in vitro culture related investigations. Our findings pave
the way for significant advancements in the improvement of calla lily through the application
of in vitro mutagenesis, genetic engineering, and genome editing techniques. By harnessing
these innovative methodologies, we anticipate the development of more robust and diverse
cultivars that are better suited to both commercial cultivation and ornamental use.
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