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Abstract

The plant tissue culture technique has enabled us to study the tolerance of cells, tissues, and plant organs and cultures to different
stresses that plants suffer from. The in vitro culture facilitates the ability to stimulate the production of secondary metabolites. The
present study investigated the influence of paclobutrazol (PBZ) pre-treatment on the growth, physiological, morphological, biochemical
traits, and phenolic compounds production in callus cultures of Plantago major L. in a medium containing different concentrations of
cadmium. The callus was cultured in a Murashige and Skoog (MS) medium with different concentrations of cadmium (0, 50, 100, 150,
and 200 uM), with a PBZ concentration of 0 and 2 mg I'". A factorial experiment based on a completely randomized design (CRD) was
performed in triplicate. The results of the growth of the callus culture were obtained after 28 days. The increasing concentrations of
cadmium were found to have a negative effect on some traits such as fresh weight (FW), dry weight (DW), browning intensity (Bl),
tolerance index (TI), electrolyte leakage (EL), and membrane stability index (MSI). The PBZ treatment reduced the effects of cadmium
levels through the decrease in malondialdehyde (MDA), and hydrogen peroxide (H,0,). This was caused by a significant increase in
superoxide dismutase (SOD) and ascorbate peroxidase (APX). Also, there was an increase in total phenol and flavonoids content in the
callus grown on the tissue cultures supporting 200 UM cadmium compared to the other levels. The PBZ pre-treatment was a significant
reducing factor to produce total phenolic and flavonoids content in P. major L. callus culture under the cadmium levels.
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Abbreviations: ROS_reactive oxygen species; H202_hydrogen peroxide; OH_hydroxyl; 102_singlet oxygen; 02-_superoxide;
SOD_superoxide  dismutase; POD_peroxidase;  GR_glutathione  reductase; Apx_ascorbate peroxidase;  CAT_catalase;
MDAR_monodehydroascorbate reductase; DHAR_dehydroascorbate reductase; MDA_malondialdehyde; PBZ_paclobutrazol; ABA_
abscisic acid; MS_murashige and skoog; 2,4-D_2,4-dichlorophenoxyacetic acid; Kin._ Kinetin; FW_fresh weight; DW_dry weight;
Tl_tolerance index; EL_electrolyte leakage; MSI_membrane stability index; TCA_tri-chloroacetic acid; TBA_thiobarbituric acid;
PVP_polyvinylpyrrolidone; NBT_ nitroblue-tetrazolium; AA_ascorbic acid.

Introduction

Plantago major L. belongs to the family of Plantaginaceae. It is the cell, which enhances the production of ROS, such as
one of the most important medicinal herbs and it has several H202, -OH, 10,, and 02-. The ROS reacts with DNA, proteins,
natural compounds such as polysaccharides, organic acids, and lipids leading to DNA damage, protein denaturation, and
lipids, Alkaloids, terpenoids, caffeic acid, flavonoids, and iridoid lipid peroxidation (Torres-Franklin et al., 2008). Plants have
glycosides (Samuelsen, 2000). Phytochemicals have been developed their defensive systems (i.e. enzymatic and non-
derived from this plant, and it has several therapeutic enzymatic) to reduce the harmful effects of ROS. Enzymatic
properties including being an antioxidant, antiulcerogenic, systems include scavenges from O,_ to H,0, depending on the
analgesic, anti-inflammatory, immunomodulatory, antibiotic, SOD, POD, GR, APX, and CAT. On the other hand, POD, CAT,
wound healing activity (Samuelsen, 2000), anti-ulcerogenic APX, GR, MDAR, and DHAR decompose H,0, to H,0 at several
activity (Abud et al.,, 2012), antiviral (Chiang et al., 2002), cellular sites (Noctor and Foyer, 1998). The equipoise between
antidiarrheal (Atta and Mouneir, 2005) anticancer (Galvez et antioxidant enzymes activities and ROS production defines if
al., 2003), and hepatoprotective (Turel et al., 2009). there will be oxidizing or harm signals or not.

Heavy metal stress represents an abiotic stress. It is well- Cadmium is a non-essential element of plant growth. It is a
known that they have high solubility in water and high toxicity. non-redox metal that is strongly toxic and causes growth
Heavy metals stress causes metabolic pathway modifications in inhibition to plants. Therefore, it causes several harmful effects
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to plant tissues such as reducing biomass, increasing oxidative
stress, disruption of biological processes, and causing plant
death. One of the mechanisms of the influence of cadmium on
the biomass of the plant cell is to disrupt its absorption activity
of essential nutrients via its role in replacing ions in the active
sites of some enzymes (Jasinski et al., 2008). Cadmium
treatments were effective in Brassica juncea callus, which has
led to an increase in the tissue content of proline and MDA.
This caused an increase in the activity of antioxidant enzymatic
system including SOD, APX, and CAT (Shekhawat et al., 2010).
PBZ is one of the plant growth regulators and it belongs to the
triazole family. It can inhibit the growth of plant cells based on
its role in inhibiting the synthesis of gibberellin, reducing
ethylene production, and enhancing the production of ABA
and cytokinin contents (Kamountsis et al.,, 1999). Those
changes in the levels of phytohormones has caused several
modifications in the physiological and biochemical properties
that affect the event responses to the tolerance of abiotic
stress (Soumya et al., 2017). PBZ reduces the absorption of Cu
and accumulation in Panicum maximum under exaggerated Cu
stress (Huo et al., 2012). PBZ molecules can probably be used
to elicit reactions by specific enzymes in the biosynthesis of
secondary metabolite compounds in tissue cultures.

To date, there has been no study dealing with the metabolic
modification in the biochemical responses, and secondary
metabolites changes of P. major callus cultures under heavy
metals stress. Also, to the best of our knowledge, the effects of
the interaction between PBZ treatment and heavy metals
stress have not been investigated on the callus culture, derived
from P. major. This study aimed to test pre-treatment of PBZ
to enhance cadmium tolerance of P. major L. callus cultures,
and to investigate the growth, morphological, physiological
traits, and phenolic compounds produced in the cultures for
the first time.

Results and discussion
Growth, morphological, and physiological traits

Growth, morphological and physiological changes in the callus
cultures of P. major L. in a medium containing different levels
of cadmium, before and pre-treatment by PBZ, are shown in
(Figures 1 and 2). FW, DW, and MSI were reduced significantly
with increasing cadmium levels. The lowest values were
observed for these traits in callus tissue on a media with a 200
UM cadmium level. On the other hand, traits such as BI, Tl, and
EL were increased significantly with the continuous increase of
cadmium levels. Therefore, the highest BI, TI, and EL
percentages were observed at 200 uM cadmium and PBZ pre-
treatment (Figures 1 and 2). The cadmium in the culture media
had an immediate influence on callus resulting to lower tissue
biomass and physiological attributes. Rising the levels of
cadmium in the media decreased callus membrane
permeability and led to a negative impact on the water
balance (Sharma and Pant, 2018). Subsequently, this caused an
influence on the stability of the membrane and increased EL in
tissue cultures (Belkhadi et al.,, 2010). This caused cell
degradation (i.e. a negative influence on the cells) and led to
reducing the tissue callus growth. There was a reduction in FW
and DW under cadmium induced heavy metals stress, which
was also shown in Brassica juncea callus (Shekhawat et al.,
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2010), callus cultures of Gossypium hirsutum L. (Daud et al.,
2014), and biomass in Brassica rapa (Navarro-Leon et al., 2019).
However, increase in PBZ concentration removed the negative
effect of cadmium levels on growth, morphological, and
physiological traits. The results showed that treatment of PBZ
without cadmium stress promoted FW, DW, BI, HI, EL and MSI
traits, compared to the control treatment of both PBZ and
cadmium. PBZ acted as a stress safeguard by influencing the
levels of the endogenous hormone, and cellular membrane
stability, subsequently enhanced the growth traits of biomass
(Huo et al., 2012; Soumya et al., 2017).

Biochemical traits

The effect of environmental stresses on the severity of
oxidative stress and the degree of cellular membranes
degradation was determined depending on H,0, and MDA
assays. In this research, the content of H,0, and MDA in the
callus were increased significantly (p < 0.05) with the
continuous increase in cadmium levels. The highest content of
H,0, and MDA were shown at the level of 200 uM cadmium by
11.07 and 744.7 pmol g_1 of FW. The PBZ pretreatment
resulted in a lower content of H,0, and MDA by all levels of
cadmium. The levels of H,0, and MDA content were not
significant in the PBZ pretreated callus tissues in the cadmium-
free media. In the absence of PBZ and cadmium, the levels of
H,0, and MDA were 4.90 and 4.83 umol.g'1 FW and 243.3 and
220.7 umol.g-1 FW, respectively.

Elicitors and several stresses, including heavy metal stress,
caused an increase in the level of free radicals and ROS
creating oxidative stress, which caused damage to the cell's
membrane. The quantity of this damage depended on the
severity of oxidative stress and ROS such as H,0, (Mohamed et
al., 2012).

In this study, cultures treated with heavy metals stress under
cadmium levels caused H,0, accumulation, which resulted in
higher MDA content and degradation of the cell membrane
(Figure 3 A and B).

These results showed the possibility of PBZ concentrations, as
it was effective in reducing the content of callus cultures from
free radicals by reducing H,0, and MDA. This was consistent
with the results of the study on physiological traits (Figure 3),
indicating the possibility of using PBZ in protecting cell
membranes from oxidative stress. Also, similar findings were
observed by (Upadhyaya et al., 1985; Manivannan et al., 2008;
Hajihashemi and Ehsanpour, 2014; Xiu et al., 2018; Waqas et
al., 2018).

There are many mechanisms for plant cells to tolerate abiotic
stresses, including the prevention of oxidative damage that
causes an increase in the antioxidant activity (Ahmad et al.
2008; Gill and Tuteja 2010; Karuppanapandian et al., 2011).
The antioxidant enzymes activity of P. major L. callus cultures
pretreated by PBZ and cadmium levels is shown in Figure 4.
The SOD activity increased by multiplying the content of
cadmium levels in the media of cultures. It was significantly (p
< 0.05) higher (60.03 u.mg'1 protein) in cadmium concentration
of 200 uM. PBZ concentrations enhanced SOD activity. There
was a significant (p < 0.05) effect in the SOD activity of callus
grown with 100, 150, and 200 uM cadmium, reaching 47.00,
60.03, and 56.06 u.mg'1 protein, respectively.



Fig 1. Changes of P. major L. tissue callus on media containing cadmium levels (A) 0, 50, 100, 150, and 200 uM, respectively. (B) The

same levels after PBZ treated by 2.0 mg/I concentration.

Fig 2. (A) FW, (B) DW, (C) BI, (D) TI, (E) EL, (F) MSI, exposed to different levels of cadmium and PBZ pretreatment in callus culture of P.

major L. for 28 days.
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Fig 3. (A) H,0, content, (B) MDA content, exposed to different levels of cadmium and PBZ pretreatment in callus culture of P. major L.
for 28 days.
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Fig 4. (A) SOD activity, (B) APX activity, exposed to different levels of cadmium and PBZ pretreatment in callus culture of Plantago major
L. for 28 days.
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Fig 5. (A) total phenol, (B) flavonoid content, exposed to different levels of cadmium and PBZ pretreatment in callus culture of P. major
L. for 28 days.
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Then non-treated and pretreated culture by 25 uM PBZ
concentrations showed non-significant difference (Figure 4A)
APX activity was promoted by higher cadmium levels, with a
significant (p < 0.05) difference when it was observed with the
continuous increase in cadmium levels. The highest value
recorded was 200 uM reaching 378.00 u.mg-1 protein. The
pre-treatment with PBZ was significantly (p < 0.05) different in
APX activity in cadmium levels samples compared to the non-
treated samples. We found a significant (p < 0.05) difference
between PBZ pre-treated callus cultured with 150 or 200 uM
cadmium, they had 393.33 and 457.00 u.mg-1 protein,
respectively (Figure 4B).

The activities of SOD and APX were increased by raising the
cadmium level to 200 uM, as shown in Figure 4, and was
significantly promoted by PBZ at various cadmium
concentrations. SOD and APX activities pre-treated by PBZ
callus and enhanced by 150 pM cadmium were 77.45% and
174% higher, respectively, compared to the sample containing
PBZ without cadmium. The enzymatic antioxidants are an
important mechanism for eliminating the risk of free radicals
and their negative effects on plant cells. Antioxidant enzymes
are important in protecting the plant from the impact of
various environmental stresses, and their activity depends on
the plant type, type of stress and the duration of stress. SOD is
the most important enzyme used to remove free radicals in
plant cells, so it leads to a vital role in cell defense mechanisms
against the risk of hydroxyl radical (OH). It was formed by
converting the radical superoxide (02-) to H202 in chloroplasts,
cytosol, and mitochondria (Alscher et al.,, 2002; Souri et al.,
2017). The activity of antioxidant enzymes depends on stress
severity. Antioxidant enzymes can avoid the risk of lower or
moderate levels of metals stress. Free radicals increase their
production in the cell under high-stress conditions, making it
difficult to remove at the same speed, which leads to cell
degradation by destroying antioxidant enzymes and proteins.
The reduction of SOD activity observed at 200 UM cadmium
may be consequent to the impaired resistance of P. major L.
callus culture with increasing levels from the stress of the
oxidative. The increased activity of APX under 200uM of
cadmium concentration was recompensed by the lower
activity of the SOD enzyme. The SOD and APX activities were
similar to the results of previous researchers under conditions
of environmental stress (Upadhyaya et al., 1985; Manivannan
et al., 2008; Hajihashemi and Ehsanpour, 2014; Xiu et al., 2018;
Wagqas et al.,, 2018). Furthermore, a similar article indicated
the role of PBZ concentrations in increasing the activity SOD in
Vigna unguiculata under salt stress (Manivannan et al., 2008)
and APX in Stevia rebaudiana under drought stress
(Hajihashemi and Ehsanpor, 2014).

Phenolic compounds

The total phenolic and flavonoid content in P. major L. callus
was increased notably with the metals stress stimulated by a
higher cadmium levels in the culture media (Figure 5). The
levels of total phenol and flavonoid content were increased
with the higher levels of cadmium treatment, when treated by
200 puM of cadmium. Both groups showed increased of 99.51%
and 96.39%, respectively, compared to the control sample.
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The pre-treatment by PBZ affected the content in callus
cultures from total phenols and flavonoids. This caused a
significant decrease in several products from those secondary
compounds, compared to the results of cadmium induction
coefficients. The pre-treatment with PBZ improved the content
of callus cultures from flavonoids, compared to the control
treatment by cadmium only (Figure 5 B).

The process of stimulating the pathways for the synthesis of
secondary compounds such as phenolic compounds is among
the important defense systems to reduce the risk effects of
oxidative stress (Oh et al., 2009; Sarmadi et al., 2018).

The levels of cadmium stress strongly influenced on the
production of phenolic compounds. We found a similar result
in several articles (Marquez-Garcia et al., 2012; Ibrahim et al.,
2017; Colak et al., 2019).

PBZ pre-treatment systematically increased the activity of
antioxidant enzymes, including SOD and APX. This caused a
reduction in levels of phenol production. The PBZ contributed
to the grabbing of free radicals and reduced the impact of
oxidative stress. Our results were consistent with Hajihashemi
and Ehsanpour, (2014) and Lucho et al., (2018). Consequently,
the Bl of P. major L. callus was lower in the PBZ pre-treated
callus in cadmium-containing media. The increased tolerance
of tissue to cadmium led to the enhancement of traits of
growth (Figure 2).

Materials and methods
Seeds germination and callus induction

This experiment was carried out in plant tissue culture
laboratory, Center of Desert Studies, University of Anbar (33°
24" 11" N, 43° 15’ 43" E). The seeds of P. major L. were washed
with tap water for 30 minutes, sterilized with 2.0% sodium
hypochlorite for ten minutes to obtain sterile seedlings, and
then were rinsed with sterile water three times. The cotyledon
was used for explant to obtain the callus indication and, it was
cut into pieces of 1.0 cm in length, cultured on MS media
(Murashige and Skoog, 1962), supplemented with 2.0 mg/I 2,4-
D, 0.4 mg/I Kin, 30.0 g/l sucrose and 8.0 g/l agar. The cultures
were incubated in darkness at 25+1 °C for 28 days for callus
induction.

Callus culture initiation and treatment

P. major L. callus culture was obtained after several sub-
cultures on MS medium containing 3.0 mg/l 2,4-D, 1.0 mg/I
Kin., 30.0 g/l sucrose, and 8.0 g/l agar as a callus reproduction
medium, and incubated in darkness at 25+1 °C (Neamah, 2020).
The growing callus was cultured in two groups of experimental
treatments. The first group was treated by cadmium
concentrations (0, 50, 100, 150, and 200 uM). CdSO4.H20 was
used as a source. The second group was pre-treated with 2.0
mg/| of PBZ for 72 h. Thereafter, they were sub-cultured on the
media supplemented with the same cadmium levels. The callus
culture was analyzed after 28 days.

Growth and physiological traits of callus culture



The callus was pulled from tissue cultures, cleaned from the
remains of media and weighed to measure the FW. It was
dried in an oven at 40 2C for 72 h, and the DW was measured.
The browning intensity of the treated callus was determined
after 28 days of callus tissue growth by classifying it into five
main groups from lowest to highest. Callus Tl was determined
based on a previously provided description (Shekhawat et al.,
2010). The EL and MSI was determined as previously described
by Hnilickova et al., (2019) and Chandrasekar et al., (2000),
respectively.

H,0, Content

The spectrophotometric method was used to determine the
content of H,0, from callus samples according to Alexieva et
al., (2001). A 0.1% TCA was added to 500 mg of fresh callus.
The absorbance of the supernatant was determined at 390 nm.
Using the H,0, standard curve, the H,0, concentration was
calculated.

Lipid peroxidation assay

The assay was conducted to measure the amount of MDA
production based on the method provided by Heath and
Packer (1968). Three hundred milligrams of fresh callus was
symmetric in a 1% TCA solution. The MDA quantity was
measured by deducting the absorbance at 532 and 600 nm
using 155mM-1 cm-1as an extinction coefficient.

Determination of antioxidant enzyme activity

Antioxidant enzymes were extracted using 500 mg of fresh
callus which was symmetrized in a potassium phosphate buffer
(50 mM, pH 7), including EDTA (ImM) and 1% PVP. It was
determined using the supernatant factions according to the
method provided (Gapinska et al., 2008).

SOD activity was measured based on the method described by
Giannopolitis and Ries (1977). The absorption was recorded at
560 nm. The activity enzyme SOD was determined by
considering that one unit of it represents the amount of the
enzyme that inhibits 50% of the NBT photoreduction.

The activity of APX was measured as described by Nakano and
Asada (1981). The reaction mixture contained of 0.15 mM H,0,,
0.1 Mm, 0.5 Mm AA, and 50 mM potassium phosphate buffer
(pH 7.0). 1000 pl of this mixture was added to 150 pl of
enzyme extract. The decrease in absorbance at 290 nm was
due to the consumption of H,0, (extinction co-efficient 2.8
mM ™ em™).

Phenolic compounds

The quantity of phenolic content in callus tissue was
determined based on the modified method of Folin and
Ciocalteu’s reagent (Singleton and Rossi, 1965). In 100 mg of
samples, 95% ethanol was the extraction solvent. The medley
of absorption was recorded at 490 nm using caffeic acid as
standard curve.

The total quantity of flavonoids was determined based on the
modified method of Ordonez et al. (2006). The flavonoids were
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extracted from 100 mg of fresh callus in a mixture of
chloroform and methanol (1:1, v/v). The resulting medley at
the final stage was recorded at 420 nm absorbance using
quercetin in the standard curve.

Statistical analysis

The experimental factorial was designed by using a complete
randomized design in three replications. Variation analysis
(ANOVA) was performed for the data using Genstat software
version 19. Tukey's test was used to determine the differences
between mean values for different treatments at p < 0.05*.

Conclusion

For the first time in this work, the influence of cadmium and
PBZ pre-treatment on P. major L. tissue cultures was studied.
The stimulation process contributed to oxidative stress and
raised the levels of free radicals including H,0, and MDA. The
cadmium treatment decreased the membrane stability and
increased cell degradation and callus death. To protect the cell
from the impact of heavy metal stress, the activity of the
antioxidant enzymatic system was increased. The total content
of phenolic compounds was also increased. The PBZ pre-
treated callus cultures showed a boost to the growth of callus
cultures by increasing the anti-oxidant enzymatic activity that
contributed to the capture of free radicals; thus improved the
tissue's tolerance to cadmium stress. The PBZ pre-treated
callus cultures showed a boost to the growth of callus cultures
(FW and DW) by increasing the anti-oxidant enzymatic activity
that contributed to scavenging free radicals; thus improved the
tissue's tolerance to cadmium stress (Tl). However, the
increase of concentrations of PBZ caused inhibition of phenolic
compounds in the callus culture.
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