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The effects of different Cd concentrations (1, 32 and 64 µM) in absence or presence of exogenously 
applied ascorbic acid (6 x10-4 M) in addition to the control on morphogenic response, the antioxidant and 
nutritional status as well as RAPD-PCR and protein pattern were studied using in vitro cultured nodal 
segments of tobacco plant. Concentration of Cd within the tissues increased in a concentration 
dependent manner. Under the highest Cd concentration, no rooting, reduced growth, chlorosis, an 
antagonistic relation between Fe and Mn and significant reduction in redox state were observed. 
Translocation of Mn and Zn was facilitated, while that of Fe and Cu was depressed due to Cd. Low 
Cd+Asc stimulated growth and reduced juvenility. Cd altered hormone homeostasis, meanwhile Asc 
may regulate auxin action and increased GSH/GSSG ratio. RAPD-banding for 32 µM Cd+Asc treatment 
manifested the highest number of bands with 14 unique ones accompanied by the highest activity for 
GR, DHAR and AO; gene up regulation and significant increase in redox state. Addition of Asc initiated 
rooting under the highest Cd level. Asc/DHA ratio of control plants shifted to sever oxidized state, 
meanwhile the redox poise of the cell was maintained by high GSH/GSSG ratio. This indicates that 
DHAR was upregulated upon Cd induction. It was observed that Asc supplemented medium induced 
direct and indirect organogenesis. Both Cd and Asc altered morphogenic responses of tobacco plants. 
Therefore, it can be concluded that both Cd and Asc may alter gene expression, via redox controlling, 
according to the cell milieu. 

Keywords: Antioxidants – Cd –in vitro – RAPD-PCR- Redox state - Tobacco.  

 
INTRODUCTION 
        In vitro grown plants overwhelmed under 
fluctuated oxygen concentration, often elevated 
level. Culture shock affects cells in multiple ways, 
one key action being to impose oxidative stress. 
The term “oxidative stress” refers to a serious 
imbalance between the levels of reactive oxygen 
species (ROS) in a cell and its antioxidant 
defence systems in favor of the ROS. Cell culture 
causes oxidative stress for two reasons; it leads to 
elevated ROS generation and reduces cellular 
antioxidants (Halliwell and Gutteridge, 2015). 
ROS include the superoxide (O2·–) and  hydroxyl    

(-.OH) radicals, as well as the non-radicals 
hydrogen peroxide (H2O2) and singlet oxygen 
(1O2) (Anjum et al., 2015). Under normal growth 
conditions, the production of ROS in cells is low, 
but stress conditions disrupt the cellular 
homeostasis and enhance their production 
(Mittler, 2002). Plant stress tolerance requires the 
stimulation of complex metabolic activities 
including antioxidant systems within cells that in 
turn contribute to growth and development of 
plants under stress conditions (Elmashad and 
Mohamed, 2012). During their life cycle, plants 
faces multitude of stresses, among abiotic 
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stresses are heavy metal pollutants. Cadmium is 
considered to be one of the most phytotoxicants, 
because of its high solubility and mobility to plants 
(Wagner, 1993). Cd is a bioactive, non-redox 
metal therefore it cannot participate in biological 
redox reactions as Cu does, but it is documented 
that it induces ROS- producing enzymes as 
NADPH oxidase (Bielen et al., 2013). It has been 
reported that it produces alterations in both the 
enzymatic and non-enzymatic antioxidant defence 
systems (Schützendübel et al., 2002; Jozefczak et 
al., 2015). Cd affects many metabolic and 
physiological processes in plants. It causes leaf 
rolling, chlorosis and reduces the root and shoot 
growth (Serrano-Martínez and Casas, 2011; 
Khairy et al., 2016). It interferes with the uptake, 
transport and use of several mineral elements 
(Dias et al., 2013). It strongly affects the activity of 
several enzymes and causes oxidative stress by 
altering the cellular redox poise (Olmos et al., 
2003; Jozefczak et al., 2015). Recent studies 
indicate the possible involvement of IAA signaling 
in the Cd-induced stress response of roots 
(Elobeid et al., 2012). 
      The root and shoot apical meristems (RAM 
and SAM) are established during embryogenesis 
and serve as a source of stem cells for plant 
growth and organogenesis. The primary RAM 
produces all the tissues of the main root by a 
highly defined pattern of cell divisions in 
Arabidopsis (Weigel and Jurgens, 2002). Stem 
cells of the root are maintained by the quiescent 
center (QC), which itself is maintained by auxin. 
The QC is a group of slowly dividing cells which is 
localized between the actively dividing cells of 
both proximal and distal meristems, which 
produce the proper root tissues and root cap, 
respectively. The QC cells spend extended 
periods of time in G1 phase (Jiang et al., 2006). If 
Asc is added to the cells of the root QC, it induces 
these normally non-dividing cells to pass from G1 
into S phase (Kerk and Feldman, 1995). Jiang et 
al. (2003) demonstrated the highly oxidized state 
of the QC cells in Zea mays and proposed that the 
QC is established and regulated by ROS 
generated by auxin. Production of ROS is thus a 
downstream component of an auxin-mediated 
signaling pathway in the root (Joo et al., 2001). 
Arabidopsis plants homozygous for a mutation in 
the ROOT MERISTEMLESS1 (RML1) gene which 
encodes the first enzyme of glutathione 
biosynthesis, 𝛾 −glutamylcysteine synthetase are 
unable to establish an active post embryonic 
meristem in the root tips. This mutation abolishes 
cell division in the root but not in the shoot. The 

mutants can be rescued by providing seedlings 
with GSH (Vernoux et al., 2000). It is clear that 
glutathione is not only important in response to 
oxidative stresses but it also has key roles in plant 
development. Glutathione is shown to be related 
to cell proliferation in plant and animal cells: the 
oxidized forms of glutathione and ascorbate delay 
cell cycle progression, whereas ascorbic acid or 
its precursor activates cell divisions in the QC of 
maize plants. Therefore, it was proposed that 
auxin affects the cell cycle in the QC via changes 
in the redox (Jiang et al., 2003).   
      Ascorbic acid (AsA) is a multifunctional 
compound in plants that persists in the cell within 
the cytosol, chloroplasts, mitochondria and 
vacuoles, it is also found in the cell wall of leaves 
and its concentration varies with growth conditions 
and developmental stages (Foyer and Halliwell, 
1976; Zechmann, 2011). Moreover, Kka et al. 
(2017) reported a relationship between the level of 
AsA and indole acetic acid (IAA) in leaves, stems, 
flowers, and siliques and the highest levels of IAA 
and AsA were found in the flowers of Arabidopsis 
thaliana under control conditions. The role of 
ascorbate and glutathione in plants extends 
beyond their intensively explored antioxidant 
function. It has been demonstrated that high 
ascorbate and glutathione levels are required for 
normal progression of the cell cycle in 
meristematic tissues by stimulating G1-S 
transition (Vernoux et al., 2000; Jiang et al., 
2003). Ascorbate is directly involved in the 
regulation of two processes that mediate 
morphogenic responses in plants; cell division and 
enlargement (Potters et al., 2000). The reduced 
ascorbate (Asc) as well as the oxidized form 
(dehydroascorbate, DHA) play an important role in 
the regulation of mitotic division in the meristems. 
A direct link between Asc/DHA and GSH/GSSG, 
redox states and auxin dependent regulation of 
mitotic activity in discrete parts of the apical root 
meristem has been demonstrated (Jiang et al., 
2006).  It was established that Asc is a co-factor 
of several enzymes.  
        In this work, an attempt has been made to 
modulate the altered redox poise in response to 
excess ROS elevated generation due to Cd2+ 
treatments in in vitro grown tobacco (Nicotiana 
tabacum L. cv. Xanthi) nodal segment cultures. 
The influence of ascorbic acid, in the medium, on 
the activity and concentration of different 
enzymatic and non-enzymatic antioxidant systems 
as well as mineral nutrition and RAPD-PCR has 
been evaluated under Cd2+ stress. 
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MATERIALS AND METHODS 

Preliminary experiment 
Tobacco (Nicotiana tabacum L. cv. Xanthi) 

seedlings were grown for 30 days on control 
medium (MS medium) with vitamins and without 
any exogenous plant growth regulators, 
(Murashige and Skoog, 1962) supplemented with 
sucrose (3%, w/v), phytagel for solidification 
(0.5%, w/v). The pH of the medium was adjusted 
to 5.8 before autoclaving at 121 °C for 20 min. 
The seedlings were cut into nodal segments with 
a single leaf, then nodal segments number two 
and three from the apical meristem were taken 
and cultured on pH adjusted, sterilized media 
supplemented with different Cd concentrations (0, 
1, 2, 4, 8, 16, 32 and 64 µM/L as cadmium 
sulphate, 3CdSO4.8H2O). All treatments were 
incubated in tissue culture chamber at 25⁰C under 
300 µE m-2 s-1 white light 16/8 h light/dark cycle. 
Morphological data were taken four weeks from 
culturing (data not shown). 

Main experiment 
Eight sets with medium jars (320ml) were 

distributed in complete randomized block design. 
Each set comprised 32 jars, one nodal segment 
per each jar. The selected Cd concentrations 
were 0, 1, 32 and 64 µM without or with added 
ascorbic acid (6 x10-4 M) to study their effects on 
morphogenic response, the antioxidant status, 
protein pattern and RAPD as well as mineral 
nutrition using in vitro cultured nodal segments of 
tobacco plant. These segments were cultured on 
sterilized media and incubated under the same 
conditions of the first experiment. Plant samples 
were taken four weeks from culturing. All 
biochemical and biotechnological analyses were 
done on seven treatments only (excluding Asc 
treatment) because of early senescent leaves and 
failed flowering due to exhausted nutrients for 
callus and new bud formation.      

 Assay of reduced and oxidized glutathione 
and ascorbate 

 For glutathione and ascorbate determination, 
0.5 g of fresh leaves were homogenized with cold 
5% meta-phosphoric acid at 4 °C at a 1 : 6 ratio 
(w/v) in order to obtain deproteinized extracts. 
After centrifugation at 15,000 x g for 15 min at 4 
°C, the supernatants were collected and used for 
the analysis of glutathione and ascorbate 
concentration. 

    The OxiSelect™ Total Glutathione Assay 
Kit (Cat. Number STA-312) is a quantitative assay 

for measuring the total glutathione pool within a 
sample (GSH + GSSG), which matches with that 
adopted by Anderson (1996) with some 
modifications. Glutathione reductase reduces 
oxidized glutathione (GSSG) to reduced 
glutathione (GSH) in the presence of NADPH. 
Subsequently, the chromogen reacts with the thiol 
group of GSH to produce a colored compound 
that absorbs at 405 nm. The total glutathione 
concentration in unknown samples is determined 
by comparison with the predetermined glutathione 
standard curve. The deproteinized extract was 
used for the determination of glutathione (GSH). 
Concentration of GSH was determined 
colorimetrically with 5.5'-dithiobis-2-nitrobenzoic 
acid according to Boyne and Ellman (1972). 
Concentration of oxidized glutathione (GSSG) 
was calculated as a difference between total 
glutathione pool and GSH concentration. The 
results were expressed as nmol g-1 fresh weight.    

       Ascorbate (Asc) and dehydroascorbate 
(DHA) were measured according to Kampfenkel 
et al.(1995) with minor modifications. Briefly, total 
ascorbate was determined after reduction of DHA 
to Asc with dithiothreitol (DTT), and concentration 
of DHA was estimated from the difference 
between total ascorbate pool (Asc plus DHA) and 
Asc. A standard curve was developed based on 
Asc in the range of 0-100 nmol /ml. The results 
were expressed as nmol g-1 fresh weight.        

Assay of DHAR and GR activities  
Enzyme extract was prepared by 

homogenizing 0.5 g of frozen leaves in 10 ml of 
sodium phosphate buffer (0.1 M, pH 7.0). The 
homogenate was centrifuged at 15,000 g at 4 °C. 
The supernatant was collected, stored at -80°C 
and used as the enzyme extract for analysis of 
dehydroascorbate reductase (DHAR; EC 1.8.5.1) 
and glutathione reductase (GR; EC 1.6.4.2) 
activities.  

DHAR (GSH: DHA oxidoreductase) activity 
was assayed as described by Hossain and Asada 
(1984) with slight modifications. The reaction was 
initiated by the addition of the enzyme extract to 
the assay mixture then absorbance was 
monitored at 265 nm (𝜖 = 14.0 mM-1 cm-1). GR 
(NADPH: GSSG oxidoreductase) activity was 
determined by monitoring GSSG dependent 
oxidation of NADPH as described by Foyer and 
Halliwell (1976). Absorbance at 340 nm was read 
immediately after addition of the enzyme extract 
at time zero and after 5 minutes. The enzyme 
activity was measured in terms of NADPH left 
unoxidized (𝜖 = 6.2 mM–1cm–1). Enzyme activity of 
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DHAR was expressed as nM min–1 mg–1 protein 
and that of GR was expressed as μM min–1 mg–1 
protein.  

Assay of ascorbate oxidase activity 
Ascorbate oxidase (AO; EC 1.10.3.3.) activity 

was assayed by following the decrease in the 
spectrophotometric absorbance of ascorbic acid 
over time in the leaf extract using the method of 
Oberbacher and Vines (1963).  The enzyme was 
extracted according to the method of Esaka et al. 
(1988). AO activity was expressed as nM min–1 
mg–1 protein. Enzyme activities were measured 
using a Beckman (Fullerton-CA) DU 7000 
spectrophotometer. Protein was measured by the 
protein-dye binding assay (Bradford 1976) 
method, using bovine serum albumin (BSA) as a 
standard.  

Determination of concentrations of Cd, micro 
and macro-elements 

Plant samples were washed with 10 mM 
EDTA for 10 min to remove Cd adsorbed to the 
cell surface then rinsed with deionized water. The 
root and shoot samples were dried till constant 
weight at 70 0C, then ground to fine powder. The 
plant powdered materials were wet ashed using 
ternary acid mixture (HNO3, HClO4 and H2SO4) 
10:4:1 ratio, respectively according to Hesse 
(1971). Concentration of Cd in both root and shoot 
tissues and that of micronutrients; Fe, Mn, Cu and 
Zn and macronutrients; Ca and Mg, were 
determined in shoot tissues by Inductively 
Coupled Plasma Atomic Emission Spectroscopy 
(ICP-AES, Jobin Yvon, JY70 Plus, Longjumeau 
Cedex, France). Potassium was measured by 
flame photometer, PFP 7, Jenway, UK. 
Concentration of Cd, Fe, Mn, Cu and Zn were 
expressed as μg g-1, Ca, Mg and K were 
expressed as mg g-1 dry weight. 

Statistical analysis  
Values are shown as the mean ± SD of three 

replicates. Differences among treatments were 
analyzed by one-way analysis of variance 
(ANOVA). The multiple range test as described by 
Gomez and Gomez (1984) was used, combined 
with Duncan’s multiple range test at a probability 
of P < 0.05. 

Protein analysis by SDS-PAGE  
Total soluble proteins of fresh leaves were 

analyzed by SDS-PAGE. Leaves were ground on 
liquid nitrogen in 0.2 M Tris-HCl pH 8, 2 % (w/v) 

SDS, 10% sucrose and 1% BME. Proteins were 
separated according to Studier (1973). 

RAPD-PCR 
Genomic DNA was extracted according to 

plant genomic DNA purification kits (k0791).  
RAPD amplification was carried out according to 
the procedure described by Williams et al. (1990). 
A set of five random 10-mer primers were 
selected and named OP-A 01 (5'-caggcccttc -3'), 
OP-A 04 (5'-aatcgggctg-3'), OP-A 11 (5'-
caatcgccgt-3'), OP-B 03 (5'-catccccctg-3'), and 
OP-B 10 (5'-ctgctgggac-3'). The molecular sizes 
and DNA concentrations of bands were 
automatically estimated according to the used 
marker and using the Gel Analyzer 2010a 
program (http://www.gelanalyzer.com/ index.html). 

 
 
RESULTS  

Morphogenic responses and nutritional status 
as affected by Cd and Asc   

 Stockier plant body, well developed root, 
extended and branched through the medium, and 
shoot systems with deep green appearance and 
large leaf size. Yet no flowering buds have been 
formed, vegetative growth has been continued, 
therefor possessed the highest dry mass among 
the treatments (Fig.1, Plate A). Spaced distances 
between root hairs, long and strong stem and 
deep green color of the leaves were observed due 
to high nutritional status (Plate B). Concentration 
of metal ions in shoots of 1 µM Cd treatment 
exceeded the control value, except that of Cu (-
19.1%). The percentages of increase for Ca, Mg 
and Fe were 34.1, 13.0 and 17.2 %, respectively. 
Plate C, appearance of light chlorosis, presence 
of flowering bud as the previous case, since 
plants under stress try to complete their life cycle 
with faster rate. Decreased lengths of both root 
and shoot systems compared with the control. No 
rooting under the highest Cd concentration, 
elongated thin stem, diminished leaf size, leaf 
rolling and chlorosis (Plate D), in addition to 
severely and significantly diminished Fe (-48.0%) 
and Cu (-58.2 %) concentrations, while that of Mn 
was significantly boosted by 31.6 % relative to the 
control. On the other hand, Zn, Ca, Mg and K 
concentrations showed non-significant differences 
compared with the control (Table 2).  

Callus induction, under Asc treatment after 
initial shoot formation, can be explained through 
high basipetally IAA translocated from shoot apex 
(Asc enhances IAA level) which has inhibitory 
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effect on rooting, while acting with absorbed Asc 
for callus induction, then bud emanating was 
initiated and new shoots (Plate E) were formed 
(Asc may alter hormone balance). The outcome 
appears to depend on the ratio of the two 
hormones, high auxin/cytokinin ratio favor callus 
induction. Chlorosis; very yellow diminished leaf 
size and failed flowering seemed to be due to 
exhausted nutrients for callus proliferation and 
new born formation. Enhanced growth criteria, 
while reduced mineral ion concentration under low 
Cd+Asc relative to the control and also 
corresponding Cd treatment, was a result of 
nutrients mobilization from stem and leaves to the 
reproductive organs (flower formation, Plate F), 
since Asc reduces the shoot-forming period 
(reduces juvenile phase). Under 32 µM Cd + Asc 
treatment, concentrations of Ca, Fe and Cu (Table 
2) were increased by 67.5, 91.5 and 37.6 %, 
respectively over that of corresponding control (32 
µM Cd only).Therefore, less chlorosis and 
enhanced root and shoot growth. This may be due 
to increased AO activity (Fig.6a) which enhances 
oxidation of Asc to MDHA radicals that depolarize 
the plasma membrane hence increasing ion 
uptake and translocation. Synergistic relation 
between Zn and Cu may be appeared. Under Cd 
treatment, the highest concentration for both of 
them was in shoots of plants grown in 1 µM Cd 
added medium. Addition of Asc to Cd resulted in 
the highest concentration for both of them under 
32 µM Cd + Asc treatment (Plate G). Root 
formation (Plate H), on addition of Asc to the 
highest Cd concentration, accompanied by 
increased Ca, Mg, Fe and Mn by 70.9, 26.6, 99.1 
and 20.9 %, respectively compared with their 
corresponding control (64 µM Cd only). Therefore, 
less chlorosis and increased leaf size, since 
increased iron and Mg which is a Rubisco co-
factor. Enhanced GR activity and GSH/ GSSG 
ratio. 

Cadmium concentration  
    Exposure of tobacco plants to Cd leads to 

an accumulation of Cd mainly in roots than in 
shoots, the capacity to accumulate this metal 
depends on its concentration in the culture 
medium. The results obtained are consistent with 
those reported for several species that 
demonstrated that Cd ions are mainly retained in 
the roots despite still considerable amounts are 
translocated to the shoots, under our conditions it 
exceeded half the root value. 

Under 32 µM it reached 70.9%, while it was 
59.6 % under the same Cd concentration plus 

Asc. Shoot Cd concentration   ,under Asc added 
medium, decreased by 18.1 and 24.4% compared 
with their corresponding controls; 32 and 64 µM 
Cd treatments, respectively (Table 1). 

SDS- PAGE analysis 
     There were 20 monomorphic bands 

present in all treatments. Three unique positive 
bands were present in lane 4 with molecular 
masses of 90, 30 and 18 kD (two of them have 
low molecular masses, may be for Cd binding) 
and the fourth one with 50 kD found in lane 5. 
While, lanes number 2 and 7 possessed unique 
negative bands with molecular masses of 65 and 
66 kD, respectively. One micro mole Cd treatment 
characterized by more monomorphism. Bands 15 
and 20 possessed non-unique polymorphic bands 
(Fig. 2). It can be noticed that the density of band 
number 11 increased in lanes 4, 5 and 6 
compared with lane 1 (control), while it 
disappeared in lanes 2 and 3, then it became the 
same as the control in lane 7, which may be a 
recovery effect of Asc. It is also observed that 
lanes of treatments containing Asc plus Cd 
diminished by one or two bands compared with 
their corresponding controls.          

 RAPD-PCR analysis 
    The data cleared that there were 110 bands 

out of the total number; 128 initiated by the 
random primers with treated plants and 18 for the 
control. The recorded bands, with all random 
primers, were 17 for lane 2 (1 µM Cd) distributed 
as 4 (~3.6%) monomorphic bands, 4 (~3.6%) 
repeated polymorphic bands and 9 (~8.2%) 
unique polymorphic ones. Also, there were 17 
bands for lane 3 (1 µM Cd + Asc) distributed as 
13 (~11.8%) repeated polymorphic bands and 4 
(~3.6%) unique ones.  Lane 4 (32 µM Cd) 
recorded 19 bands, which distributed as 2 (~1.8%) 
monomorphic bands, 10 (~9.1%) repeated and 7 
(~6.4%) unique polymorphic bands. Treatment of 
32 µM Cd + Asc (lane 5) manifested the highest 
number of bands (21), distributed as 8 (~7.3%) 
repeated polymorphic bands and 13(~11.8%) 
unique ones. There were 19 bands for lane 6 (64 
µM Cd) distributed as 5 (~4.5%) repeated and 14 
(~12.7%) unique polymorphic bands, while there 
were 17 bands only for lane 7 (64 µM Cd + Asc) 
distributed as 6 (~5.5%) repeated and 11 
(~10.0%) unique polymorphic bands. All data 
compared with the control (lane 1) which has 18 
bands distributed as 6 (~4.7%) monomorphic 
bands and 12 (~9.4%) unique polymorphic ones 
(Fig. 3). It can be observed that under law Cd 
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concentration without or  with Asc  there were  
monomorphic bands compared with the control, 
while by rising the Cd concentration specially in 
the middle concentration (lanes 4 and 5) there 
were a lot of new bands appeared  that may be 
due to Cd stress and resistance for Cd with Asc. 
At high Cd concentration with Asc (lane 7), it is 
cleared that the number of bands decreased to 
become close to the control. In the fact, there is 
no monomorphic bands but it may be due to the 
resistance effect. 
 
Ascorbate and Glutathione  
   Ascorbate concentration in leaves of plants 
under Cd treatments was significantly increased 
(except high Cd level), while that of DHA was 
significantly decreased compared with the control. 
Moreover, the Asc/DHA ratio of control plants was 
less than unit (Fig. 4) showing an oxidative stress 
for in vitro grown tobacco plants. The Asc/DHA 
ratio of 1, 32 and 64 µM Cd treatments was 
increased by 60.9, 72.4 and 58.6 %, respectively 
over the control ratio. Redox state (reduced/ total 
Asc) in leaves of plants supplemented with Asc 
+Cd concentrations showed little decrease 
compared with their corresponding controls. Total 
Asc pool in leaves of plants grown under the 
highest Cd concentration showed little decrease (-
8.0%) compared with the control, while addition of 
Asc to the same concentration increased it by 
12.1% relative to its corresponding control.    
Concentration of GSH under the lowest and 
highest Cd levels decreased by 15.1%, while the 
percentage of decreases in total pool were 13 and 
3.9%, respectively. Where GSSG decreased by 
9.4% under the lowest level, while increased by 

15.3% under the highest level relative to the 
control. Addition of Asc to the culture medium 
resulted in increases of GSH in respect to their 
controls. GSSG concentration of Asc 
supplemented medium showed significant 
decreases compared with their controls. Therefore 
GSH/GSSG for these plants exceeded their 
corresponding controls as well as control of the 
experiment. The redox state showed significant 
decrease compared with the control (Fig. 5). 
Though GSH concentrations for Cd+ Asc 
treatments were higher than that of their 
corresponding controls, the revers was observed 
for the total glutathione pool, because of the 
shortage of GSSG. The difference may be used 
for phytochelatins formation.           

Ascorbate oxidase activity 
Activity of AO under the lowest Cd concentration 
increased by 16.7% compared with the control. 
Addition of Asc to 32 µM Cd significantly 
increased AO activity by 41.0% in comparison 
with its corresponding control (Fig.6a). The 
highest AO activity which was recorded under the 
previous treatments (1 µM Cd and 32 µM Cd+ 
Asc) accompanied by the highest Cu 
concentration among the treatments (excluding 
the control) and high biomass production.  

DHAR and GR activities  
The increased GR and DHAR activity is 
circumstantial evidence for enhanced production 
of ROS. Activity of DHAR increased by 68.3 and 
41.7% under the lowest and highest Cd levels, 
respectively relative to the control. 

Table 1. Concentration of Cd (µgg-1DW) in roots and shoots of in vitro grow tobacco plants 
subjected to different Cd concentrations (1, 32 and 64 µM) alone or in combination with 6x10-4M 
Asc in addition to the control as shown in Materials and Methods. 
 

Treatments 
Cd(𝛍M) 

Asc (6x10-4M) 

Cd concentration 
(µgg-1 DW) 

Root Shoot 

Control 28.38c ±3.22 3.57e  ±0.60 

Cd 1 31.28c ±0.58 8.99e  ±0.20 

Cd 32 333.63b ±9.05 236.60c  ±2.95 

Cd 64 no rooting 357.93a  ±14.10 

Cd 1+Asc 25.09c ±2.68 9.99e  ±0.17 

Cd 32+Asc 324.87b ±6.84 193.73d  ±3.95 

Cd 64+Asc 553.70a ±37.67 270.67b  ±7.03 

Values represent the means ( ± SD) of three replicates. Different letters represent values which are statistically 
different (by one-way ANOVA test). 



Khidr and Abd EL-Sadek.                                                                                  Morphogenic Responses of Tobacco to Cd. 

 

    Bioscience Research, 2018 volume 15(4): 3673-3691                                               3679 

 

Table 2. Concentration of micro-(µgg-1DW) and macro-elements (mgg-1DW) in shoot tissues  as well as % of shoot dry matter of in vitro 
grown tobacco plants subjected to different Cd concentrations (1,32 and 64 µM) alone or in combination with 6x10 -4M Asc in addition to 
the control as shown in Materials and Methods. 

 

Treatments 

Microelements concentration (µgg-1 DW) Macroelements concentration (mgg -1 DW) % of  shoot dry matter 
Cd(µM) 

Asc (6x10-4M) 

 Fe Mn Cu Zn Ca Mg K  

Control 546.47bc±86.24 189.07cd±14.01 13.10a±1.02 89.80b ±6.74 4.33d ±0.06 2.68bc±0.49 59.87a ±1.62 100 

Cd 1 640.27b ±57.20 185.65±cd12.87 10.60b ±1.48 96.10ab±7.25 5.81 bc±1.66 3.03abc±0.81 58.53a ±7.09 97.3 

Cd 32 458.13c ±45.45 201.80 cd ±4.52 7.36c ±1.63 92.27b ±3.13 4.46 cd±0.21 3.38ab ±0.89 62.67a ±1.45 75.7 

Cd 64 284.00d ±52.08 248.77b ±36.61 5.47cd ±1.51 90.40b ±1.97 4.07d ±0.32 2.93abc±0.64 65.60a ±1.97 37.8 

Cd 1+Asc 332.53d ±74.34 168.27d ±15.54 4.68d ±0.86 69.63c ±3.2 4.26d ±0.14 2.23c ±0.47 58.33a ±7.04 94.6 

Cd 32+Asc 877.13a ±81.62 208.37c ±22.55 10.13b ±0.86 102.03a±5.40 7.47a ±1.16 3.37ab ±0.94 56.27a ±4.36 91.9 

Cd 64+Asc 565.47bc±26.12 300.83a ±8.78 6.35cd ±1.29 96.47ab±2.31 6.96 a±0.31 3.71a ±1.23 58.73a ±7.18 51.4 

 
Values represent the means ( ± SD) of three replicates.  Different letters represent values which are statistically different (by one-way ANOVA test). 
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Figure.1a. Morphogenic responses of in vitro grown tobacco plants, four weeks from culturing on 
medium supplemented with various Cd concentrations in absence or presence of Asc (6x10-4M) as 
follows: 0, 1, 32 and 64 µM Cd taken the symbols A,B,C and D, respectively. Plates E, F, G and H 
represent the same Cd concentrations+ Asc as shown in Materials and Methods. Plate E, early 
senescent leaves and failed flowering due to exhausted nutrients for callus and new bud 
formation 

 
 

 
 

Figure.1b. Morphogenic responses of in vitro grown tobacco plants, four weeks from culturing, 
showing root and stem shape and length as affected by various Cd concentrations in absence or 
presence of Asc (6x10-4M) as shown in Fig. 1a. Plate D, no rooting. Plate E (Asc only showing 
callus formation, budding, while no rooting). 
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Figure.2. Bands of total soluble proteins separated by SDS-PAGE from the 3rd leaf of the shoot tip 
of tobacco plants under different Cd treatments alone or with Asc (6 x 10-4 M). Lane M for protein 
marker US7 molecular mass ranged from17 to 184 kD, Lane 1 (control), 2 (1 µM Cd), 3 (1 µM Cd + 
Asc), 4 (32 µM Cd), 5 (32 µM Cd + Asc), 6 (64 µM Cd), 7 (64 µM Cd + Asc) as shown in Materials and 
Methods. 

 

 
Figure. 3.  RAPD banding patterns show high polymorphism of 7 distinct RAPD profiles  
generated with various operon primers; OP-A 01, OP-A 04, OP-A11, OP-B 03 and OP-B 10 for 
genomic DNA extracted from the 3rd leaf (from the shoot apex) of in vitro grown tobacco plants 
subjected to various Cd levels without or with 6x10-4 M Asc in addition to the control as follows; 
lane M,DNA molecular mass ranged from 100 to 3000 bp. Lane1 (control), 2 (1 µM Cd ), 3 (1 µM Cd 
+Asc), 4 (32 µM Cd), 5 (32 µM Cd + Asc), 6 (64 µM Cd), 7 (64 µM Cd + Asc) as shown in Materials 
and Methods. 
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Redox state 0.47b ±0.01 0.58a ±0.02 0.60a ±0.05 0.58a ±0.05 0.61a ±0.03 0.58a ±0.02 0.56a ±0.02 

Asc / DHA 0.87b ±0.02 1.40a ±0.12 1.50a ±0.32 1.38a ±0.26 1.56a ±0.17 1.38a ±0.08 1.28a ±0.12 

 
Figure. 4. Total ascorbate pool, Asc, DHA (nM g-1 FW), redox state and Asc/DHA ratio in the leaves 
of in vitro grown tobacco plants (four weeks from culturing) subjected to different Cd 
concentrations ( 1, 32 and 64 μM ) in the absence or presence of 6x 10-4M Asc in addition to the 
control, as reported in Materials and Methods. The redox state was calculated as the Asc/total 
pool ratio. Values represent the means ( ± SD) of three replicates.  Different letters represent 
values which are statistically different (by one-way ANOVA test). 

 

 
 

Redox state 0.63bc ±0.01 0.62bcd ±0.02 0.58cd ±0.01 0.56d ±0.03 0.67ab ±0.03 0.69a ±0.01 0.66ab ±0.05 

GSH / GSSG 1.72bc ±0.05 1.61cd ±0.10 1.36d ±0.03 1.27d ±0.11 2.02ab ±0.24 2.21a ±0.12 1.95abc ±0.40 

 
 

Figure. 5. Total glutathione pool, GSH, GSSG (nM g-1 FW), redox state and GSH/GSSG ratio in the 
leaves of in vitro grown tobacco plants (four weeks from culturing) subjected to different Cd 
concentrations ( 1, 32 and 64 μM ) in the absence or presence of 6x 10-4M Asc in addition to the 
control, as reported in Materials and Methods. The redox state was calculated as the GSH/total 
pool ratio. Values represent the means (± SD) of three replicates. Different letters represent values 
which are statistically different (by one-way ANOVA test). 
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Figure. 6. Enzyme activity of (a) AO (nM min-1mg-1protein),(b) DHAR (nM min-1mg-1protein) and (c) 
GR (µM min-1mg-1protein) in the leaves of in vitro grown tobacco plants (four weeks from 
culturing) subjected to different Cd concentrations ( 1, 32 and 64 μM ) in the absence or presence 
of 6x 10-4M Asc in addition to the control, as reported in Materials and Methods. Values represent 
the means (± SD) of three replicates.  Different letters represent values which are statistically 
different (by one-way ANOVA test).  
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 Addition of Asc to Cd increased the activity to be 
1.5, 1.7 and 1.6 folds under the low, mid and high 
Cd+ Asc, respectively compared with the control 
(Fig.6b). GR activity was significantly increased 
(except low level) by Cd compared with the 
control. Under 32 and 64 µM Cd, the GR activities 
were 2.6 and 1.8 folds, respectively over the 
control. Addition of Asc to Cd resulted in a 
significant enhancement of GR activity with 
respect to their corresponding controls, such 
increment was 2.3 times under 1 µM Cd (Fig. 6c). 

 
DISCUSSION 

An enhanced effect of plant growth (Plate B) 
under low cadmium level has been poorly 
discussed (Arduini et al., 2004). Two possible 
explanations can be suggested, according to 
Kennedy and Gonsalves (1987) low Cd levels 
cause the plasma membranes to be 
hyperpolarized at the root surface, thus increasing 
the trans-membrane potential, which energize the 
membrane, thus increase cation uptake (Table 2). 
Also, Cd has been found to induce genes related 
to mammalian cell proliferation, which could 
increase growth, though they are considered 
responsible for Cd-induced carcinogenesis 
(Deckert, 2005). On the other hand, high heavy 
metal concentration (0.2 mM Cd or Cu) caused 
significant reduction in total fresh weight of 
tobacco plants (Khairy et al.,2016). Cd-impeded 
growth is associated with the decreased auxin 
concentration by elevating IAA oxidase activity 
which increases auxin degradation (Chaoui and El 
Ferjani, 2005). The roles of nitric oxide (NO) and 
auxin in Cd mediated inhibition of root meristem 
growth in Arabidopsis has been investigated 
(Yuan and Huang, 2016) and the results indicated 
that Cd induced NO accumulation, which in turn 
repress auxin transport, decreasing its levels in 
the root tips and ultimately reducing root meristem 
size (Fig.1; Plate D, 64 µM Cd). Also, Cd 
negatively affects root growth by inhibiting cell 
division (Paradiso et al., 2008). It was indicated 
that Cd suppresses primary root elongation in 
Arabidopsis (Besson-Bard et al., 2009), as our 
results show reduced root length (Fig.1; Plate C, 
32 µM Cd ). No rooting and inhibited shoot growth 
of in vitro grown carnation (Dianthus caryophyllus) 
plants under high Cd concentrations (50-200 µM) 
were reported by Serrano-Martínez and Casas 
(2011), which matches with our results under the 
highest Cd concentration (64 µM). The pattern of 
symptoms in tobacco at high Cd concentration is 
similar to that described in several plants and 

resemble to Fe deficiency symptoms. Excess Cd 
has visible toxicity effects on shoots and reduces 
the dry weight of plants. The toxicity symptoms 
may be due to a range of interactions at the 
cellular level, which led to disruption of Fe 
metabolism. Chlorosis might be due to the 
observed reduction of Fe (Table 2) in leaves and 
to the negative effects of Cd on chlorophyll 
metabolism (Sandalio et al., 2001).  

Earlier studies have shown that it is possible 
to achieve good, in vitro, growth by increasing 
vitamin C content. Vitamin C or ascorbate known 
for its anti-oxidative properties, has also enhanced 
shoot growth and rooting (Abrahamian and 
Kantharajah, 2011). Ascorbate is oxidized by 
oxygen, hydrogen peroxides, and superoxides 
into monodehydroascorbate (MDHA) radicals. 
Ascorbate oxidase (AO) is possibly related to cell 
wall expansion and growth. MDHA, a product of 
AO, radicals depolarize the plasma membrane 
hence causing increased ion uptake and wall 
loosening (Gonzalez-Reyes et al., 1995). In 
tobacco cells, ascorbic acid has been shown to 
function as a stimulant of mitotic cell division 
(Potters et al., 2000). In addition, it reduces the 
shoot-forming period (Joy et al., 1988). It affects 
phytohormone-mediated signaling processes 
during the transition from the vegetative to 
reproductive phase and the final stage of 
development (Barth et al., 2006). As shown in our 
results (Fig.1; Plate F, flower formation under low 
Cd + 6× 10–4 M Asc after 4 weeks). High 
auxin/cytokinin ratio successfully induced calli 
from leaf explants of two cultivars of in vitro grown 
tobacco plants, then shoot regeneration (Ali et al., 
2007). It was reported that laser ablation of QC 
cells leads to differentiation of the initial cells 
previously attached to it. Therefore, it seems that 
the function of QC is maintaining the 
dedifferentiated state of initial cells in adjacent 
meristems in a cell-contact-dependent manner 
(Bonke et al., 2005). Addition of 4 - 8× 10–4 M Asc 
to a shoot-forming media enhanced shoot 
formation by 45% and 450% when using young 
and old callus tissues of tobacco, respectively. In 
the non-shoot forming media, containing 
gibberellic acid, shoot-growth of the young callus 
was significant (Joy et al., 1988). Maximum callus 
induction and bud regeneration of Aloe were 
obtained in media supplemented with 1 and 0.5 
mM Asc, respectively (Kaviani, 2014). This may 
explain callus formation and budding under Asc 
treatment (Fig.1; Plate E), while there is no 
rooting. Rose et al. (2006) suggested that a pool 
of stem cells exists in the vascular tissue and that 
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a combination of auxin and other factors drive 
cellular commitment and plant development. 
Studies done by Imin et al.(2007) revealed that 
some of these other factors, which specially 
influence root formation, include the redox 
environment as indicated by the redox state of 
glutathione. Adding either GSH or GSSG 
molecules to the growth medium enhanced the 
degree of rooting. This indicates that the redox 
conditions play a decisive role in the initial 
commitment step of root formation and glutathione 
enhances root formation via a mechanism 
independent of ethylene perception. A highly 
oxidized state of the QC cells in Zea mays was 
demonstrated by Jiang et al. (2003).  This highly 
oxidized state of the QC was shown persist via 
the presence of oxidized forms of both glutathione 
and ascorbic acid. The authors proposed that the 
QC of the RAM is established and regulated by 
the ROS generated by auxin. ROS production is 
thus a downstream component of an auxin 
mediated signaling pathway in the root (Joo et al., 
2001) and is involved in maintaining a slow rate of 
cell division within the QC. The redox status of the 
QC is different from that of the proximal rapidly 
dividing cells.  Jiang et al. (2006) proposed that 
auxin affects the cell cycle in the QC via changes 
in the redox. The initial exposure to auxin 
therefore rapidly affects the decision-making 
process to commitment within the vein-derived 
cells that cannot be reversed and therefore auxin 
triggers the expression of key transcription factors 
that mediate the formation of the root primordium 
before the QC is formed (Rose et al., 2006). Auxin 
is known as a rooting hormone in proper 
concentration. Ascorbic acid has a stimulatory 
effect on rooting, too (This may explain rooting 
under high Cd +Asc treatment).  

   Cd is the most commonly found metal in the 
soil which limits the crop productivity worldwide as 
this metal tend to accumulate within plant organs 
and negatively interfere with essential 
physiological processes (Gill et al., 2012). Our 
results are in agreement with previous data 
indicating that Cd first accumulates in the roots, 
where its presence correlates with its external 
concentration in the culture medium (Paradiso et 
al., 2008 ; Dias et al., 2013). Prolonged exposure 
to Cd allows its significant translocation to the 
upper organs of plants (Ueki and Citovsky, 2001). 
Partitioning of` metals in different plant parts is a 
common strategy to avoid toxicity in the above-
ground parts. The significant decrease in Cd 
concentration and translocation on Asc addition 
may be due to increased GSH since it has 

chelating property (Jozefczak et al., 2014) in 
addition to antioxidative properties, or it may be 
bounded with hemicellulose in the root decreasing 
its translocation. Auxin induced alleviation of Cd2+ 
toxicity in Arabidopsis is mediated by increased 
levels of hemicellulose 1 and metal fixation in the 
root, thus reducing its translocation from roots to 
shoots (Zhu et al., 2013).  

    One of the decisive factors of Cd influence 
on plant metabolism and physiological processes 
is its competition with other divalent cations. 
Uptake of Cd ions occurs via the same trans-
membrane carriers used in Ca2+, Mg2+, Fe2+ and 
Cu2+ uptake (Olmos et al., 2003; Roth et al., 
2006).  Rogers et al.  (2000) reported that 
IRT1cation transporter is essential for root iron 
uptake in response to iron deficiency but it also 
permits Cd transportation. Our results show that 
Cd competed with Fe and Cu for their carriers but 
not with that of Ca. Dias et al. (2013) stated that 
exposure of lettuce to Cd (10 and 50 µM) 
significantly decreased leaf uptake of Fe and Mn. 
Very important but less understood factor is the 
modifying influence of metal ions on metal toxicity. 
Some interactions may be explained as simple 
competition; antagonism, additive action or 
synergism (Kosolapov et al., 2004). The 
antagonistic interaction between Fe and Mn as 
our results show (Table 2) should be researched 
(Drakatos et al., 2000). Iron-deficiency is a 
recognized consequence of plant exposure to Cd 
and other metals, and has implications for several 
biological processes. Cd-induced Fe deficiency 
affects growth, chlorophyll synthesis and the 
photosynthetic electron transport (Sandalio et al., 
2001). In agreement with this, Dias et al. (2013) 
reported that the reduction of maximal efficiency 
of PSII may be associated with the decrease in 
leaf-Fe. Manganese is an essential micronutrient 
with a very important role in the photolysis of H2O 
by PSII and in the assimilation of NO2 in 
chloroplasts (Fodor, 2002). The synergistic action 
of Cu2+ and Zn2+ gives useful results concerning 
the absorption of elements by plants, because 
cultivating plants over a long period creates 
synergism among the metal ions researched 
(Kosolapov et al., 2004).  The disturbance in 
mineral concentration is a consequence of the 
presence of Cd within the tissues (Sandalio et al., 
2001). Dias et al. (2013) revealed significant 
increases of both Ca and Mg in lettuce leaves 
subjected to 50 µM Cd. Serrano-Martínez and 
Casas (2011) reported that Cd led to a significant 
increase only in the concentration of K at the 
highest Cd level tested. Metal ion concentrations, 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4577996/#mcv075-B26
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macro and micro, of the shoot (stem and leaves) 
under mid and high Cd levels in presence of Asc, 
increased relative to the corresponding controls, 
Cd treatments only, as well as the general control 
(neither Cd nor Asc) of the experiment, while 
lowest Cd concentration + Asc showed the 
opposite trend, where metal ions translocated to 
the flowering buds (Kka et al., 2017); another part 
of the shoot; nutrient redistribution according to 
the developmental stage  (Fig.1,Plate F, flower 
formation). Ascorbate is oxidized into MDHA 
radicals which depolarize the plasma membrane 
hence causing increased ion uptake and wall 
loosening (Gonzalez-Reyes et al., 1995). 

  Proteins, as direct gene output, reflect 
characteristic gene expression. Proteins are 
macromolecules directly responsible for biological 
processes in a living cell. The differences among 
the protein pattern of samples (Fig. 2) may be due 
to somaclonal variations within the same plant 
strain and/or as a consequence of treatment 
response differences. It is well known that heavy 
metal stress can stimulate the activity for a range 
of potential cellular mechanisms in plants; 
stimulation of specific molecules such as 
phytochelatins and stress proteins that have a 
very considerable role in Cd detoxification and 
tolerance in plants (Cobbett 2000).Cd-induced 
expression of numerous proteins with low 
molecular mass was reported (Delhaize et al., 
1989; Demirevska-Kepova. et al., 2006).  DNA as 
a tool was found to be an important bio-indicator 
used in estimation of toxicant effects (Becerril et 
al., 1999). The pollutant-induced changes in 
RAPD profiles were accustomed to analyze the 
alterations in genomic DNA stability and 
genotoxicity with different parameters (Liu et al., 
2005). New PCR technique may be shaped due 
to the incidence of recent oligonucleotide 
premising sites complementary to oligo-nucleotide 
primers following changes or alterations 
in polymer sequences because of mutations 
(deletion, insertions, inversions, etc.) and/or 
corresponding recombination, resulting in new 
annealing proceedings. It was found that 
alternation including reduction of growth, 
increasing in the total soluble protein level and 
changes in the RAPD profiles, was a result of 
increased Cd concentration in root tips of barely. 
The RAPD profiles generated from barley treated 
with Cd unconcealed different patterns of the 
appearance and vanishing of bands in RAPD 
pattern (Liu et al., 2005). It has been recognized 
that regulation of gene expression in response to 
heavy metals stresses is a key mechanism in 

protection and survival of plants (Karimi and 
Mohsenzadeh, 2017). It is concluded that, the 
exposure to Cd stress leads to induce changes on 
the DNA level. The gain or loss of parts of the 
DNA may be considered as speculation of the 
reason for tolerance in the presented work.   

   Much of the variability expressed in 
micropropagated plants may be the result of, or 
related to, oxidative stress damage inflicted upon 
plant tissues during in vitro culture. Cell culture 
causes oxidative stress for two reasons. It leads 
to more ROS generation and impairment of 
cellular antioxidant (as diminished Asc, while 
increased DHA concentration under control 
condition, Fig. 4) defences. Actually, all plants 
under different Cd concentrations imposed the 
same in vitro oxidative load, yet they showed 
Asc/DHA ratio more than one. This means that Cd 
initiates a signal which induced DHAR gene 
upregulation. The cellular redox poise of plants 
under control conditions is maintained via other 
redox pairs; GSH/GSSG. The ascorbate pool is 
highly reduced under optimal conditions, and it 
can shift toward a more oxidized state as the 
oxidative load on the cell increases. DHA pool is 
spatially separated from the Asc pool. The bulk of 
the GSSG is localized in the cytosol, but the 
considerable amount of DHA is probably localized 
in the apoplast, hence plant cells can maintain low 
cellular GSH/GSSG and relatively high Asc/DHA 
ratios (Foyer and Noctor, 2011). The induction of 
oxidative stress (Olmos et al., 2003) and 
alterations in the antioxidant defence systems are 
common responses produced by Cd stress in 
plants (Jozefczak et al., 2015). Avoiding oxidative 
pitfalls within cellular compartments; excess H2O2 
must be reduced either by catalase and 
peroxidase activities or by a reaction sequence 
known as the ascorbate-glutathione cycle 
involving the redox pairs of Asc/DHA and 
GSH/GSSG. Among the non-enzymatic 
antioxidants, Asc is highly abundant in plants, and 
can act eliminating ROS directly or indirectly. 
Glutathione is the precursor of phytochelatins and 
has antioxidative properties, so it is considered of 
great importance against Cd toxicity. Increased 
GSH levels have been observed in ascorbate-
deficient Arabidopsis mutants under Cd stress 
(Jozefczak et al., 2015). Modulation of plant 
development in response to stress plays a major 
role in adaptation of plants to their environment. 
Schützendübel et al. (2002) reported that 
glutathione concentration decreased, whereas 
Asc remained unaffected by Cd, while exposure to 
H2O2 caused GSH accumulation and loss of Asc 
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(may be as the case of our control conditions). 
Their data indicated that both agents acted via the 
disturbance of the cellular redox control.  An 
increase in Asc and GSH was observed in durum 
wheat roots as a consequence of Cd (up to 40 
μM) exposure (Paradiso et al., 2008). Glutathione 
plays an important role in the antioxidant defence 
system, since, it not only participates in the 
retrieving of Asc via DHAR (Fig. 6b), but it can 
also react with -.OH and protect the protein thiol 
groups from the irreversible formation of 
intramolecular disulphide bonds. There are vast 
evidences that either ROS or changes in the 
redox poise generated at sites of primary action of 
stressors could activate a coordinated response in 
other compartments to ensure a successful 
defence strategy (Foyer and Noctor,  2003). 
Glutathione takes part in the control of H2O2 levels 
and the change in the GSH/GSSG ratio during the 
degradation of H2O2 is important in certain redox 
signaling pathways. It has been suggested that 
the GSH/GSSG ratio, indicative of the cellular 
redox poise, may be involved in ROS perception. 
Furthermore, Foyer and Noctor (2011) suggested 
GSH/GSSG pair to the role of redox sensor rather 
than the Asc/DHA redox couple, since the redox 
status of the GSH pool is influenced more 
intensively (as under Cd treatments) by the 
elevated ROS formation. The availability of Asc 
and GSH and changes in their redox state also 
affect gene expression (Noctor and Foyer, 1998). 

Being localized in cell wall, ascorbate oxidase 
(AO) has a key role in determining apoplastic 
redox status (Fotopoulos and Kanellis, 2013), 
hence it is involved in growth, development, stress 
perception and subsequent stress signaling.  A 
40-fold increase in the AO activity resulted in 
improved elongation and biomass production of 
Nicotiana tobaccum (as our results, Fig.6a and 
Table 2 DW), while reduction was evident when 
AO antisense technique was applied (Pignocchi et 
al., 2003). Oxidative stress can also induce the 
expression of AO and this shows its peculiar 
involvement in oxidative stress regulation (De 
Tullio, 2010). Marked increase in AO protein in 
pumpkin callus on adding copper was reported by 
Esaka et al.,(1988) as our results show (Fig. 6a 
and Table 2 ). The enzymes of Asc–GSH cycle 
involved in ROS scavenging (Noctor and Foyer, 
1998 ; Cuypers et al., 2011) increased their 
activities in the roots of Cd-treated durum wheat 
(Paradiso et al., 2008). The same authors noticed 
that Cd induced an increase in the activity of 
these enzymes in leaves, although no symptoms 
of oxidative stress were present. They reasoned 

such results as an activation of a systemic 
response aimed at preparing plants to counteract 
the predictable oxidative stress caused by the 
successive translocation of Cd to leaves.  In 
coffee cell suspension cultures, 0.5 mM Cd 
induced lipid peroxidation, increased activities of 
CAT, GR and SOD, while decreased APX activity 
(Gomes et al., 2006). Environmental stresses 
increase the activity of the DHAR in plants 
(Maheshwari and Dubey, 2009). 
Dehydroascorbate reduced by GSH-dependent 
DHAR, which is induced by various abiotic 
stresses and is thought to be critical for stress 
tolerance. Glutathione can control the differential 
expression of antioxidant enzymes, such as GR, 
usually induced (Fig. 6c) by heavy metal stress. 
During Cd stress, a reduction in GSH/GSSG ratio 
(as our results show) has been observed in 
different plant species (Jozefczak et al., 2015) 
with the consequent activation of the responsive 
genes. To avoid the Cd-induced oxidative stress, 
antioxidative enzymes such as GR, CAT and APX 
are upregulated to diminish the excess ROS in 
both the roots and leaves (as our case) of Cd-
exposed plants (Cuypers et al., 2011). A low Cd 
concentration has been reported to induce a 
systemic alteration of post-transcriptional gene 
silencing, a mechanism that regulate gene 
expression activated in tobacco plants due to viral 
infection. This indicates that Cd is able to activate 
the onset of a signal that is transferred from the 
site of production to other parts of the plant (Ueki 
and Citovsky, 2001). Paradiso et al. (2008) 
suggested that the Acs–GSH cycle could be 
involved in the systemic responses activated by 
Cd stress. There is evidence that the protective 
role of GSH against Cd stress depends on the 
down-regulation of the Cd transporter,ZIP8, gene 
expression (Aiba et al., 2008). 

CONCLUSION 
Translocation of both Mn and Zn to the shoot 

was facilitated, while that of Fe and Cu was 
inhibited. It can be concluded that Cd ions 
competed with Fe and Cu for the same trans-
membrane carriers. It may be concluded that Cd 
causes hormonal imbalance, while Asc modulates 
auxin activity. It can be concluded that Asc 
supplemented medium induced direct and indirect 
organogenesis. The initial exposure to Asc, via 
agonist activation, promptly switches the decision-
making process on for conformity within the nodal 
segment-derived cells that cannot be reversed 
and therefore auxin triggers the expression of 
multi-transcription factors that regulate the 
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formation of root primordium before the QC has 
been formed. The availability of Asc and GSH and 
changes in their redox state also affect gene 
expression. Therefore, it can be concluded that 
Cd and/or Asc may alter gene expression, via 
redox controlling, according to the cell milieu. 
Cellular redox homeostasis is an essential 
buffering mechanism that prevents excessive 
reduction or oxidation. Redox signaling triggered 
by disturbances in this buffering system can 
transmit “current status” information on the 
balance between external inputs and internal 
cellular requirements. 
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