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Abstract
Background: The effect of different concentrations (80, 200 and 300 mg/L) of copper (Cu2+) on physi-
ological parameters of horehound (Marrubium vulgare L.) was studied. Once Horehound was cultivated 
in pots, element uptake and antioxidant system efficiency have been evaluated.
Questions: What is the effect of copper on the physiological parameters of Marrubium vulgare? What are 
the defense strategies developed by this plant to overcome cupric stress?
Species study: horehound (M. vulgare) medicinal plant from the family of Lamiaceae.
Study site and dates: Seeds of M. vulgare were issued from a non contaminated wild population in the 
region of Béja (Northwestern Tunisia). Culture of M. vulgare was conducted in 1 August 2014 and lasted 
4 months. 
Methods: The Cu, Fe, K, Mg and Ca contents have been determined. Total phenolic and flavonoid con-
tents have been determined. The free radical scavenging activity (DPPH test) together with SOD, CAT and 
APX antioxidant enzymatic activity have been evaluated.
Results: In the aerial part extracts, Copper stress reduced the uptake and translocation of the cationic ele-
ments Fe2+, K+ and Ca2+, in a Cu2+ concentration-dependent manner. The treatment with copper gives rise 
to positive effects on antioxidant enzymes activities (SOD and CAT enzymes) and to an increase of total 
phenol and flavonoid contents. Unexpectedly, no correlation with the anti-radical scavenging activity was 
observed.
Conclusions: Marrubium vulgare possess an intrinsic capability to cope with the Cu stress by activation 
of the enzymatic and non-enzymatic antioxidant systems.
Keywords: Marrubium vulgare L., copper, nutrient uptake, antioxidant enzymes, total polyphenol and 
flavonoid contents.
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T
ransition metals Cu, Fe, Mo and Zn are naturally present in ground and are essential micronutri-
ents for all plant metabolism, fulfilling critical structural and catalytic roles throughout the cell 
in various subcellular compartments. They are involved in a wide variety of critical processes 
such as transcription, translation, ATP production in the mitochondria and scavenging of toxic 
free radicals (Tamayo et al. 2014). However, high level of these metals could be toxic, leading to 
disruption of vital physiological or biochemical functions and ultimately to cell death (Gangwar 
et al. 2014, Shahid et al. 2014). 
      
One of the most commonly metal present at low concentrations in soil is copper (Cu). Owing 
to copper mining, waste deposition, smelting and agricultural practices, e.g. use of pesticides, it 
tends to accumulate in high and toxic concentrations in the ecosystems (Singh et al. 2010). Nev-
ertheless, copper is an essential component of several proteins and enzymes, and it is required 
in trace amounts for various metabolic activities of the plants (Elleuch et al. 2013). It has been 
demonstrated that an increase in copper concentration (from 0.1 μM to 10 μM) adversely affects 
plant metabolism by inhibiting nutrient uptake, enzyme activities, disturbing photosynthesis, 
respiration, cellular transport and many other metabolic processes (Peng et al. 2012). Indeed, it 
is able to generate directly oxidative stress via potent redox activity through Fenton and Haber-
Weiss reaction (Liu et al. 2014). The adaptive response to oxidative stress consists in a complex 
antioxidant system including several ROS-scavenging enzymes such as superoxide dismutase 
(SOD), catalase (CAT), guaicol peroxidase (GPX), ascorbate peroxidase (APX), gluthatione re-
ductase (GR), as well as non enzymatic compounds such as ascorbate, gluthatione, carotenoids, 
tocopherols and metallothioneins (Thounaojam et al. 2012). It has already been established that 
some plant species including rice (Thounaojam et al. 2012), Populus deltoides W. Bartram ex 
Marshall (Guerra et al. 2009), Indian mustard (Brassica juncea L. Czern), rapeseed (Brassica 
napus L.) (Feigl et al. 2013) and some hyperaccumulators like Haumaniastrum katangense 
(S. Moore) P.A.Duvign. & Plancke (Peng et al. 20012) and Crassula helmsii (Kirk) Cockayne 
(Küpper et al. 2009) developed different defense systems in response to Cu-induced stress. Nev-
ertheless, the effects of Cu on both enzymatic and non-enzymatic defence systems in medicinal 
species have not received much attention. 
 Taking into account these observations, we focused our attention on the North African me-
dicinal plant Marrubium vulgare L. (Horehound) with the aim to study the influence of soil cop-
per concentration on its pharmacological properties. Indeed, Marrubium vulgare possess various 
pharmacological activities including anti-inflammatory, vasorelexant, anti-hypertensive, analge-
sic, antioedematogenic, antimicrobial, anti-diabetic, hepatoprotective and antioxidant activities 
(Sahpaz et al. 2002, El Bardai et al. 2003, El Bardai et al. 2004, Meyre-Silva et al. 2005, Stulzer 
et al. 2006, Masoodi et al. 2008, Boudjelal et al. 2012, Akther et al. 2013, Boulila et al. 2015). 
The leaves and young flowering stems have been proven to be responsible for tonic, aromatic, 
stimulant, expectorant, diaphoretic and diuretic activities (Amessis-Ouchemoukh et al. 2014). 
Previous studies already demonstrated that M. vulgare is able to tolerate water deficit (Habibi 
& Ajory 2015). In such studies, general responses of plants to stress (growth, mineral nutrition 
and photosynthesis) have been considered and little attention has been paid to the antioxidant 
response of M. vulgare to metal stress. In line with this consideration, the aim of the present 
contribution is to explore the impact of copper concentrations on nutrient uptake and on the enzy-
matic and non enzymatic antioxidant system of M. vulgare. Assessment of such effects is crucial 
to achieve a more comprehensive picture of the response of this medicinal plant to Cu toxicity.  

Material and methods

Chemical and reagents. All chemicals and reagent were of the highest purity available: 
2,2-diphenyl-1-picrylhydrazyl radical (DPPH), polyvinylpyrrolidone (PVP) and charcoal were 
obtained from Sigma Aldrich (Milan, Italy). Copper sulfate (CuSO4) was purchased from 
Fluka, (Germany). Potassium chlorides (KCl), Magnesium chloride (MgCl2), Sodium carbon-
ate, Sodium nitrite and Ethylenediaminetetra acetic acid (EDTA) were purchased from Merck 
(Darmstadt, Germany). Folin-Ciocalteau reagent (FCR), aluminum chloride (AlCl3), gallic acid, 
Sodium hydroxide (NaOH), nitro-blue tetrazolium chloride (NBT), riboflavin, ascorbic acid, 
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hydrogen peroxide (H2O2), methionine and phenylmethylsulfonyl fluoride (PMSF) were pur-
chased from Sigma Aldrich (St. Louis, MO, USA).

Plant growth and copper treatment. Seeds of Marrubium vulgare were issued from a non-con-
taminated wild population in the region of Béja (Northwestern Tunisia; latitude 36° 43’ 30”(N), 
longitude 9° 10’ 51” (E), altitude 255 m). The experiments were conducted on August 2014 and 
lasted 4 months. Initially, 20 seeds × 3 replications for each treatment were sown at the depth of 
2 cm in plastic pots (26 × 22 cm) fitted with commercial peat and sand (1:2, v/v) and maintained 
under greenhouse conditions (naturally lit with sunlight, with a temperature range of 20–25 °C, 
relative humidity range of 50–80 %). Seedlings were pre-cultivated for one month and then 
treated with 0 (control), 80, 200 and 300 mg/L CuSO4. After 4 weeks of treatment, the seedling 
percentage was determined for each treatment by the following formula: 

                          total number of germinated seeds                 Seedling percentage % =                                                        ×100  
                         total number of planted seeds

Seedlings have been separately transplanted into individual pots (18.2 × 14.2 cm). The treatment 
with 0 (control), 80, 200 and 300 mg/L CuSO4 was continued for 8 weeks. Nutrient solutions 
were renewed every 4 days. Irrigation was done up to field capacity in each pot. At the end of 
the experiment, 4 plants for each treatment were harvested for various analyses. Cu concentra-
tion was selected based on its ability to inhibit the germination rate of Marrubium vulgare seeds 
(Table 1). Statistical analysis (ANOVA) showed that seedling percentage (%) varied signifi-
cantly as a function of Cu concentration. Based on the statistical analysis, 80, 200 and 300 mg/L 
Cu have been selected and the effect of metal stress on exposed samples evaluated.

Determination of metal content in leaves. Dried leaves (100 mg) were digested with a nitric and 
perchloric acid mixture (3:1 v/v). Copper, Fe, K, Mg and Ca were determined by atomic absorp-
tion spectrometry (Perkin Elmer-model 2380).

Determination of enzymes activity. Fresh leaves (200 mg) were homogenized with 50 mM po-
tassium-phosphate buffer (pH 7) containing 0.1 mM EDTA and 1 % (w/v) polyvinylpirrol-
idone (PVP). The homogenate was centrifuged at 15,000g for 20 min, and then the superna-
tants were collected and subsequently assayed for catalase (EC 1.11.1.6), superoxide dismutase 
(EC1.15.1.1) and ascorbate peroxidase(EC1.11.1.11) activities.
 Catalase (CAT) assay.-Total CAT activity was assayed by measuring the initial rate of disap-
pearance of H2O2 according to the method of Aebi (1984). The reaction mixture (1 mL) con-
tained 50 mM K-phosphate buffer (pH 7), 15 mM H2O2 and 50 μL of enzyme extracts. The 
decrease in absorbance at 240 nm was monitored for 2 min and CAT activity was expressed as 
units (μmol of H2O2 decomposed per minute) per g FW. 
 Superoxide dismutase (SOD) assay.-The SOD activity was measured according to the method 
of Beyer & Fridovich (1987) and expressed as unit of SOD per g FW. The reaction mixture (3 mL) 
contained 50 mM K-phosphate buffer (pH 7.8), 0.1 mM EDTA, 14.3 mM methionine, 82.5 mM 
nitroblue tetrazolium (NBT) and 2.2mM riboflavin. The reaction was started by adding enzyme 
extracts under illumination (15 min, 5000 Lux). The color intensity of the chromogen in the reac-
tion mixture was measured at 590 nm. An enzyme free system was used as a negative control. 
Ascorbate peroxidase (APX) assay.-The activity of APX was determined according to Chen & 
Asada (1989) method by monitoring the decrease in absorbance at 290 nm. The reaction mixture 
(2mL) consisted of 50 mM Na-phosphate buffer (pH 7.0) containing 0.1 mM EDTA, 0.25 mM 
ascorbate, 1mM H2O2 and 100 μL of enzyme extract. The APX activity was expressed as nmol 
of ascorbate per g FW.

Determination of total phenolic and flavonoid contents
Extract preparation.-Basing on our experience [Martino et al. (2008), Gaggeri et al. (2012), 
Rossi et al. (2017)], extracts have been prepared applying a Miscrowave Assisetd extraction 
procedure. Powdered leaves (1 g) were homogenized with 80 % methanol (20 mL) and extract-
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ed in a multimode microwave apparatus using a closed-vessel system (MARSX press, CEM 
Corporation, Matthews, NC, USA) under the following conditions: temperature 60 °C, power 
100 w, pressure 120 psi, run time 10 min. Charcoal and PVP were added to the extracts in order 
to remove chlorophyll and tannins. After 10 minutes the suspension was filtered through What-
man No. 4 filter paper, the solvent removed under reduced pressure and the dry extract obtained 
stored at 4 °C until analysis.
 Determination of total phenolic content (TPC).-Total phenolic content (TPC) was determined 
based on the method described by Mau et al. (2001). Briefly, an aliquot of 125 μLof extract was 
added to 500 μL deionized water and 125 μL of the Folin–Ciocalteu reagent. After shaking, the 
mixture was incubated for 3 min at room temperature. Then, 1250 μL of 7 % Na2CO3 solution 
was added, the volume adjusted to 3 mL using distilled water, then the extract was mixed vigor-
ously and held for 90 min at room temperature before measuring the optical density at 765 nm. 
The sample was analyzed in triplicate against a blank Gallic acid was used as a standard,and the 
TPC was expressed as mg gallic acid equivalents (GAE) per g dry weight (DW).
 Determination of total flavonoid content (TFC).- Total flavonoids were determined as de-
scribed by Zhishem et al. (1999) and Dewanto et al. (2002). A 250 μL aliquot of the diluted 
extract or standard solution of (+)-catechin was added to a 75 μL of a 5 % NaNO2 solution. 
After 6 min, 150 μL of a 10 % AlCl3 was added and allowed to stand for 5 min before 0.5 mL of 
1M NaOH was added. The mixture was brought to 2.5 mL with distilled water and thoroughly 
mixed. The absorbance was measured at 510 nm against the blank. Total flavonoid content was 
expressed as mg catechin/g dry weight (mg CE/g DW). 

Free radical scavenging activity (DPPH assay). The DPPH (1,1-diphenyl-2-picrylhydrazyl) 
scavenging effect of Marrubium vulgare extracts was determined according to Gaggeri et al. 
(2015). Briefly, 100 μL aliquot of sample solution with different concentration was thoroughly 
mixed with 3.9 mL of freshly prepared DPPH and allowed to stand for 20 min in the dark. The 
absorbance was then measured at 515 nm against a blank. Tests were carried out in triplicate. 
The radical scavenging activity was calculated as follows: 

                                        Abscontrol  – Abssample
Radical–scavenging activity =                                  ×100                                        Abscontrol 

Where: Abscontrol and Abssample are the absorbance of the control (blank) and the sample, respectively.

Statistical analysis. Seedling percentage was determined using 20 seeds of a biological repli-
cate. The results were the average of three independent experiments. The data set represent-
ing three biological replicates of each treatment represented a complete randomized design. 
Statistical analysis of this dataset was conducted using SPSS v19.0 software (Chicago, IL, 
USA) for windows. ANOVA was used to estimate the significance in differences between the 
means of different treatments, and the Duncan’s multiple range test at 5 % level (p ≤ 0.05) 
was used to separate significant means. Normality test of seedling percentage showed that 
the majority of the observed cumulative values were very near compared to the expected 
cumulative points.
 All data are expressed as the means ± standard deviation of three replicates. The one-way analy-
sis of variance (ANOVA) were used to detect differences among treatments, p-values  <  0.05 were 
considered statically significant.

Results

Effect of copper on seedling percentage and mineral elements uptake. As shown in Table1, the 
treatment of Marrubium vulgare with increasing amount of Cu (80, 200 and 300 mg/L) gave rise 
to a decrease in seedling percentage (30, 44 and 50 % reduction, respectively).
 The amount of Cu, Fe, K, Mg and Ca was determined in dried leaves (Table 2). As expected, 
the copper content present in M. vulgare leaves increased significantly in the plants grown un-
der 200 and 300 mg/L of Cu (38 and 55 %, respectively) compared to the control plants (Table 
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 Treatments Number of Number of Total number of Seedling
 CuSO4 (mg/L) sown  seeds germinated seeds germinated seeds percentage (%)

 0 20 9 30 50 ± 6.67 a
  20 9
  20 12 
 
 80 20 7 21 35 ± 3.33 b
  20 8 
  20 6

 200 20 5 17 28 ± 2.22 b
  20 6
  20 6

 300 20 4 15 25 ± 3.33 b
  20 6
  20 5

Percentage values based on three replications.
a) p < 0.01; b) p < 0.05

Table 1. Seedling percentage (%) of Marrubium vulgare grown under 80, 200 and 300 mg/L CuSO4. Data are 
the mean ± SEM of three independent experiments. Different letters indicate that differences from control 
values were statistically significant (p < 0.05).

 Treatments Cu Fe K Ca Mg
 CuSO4 (mg/L) (µg/ g DW) (µg/ g DW) (µg/ g DW) (µg/ g DW) (µg/ g DW)

 0  29.6 ±  3.4 a 268.6 ± 14.7 a 33466 ± 261 c 11220 ± 1715 b   2010 ± 599 a

 80 33.6 ± 2.7 a 188.0 ± 43.6 b 33200 ± 226 c 10146 ± 1335 b    1953 ± 183 a

 200 40.8 ± 3.5 b   219.3 ± 54.9 ab 23900 ± 196 b   6076 ± 1703 a   1970 ± 103 a

 300 46.0 ± 3.4 b 169.6 ± 38.9 b   22800 ± 1037 a   4963 ± 1199 a   1900 ± 608 a

Table 2. Mineral concentrations in Marrubium vulgare leaves grown under 80, 200 and 300 mg/L CuSO4. 
Data are the mean ± SEM of at least three different experiments. Different letters indicate that differences 
from control values were statistically significant (p < 0.05).

coPPer-induced chAnGes in nutrient uPtAke, enzymAtic And non-enzymAtic AntioxidAnt systems

2). On the contrary the results clearly showed that the amount of Fe, K and Ca decreased with 
increasing Cu concentration (Table 2). No effect of Copper-induced-stress uptake and transloca-
tion of Mg has been observed.

Effects of copper on antioxidant enzymes. The effect of Cu treatment on the enzymatic activ-
ity of the leaves extract has been evaluated. The results of Figure 1 showed that SOD and CAT 
activities increased together with Cu concentration. On the contrary, the activity of the APX 
enzyme was unaffected by the increase in Cu concentrations.

Effects of copper on total phenol and flavonoid contents and the anti-radical activity Marru-
bium vulgare extract.  As shownin Figure 2, total phenol and flavonoid contents increased in a 
concentration-dependent manner; however, this increase was significant (p < 0.05) only in the 
extracts obtained in plant treated with 300 mg/L CuSO4.
 DPPH radical scavenging activities of the extracts (obtained by using 80 % methanol) ob-
tained from not-treated and Cu-treated plant material was evaluated. All the extracts showed a 
similar IC50 values, ranging from 50 to 50.6 μg/mL (Figure 3).

Discussion

Copper (Cu) is an essential micronutrient for plants, but it is also an environmental pollutant 
that severely affects plant growth (Adrees et al. 2015). To clarify the effect of such metal, we 
evaluated the effect of Cu treatment on Marrubium vulgare. Results obtained clearly showed 
that seedling percentage gradually decreased as copper concentration increased. Cu treatment 
significantly decreased (p < 0.05) seed germination at concentration of 80, 200 and 300 mg/L as 
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Figure 1. Effect of Cu applied at different doses (0 mg/L: witness, 80 mg/L, 200 mg/L and 300mg/L) on antioxidant enzymes activities, 
SOD (A), CAT (B) and APX (C) from leaves of Marrubium vulgare. Data are the mean ± SEM of at least three different experiments. Dif-

ferent letters indicate that differences from control values were statistically significant (p < 0.05).
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compared to the control. Similar observations in maize have been reported by Gupta & Abdul-
lah (2011) at concentration of 200 mg/L Cu and in tomato when >100ppm concentration of 
Cu inhibits seedling growth (Ashagre et al. 2013). According to Houshmandfar & Moraghebi 
(2011), a decrease in seed germination can be attributed to the poor break down of starch and 
also to alterations inpermeability selection properties of cell membrane. Interestingly, in our 
conditions, the inhibition of seed germination due to copper treatments can be correlated to the 
amylase activity which plays an important role during seed germination, as previously reported 
(Singh et al. 2007, Upadhyay & Pandey 2013). Indeed, it has been demonstrated that amylase 
activity decreased significantly in Wheat, Maize and Sweet pea plants under the influence of dif-
ferent levels of copper solution (5, 25, 50, 75 and100 ppm) in comparison to controls. Upadhyay 
& Pandey (2013) hypothesized that the observed decreasing in seed germination percentage is 
a result of low level of amylase activity.

95 (3): 565-575, 2017
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Figure 2. Total polyphenol and flavonoids contents of Marrubium vulgare leaves extracts grown in regular condition (witness) or under 
copper stress at doses of 80 mg/L, 200 mg/L and 300 mg/L CuSO4. Data are the mean ± SEM of at least three different experiments. Dif-

ferent letters indicate that differences from control values were statistically significant (p < 0.05).

Figure 3. DPPH scavenging 
activity (%) of methanolic 
extracts from Marrubium vul-
gare leaves, grown in normal 
condition (witness) or under 
copper stress at doses of 80 
mg/L, 200 mg/L and 300 mg/
L CuSO4. Data are the mean ± 
SEM of at least three different 
experiments. Different letters 
indicate that differences from 
control values were statisti-

cally significant (p < 0.05).
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 Our results are also in accordance with studies performed on Brassica juncea and Brassica 
napus (Feigl et al. 2013) evidencing that Cu excess in the nutrient solution inhibited Fe, K and 
Ca uptake by competing with their absorption and/or translocation. 
 Moreover, we proved that Cu was accumulated in the aerial part of Marrubium vulgare, as 
already observed in cucumber (Alaoui-Sossé et al. 2003) and rice (Thounaojam et al. 2012). In 
contrast, in Cu-tolerant species like Populus deltoides, Haumaniastrum katangense, fenugreek 
and mustard rapeseed (Guerra et al. 2009, Peng et al. 2012, Elleuch et al. 2013, Feigl et al. 
2013) Cu was preferentially accumulated in roots. 
 It is well known that an excess of Cu induced oxidative stress in plant enhancing the ROS 
production. Cu catalyzes the formation of hydroxyl radicals (OH•) from the non-enzymatic 
chemical reaction between superoxide (O2

•-) and H2O2 via Haber-Weiss reaction (Islek & Unal, 

95 (3): 565-575, 2017
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2015). ROS can damage cells (Dey et al. 2015) and plants have established both enzymatic and 
non-enzymatic protective mechanisms. Enzymatic scavengers responsible for the elimination of 
H2O2, include ascorbate peroxidase, catalase, superoxide dismutase and enzymes of the ascor-
bate-glutathione cycle and non-enzymatic radicals-scavengers such as ascorbate and glutathi-
one (Wang et al. 2004). Accordingly, we studied the effect of Cu-induced stress on SOD, CAT 
and APX enzymatic activity Marrubium vulgare leaves extracts. Results clearly evidenced that 
metal stress is able to induce activation of antioxidant enzymes such as SOD, which converts 
superoxide (O2

•-) into H2O2 (Dey et al. 2015), and CAT, responsible for transformation of H2O2 
in water (H2O) and oxygen (O2) (Karuppanapandian et al. 2011), indicating that these enzymes 
are involved in the detoxification mechanism in M. vulgare, as already observed in other spe-
cies (Haribabu & Sudha 2011, Thounaojam et al. 2012, Elleuch et al. 2013).These results led 
to hypothesize that such increment is an adaptive response of plants to cope with Cu-induced 
oxidative stress. To sum up, our observations are in line with literature data (Elleuch et al. 2013) 
and suggest that the generation of reactive oxygen species (ROS) under Cu stress and the SOD 
and CAT activated are an adaptive mechanism to M. vulgare that serves to maintain the ROS at 
a steady-state level. On the contrary, the activity of APX was not influenced by Cu concentra-
tions, as compared to the control. It is not surprisingly, because catalases (CAT) and peroxidases 
(APX) have different functions and may have a different behavior in response to Cu stress. Our 
results are in accordance with that found in other species like Lemna minor L. (Paczkowska et 
al. 2007) and Triticum aestivum L. (Sairam et al. 2000). Particularly, Sairam et al. (2000) hy-
pothesized that the differences in antioxidant enzymatic activities may be attributed to different 
genotypes.

Lastly, taking into account that also non-enzymatic antioxidant systems (ascorbate, glutathione, 
phenols, flavonoids, carotenoids) are involved in the defense system against oxidative stress 
(Thounaojam et al. 2012), we evaluated the total phenol content and total flavonoid contents as 
well as the anti-radical scavenging activities of Cu-treated and not-treated plant extracts. Our 
findings suggest that phenols are involved in Cu detoxification process, having an increase of 
phenol and flavonoid contents, as already observed in fenugreek (Elleuch et al. 2013). From a 
physiological point of view, an increase in total phenol and flavonoid content is expected due 
to their ROS scavenging activity, Cu chelating and detoxifying properties (Gordon & Roedig-
Penman 1998). Phenolic components have been also shown to be upregulated in response to Cd 
(Mishra et al. 2014), Zn (Marichali et al. 2014), Al (Kováčik et al. 2012), Pb (Wang et al. 2011) 
and Ni (Kováčik et al. 2009).
 To verify a possible correlation between phenolic content and free radical scavenging activ-
ity, Marrubium vulgare extracts were analysed (DPPH assay). Unexpectedly, no relevant differ-
ences in the free radical activities of the extracts were evidenced indicating that the Cu-stress 
applied to M. vulgare did not affect the non-enzymatic antioxidant activity. These results are not 
surprisingly. Indeed, contrasting results in the literature, regarding the correlation between free 
radical scavenging activity (DPPH method) and the amount of total polyphenolic compounds, 
have been reported. Some authors have evidenced positive correlations (Huda-Faujan et al. 
2009, Rebaya et al. 2014), while others have pointed out negative relationships (Hesam et al. 
2012, Aksoy et al. 2013). In the current study, we evidenced an absence of significant variation 
in the antioxidant activity between samples although the significant (p < 0.05) changes in the 
total phenol and flavonoid contents. Therefore, the anti-radical scavenging activity seems to be 
not correlated to the phenolic content, but presumably linked to other non-phenolic constituents 
such as tocopherols and ascorbic acid. Another possible explanation is that the amount of Cu 
used in our study is below the limit that the plants can tolerate. Studies in this direction are cur-
rently in progress.
 Collectively, results from the present contribution indicated that Cu-induced stress (80-300 
mg/L) negatively affect seedling percentage of Marrubium vulgrae and reduced the uptake and 
translocation of cationic elements namely Fe, K and Ca. Meanwhile, the activity of the anti-
oxidant enzymes (SOD and CAT) and the content of total phenol and flavonoid were found to 
increase. To sum up, the increased antioxidant response (enzymatic and non-enzymatic system) 
might enhance the endurable ability to cope with Cu stress.

95 (3): 565-575, 2017



573

coPPer-induced chAnGes in nutrient uPtAke, enzymAtic And non-enzymAtic AntioxidAnt systems

Acknowledgements

This work was supported by the Tunisian Ministry of Higher Education, Research and Technol-
ogy (LR02CB02).

Literature cited

Adrees M, Ali S, Rizwan M, Ibrahim M, Abbas F, Farid M, Zia-ur-Rehman M, Irshad MK, Bharwana SA. 
2015. The effect of excess copper on growth and physiology of important food crops: a review. Envi-
ronmental Science and Pollution Research 22: 8148-8162. DOI: 10.1007/s11356-015-4496-5.

Aebi H. 1984. Catalase in Vitro. Methods in Enzymology 105: 121-126. DOI: 10.1016/S0076-
6879(84)05016-3.

Aksoy L, Kolay E, Aǧılönü Y, Aslan Z, Kargıoǧlu M. 2013. Free radical scavenging activity, total phenolic 
content, total antioxidant status, and total oxidant status of endemic Thermopsis turcica. Saudi Journal 
of Biological Sciences 20: 235-239. DOI: 10.1016/j.sjbs.2013.02.003.

Akther N, Shawl AS, Sultana S, Chandan BK, Akhter M. 2013. Hepatoprotective activity of Marrubi-
um vulgare against paracetamol induced toxicity. Journal of Pharmacy Research 7: 565-570. DOI: 
10.1016/j.jopr.2013.06.023.

Alaoui-Sossé B, Genet P, Vinit-Dunand F, Toussaint ML, Epron D, Badot PM. 2003. Effect of copper on 
growth in cucumber plants (Cucumis sativus) and its relationships with carbohydrate accumulation and 
changes in ion contents. Plant Science 166: 1213-1218. DOI: 10.1016/j.plantsci.2003.12.032.

Amessis-Ouchemoukh N, Abu-Reidah IM, Quirantes-Piné R, Madani K, Segura-Carretero A. 2014. Phy-
tochemical profiling, in vitro evaluation of total phenolic contents and antioxidant properties of Mar-
rubium vulgare (horehound) leaves of plants growing in Algeria. Industrial Crops and Products 61: 
120-129. DOI: 10.1016/j.indcrop.2014.06.049.

Ashagre H, Almaw D, Feyisa T. 2013. Effect of copper and zinc on seed germination, phytotoxicity, 
tolerance and seedling vigor of tomato (Lycopersicon esculentum L. cultivar Roma VF). International 
Journal of Agricultural Science Research 2: 312-317.

Beyer WF, Fridovich Y. 1987. Assaying for superoxide dismutase activity: some large consequences of minor 
changes in conditions. Analytical Biochemistry 161: 559-566. DOI: 10.1016/0003-2697(87)90489-1.

Boudjelal A, Henchiri C, Siracusa L, Sari M, Ruberto G. 2012. Compositional analysis and in vivo anti-
diabetic activity of wild Algerian Marrubium vulgare L. infusion.  Fitoterapia 83: 286-292. DOI: 
10.1016/j.fitote.2011.11.005.

Boulila A, Sanaa A, Ben Salem I, Rokbeni N, M’rabet Y, Hosni K, Fernandez X. 2015. Antioxidant proper-
ties and phenolic variation in wild populations of Marrubium vulgare L. (Lamiaceae). Industrial Crops 
and Products 76: 616-622. DOI: 10.1016/j.indcrop.2015.07.069.

Chen GX, Asada K. 1989. Ascorbate peroxidase in pea leaves: occurrence of two isozymes and the dif-
ferences in their enzymatic and molecular properties. Plant and Cell Physiology 30: 987-998. DOI: 
10.1093/oxfordjournals.pcp.a077844.

Dewanto V, Wu X, Adom KK, Liu RH. 2002. Thermal processing enhances the nutritional value of to-
matoes by increasing total antioxidant activity. Journal of Agricultural and Food Chemistry 50: 3010-
3014. DOI: 10.1021/jf0115589.

Dey S, Mazunder PB, Paul SB. 2015. copper-induced changes in growth and antioxidative mechanisms 
of tea plant (Camellia sinensis (L.) O. Kuntze). African Journal of Biotechnology 14: 582-592. DOI: 
10.5897/AJB2014.14279.

El Bardai S, Morel N, Wibo M, Fabre N, Labres G, Lyoussi B, Quetin-Leclerccq J. 2003. The vasorelaxant 
Activity of Marrubenol and Marrubiin from Marrubium vulgare. Planta Med 69: 75-77. DOI: 10.1055/
s-2003-37042.

El Bardai S, Lyoussi B, Wibo M, Morel N. 2004. Comparative Study of the Antihypertensive Activity 
of Marrubium vulgare and of the Dihydropyridine Calcium Antagonist Amlodipine in Spontaneously 
Hypertensive Rat. Clinical and experimental hypertension 26: 465-474.

Elleuch A, Chaâbene Z, Grubb DC, Drira N, Mejdoub H, Khemakhem B. 2013. Morphological and bio-
chemical behavior of fenugreek (Trigonella foenum-graecum) under copper stress. Ecotoxicology and 
Environmental Safety 98: 46-53.DOI:10.1016/j.ecoenv.2013.09.028.

Feigl G, Kumar D, Lehotai N, Tugyi N, Molnár A, Ordög A, Szepesi A, Gémes K, Laskay G, Erdei L, Kol-
bert Z. 2013. Physiological and morphological responses of the root system of Indian mustard (Brassica 
juncea L. Czern.) and rapeseed (Brassica napus L.) to copper stress. Ecotoxicology and Environmental 
Safety 94: 179-189. DOI: 10.1016/j.ecoenv.2013.04.029

Gaggeri R, Rossi D, Christodoulou MS, Passarella D, Leoni F, Azzolina O, Collina S. 2012. Chiral Flava-
nones from Amygdalus lycioides Spach: Structural Elucidation and Identification of TNF alpha Inhibitors 
by Bioactivity-guided Fractionation. Molecules 17: 1665-1674. DOI: 10.3390/molecules17021665.

95 (3): 565-575, 2017



574

Bédis Amri et al.

Gaggeri R, Rossi D, Mahmood K, Gozzini D, Mannucci B, Corana F, Daglia M, Avanzini A, Mantelli 
M, Martino E, Collina S. 2015. Towards elucidating Eremurus root remedy: Chemical profiling and 
preliminary biological investigations of Eremurus persicus and Eremurus spectabilis root ethanolic 
extracts. Journal of Medicinal Plants Research 8: 1038-1048. DOI: 10.5897/JMPR2015.5873

Gangwar S, Singh VP, Tripathi DK, Chauhan DK, Prasad SM, Maurya JN. 2014. Plant responses to metal 
stress: the emerging role of plant growth hormones in toxicity alleviation. In: Parvaiz A, Rasool S. eds. 
Emerging Technologies and Management of Crop Stress Tolerance. Elsevier, 215-248.

Gordon MH, Roedig-Penman A. 1998. Antioxidant activity of quercetin and myricetin in liposomes. 
Chemistry and Physics of Lipids 97: 79-85.

Guerra F, Duplessi S, Kohler A, Martin F, Tapia J, Lebed P, Zamudio F, González E. 2009. Gene expression 
analysis of Populus deltoides roots subjected to copper stress. Environmental and Experimental Botany 
67: 335-344.DOI: 10.1016/j.envexpbot.2009.08.004.

Gupta D, Abdullah. 2011. Toxicity of copper and cadmium on germination and seedling growth of maize 
(Zea mays L.) seeds. Indian Journal of Scientific Research 2: 67-70.

Habibi G, Ajory N. 2015. The effect of drought on photosynthetic plasticity in Marrubium vulgare plants 
growing at low and high altitudes. Journal of Plant Research 128: 987-994. DOI: 10.1007/s10265-015-
0748-1. 

Haribabu TE, Sudha PN. 2011. Effect of the heavy metals copper and cadmium exposure on the antioxi-
dant properties of the plant Cleome gynandra. International Journal of Plant, Animal and Environmen-
tal Sciences 2: 80-87.

Hesam F, Balali GR,Tehrani RT. 2012. Evaluation of antioxidant activity of three common potato (Sola-
num tuberosum) cultivars in Iran. Avicenna Journal of Phytomedicine 2: 97-85.

Houshmandfar A, Moraghebi F. 2011. Effect of mixed cadmium, copper, nickel and zinc on seed germina-
tion and seedling growth of safflower. African Journal of Agricultural Research 6: 1463-1468. DOI: 
10.5897/AJAR10.1033.

Huda-Faujan N, Noriham A, Norrakiah AS, Babji AS. 2009. Antioxidant activity of plants methanolic 
extracts containing phenolic compounds. African Journal of Biotechnology 8: 484-489.

Islek C, Unal BT. 2015. Copper Toxicity in Capsicum annuum: Superoxide Dismutase and Catalase Ac-
tivities, Phenolic and Protein Amounts of in-vitro-Grown Plants. Polish Journal of Environmental Stud-
ies 24: 2441-2445. DOI: 10.15244/pjoes/59035.

Karuppanapandian T, Moon JC, Kim C, Manoharan K, Kim W. 2011. Reactive oxygen species in plants: 
their generation, signal transduction, and scavenging mechanisms. Australian Journal of Crop Science 
5: 709-725. 

Kováčik J, Klejdus B, Bačkor M. 2009. Phenolic metabolism of Matricaria chamomilla plants exposed to 
nickel. Journal of Plant Physiology 166: 1460-1464. DOI: 10.1016/j.jplph.2009.03.002.

Kováčik J, Štork F, Klejdus B, Grúz J, Hedbavny J. 2012. Effect of metabolic regulators on aluminium 
uptake and toxicity in Matricaria chamomilla plants. Plant Physiology and Biochemistry 54: 140-148. 
DOI: 10.1016/j.plaphy.2012.02.018.

Küpper H, Götz B, Mijovilovich A, Küpper FC, Meyer-Klaucke W. 2009. Complexation and Toxicity 
of Copper in Higher Plants. I. Characterization of Copper Accumulation, Speciation, and Toxicity 
in Crassula helmsii as a New Copper Accumulator. Plant Physiology 151: 702-714.  DOI: 10.1104/
pp.109.139717. 

Liu JJ, Wei Z, Li HH. 2014. Effects of copper on leaf membrane structure and root activity of maize seed-
ling. Botanical Studies 55: 1-6. DOI: 10.1186/s40529-014-0047-5.

Marichali A, Dallali S, Ouerghemmi S, Sebei H, Hosni K. 2014. Germination, morpho-physiological and 
biochemical responses of coriander (Coriandrum sativum L.) to zinc excess. Industrial Crops and 
Products 55: 248-257. DOI:10.1016/j.indcrop.2014.02.033

Martino E, Collina S, Rossi D, Bazzoni D, Gaggeri R, Bracco F, Azzolina O. 2008. Influence of the extrac-
tion mode on the yield of hyperoside, vitexin and vitexin-2-O-rhamnoside from Crataegus monogyna 
Jacq. (Hawthorn).  Phytochemical Analysis 19: 534-540. DOI: 10.1002/pca.1081.

Masoodi MH, Ahmed A, Zargar MI, Khan AR, Khan S, Singh P. 2008.  Antibacterial activity of whole 
plant extract of Marrubium vulgare. African Journal of Biotechnology 7: 086-087.

Mau JL, Chao GR,Wu KT. 2001. Antioxidant properties of methanolic extracts from several ear 
mushrooms. Journal of Agricultural and Food Chemistry 49: 5461-5467. 

Meyre-Silva C, Yunes RA, Schlemper V, Campos-Buzzi F, Cechinel-Filho V. 2005. Analgesic potential of 
marrubiin derivatives, a bioactive diterpene present in Marrubium vulgare (Lamiaceae). Farmaco 60: 
321-326. DOI:10.1016/j.farmac.2005.01.003.

Mishra B, Sangwan RS, Mishra S, Jadaun JS, Sabir F, Sangwan NS. 2014. Effect of cadmium stress 
on inductive enzymatic and nonenzymatic responses of ROS and sugar metabolism in multiple shoot 
cultures of Ashwagandha (Withania somnifera Dunal). Protoplasma 251: 1031-1045. DOI: 10.1007/
s00709-014-0613-4.

95 (3): 565-575, 2017



575

coPPer-induced chAnGes in nutrient uPtAke, enzymAtic And non-enzymAtic AntioxidAnt systems

Paczkowska M, Kozlowska M, Golinski P. 2007. Oxidative stress enzyme activity in Lemna minor L. 
exposed to Cadmium and Lead. Acta Biologica Cracoviensia Series Botanica 49: 33-37.

Peng H, Wang-Müller Q, Witt T, Malaisse F, Küpper H. 2012. Differences in copper accumulation and 
copper stress between eighth populations of Haumaniastrum katangense. Environmental and Experi-
mental Botany 79: 58-65. DOI: 10.1016/j.envexpbot.2011.12.015.

Rebaya A., Belghith SI, Baghdikian B., Leddet VM, Mabrouki F, Evelyne O, Cherif JK, Ayadi MT. 2014. 
Total Phenolic, Total Flavonoid, Tannin Content, and Antioxidant Capacity of Halimium halimifolium 
(Cistaceae). Journal of Applied Pharmaceutical Science 5: 52-57.

Rossi D, Ahmed KM, Gaggeri R, Volpe SD, Maggi L, Mazzeo G, Longhi G, Abbate S, Corana F, Mar-
tino E, Machado M, Varandas R, Do Céu Sousa M, Collina S, Muñoz-Torrero D, Chibale K. 2017. 
(R)-(-)- Aloesaponol III 8-methyl ether from eremurus persicus: A novel compound against leishmani-
osis. Molecules 22: 519-534. DOI: 10.3390/molecules22040519.

Sahpaz S, Garbacki N, Tits M, Bailleul F. 2002. Isolation and pharmacological activity of phenylpropanoid 
esters from Marrubium vulgare. Journal of Ethnopharmacology 79: 389-392.

Sairam RK, Srivastava GC, Saxena DC. 2000. Increased antioxidant activity under elevated temperatures: 
A mechanism of heat stress tolerance in wheat genotypes. Biologia Plantarum 43: 245–251.

Shahid M, Pourrut B, Dumat C, Nadeem M, Aslam M, Pinelli E. 2014. Heavy-Metal-Induced Reactive 
Oxygen Species: Phytotoxicity and Physicochemical Changes in Plants. Reviews of Environmental 
Contamination and Toxicology 232: 1-44. DOI: 10.1007/978-3-319-06746-9_1.

Singh D, Nath K, Sharma YK. 2007. Response of wheat seed germination and seedling growth under cop-
per stress. Journal of Environmental Biology 28: 409-414. 

Singh S, Singh S, Ramachandran V, Eapen S. 2010. Copper tolerance and response of antioxidative en-
zymes in axenically grown Brassica juncea (L.) plants. Ecotoxicology and Environmental Safety 73: 
1976-1981. DOI:10.1016/j.ecoenv.2010.08.020.

Stulzer HK, Tagliari MP, Zampirolo JA, Cechinel-Filho V, Schlemper V. 2006. Antioedematogenic effect 
of marrubiin obtained from Marrubium vulgare. Journal of Ethnopharmacology 108: 379-384.DOI: 
10.1016/j.jep.2006.05.023.

Tamayo E, Gómez-Gallego T, Azcón-Aguilar C, Ferrol N. 2014. Genome-wide analysis of copper, iron 
and zinc transporters in the arbuscular mycorrhizal fungus Rhizophagus irregularis. Frontiers in Plant 
Science 5: 1-13. DOI: 10.3389/fpls.2014.00547

Thounaojam TC, Panda P, Mazumdar P, Kumar D, Sharma GD, Sahoo L, Panda SK. 2012. Excess copper 
induced oxidative stress and response of antioxidants in rice. Plant Physiology and Biochemistry 53: 
33-39. DOI: 10.1016/j.plaphy.2012.01.006.

Upadhyay VK, Pandey GC. 2013.  Studies on the physiological and biochemical parameters of Wheat, 
Maize and Sweet pea under copper stress. International Journal of Advanced Research 1: 46-51.

Wang C, Lu J, Zhang S, Wang PF, Hou J, Qian J. 2011. Effects of Pb stress on nutrient uptake and sec-
ondary metabolism in submerged macrophyte Vallisneria natans. Ecotoxicology and Environmental 
Safety 74: 1297-1303. DOI: 10.1016/j.ecoenv.2011.03.005.

Wang S, Yang Z, Yang H, Lu B, LI S, Lu Y. 2004. Copper-induced stress and antioxidative responses in 
roots of Brassica juncea L. Botanical Bulletin of Academia Sinica 45: 203-212.

ZhishemJ, Mengcheng T, Jianming W. 1999. The determination of flavonoid contents in mulberry and 
their scavenging effects on superoxide radicals. Food Chemistry 64: 555-559. DOI: 10.1016/S0308-
8146(98)00102-2.

95 (3): 565-575, 2017




