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ABSTRACT

Heavy metal toxicity is one of the major ecosystem concerns globally in present time and is also responsible for
significant threat to agronomic crops. The current work was conducted to investigate the possible ameliorative
role of proline in Coriandrum sativum L. seedlings treated with mercury (Hg). The seedlings were exposed to
different concentrations of Hg (0, 0.1, 0.3 and 0.5 mM) for 20 days. The effects of pre-sowing treatment with pro-
line were studied on C. sativum seedlings in terms of pigment (chlorophylls, carotenoids and anthocyanins), mal-
ondialdehyde (MDA), antioxidant compound (glutathione, total phenolic compounds, ascorbic acid) and
osmolytes (proline, glycine betaine). Additionally, activities of antioxidant enzymes, namely catalase (CAT),
superoxide dismutase (SOD), ascorbate peroxidase (APX) and dehydroascorbate reductase (DHAR) were also
studied. A strong decline of photosynthetic pigment concentrations was observed in leaves of C. sativum under
Hg toxicity. Treatment of seeds with proline reduced the loss of photosynthetic pigments, counteract Hg-triggered
oxidative stress, likely preserving the functionality of antioxidant apparatus under Hg stress. The increment of
total polyphenols and glycine betaine also contributed in ameliorating Hg toxicity, suggesting the use of exogen-
ous proline as a potential method to enhance the plant tolerance against heavy metal stress.
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1 Introduction

Global industrialization has progressively increased the release of various environmental contaminants
such as heavy metals, which affect the quality of soil and water, and disturb the ecological balance of the
environment compartments [1,2]. Heavy metals enter into our food chain which becomes carcinogenic
and display fatal effects on human health [3] as well as in other biological systems, for examples aquatic
ecosystems [4]. Environmental enrichment of heavy metals is principally attributable to anthropogenic
sources including medical, domestic, agriculture, technological and industrial fields [5]. Though several
heavy metals are found in small amount, a slight increase in their concentration can be toxic and
hazardous plants [6]. Therefore, these are considered as major pollutants affecting agricultural soils [7].
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Reactive oxygen species (ROS) homeostasis is finely modulated in biological systems, including plants
and ROS has to be maintained at physiological level to avoid cellular damages due to ROS spread. ROS
generation increases dramatically when plants are exposed to different biotic and abiotic stresses [8],
including heavy metals. One has also to consider that some heavy metals, such as copper (Cu), nickel
(Ni), zinc (Zn), iron (Fe), molybdenum (Mo), and manganese (Mn) are micronutrients and act as cofactor
which are crucial for certain enzyme activities and other essential role beneficial to plants [9].
Nevertheless, their excess also seriously impairs plant performance [10]. However, when the metal ions
break through the primary defense wall, plants activate other physiological and biochemical strategies
aimed at counteracting the hazardous effect of metal ions to plant metabolism [11]. Among them, a
powerful antioxidant system, both enzymatic and non-enzymatic compounds represent the first
biochemical barrier against environmental cues, including metal-triggered toxicity [12].

Hg is released naturally as well as by human activities, for example by fertilizers, fungicides, manures,
agricultural sludge and seed coat dressing which prevent seed from fungal attack [13]. Hg is found in
nature in different chemical form, which can be elemental Hg (HgO), inorganic Hg (Hg”>") and organic Hg
(CHs-Hg) [14] and the most abundant form in soil is Hg*" [15]. When Hg is released into the soil, it
remains in the solid phase by adsorption on sulphides, organic matters and clay particles [5]. Hg*" can also
be easily accumulated in aquatic plants [16]. The effect of Hg consists in the interruption of the activity of
the mitochondria and induction of oxidative stress, which eventually leads to disruption of lipid membrane
and metabolism of plant cell [17]. Hg is also known to cause seed injuries by disrupting the stability of the
cell membrane leading to reduced viability, affect seed germination, reduced elongation of the primary
roots, decrease rate of photosynthesis, transpiration rate, chlorophyll synthesis and water uptake [18].

Proline is an amino acid which is required for primary metabolism and often it increases upon plant
exposure to various stresses [19]. The ameliorative role of proline was firstly demonstrated in bacteria
against biotic factors, where it demonstrated its osmo-protective function [20]. However, a rise in proline
level is also a common response of plants against abiotic stress, as shown in Arabidopsis thaliana
exposed to salinity and drought, or in rice varieties in which the level of drought tolerance is related to
the proline content in leaves [20]. Therefore, high proline accumulation is beneficial to plants under
unfavorable conditions, including edaphic heavy metal accumulation [21]. In condition of metal toxicity,
proline can act as a heavy metal chelator, osmo-protectant and ROS quencher, all these roles ameliorating
plant performances [22].

Coriandrum sativum L. is an aromatic herb which is considered as an economically important crop,
widely used as a spice and appreciated for their medicinal prerogatives [23]. Extracts and essential oils
obtained from C. sativum have promising biological activities such as antifungal, antibacterial, and
antioxidant properties and also used as flavoring agent, preservatives, pharmaceutical products and in
perfumes [24-26]. People consumes coriander plant as a whole, but mostly fresh leaf and dried powdered
seeds are preferred however, essential oils are present in all the parts of the plant such as leaf, flower,
stem, seeds, though the composition of essential oil in each plant parts are not the same [23].

The current work was designed to investigate the possible ameliorative effects of proline on Hg toxicity
in C. sativum plants in order to possibly increase the resilience of this species in condition of Hg excess.
Edaphic Hg accumulation was indeed reported in the soil of various regions in Punjab [27] where
coriander is largely cultivated.

2 Materials and Methods

Seeds of C. sativum L. seeds were purchased from the local market of Hargobind Nagar in Phagwara,
Punjab (India). The soil for the experiment was taken from herbal garden, Ayushya Vatika of Lovely
Professional University, Punjab (India). The soil was mixed with manure (3:1, soil:manure) and added
into 24 pots (2 L each). Seeds were given a pre-sowing treatment of 50 mM proline and soaked
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over-night. Hg is applied on seeds by dipping them in the Hg solution at distinct concentrations, i.e., at
0.1 mM, 0.3 mM and 0.5 mM. Treatment of Hg was given in the form of mercuric acetate and then
exposed to a day/night temperature of 25°C and 21 + 2.5°C, respectively with a photoperiod of 16 h.
Seedlings (4-5 cm in height) were harvested after 20 days of sowing for further analysis.

2.1 Malondialdehyde Content

Membrane damage caused by Hg stress was assessed in terms of malondialdehyde (MDA) content by
following the method of Heath et al. [28]. 0.5 g of leaves were extracted in 5 ml of 0.1% (w/v) trichloroacetic
acid (TCA) and centrifuged at 5,000 g for 10 min a 4°C. 1 ml of supernatant was mixed with 6 ml of 20%
(w/v) TCA containing 0.5% (w/v) of thio barbituric acid, then this mixture was heated at 95°C for 30 min and
immediately cooled on ice. The absorbance of the supernatant was taken at 532 nm. Correction of non-
specific absorbance was done by subtraction of absorbance taken at 600 nm.

2.2 Pigment Estimation
2.2.1 Chlorophyll Content

The total content of chlorophyll was measured using Arnon [29] method. One g of fresh leaves were
crushed in mortar and pestle using 3 ml of 80% acetone. Then, the homogenized material was centrifuged
at 10,000 g for 20 min at 4°C (Eltek cooling centrifuge, Elektrocraft Pvt. Ltd., India). The supernatant
absorbance was collected at 645 nm and 663 nm and pigments were quantified according to Arnon [29]
by using an UV-visible, double beam spectrophotometer (Systronics 2202, Systronics India Ltd.,
Ahmedabad, India).

2.2.2 Carotenoid Content

The total carotenoid content was measured using Maclachlan et al. [30] method. Fresh leaves (1 g) were
homogenized in mortar and pestle using 4 ml of 80% acetone. Then, the homogenized material was
centrifuged at 10,000 g for 20 min at 4°C. The supernatant’s absorbance was measured at both 480 nm
and 510 nm.

2.2.3 Anthocyanin Content

Mancinelli [31] method was followed to estimate total anthocyanin content. Fresh leaves (1 g) were
homogenized in chilled pestle and mortar with 3 ml of extraction mixture. The extraction mixture was
acidified in methanol (methanol:water:HCI, 79:20:1). The crushed material was then centrifuged for
20 minutes at 5,000 g in Eltek cooling centrifuge at a temperature of 4°C. The absorbance of the
supernatant was taken at 530 nm and 657 nm.

2.3 Osmolyte Content
2.3.1 Proline Content

Proline was estimated by Bates et al. [32] method. 0.5 g of fresh leaves was homogenized in mortar and
pestle using sulfosalicylic acid (3% v/v), and centrifuged for 10 min at 10,000 g for 10 min at 4°C. 2 ml of
ninhydrin and glacial acetic acid was added to 2 ml of supernatant and the mixture was incubated in a boiling
water bath for 1 h. Absorbance was taken at 520 nm. A graph of absorbance vs. concentration was plotted for
the standard solutions of L-proline and the amount of proline in the sample was calculated using a linear
correlation equation.

2.3.2 Glycine-Betaine Content

Glycine-betaine (GB) content was estimated by following the method of Grieve et al. [33]. Fresh leaves
(1 g) were homogenized in mortar and pestle using 10 ml of distilled water. After filtration, 1 ml of 2 M HC1
was added in 1 ml of supernatant. Then, 0.5 ml of this mixture were taken, and 0.2 ml of potassium tri-iodide
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solution was added. After cooling and shaking, 2 ml of chilled distilled water and 20 ml of 1-
2 dichloromethane were added to it. Two layers were formed in the mixture. While the tubes were still in
the ice bath (4°C) a continuous stream of air was passed for 2 min to mix the layers in the mixture. The
upper layer was discarded, and the absorbance of the organic layer was taken at 365 nm. The
concentrations of the betaine were calculated against the standard curve.

2.4 Protein Content and Activities of Antioxidative Enzymes
2.4.1 Activities of Antioxidative Enzymes

The determination of Catalase (CAT) activity is done by using method of Aebi [34]. Fresh leaves (1 g)
were extracted in 3 ml phosphate buffer and subjected to centrifugation at 7,000 g for 20 min. Cuvette
contained phosphate buffer 1.5 ml (50 mM, pH 7.0), hydrogen peroxide 1.2 ml (15 mM) and 300 pl of
plant sample and decrease in absorbance was measured at 240 nm.

Superoxide dismutase (SOD) was estimated according to method given by Kono [35]. Fresh leaves (1 g)
were extracted in 3 ml sodium carbonate buffer. Cuvette contained 1.3 ml sodium carbonate buffer (50 mM,
pH 10.2), 500 ul NBT (24 mM) and 100 pl Triton X-100 (0.03% v/v) was taken. Then 100 pl hydroxylamine
hydrochloride was added. After 2 min, 70 pl of plant sample was added. The absorbance was measured
at 540 nm.

Ascorbate peroxidase (APX) was estimated by Nakano et al. [36] method. Fresh leaves (1 g) were
extracted in 3 ml of phosphate buffer and centrifuged at 7,000 g for 20 min. Cuvette contained 1.5 ml
phosphate buffer (50 mM, pH 7.0), 300 pl ascorbate (0.05 mM), 600 ul H,O, (1 mM) and 600 ul plant
sample and reduction in absorbance was noticed at 290 nm.

Dehydroascorbate reductase (DHAR) activity was estimated by Dalton et al. [37] method. Fresh leaves
(1 g) were extracted in 3 ml phosphate buffer and separated at 7,000 g for 20 min. Cuvette followed by
50 mM phosphate buffer, 0.1 mM EDTA, 1.5 mM glutathione reduced, 0.2 mM dehydroascorbate and
400 pl plant sample. Absorbance was collected at 265 nm.

2.4.2 Total Protein Determination

Protein content was determined following the method of Lowry et al. [38]. The 0.25 g plant samples was
extracted in 3 ml phosphate buffer and then separated at 12,000 g for 10 min. 0.1 ml of the sample and
standard were pipetted into a series of test tubes. 1 ml was made up in all test tubes with distilled
water. 5 ml of reagent C was added to each tube. Then 0.5 ml of reagent D was added, mixed well
and incubated at room temperature in dark for 30 min. Blue color was developed and readings were
taken at 660 nm.

2.5 Antioxidant Compounds and Total Phenolic Content
2.5.1 Ascorbic Acid Content

The amount of ascorbic acid (AsA) was calculated using the Roe et al. [39] method. Addition of 0.5 ml
of 50% TCA and 100 mg charcoal were done in 0.5 ml of plant extract. After mixing and filtration, 0.4 ml of
2,4-dinitro phenyl hydrazine was added and then mixture was incubated for 3 h at 37°C, and cooled
immediately. 1.6 ml of 65% H,SO, was mixed and kept at room temperature for 30 min. Absorbance
was measured at 520 nm.

2.5.2 Glutathione Content

The content of glutathione (GSH) was determined using the Sedlak et al. [40] method. 1 ml of Tris-HCI
buffer, 4 ml of absolute methanol and 50 ml of 5’-dithiobis-2-nitrobenzoic acid were added in 100 ml of plant
extract. Incubation of mixture was done for 50 min at room temperature and the absorbance of the
supernatant was measured at 412 nm.
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2.5.3 Total Phenolic Content

Total phenolic content was determined as described by Singleton et al. [41]. 0.4 g of dried plant extract
was added to 40 ml of pure ethanol. After filtration and further dilution, 2.5 ml from the plant sample diluted
with 25 ml of distilled water. 2 ml of the sample was combined with a 10 ml Folin-Ciocalteau (FC) reagent
and 2 ml of 7.5% sodium carbonate after 5 min. The absorbance was taken at 765 nm.

2.6 Statistical Analysis

All the experiments were carried out in triplicate. Data is expressed as the mean + SE of replicated
samples. Bartlett’s test was used to test homoscedasticity of data. To test the statistically significant
difference between the treatments, one way-analysis of variance (ANOVA) was carried out, followed by
Tukey’s test (P = 0.05) using SPSS 16.0 (SPSS Inc., Chicago, IL, USA).

3 Results

3.1 Malondialdehyde Content

Hg toxicity increased progressively the level of MDA in C. sativum leaves (Fig. 1A). Proline pre-sowing
treatment lead to reduced level of MDA at any dose of Hg and even in control plants when compared to
proline-untreated samples. MDA level in Hg alone and in combination with proline pretreated plants
increased in a dose dependent manner where highest MDA level was observed at 0.5 mM Hg alone
treated plants (1.243 mg g ' fw).
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Figure 1: Effect of proline on MDA (A), Total chlorophyll (B), Total anthocyanin (C) and Total carotenoid
content (D) of 20 days old seedlings of Coriandrum sativum under Hg stress (CN = Control, Pro = Proline,
S1=0.1 mM Hg, S2 = 0.3 mM Hg, S3 = 0.5 mM Hg); fw = fresh weight
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3.2 Pigment Estimation

Chlorophyll content declined following the severity of Hg stress and the lowest concentration was
observed at 0.5 mM Hg (0.028 mg g ' fw) (Fig. 1B). Proline treatment reduced the loss of total
chlorophylls, especially at the lowest dose of 0. mM Hg (0.054 mg g ' fw). Maximum chlorophyll
content (0.076 mg g ' fw) was observed in proline alone pretreated plants followed by proline untreated
control plants (0.061 mg g fw). Maximum anthocyanin content was found in the seedlings treated with
proline alone (0.639 mg g ' fw; Fig. 1C). As similar as per chlorophylls, the anthocyanin content
declined along with Hg severity and reached the lowest value in seedlings treated with 0.5 mM Hg
(0.243 mg g' fw). When proline was utilized in pre-sowing treatment, C. sativum leaves maintained a
higher level of anthocyanins with respect to their relative Hg-treated counterparts. The proline treatment
was however not affected by Hg doses and either 0.1, 0.3, or 0.5 mM Hg-treated plants exhibited the
similar levels of total anthocyanins. The concentration of total carotenoids was reduced by Hg imposition
and the most severe doses of Hg (0.3 and 0.5 mM) induced a similar loss of total carotenoids (Fig. 1D).
Proline treatment ameliorate the decline observed in total carotenoid levels. Content of total carotenoids
in Hg alone treated plants decreased with increasing the concentration of Hg.

3.3 Osmolyte Content

Glycine betaine (GB) content increased with increasing the Hg level and it was found to be more
increased when Hg treatment was applied in proline-pretreated plants (Fig. 2A). Therefore, the maximum
content was found to be 8.7 mg g ' fw when proline-pretreated seedlings were given 0.5 mM Hg.
Treatment with proline significantly improved the GB content to ameliorate the toxicity induced by Hg in
C. sativum. Proline content increased with Hg application (except for 0.3 mM Hg; Fig. 2B). Proline-
pretreated plants showed higher levels of proline than untreated counterparts. When the seedlings were
treated with the lowest metal concentration (0.1 mM Hg), the proline content was at its maximum
(6.602 mg g ' fw). Lowest proline content among Hg alone treated and in Hg plus proline treated plants
was 5.247 mg g ' fw and 5.652 mg g ' fw respectively, at 0.3 mM Hg.
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Figure 2: Effect of proline on Glycine Betaine (A) and endogenous Proline content (B) of 20 days old
seedlings of Coriandrum sativum under Hg stress (CN = Control, Pro = Proline, S1 = 0.1 mM Hg,
S2 =0.3 mM Hg, S3 = 0.5 mM Hg); fw = fresh weight
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3.4 Activities of Antioxidative Enzymes

The activity of CAT was stimulated by Hg stress in a dose-dependent manner (Fig. 3A). The activity of
CAT increased in control plants treated with proline, whereas CAT activity remained unchanged in both Hg-
treated and Hg-treated + proline plants at each dose of Hg. Maximum (6.628 pmol UA mg protein ') and
minimum (2.177 pmol UA mg protein ') CAT activity was observed at 0.5 mM Hg and in untreated
control plants respectively. The enzymatic activity of SOD was highest when the seedlings were treated
with proline alone (0.59 pmol UA mg protein '; Fig. 3B). Under Hg stress, the activity of SOD was
found to decrease as compared to control plants. However, the SOD activity decreased to a lower extent
when the seedlings were pretreated with proline, at each Hg dose. Hg imposition induced a general
increment of DHAR activity (Fig. 3C). The Hg stressed seedlings pretreated with proline showed higher
level of DHAR activity than the untreated ones. The highest value of DHAR activity was found in
0.1 mM Hg treated plants (0.054 pmol UA mg protein”') subjected to proline pre-sowing treatment.
DHAR activity was decreased with increasing the concentration of Hg. The activity of APX was
generally inhibited by Hg stress (Fig. 3D). Maximum APX activity (0.487 umol UA mg protein ') was
measured in seedlings pretreated with proline alone. Pretreatment with proline only preserve APX activity
to be inhibited at 0.3 mM Hg. APX activity decreased as concentration of Hg increased in both Hg alone
and in Hg + proline treated plants being lowest at 0.5 mM Hg concentration.
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Figure 3: Effect of proline on activities of Catalase (CAT) (A), Superoxide Dismutase (SOD) (B),
Dehydroascorbate Reductase (DHAR) (C) and Ascorbate Peroxidase (APX) (D) enzymes of 20 days old
seedlings of Coriandrum sativum under Hg stress (CN = Control, Pro = Proline, S1 = 0.1 mM Hg,
S2 = 0.3 mM Hg, S3 = 0.5 mM Hg); fw = fresh weight
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3.5 Antioxidant Compounds, Total Phenolic and Protein Content

GSH content was found to be maximum (5.985 mg g ' fw) at proline alone treated plants (Fig. 4A). Hg
stress (0.1 and 0.3 mM) induced a decline of GSH levels, but when 0.5 mM Hg were given, an increment of
this compound was observed. Proline only induced an increment of GSH in 0.5 mM Hg treated plants. The
AsA content was more depressed by the highest dose of Hg (Fig. 4B). Proline pre-sowing treatment
enhanced the level of AsA only in Hg-untreated plants and in seedlings subjected to the highest dose of
Hg. Maximum AsA content was found in proline alone treated plants (7.252 mg g ' fw) and minimum
was at 0.5 mM Hg (3.582 mg g ' fw). The highest phenolic content (6.5 mg g ' fw; Fig. 4C) was
measured when the seedlings were treated with proline alone. When the seedlings were exposed to Hg,
the phenolic content decreased in a dose-dependent manner. The lowest phenolic content (0.31 mg g
fw) was found when seedlings were treated with 0.5 mM Hg. Proline pre-treated seedlings showed higher
values of total polyphenols when compared to the untreated counterparts at each Hg level. Protein content
was affected by Hg and both the highest two Hg doses induced similar decline of this parameter
(Fig. 4D). Proline treatment enhanced the level of protein in proline alone treated plants (which
accounted for the highest level of protein content 5.016 mg g~ fw) as well as in Hg-treated ones. Protein
content decreased both in Hg alone and in with proline treated plants as the concentration of Hg increased.
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Figure 4: Effect of proline on Glutathione (A), Ascorbic Acid (B), Total phenolic (C) and Protein content
(D) of 20 days old seedlings of Coriandrum sativum under Hg stress (CN = Control, Pro = Proline,
S1=0.1 mM Hg, S2 = 0.3 mM Hg, S3 = 0.5 mM Hg); fw = fresh weight
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4 Discussion

The existing work was set to study the role and activity of proline in ameliorating the stress condition
caused by the toxicity of Hg in C. sativum L. plants. The plant belongs to Umbelliferae family and is
commonly called as coriander or Dhania. The plant has high economic value and has many
pharmaceutical values. They are aromatic plants and mostly used as spice and flavoring agent [42].

In the present study, MDA level, which is a marker for heavy metal stress being the end product of lipid
peroxidation [43], decreased when the Hg-treated coriander plants were pretreated with 10 mM proline. This
indicates that proline pre-sowing treatment reduced the oxidative stress in seedlings of C. sativum. Reduced
oxidative stress may be due to the antioxidant properties of proline which are able to enhance the scavenging
of reactive oxygen species [44,45].

Compared with control seedlings, when treated with proline the photosynthetic pigment content in C.
sativum plants were greatly enhanced, highlighting a positive role exerted by proline. The pigment level
was decreased when the seedlings were subjected to Hg stress and the lowest concentration was observed
when Hg was given at a concentration of 0.5 mM. But when the Hg-treated seedlings were pretreated
with proline, the Hg impact to photosynthetic pigments was remarkably lower. This might be attributable
to the positive role exerted by proline in stabilizing the cell membrane and mitochondrial electron
transport and defend the plant during stress [46]. Moreover, proline can help to protect the photosynthetic
apparatus in plants under abiotic stress [47,48].

In the present study, proline pretreatment increased the amount of GB in comparison to alone Hg treated
plants. Glycine betaine is an important osmoprotectant and has antioxidant properties, which can be helpful
in amelioration of heavy metal toxicity [49]. Similarly, the protein content was at its maximum when the
seedlings were treated with proline alone than control seedlings. Protein content was found to decrease
when exposed to Hg treatment but when they are treated in combination with Hg and proline, the protein
content was enhanced. Similar results were found in Cicer arietinum where application of proline
significantly increased the protein content under Cd stress [50]. Besides, antioxidant enzyme activity
(SOD, APX, CAT, and DHAR) was less impaired when the Hg-stressed seedlings were treated with
proline. It has long been known that antioxidant enzymes (Asada-Halliwell pathway) play a crucial role
in scavenging and maintaining ROS homeostasis in condition of abiotic stress including heavy metals
[51]. Proline application alleviated the harmful effects of heavy metals by decreasing the oxidative
damage triggered via improving the antioxidative enzymes activities [52,53].

Levels of antioxidant compounds, including GSH, AsA, and polyphenols were also stimulated by
proline application. These non-enzymatic antioxidant molecules are very important for plants to counter
negative impacts of abiotic stresses [54] which further support the outcomes of our studies. In our study,
proline pretreatment improved the content of phenolic under Hg stress in C. sativum plants. Phenolics are
very well known to protect plants from abiotic stresses including heavy metals [55]. Application of
proline alleviated the Cu toxicity in wheat plants by declining the overaccumulation of ROS and
increasing the accumulation of endogenous proline and protein content [56]. Our dataset highlights an
ameliorative role exerted by proline pre-treatment in Hg-treated seedlings in C. sativum. Principally,
proline exerts a positive effect in maintaining the level of photosynthetic pigments which are essential for
a proper functioning of the photosynthetic apparatus. Proline also preserve the activity of antioxidant
enzymes (e.g., SOD activity) and in some cases promote (e.g., DHAR, CAT) their activity, thereby
helping in counteracting Hg-trigged ROS production. As a final evidence, the lower level of MDA, which
testimony the capability of proline-pretreated plants to counteract better the Hg-promoted oxidative stress.

5 Conclusion

Advances in industrialization and the use of modern technologies have increased the release into the
world of various heavy metals. Heavy metals, including Hg, represent a hazardous factor for plants when
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the concentration of these elements exceed plant detoxifying capacity. Results of the present experiment
highlight that proline pre-treatment ameliorates the performance of Coriandrum sativum plants when
subsequently subjected to Hg stress. We offer the evidence that proline help in maintaining the
functionality of antioxidant apparatus, thereby reducing the level of oxidative stress in plant tissue. As an
applicative result, proline application in pre-sowing represent a useful tool to enhance the performance of
plants of C. sativum when those plants grown in Hg-contaminated soil. Further studies are however
necessary to understand the fate of Hg in plant tissue, this in order to understand whether or not proline
pre-sowing also result in lowering the accumulation of Hg in plant tissue, which would result a further
benefit exerted by this amino acid.
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