Assessment of foliar application of Copper and Zinc to elevate the defence response of
Bacopa monnieri (L.)

ABSTRACT
Each of the nutrients is needed in different amounts and carries specific functions in the plant.
Also, nutrients do not work in isolation; therefore, balanced nutrition is needed to optimize
crop quality. Nutrient interactions may be synergistic or antagonistic and also possible to
have no interactions. However, nutrients also stimulates the antioxidant activity in medicinal

plants that improves the secondary metabolite production. To investigate the Zn and Cu
response in Bacopa monnieri, an experiment was consisted of ZnSO, and CuSO, (BM0: CONTROL,;
BM1:1ppm Cu; BM2:2.5ppm Zn; BM3:5ppm Zn; BM4:0.5ppm Cu+5ppm Zn; BM5:1ppm Cu+2.5ppm
Zn; BM6:1ppm Cu+5ppm Zn) during two successive years (2019-2020). Two foliar applications was
given at 30 days of interval and samples were collected and analysed after 10 days of each spray.
Most of the results showed that Zn concentration increased with BM6 treatment and Cu content
recorded a rise with BM1 and BM6 treatments respectively, compared with control plants. Also, MDA
content and H,O, activity were observed higher in the presence of BM6. Meanwhile, all the treated
plants induced the activity of SOD that found maximum at BM6 while APOX activity mostly increased
at BM3 and BM6. The highest proline accumulation took place BM1 and BM3. The result also showed
2.5ppm Zn treatment gave the highest content of bacoside-A (0.31%). From the research it seems
that all the parameters were significantly increased when compared to control. It was suggested from
the present experiment that foliar spray of Zn and Cu accelerated antioxidative activities that provides
Bacopa to compensate the oxidative damage along with Zn and Cu content along with Bacoside
production.
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Abbreviation: MDA- malondialdehyde; SOD- superoxide dismutase; H,O,- hydrogen peroxide;
APOX- Ascorbate peroxidase

1. INTRODUCTION

Micronutrient elements such as Zn and Cu are essential for plant growth and development. Zn is a
major metal component that is required in a large number of enzymes and plays an essential role in
DNA synthesis and transcription. Other functions of Zn include: catalyzing the process of oxidation in
plant cell and is vital for the transformation of carbohydrates; and influencing the formation of
chlorophyll and auxins, the growth promoting compounds. On the other hand, Cu in a constituent of
enzyme system which brings about oxidation-reduction reactions in the plant, it regulates respiration,
photosynthesis, reduction of nitrates and sulphates. In case with other plant micronutrients Zn and Cu
limit plant growth when they are present both in low concentrations and in excessive concentrations
due to deficiency and toxicity respectively [1]. Brahmi is a succulent, non-aromatic herb, botanically

known as Bacopa monnieri. In Ayurveda it is categorized as ‘Medhya Rasayana’ meaning ‘memory



enhancer’. Main bioactive compound of this herb are saponins called Bacosides mainly Bacoside A
and B, internationally in demand as a brain tonic for enhancing memory. Various commercial

formulations such as; Brahmighritam, Brahmirasayanam, Mentat plus and Mentat are some of the

prominent Ayurvedic medications made from this plant [2].

Medicinal herbs are the rich source of secondary metabolites, thus nutrient management approach

helps in increasing the bioactive compounds that improves the herb quality. Interaction of nutrient
mainly occurs at root surface or within the plant when ions capable of forming chemical bonds
compete for adsorption, absorption, transport and function sites with ions with similar chemical
characteristics. Zn improve the expression level of the major enzymes of bacoside pathway. It has
been discovered that Bacopa has two distinct biosynthetic routes for triterpenoid saponins: Mevalonic
acid pathway (cytosol) and methyl-D-erythritol 4-phosphate pathway in the plastid. The key regulatory
enzymes of bacoside synthesis are 3- hydroxy-3-methylglutaryl coenzyme A reductase (HMGR),
mevalonate diphosphate decarboxylase (MDD) and squalene synthase (SQS) which supplies carbon
for its synthesis [4,5]. Bacoside-A consist of four compounds namely, bacoside A3, bacopaside II,

jujubogenin isomer of bacopasaponin C (bacopaside X), and bacopasaponin C [6].

2.Material and method
2.1. Site of experiment:

The present investigation was carried out in the experimental site of department of Plant
Physiology, GBPUA&T, Pantnagar, Uttarakhand (29° N latitude, 79° 29'E longitude and at an altitude
of 243.8 meter above from the mean sea level) during two successive years 2019 and 2020. This
area falls under Tarai belt about 30 km southwards of foothills of Shivalik range of Himalayas. The
climate of the site retains humid subtropical with hot and dry summers and cool winters. The soil is
sandy loam with uniform fertility. The pre-experimental soil pH and organic carbon was 6.9 and 1.5%.
The content values of (mgKg™) for N, P, K, Zn, Cu, Fe and Mn were 313.6, 25.1, 20, 0.8 0.5 7.4 and

0.6, respectively.

2.2. Experimental details:



The experiment was laid out in complete randomized block design with three replications. The
field size (10X5 m?) was levelled and divided into 75X50 cm? plot. The cuttings of Bacopa monnieti
(variety CIM-Jagriti), were obtained from CSIR-CIMAP, Lalkuan, Uttarakhand. Three stolons of
uniform thickness (5-10 cm) with 2-3 nodes were planted in pits of 5 cm depth at a spacing of 25 cm
in each plot in the month of July as first year experiment 2019. The planting was done in the morning
hours for minimum desiccation. Frequent irrigation was provided after monsoon to maintain the
optimum moisture level and weeding was done at regular intervals. After harvest of 2019 crop,
regenerates were allowed to grow further for second year experiment (2020). Pest and disease
problems were not observed during experiment. Foliar treatments consist of freshly prepared
CuS0,4.5H,0 and ZnS0,4.7H,0: [BMO: (CONTROL); BM1: (1ppm CuS0,), BM2: (2.5ppm ZnSO,);
BM3: (5ppm ZnSO,); BM4: (0.5ppm CuSO,;+5ppm ZnS0O,); BM5: (1ppm CuSO,4+2.5ppm ZnSOy);
BM6: (1ppm CuSO,4+5ppm ZnS0O,)]. Here, BM signifies the name of plant. Foliar treatments were
applied twice in 30 days of interval. For biochemical parameters samples were analysed after 7-10
days of each spray while micronutrient estimation, plant samples were analysed after harvesting i.e.,
30 days after each spray.

2.3. Micronutrient estimation

Zinc and Copper were determined by [7]. 0.5 g dried leaf sample was taken and 10 ml tri-
acid mixture (10:1:4v/v) was added overnight. Next day, the flask was heated until brown fumes
appear than 10 ml of TCA was added and heated until appeared transparent. Add 5 ml 6 N HCI
solution. Filter it and makeup volume up to 50 ml with distilled water. The digested samples were
analysed with the help of atomic absorption spectrometer (AAS). The respective elements were
estimated in test sample by preparations standard curve.

2.4. Malondialdehyde Assay

The lipid peroxidation was estimated by the method described by [8]. 0.2 grams of fresh
leaves from each replication were taken and homogenize with 2 ml of TBA (0.25% TBA in 10 % TCA
(Trichloro Acetic Acid). The homogenate was heated at 95°C for 30 minutes and cooled rapidly in ice
bucket. The content was centrifuged at 10,000g for 30 minutes and supernatant was collected. The

absorbance was recorded at 532nm and 600 nm against blank.
2.5. Hydrogen peroxide

The hydrogen peroxide was estimated by following the method of [9]. Leaf tissues (500 mg)
were homogenized in ice bath with 5 ml 0.1% (w/v) TCA. The homogenate was centrifuged at 12000
rpm for 15 min and 0.5 ml of the supernatant was added to 0.5 ml 10 mM potassium phosphate buffer
(pH 7.0) and 1 ml 1 M KI. The absorbance of supernatant was read at 390 nm. A graph of absorbance
vs. concentration for standard solutions of H,O, was plotted and the amount of H,O, in the samples

was calculated from the standard curve.
2.6. Superoxide dismutase activity

Superoxide dismutase was assayed by using procedure given by [10]. Fresh samples (2.0 g)

grounded with 2ml of 0.1M potassium phosphate buffer of pH 7. The grinded sample was centrifuged



at 16000 g for 15 minutes under 4°C, after centrifugation supernatant was collected. 3mL of the
reaction mixture containing 50mM potassium phosphate buffer (pH 7.8), 13mM methionine, 2uM
riboflavin, 0.1 uM EDTA, 75 uM NBT and 50ul crude enzyme extract (volume make up with DW) were
taken in test tubes in duplicate from each enzyme sample. Two tubes without enzyme extract were
taken as control. The reaction was started by adding 0.1mL riboflavin (60uM) and placing the tubes
below a light source of two 15W florescent lamps for 15 minutes. Reaction was stopped by switching
off the light and covering the tubes by black cloth. Tubes without enzyme extract developed maximum
colour. A blank without enzyme and NitroBlue Tetrazolium chloride was set to calibrate

spectrophotometer recorded at 560nm.

2.7. Estimation of Ascorbate peroxidase activity

Ascorbate peroxidase activity was estimated according to the method of [11]. 100 mg of
leaves was homogenised in phosphate buffer and centrifuged at 16000 rpm for 20 min at 40° C and
the supernatant was used as enzyme extract. The reaction mixture for the peroxidase contained 1.5
ml of potassium phosphate buffer (pH 7.5), 300 ul ascorbate, 600 ul H,O,, and 600 ul enzyme extract
in a total volume of 3ml. It was based on the decrease in absorbance at 29 Onm as ascorbate was
oxidized with time. The reaction was started by adding the enzyme and H,O, simultaneously and the

decrease in absorbance was recorded 30 seconds after this addition at 290 nm.
2.8. Proline Content

Proline content was determined in plants by the method as described by [12]. Leaf sample
(0.5g) was homogenized in 5 mL of sulphosalicylic acid (3%) and centrifuged at 8000g for 10 minutes
and supernatant was saved. Residue was again extracted twice with 5mL of 3% aqueous
sulphosalicylic acid. 2mL of the extract was taken in the test tube and 2mL ninhydrin reagent and 2mL
glacial acetic acid were added. After immediate cooling the reaction mixture was added with 4mL
toluene. Thereafter the mixture was shaken vigorously and the proline was quantified

spectrophotometrically 520 nm.

2.9. Bacoside content

For Bacoside content three treatments were selected: (bm0: CONTROL; bmi:1ppm CuSOy4
and bm2:2.5ppm ZnSOy4) and one-gram dried leaf samples were sent to CSIR-CIMAP for HPLC
analysis. 2.9.1. Sample preparation: One gram of Bacopa leaves were powdered and 100 mg of each
sample were extracted three times in 10 ml of methanol with sonication for 30 min at room
temperature. The extract was filtered, and the filtrate was evaporated to dryness. Obtained residue

was dissolved in 1 ml of HPLC grade methanol for analysis.

2.9.2. HPLC analysis conditions: The mobile phase was A- water, B- acetonitrile, 70: 30 (v/v) (A: B
system) (Isocratic). The flow rate was 1.5 ml/min, Column: Chromolith Performance RP-18e (100 X

4.6 mm, 5 um), 10 pL of Injection volume, run time of 30 min and detection was done at 205 nm.

2.10. Statistical analysis:



Experiment was performed in completely randomized block design (CRBD) with three
replications for each treatment. One way ANOVA used to analyse the Zn and Cu effect on Bacopa.
Duncan multiple range test were performed to analyse the differentiate significant means of
treatments. For the Pearson correlation analysis average values of each spray were taken and
conducted to reveal the relationships between different parameters. Means were compared with least
significant difference (LSD) at 5% probability level (P < 0.05).

3. Result
3.1. Micronutrient estimation:

To understand the nutrient uptake, we determined changes in mineral nutrient element
concentrations in leaves of Bacopa plants and found content of Cu and Zn significantly increased at
different level of Cu and Zn individual/combination application, represented in (Figure.1). Compared
with the control (0.28ppm), Zn content increased after exposure to BM6 that recorded (0.61 and
0.86ppm Zn) along with BM3 (0.52ppm), BM4 (0.59ppm Zn) and BM5 (0.56ppm Zn) respectively,
more that of control after first spray while after second spray BM6 (0.86ppm Zn) followed by BM2
(0.63ppm Zn), BM3 (0.63ppm Zn) and BM5 (0.66ppm Zn) respectively, than control (0.34ppm Zn)
during 2019. Similar trend observed in the year 2020, after first foliar treatment Zn content increased
almost in BM6 (0.70 ppm Zn) followed by BM4 (0.65ppm Zn) and BM5(0.68ppm Zn) when compared
to control (0.27ppm Zn). The most effective level was BM6 (0.72ppm Zn) along with BM3 and BM5
(0.72ppm Zn) noticed after second foliar spray and minimum content found in control (0.23ppm Zn).
During 2019, it is clearly showed that, after first spray Cu content increased and all the treated plants
revealed closed to maximum value at BM4 (0.29ppm Cu) whereas after second spray BM2 (0.29ppm
Cu) reported higher Cu content. While control plants had only a small amount of Cu in their leaves
(0.23 and 0.19ppm Cu). During 2020, foliar spray of BM1 (0.33ppm) along with BM3 and BM6
recorded highest Cu content (0.31ppm) after first spray whereas BM6 and BM4 (0.36 and 0.34ppm
Cu) observed increase after second spray. In case of untreated plants (0.24 and 0.21ppm Cu) lower

values of Cu content was noticed.
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Figure.l. Effect of Cu and Zn sole/combination on (A) zinc content and (B) Cu content in dried
leaves of Bacopa monnieri after first and second foliar spray application during two

successive year (2019-2020).

3.2. Oxidative indicators

Lipid peroxidation level in leaves of Bacopa plants, measured as MDA content and H,O,
activity, given in (Figure.2). Plant treated with increasing doses indicating free radical generation in
Bacopa leaves. During 2019, it W@8 demonstrated that maximum average value of MDA content was
reported in BM6 (10.08 and 10.55 p mol g™ FW) along with BM3 (9.40 and 9.94 y mol g* FW) and
BM1 (9.35 and 9.54 u mol g FW) w.r.t control (4.13 and 4.94 p mol g* FW) after each foliar
treatment. During 2020, treatments of BM5 (12.53 p mol g FW) followed by BM1 (11.58 u mol g™
FW), BM3 (11.59 p mol g* FW) and BM6 (11.58 p mol g* FW) respectively, resulted higher MDA
content after first foliar spray. MDA content was significantly increased by foliar spraying of BM6
(14.65 p mol g™ FW) along with BM3 (13.34 p mol g™ FW) after second foliar treatment. During 2019,
accumulation of H,0, recorded higher mean values in BM1 and BM6 (12.11 and 11.54 u mol g* FW)
applied plants in leaves of Bacopa after first spray whereas after second spray BM6 and BM4 (15.58
and 14.11 u mol g* FW) over control (4.26 u mol g™ FW). In the year 2020, H,O, content found
maximum mean values under the BM6 (5.87 and 6.13 u mol g™ FW) treatment with respect to control
(1.62 and 4.41 p mol g™ FW).
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Table.2. Effect of Cu and Zn sole/combine (A) MDA content (u mol g™ FW); (B) H,O, activity (u
mol g FW) in fresh leaves of Bacopa monnieri after first and second foliar spray application

during two successive year (2019-2020).

3.3. Antioxidant activity and osmolyte accumulation

Bacopa plant applied with several Zn and Cu concentrations singly/combination revealed a
significant difference among treatments that triggered activity of antioxidant activities after foliar spray,
represented in (Figure.3). According to our investigation, during 2019 when the BM6 (0.50 units/min/g
F.W) along with BM2 and BM3 (0.49 units/min/g F.W) concentration given the activity of SOD
increased after first foliar spray. Result showed that BM3 and BM6 (0.48 units/min/g F.W) significantly
increased in SOD activity and similar values were noticed after second foliar spray. While lower
values obtained in untreated plants (0.33 and 0.31 units/min/g F.W). In 2020, after first foliar treatment
maximum SOD activity showed at BM6 (0.52 units/min/g F.W) which is statistically at par with BM3
and BM5 (0.51 units/min/g F.W) that of control (0.35 units/min/g F.W). In our study, when plants were



subjected to BM6 (0.54 units/min/g F.W) reported maximum APOX activity along with BM3 (0.53
units/min/g F.W) with respect to control (0.34 units/min/g F.W). On the other hand, during 2019 BM3
(16.90 units/min/g F.W) and BM6 (16.81 units/min/g F.W) followed by BM4 (15.79 units/min/g F.W)
were significantly increased in APOX activity over control (9.74 units/min/g F.W) after first foliar spray.
Similar pattern observed after second foliar spray in Bacopa leaves, BM6 (13.83 units/min/g F.W) and
BM3 (13.32 units/min/g F.W) along with BM1 (12.99 units/min/g F.W) and BM4 (12.57 units/min/g
F.W). During 2020 experiment, APOX activity peaked at BM3 (2.63 units/min/g F.W), BM6 (2.54
units/min/g F.W) and BM4 (2.15 units/min/g F.W) respectively, after first foliar treatment. It can also be
seen that second foliar spray showed almost same mean values BM3 and BM6 (1.41 units/min/g
F.W). In untreated plants APOX activity is less (0.82 and 0.79 units/min/g F.W). It is evident from the
result that plant treated with BM3 and BM6 appeared higher SOD and APOX activity among
treatments.

Data presented in (Figure 3), During 2019 it was noticed that the level of proline in leaves
recorded maximum when exposed to BM3 (2.48 pmoles per gram) and BM1 (2.37 pmoles per gram)
after first spray over control (1.98 ymoles per gram tissue). Plants applied to BM6 and BM1 (2.69
pumoles per gram) along with BM3 (2.67 uymoles per gram) that showed maximum proline content after
second spray with respect to control (1.86 umoles per gram). During 2020, at BM3 (4.65 pmoles per
gram) along with BM1 and BM2 (3.76 umoles per gram) proline content was maximum after first foliar
treatment. Proline content at BM3 and BM1 (3.65 and 3.22 pmoles per gram) increased after second
foliar spray. The lower values identified in control (1.23 and 1.13 pmoles per gram). Plants applied to

BM4 treatments showed minimum value that reduced upto 11.02% that of control.
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Figure.3. Effect of Cu and Zn sole/combination on (A) SOD (units/min/g F.W); (B) APOX
(units/min/g F.W) and (C) Proline content (umoles per gram) in fresh leaves of Bacopa
monnieri after first and second foliar spray application during two successive year (2019-
2020).

3.4. Bioactive compounds:
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Figure.4. HPLC chromatogram of Bacopa monnieri



Pearson Correlation coefficient (r) between micronutrient content, oxidative indicators,
antioxidant activity and proline accumulation of Bacopa monnieri under different level of Zn
and Cu during 2019-2020.

For the correlation analysis of different parameters average values of each spray were
considered 2019-2020 (Supplementary material). The single and cotreatment of Cu and Zn at the
lower amounts was the most significantly efficient treatment for increasing the Cu and Zn
accumulation in both the years 2019 and 2020, showed in (Table.1). During 2019, foliar application
increased Zn and Cu content that observed highly significant positive correlation between two
elements (r = 0.80*). Zn also showed highly significant correlation with oxidative indicators H,O, (r=
0.76%), MDA (r=0.75) and enzymatic antioxidant activity SOD (r=0.82"), APOX (r=0.70). Moreover,
there was a significant positive correlation between Cu with H,O, (r= 0.73*) MDA (r=0.76) and
antioxidant production SOD (r=0.80%). In 2020, Zn recorded highly positive correlation with H,O, (r=
0.76%*), MDA (r=0.78*), SOD (r=0.97**), APOX (r=0.79%). Similar trend also noticed with Cu between
H,0, and MDA (r=0.84*) as well as APOX (r=0.77*). During both year proline accumulation showed
lesser response with micronutrient and other parameters.

Table.1l. Pearson Correlation coefficient (r) between micronutrient content, oxidative status,
antioxidant activity and proline accumulation of Bacopa monnieri under different level of Zn
and Cu during 2019.

Zn Cu H.O, MDA SOD APOX  PA
Zn 1
Cu 0.80° 1
H,0, 0.76 0.73 1
MDA 0.75 0.76 0.88" 1
SOD 0.82" 0.80 0.76' 0.93” 1
APOX 0.70 0.50 0.84" 0.83" 0.83" 1
PA -0.16 0.06 0.16 0.47 0.35 0.25 1

Correlation is *Significant at p < 0.05 and **Significant at p < 0.01.

Note: Zn (zinc); Cu (copper); MDA (malondialdehyde); H,O, (hydrogen peroxide); SOD (superoxide

dismutase), APOX (ascorbate peroxidase) and PA (proline accumulation)

Table.2. Pearson Correlation coefficient (r) between micronutrient content, oxidative status,
antioxidant activity and proline accumulation of Bacopa monnieri under different level of Zn
and Cu during 2020.

Zn Cu H,0, MDA SOD APOX PA
Zn 1
Cu 0.53 1

H,0, 0.76 0.84" 1




MDA 0.78 0.84" 0.84" 1

SOD 0.97" 0.62 0.77 0.86 1

APOX 0.79" 0.76 0.73 0.88" 0.92" 1

PA 0.29 0.25 0.03 0.56 0.44 0.55 1

Correlation is *Significant at p < 0.05 and **Significant at p < 0.01.

Note: Zn (zinc); Cu (copper); MDA (malondialdehyde); H,O, (hydrogen peroxide); SOD (superoxide

dismutase), APOX (ascorbate peroxidase) and PA (proline accumulation).
4. Discussion

Because the levels were low in this study, no antagonistic or competitive behaviour between Cu
and Zn was found in Bacopa leaves and most of the results showed Zn and Cu accumulation was
improved when applied in combination of both. The finding revealed that the nutrient in plant cells was
well distributed and accumulated as a result of Zn and Cu exterior exposure. The beneficial effect of
foliar micronutrient spray on crop growth could be attributed to the crop’s improved ability to absorb
nutrients, photosynthesis and improved sink source connections, all of which are important in various
biochemical processes. These findings are in conformity with the studies of [13]. Because Cu
regulates redox reactions and is a component of multiple enzymes, it is well recognized that Zn and
Cu have substantial metabolic effects. The effect of Zn on metabolism, on the other hand, is linked to
its impact on gene expression and DNA replication [14]. During years of research in A. millefolium, T.
vulgare, E. purpurea each Kg of Zn fertiliser increased Zn content in plants by 0.30 and 0.38 mgKg™,
Cu by 0.07, 0.05, 0.03 mgKg™, respectively while 1 Kg of Cu fertiliser increased Cu content by 0.47,
0.07 and 0.23 mgKg™ and Zn by 1.40, 2.32 and 1.26 mgKg, respectively. The elements Zn—Cu and
Cu«—Zn have been found to have synergistic interaction [15]. In comparison with control leaves, foliar
application of ZnO nanoparticles considerably boosted the nutrient content of Sweet Basil leaves
namely, Zn, and Cu [16]. Our findings are more consistent with a prior study on Zea mays L., which

found that plants sprayed with Cu and Zn or both had increased Cu content [17].

Cassia angustifolia seeds were germinated on Knop’s medium with Zn and Cu at varied
concentration (0, 1, 10, 50, 100 and 200 mgL™) during research. Lipid peroxidation was shown to
begin even at extremely low concentrations of Zn (1 mgL™), and its increased 1.24-fold when
compared to control. Further increasing Zn levels increased MDA content by 1.89, 2.12, 2.21 and 2.5-
fold respectively, over control. Cu stress had similar effects on MDA content, which increased by1.33,
2.06, 2.30, 2.6 and 3.33 respectively, that of control [18]. It was noted that both deficient and excess
amounts of Zn resulted in greater levels of MDA, H,0,, 0, and electrolyte leakage in Camellia
sinensis when compared to the optimal condition [19]. Similarly, with increasing Zn concentrations
MDA, H,0,, O, and electrolyte leakage elevated Zn (25 and 50 uM) for 60 days in Cotton plant [20].
The same result reported in ryegrass (Lolium perenne L.), MDA, H,0,, 0, generation rate was

significantly high under 200 uM Cu condition for 14 days [21].



As the result of the Cu-Zn SOD enzyme’s role in the conversion of ROS to H,O, and oxygen,
cells are protected from ROS. In the area of the PS-I, the enzymes SOD and APOX are connected to
the chloroplastic thylakoids. APOX protects cellular lipids from peroxidation by converting H,O, to
water [22]. According to previous study, different concentrations of Zn and Cu (Zn1:2ppm, Zn2:4ppm,
Zn3:6ppm, Cul:0.1ppm, Cu2:0.3ppm and Cu3:0.5ppm) were used in Centella asiatica results
revealed that SOD activity increases with Znl and Zn2 and decrease at high level Zn3 (0.88, 0.95 and
0.78 nmol/mg/g) whereas APOX noted increase with the increasing level of Zn singly (0.28, 0.47 and
0.95 nmol/mg/g). However, Zn and Cu in combination, Zn1Cul, Zn2Cu2 and Zn3Cu3 showed higher
SOD (0.98, 1.03 and 1.11 nmol/mg/g) and APOX activity with Zn1Cul, Zn2Cu2 (0.61, 0.97
nmol/mg/g) except Zn3Cu3 (0.25 nmol/mg/g). APOX and SOD activity in leaves were increased when
Zn was added together with Cu [23]. Earlier research considered with four treatments with different
concentrations of Cu (50, 125, 250, 500 mg L™}, nanoparticles) applied twice in tomato fruits result
revealed that APOX enzyme showed a maximum value with 500 mg L™ of Cu, since the 250 mg
L™ of Cu treatment generated the lowest value, 54.55% [24]. Proline as an amphiphilic (hydrophobic-
hydrophilic) amino acid can bind to hydrophobic protein moieties, creating more hydrophilic domains
on their surface, allowing water molecules to bind. In this way, high proline levels contribute to
maintaining the integrity and functionality of proteins [25]. Earlier investigation was conducted in
seven-day-old bean seedlings (Phaseolus vulgaris L.) that were applied with CuCl, (0.1, 0.2 and 0.3
mM) showed with the increase in concentration proline content increased by 12.2% (0.1 mM Cu),
21.3% (0.2 mM Cu) and 30.9% (0.3 mM Cu) [26]. Previously, under the presence of Cu and Zn
showed higher proline in plants at (500 and 1000ppm) copper and (1500 and 3000ppm) zinc that of
control plants [27]. Other authors have also confirmed increase in proline content in different plant
species after treatment with different concentrations of heavy metals (for example cadmium, lead,

mercury, copper, and zinc) [28,29].

The role of elicitors and salt stress influenced the involvement of various enzymes in Bacoside
production in B. monnieri [30]. The finding supports the theory that Zn can improve steviol glycosides
(SVglys) quality. In terms of total SYglys identified, it was found that ZnO NPs had the highest content
at 1 mg/l, whereas CuO NPs had highest at 10 mg/l of NPs concentrations [31]. The present study
accordance, ZnO NPs supplementation can affect the transcriptional modulation of the HMG
reductase enzyme for bacoside A production in Bacopa plant [32]. Thus, our finding suggest that Zn
could upregulate the HMGR, MDD and SQS may be the explanation of higher bacoside content.
According to previous findings Cu had positive impact on bacoside production [33,34]. In our
experiment copper doesn’t appear effective in terms of Bacoside-A content but it was recorded
Bacoside A3 and Bacopaside Il appeared higher peak area when compared with b2 and bO0. It is
suggested that the higher amount of Bacopasaponin C in bm2 responsible for increased Bacoside A
content when compared to other compounds in dried leaves of Bacopa. The difference between these
compounds might be due to inherent or external Cu and Zn that may varied in its synthesis or
prolonged stored sample caused deterioration of the bioactive constituents. Generally, the content of
Bacoside is 0.8- 1.5% and it may vary with post-harvest condition, harvesting time, soil factors and

free bacosides are degraded [35].



5. Conclusion:

The elevated level of MDA and H,O, suggested that Zn and Cu were responsible for the
generation of free radicles, leading to membrane damage and lipid peroxidation that activate the
antioxidant system. From the results, it may be concluded that both elements significantly influenced
each other accumulation too that triggers the antioxidant system and an optimum dose of Zn and Cu
result in a better content of Bacoside A which is a demand of herbal drugs market. Therefore, a study
is required for the confirmation of specific micronutrient involved in expression of key enzymes of
bacoside pathway. However, further research with application rates may be needed to establish
optimal and toxicity levels of these two elements and other micronutrient strategies to improve nutrient

status and antioxidant activity of Bacopa or other medicinal herbs.
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