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One of the Asteraceae family's most significant therapeutic herbs is
Echinacea purpurea (L.) Moench. The plant is extremely rich in anti-
inflammatory and antioxidant chemicals, that can be produced effectively
and sustainably by in vitro cultures, which are often enhanced by the
inclusion of an elicitor in the culture media. In the present investigation,
TDZ was effectively utilized to induce E. purpurea callus cultures.
Additionally, different melatonin dosages were evaluated for their impact
on biomass accumulation, antioxidant capability, and secondary
metabolite synthesis. In callus treated with 25uM melatonin, the highest
biomass accumulation, total phenolic output, and total flavonoid
production were noted. At the same moderate concentration, the best
DPPH radical scavenging activity and overall antioxidant capacity were
also observed. A positive association was reflected between biomass and
these factors. Notable inhibitory effects were seen against pancreatic
lipase, alpha-glucosidase, and alpha-amylase after administration with
exogenous melatonin, respectively, during the investigation of the potential
of callus cultures. These results emphasized the need to look into the
existing strategy in more detail in order to identify novel approaches to
treating diabetes and obesity. In HPLC analysis, maximum amounts of
metabolites resulted at concentrations of 25-50 uM, except amino acids
that were associated with the lowest melatonin concentration. Our research
showed that TDZ can be used for efficient callus induction of E. purpurea,
and elicitation with melatonin may be a useful tactic for boosting biomass,
phenolic compounds, flavonoids, and antioxidant capacity as well as
numerous enzyme inhibitory effects.

1- Introduction

are responsible for noted immunostimulatory
and anti-inflammatory activities [1]. Although,

Echinacea purpurea, the renowned purple
coneflower, is a perennial herb that exhibits
potent medicinal properties. From common
cold to deadly cancer, the plant offers numerous
benefits to prevent these ailments. The
phytochemical composition of plant is highly
complex and the substances from the roots and
herbs, such as, ketoalkenes, caffeic acid
derivatives, polysaccharides, and glycoproteins,

wild plants are subjected to seasonal
constraints, the in vitro grown plants can offer a
year-round production of essential metabolites
and this accumulation in plant tissue culture can
be augmented by different techniques among
which, elicitation is one of the most employed
[2]. Exogenous melatonin administration has
proven to boost photosynthetic carbon uptake,
enhance biomass production, encourage the
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production of cold-responsive genes, enhance
plant disease resistance, promote tolerance
against salinity, and reduce redox imbalance
[3]. The study aims to establish in vitro callus
cultures of purple coneflower, along with an
objective of enhancing its secondary
metabolism by employing melatonin as an
elicitor.

2- Experimental details

Seeds of purple coneflower were collected from
University De Tours, France. Following the
surface sterilization with mercuric chloride and
ethanol, they were inoculated over the basal
media, and transferred to a growth chamber
which is maintained at optimal conditions.

Once the in vitro plantlets were grown, small
pieces of leaves and stems were employed as
explant for callus induction. Three different
media containing, each containing a distinct
hormone, including TDZ, BAP, and NAA, were
checked for their ability to induce callus
production. Subsequently, several melatonin
doses were chosen to elicit the metabolism of
optimized callus cultures. Different
concentrations of melatonin (0, 1, 5, 10, 25, and
50 uM) were supplemented to the media
containing 3TDZ. Optimized media containing
particular amounts of elicitor were employed
for the callus induction. The resulting callus was
weighed, dried, and ground to fine powder to
access the impact of specific concentration of
each elicitor on total phenolic and flavonoid
content, antioxidant potential, enzyme-
inhibitory affects, and metabolic profile of the
plant.

The amount of TPC was calculated by mixing
the Folin-Ciocalteu reagent with the samples
and sodium carbonate [4]. The absorbance at a
wavelength of 630 nm was checked. Gallic acid
was employed as a standard and the formula
shown below was employed to determine total
phenolic production. For evaluating the total
flavonoid content, Aluminum trichloride
solution and potassium acetate solution were
added to samples along with distilled water [5].
The wavelength of 415 nm was used to
determine the absorbance. As a standard,
Quercetin was employed, and the formula given

below was employed to evaluate the total
flavonoid production.

The elicited callus cultures were subjected to
DPPH assay to determine their free radical
scavenging activity (FRSA). DPPH reagent was
added to samples and after an hour’s incubation
in dark, absorbance was measured at 517 nm,
while keeping ascorbic acid as a control [6].
Total Antioxidant Capacity (TAC) was
evaluated by phosphomolybdenum assay, in
which a reagent, including ammonium
molybdate, sulfuric acid, and sodium
phosphate, was added to samples. Using
ascorbic acid as a control, absorbance was
checked at 695 nm [7].

Callus cultures were evaluated for their ability
to inhibit o-amylase, o-glucosidase, and
pancreatic lipase in vitro [8] [9].

A solution of a-Amylase was made using a
phosphate buffer. A small quantity of the
sample was combined with a-amylase and a
starch solution to start the test, and it was then
incubated for intervals of time at 30°C. The
reaction ceased by DNSA reagent after a
predetermined amount of time, and the
mixture's absorbance (540 nm) was calculated.
Acarbose served as a positive control to enable
results comparison. a-glucosidase solution was
prepared in sodium phosphate buffer. A ten-
minute incubation was allowed after mixing the
solution with samples. p-NPG substrate
solution was added and placed in dark. Yellow-
colored p-nitrophenol was finally determined
for its absorbance at 405 nm. Acarbose was
utilized as the positive control agent in this
assay. A lipase solution was made using 20 mM
Tris-HCI. The solution was mixed with samples
and incubated at 30°C. Next, 4-MUO substrate
solution was added, and following incubation
for short time, lipase produced 4-
methylumbelliferone  fluorescence at an
excitation wavelength of 360 nm and an
emission wavelength of 460 nm.

To investigate the metabolic profile of callus
cultures, HPLC analysis was used. The
separations were carried out using a C18
column and an acetonitrile and water elution
gradient. 10% B (16-20 min), 100% B (12-16
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min), and 10-60% B (0-12 min) made up the
elution profile. For sample analysis, a 1uL
injection volume was used in conjunction with
the Fast Data-dependent Acquisition Mode
(fDDA). To compare metabolites abundance
between samples, peak areas were divided by
the ratio dry weight of plant/ extract weight.
Before LC/MS analysis, standard solutions
were made by sonicating plant materials in
methanol with formic acid and resuspension in
MeOH.

Every experiment was performed thrice, in
triplicates. Average values of each experiment
were calculated, and standard error was
determined using Microsoft Excel program.

3- Results and discussion

One of the most important factors influencing
the induction, growth, and synthesis of vital
plant bioactive components in culture media is
the amount of PGRs [10]. After the seeds were
inoculated, they took about two months to grow
explants, which were then used to establish
callus. After one month of inoculation on
medium with various PGR treatments (NAA,
BAP, and TDZ), induction of callus from leaf
and stem explants was evaluated.

There was a small amount of callus induced in
media containing BAP, and adventitious
rooting was observed in media containing
NAA. On the other hand, biomass accumulation
and successful callus induction were the
outcomes of using TDZ. This might be as a
result of the identification of the induction of
adventitious root formation as one of NAA's
characteristics [11]. Furthermore, TDZ is more
effective at plant regeneration than BAP,
according to a number of studies [12]. The
discovery that TDZ may substitute for both
auxin and cytokinin requirements is consistent
with earlier research utilizing a variety of
regeneration systems, which shown that using
TDZ as the only growth regulator resulted in a
high frequency of callogenesis [13]. The
analysis of current study showed that, when
utilizing stem explants, MS media incubated
with 3 mg/L TDZ produced the maximum
callus induction frequency.

In comparison to the control, all melatonin
doses increased biomass output. The highest
biomass was collected at a moderate dosage of
melatonin  among the elicited cultures,
demonstrating a good callogenic response. Up
to a certain point, as the melatonin content
increased, biomass output increased gradually.
After that concentration, melatonin levels rose,
and biomass started to decrease. The biomass
synthesis was inhibited, and the callus darkened
in the media with the highest melatonin levels,
which may have been caused by either
excessive production of certain phytochemicals
or cell death. The findings are consistent with
previous research showing that biomass
production decreased when melatonin content
was raised to a certain point [11]. This may be
the result of stress brought on by elevated
concentrations and formation of ROS, which
prevent cells from multiplying [14].

Out of all the melatonin treatments, 25uM
melatonin showed the highest TPC, while callus
grown on MS medium with the highest
melatonin concentration showed the lowest
TPC. It is well known that the phenylpropanoid
pathway is activated in response to adverse
environmental conditions, including metals,
salt, drought, UV radiation, and extreme
temperatures, which results in the accumulation
of different phenolic chemicals [15][16].
Because of the extreme stress conditions in the
wild as contrasted to in vitro environments,
callus cultures often have lower levels of
phenolic and flavonoid chemicals than wild
plants [17][18].

Plants rely on flavonoids for a multitude of
functions, such as protection against UV
radiation damage, defense against
phytopathogens, legume nodulation, male
fertility, visual signaling, and regulation of
auxin transport [19]. The formation of
flavonoids followed the same pattern as that of
phenolic components [20]. Though it is usually
recognized that mostly phenolic content is
greater than flavonoid content, we found an
opposite trend in our research. It might be due
to the polarity of the extracting solvents or the
fact that nonphenolic chemicals do react with
the FC reagent [21][22].
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An intricate balance between the production
and elimination of reactive oxygen species
(ROS) is necessary for good cellular
homeostasis. Significant levels of ROS result in
oxidative damage when this equilibrium is
upset by different environmental stressors [23].
Plants have an internal defence system to
mitigate the harmful effects of oxidative stress.
Many secondary metabolites are produced by
plants to shield their cells from oxidative
damage [24].

A free radical used in the DPPH assay is
typically paramagnetic and becomes a stable
diamagnetic molecule after absorbing an
electron or a free radical species. As a result, it
changes from purple to yellow in color. The
callus that was developed with a moderate dose
of melatonin had the highest DPPH-FRSA,
However, the potential for antioxidants was
reduced at the highest melatonin concentration.
Our results concur with previous studies
showing that antioxidant potential increased
quickly following control and that, after a
certain threshold was reached, exposure to the
highest concentrations of melatonin decreased
the antioxidant activity [25][26].

The phosphomolybdate technique has been
widely used to evaluate the presence of extracts
with antioxidant potential, by which Mo (V1) is
reduced to Mo (V), forming a green complex
[27]. The use of the phosphomolybdate assay to
assess the antioxidant potential of E. purpurea
callus cultures has not yet been documented in
any study. Except for extremely high melatonin
dose, all of the melatonin doses used in our
current research increased TAC from the
control. The existence of more secondary
metabolites that can convert Mo (V1) to Mo(V)
may be the cause of the increased TAC
readings.

Additionally, a biomass-dependent findings and
direct correlation between the accumulation of
flavonoids, phenolics, FRSA, and total
antioxidant capacity was shown which agrees
with the prior reports [28][29].

To lower blood glucose levels with the aim of
preventing diabetes, one therapeutic technique
is to inhibit the enzymes alpha-glucosidase and

alpha-amylase. Phenolic acids, among other
phytochemicals, from the wild E. purpurea
plant have the potential to improve diabetes
glucose control by blocking the activity of a-
amylase and o-glucosidase [30]. The current
investigation found that the maximum
inhibition against the amylase enzyme was
demonstrated by callus cultures treated with the
highest and second highest elicitor doses. Just
two doses inhibited the enzyme, demonstrating
a positive reaction. Every other concentration
displayed a negative value, indicating the
absence of inhibition. It could be the
consequence of an alteration in conformation
caused by materials binding to the enzyme [31].

The metabolism of carbohydrates also depends
on the enzyme a-glucosidase. Callus cultures
were used to access its inhibition, and the results
showed that the largest percentage of a-
glucosidase inhibition was allowed with a
moderate level of melatonin. Our results are in
line with another study where melatonin
treatment showed efficacy in enhancing the
antidiabetic effect of Lepidium sativum callus
extracts [32].

Research on pancreatic lipase inhibition as a
potential anti-obesity medication approach is
getting advanced [33]. To the best of our
knowledge, this work is the only one looking at
the potential anti-obesity benefits of E.
purpurea callus cultures using in vitro tests.
According to our results, the callus treated with
10 uM melatonin exhibited the highest and most
increased percentage of lipase inhibition when
compared to the non-elicited culture.
Additionally, the maximum elicitor dose
exhibited significant efficacy against pancreatic
lipase. Many both in vivo and in vitro research
have indicated that melatonin can improve the
anti-obesity capabilities [34]. The enzyme was
somewhat inhibited by all other concentrations
as well, but the percentage of inhibition was
lower than that of the control. The contradictory
outcomes could be explained by melatonin's
dual properties, which function as both pro- and
antioxidants and may affect how it interacts
with lipase [35].
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HPLC-based tests were conducted to examine
the effects of varying melatonin dosages on the
synthesis of 14 phytochemicals and 5 amino
acids in Echinacea purpurea callus cultures.
Several molecules, including chicoric acid and
guercetin 3-O-rutinoside, demonstrated higher
production at 50 pM melatonin, while
neochlorogenic acid and quercetin 3-O-(6-O-
malonyl-glucoside) showed maximal
production at 25 uM melatonin. This points to a
possible biphasic response, implying that
compound synthesis is at its best within a
particular melatonin range. Thus, melatonin can
act as a stimulant to improve the synthesis of
phytochemicals with high economic value.

The production of amino acids in callus cultures
of Echinacea purpurea, however, showed a
distinct pattern. Cultures treated with the lowest
melatonin dose (1 uM) exhibited the highest
levels of glucogenic amino acids; increasing
melatonin concentrations resulted in a drop in
amino acid output. Previous studies have
suggested that this change may be related to
melatonin's effect on the gluconeogenesis
pathway. The potential uses of melatonin in the
synthesis of chemicals are supported by these
subtle insights into phytochemical and amino
acid biosynthesis, which encourage more
molecular research in areas like natural product
discovery, plant biotechnology, and medicine.

4- Conclusion

In this work, E. purpurea callus was
successfully produced, and the effects of
varying melatonin doses were evaluated with
respect to biomass accumulation, secondary
metabolism, antioxidant capacity, and the
potential of callus cultures to block certain
enzymes. When melatonin was used as an
elicitor, the callus cultures produced more
biomass and had higher secondary metabolism.
Surprisingly, phenolics, flavonoids, and
antioxidant levels rose in response to melatonin
as an elicitor. Also, the induced -cultures
revealed a significant concentration of essential
pharmaceutical components using HPLC
studies. Additionally, the present investigation
demonstrated a significant link between
antioxidant potential, phenolic and flavonoid

synthesis, and biomass accumulation. It was
also shown that a certain range of melatonin
treatments had inhibitory potential against
enzymes linked to diabetes and obesity.
Together, these results highlight how melatonin
may help E. purpurea callus cultures produce
biomass and phytochemicals more sustainably
and effectively. The study also highlights the
necessity of additional investigation at pilot and
commercial scales to confirm and magnify
promising outcomes.

5- Perspectives of future collaborations
with the host laboratory
A smooth continuation of this collaboration is
planned, building on the ongoing work with
Prof. Nathalie Giglioli Guivarch, envisioning
future breakthroughs in comprehending the
features of biotechnological resources.
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