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Secondary metabolites (SMs) are valuable compounds with different applications
in various industries. Nowadays application of suitable precursor and elicitor is
an effective method for increasing Secondary Metabolites under in vitro
conditions. The effect of phenylalanine as precursor (0, 5, 10 and 20 mg/l) and
salicylic acid (SA) as elicitor (0 and 200 μmol) on the phenylalanine ammonia
lyase (PAL) and antioxidant activity were investigated in callus culture of
artichoke. The changes in total phenols and flavonoids under the effect of
treatments were also studied. Based on the obtained results, phenylalanine had a
significant effect on the measured parameters. Under the combination effect of
salicylic acid (SA) and phenylalanine, all measured parameters except antioxidant
activity were significantly influenced. For instance, by using the combination of
200 μmol of SA and 20 mg/l phenylalanine, the highest PAL activity (4.398
mmol/g FW), phenol content (0.638 mg/g FW), flavonoid content (0.577 mg/g
FW) and antioxidant activity (89.405%) were recorded. According to the results
of this experiment, for increasing the medicinal compounds of artichoke, it is
recommended to use the stimulant compounds such as phenylalanine and
salicylic acid.

1. Introduction

M

Medicinal plants produce a wealth
of secondary metabolites (SMs) also
known as natural products, which
are
small
molecular
weight
compounds with enormous structural diversity
and show various biological activities. These

plants are very important in medicinal, food,
cosmetics and health industries [1]. Plant cell
culture technology has shown great priority as
an alternative to the whole plant system for
producing commercially important bioactive
products. There are various methods to
increase secondary metabolites production
under in vitro conditions, such as medium
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optimization,
cell
line
selection,
cell
immobilization, precursor feeding, culture of
capillary roots and metabolite engineering and
elicitation [2].
Elicitors are compounds with biotic or
abiotic origin that induce the biosynthesis and
accumulation of active compounds via
stimulating defensive responses increase the
activity of key enzymes involved in the
synthesis of low-molecular antioxidant, e.g.,
activities of tyrosine/phenylalanine ammonialyase, chalcon synthase in the phenylpropanoid
pathways (phenolics synthesis) [3]. Elicitations
are considered to be an important strategy
towards improved in vitro production of SMs.
Signaling compounds such as salicylic acid (SA)
act as abiotic elicitors and play a role in several
processes such as plant growth regulation,
plant development. They also act as a signal
molecule in responses to biotic and abiotic
stresses [4]. The SA reportedly enhanced the
activity of PAL enzyme and the production of
antioxidant SMs such as phenol and flavonoid
compounds in Carthamus tinctorius [5], Cynara
scolymus [6] and mentha piperita [7].
Phenylalanine (PHE) is an aromatic amino
acid, the precursor of the phenylpropanoid
pathway, converted to those phenolic acids,
flavonoids and other phenolic compounds via
phenylalanine ammonia-lyase (PAL) activity.
Phenylalanine has been successfully used to
increase the metabolite production of many
plants via in vitro cultures [8]. Phenylalanine
supplementation has been reported to enhance
secondary metabolite production in plant cell
cultures of Psoralea corylifolia L [9]. In an
experiment, phenylalanine increased the
alkaloid content of Hyoscyamus muticus. The
highest value of hyoscyamine alkaloid content
(3.01 mg/g dry weight) was recorded with
phenylalanine at 200 mg/l ([0]. It has been
reported that the antioxidant activity and
phenolic content of Daucus carota callus
cultures were increased as affected by 1000
mg/l PHE under light and dark conditions [11].
Buckwheat sprouts had maximum phenolics
and flavonoids content by using of 0.1 mmol
PHE. Also, PAL enzyme and anti-radical activity
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of plant were increased at this concentration
([2].
Artichoke (Cynara scolymus L., Asteraceae) is
an ancient crop and medicinal plant, a perennial
plant, native to the Mediterranean region (13).
It is considered a healthy food, due to its
nutritional and phytochemical composition. It
contains proteins, minerals, low amount of
lipids, dietary fiber and a high proportion of
phenolics (14). The phenolicsinclude cynarin,
luteolin, cynaroside scolmoside; phenolic acids
such as caffeic, coumaric, hydroxycinnamic,
ferulic, caffeoylquinic acid derivatives; monoand
dicaffeoylquinic
acids,
including
chlorogenic acid; acid alcohols; flavonoid
glucosides, among others (14). Artichoke is
commonly eaten as a vegetable; its leaves are
used in folk medicine for treating blood
cholesterol, hepatitis, hyperlipidemia, obesity,
dyspeptic disorders and liver diseases (15). Due
to the interesting reaction of plant cells to
stimulators compounds, in this study we
investigated the enzymatic behavior and the
metabolite production of the artichoke callus in
the presence of biosynthetic precursor (PHE)
and elicitor (SA).
2. Materials and Methods
2.1. Explants and treatments
The artichoke seeds were sterilized using
hypochlorite 5% for 15 min and inoculated in
1
MS medium. The explants were taken from the
2
petiole of the in vitro seedlings and were
cultured in MS medium containing 5 mg l-1 NAA
+ 2 mg l-1 BA and placed at 28±2 °C in darkness
for callogenesis. The formed callus was
transferred to the similar medium containing
different concentrations of phenylalanine (0, 5,
10 and 20 mg/l) and salicylic acid (0 and 200
μmol). The samples were maintained under
controlled conditions similar to callogenesis
phase (at 28±2 °C in darkness) for four weeks.
Then, after four weeks, the PAL enzyme and
antioxidant activity as well as the
phenylpropanoid content of treated callus were
estimated.
2.2. Phenylalanine ammonia lyase (PAL)
enzyme activity
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For measuring the PAL activity, initially, 250
μL enzyme extract (0.1 g fresh tissue in 1 mL
phosphate buffer with pH = 7), 250 μL sodium
borate buffer 10 mmol (pH = 8.8), 250 μL
distilled water and 250 μL phenylalanine
substrate (50 mmol) as a reaction mixture were
mixed and kept at 40 °C for 30 minutes. Then,
the color spectrum of samples was
spectrophotometerically recognized at 290 nm.
The PAL activity of each extract was
determined by Beer-Lambert law with
extinction coefficient of 9630 μ-1cm-1 and
expressed in nmol g-1 FW min-1 (16).

based on the used callus weight and the results
were expressed as mg quercetin per gram dray
matter.

2.3. Total phenols

Free radical scavenging percentage= ((Ac–
As)/Ac) × 100

Total phenolic compounds of callus were
measured according to the FolinCiocalteu
method. First, 20 μL of plant extract (in the
ratio of 1 g plant sample:10 mL methanol 80%)
was mixed with 100 μL FolinCiocalteu and 1.16
mL distilled water and kept in room
temperature for 5-8 minutes. Then, 300 μL of
sodium carbonate 1 M was added to the
mixture. The reaction mixture was placed in
40°C water bath for 30 min in darkness and
immediately read at 765 nm; total phenols were
expressed as mg gallic acidper gram dray
matter [17].
2.4. Total flavonoids

2.5. Free radicals scavenging activity
Free
radicals
scavenging
activity
(antioxidant activity) of callus extract was
calculated using free radical DPPH method. So,
0.1 mmol of DPPH and 2 mL of plant extract
were placed in darkness for 15 minutes. Then,
the color spectrum of sample was read at 517
nm. Control sample contained 2 mL DPPH and 2
mL methanol [19].

Where As stands for Sample absorption, and
Ac signifies Control absorption.
2.6. Statistical analysis
This experiment was performed as factorial
based on a completely randomized design
under
control
conditions
with
four
concentrations
of
phenylalanine,
two
concentrations of SA and five replications. Mean
data was compared by LSD test at p < 0.05
using SAS statistical package (SAS Institute,
Cary, NC, USA) and the graphs were drawn by
MS-Excel software (Microsoft Corp., Redmond,
Washington, USA).

Flavonoid content was estimated by
3. Results
aluminum chloride method [18]. Relatively 0.5
mL of plant extract, 1.5 mL of methanol, 0.1 mL
According to the results, phenylalanine
of aluminum chloride 10% in ethanol (10 g
significantly affected the activity of PAL at the
aluminum chloride in 100 mL ethanol and
5% and total phenols, total flavonoids and
distilled water), 0.1 mL of potassium acetate 1
antioxidant activity at 1%. SA and interaction
M and 2.8 mL of distilled water were mixed and
between phenylalanine and SA had a significant
kept in darkness for 30 min. The color spectrum
effect on the measured parameters except
of prepared sample was immediately read at
antioxidant activity (Table 1).
415 nm. The obtained value was calculated
Table1. Analysis of variance of effect of phenylalanine and salicylic acid on biochemical compounds
of Artichoke callus
Mean Square
Sources
DF PAL enzyme activity
Phenol
Flavonoid
Antioxidant activity
PHE
3
1.326 *
0.155 **
0.153 **
44.183 **
SA
1
10.628 **
0.066 **
0.007 **
1.44 n.s
PHE*SA
3
1.157 *
0.021 **
0.007 **
2.043 n.s
Error
24
0.37
0.001
0.001
4.088
CV
15.666
10.671
7.729
2.284
* , **:

Significant differences in levels 5 and %1 and n.s: no significant differences
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3.1. Effect of phenylalanine (PHE) and
Salicylic acid (SA) on PAL enzyme activity

200 μmol of SA+ 5 mg/l phenylalanine, but no
significant difference was observed with 200
μmol SA+ 10 and 20 mg/l PHE and 0 μmol of
SA+ 20 mg/l PHE. The minimum of PAL activity
(2.688 nmol/g FW) was observed in control.

Based on the obtained results (Figure 1), the
maximum PAL enzyme activity (4.752 nmol/g
FW) was observed between treated callus with

PAL enzyme activity (nmol/g FW)

SA 0

SA 200

a

5

a

a

ab
4

b

c

c

3

a

2
1
0
PHE 0

PHE 5

PHE 10

PHE 20

Concentration of PHE (mg/l) and SA (μmol)

Figure 1. Effect of Phenylalanine and SA on PAL enzyme activity
3.2. Effect of PHE and SA on total phenol
accumulation
The highest amount of total phenol with
significant difference by control was observed
in callus fed with 200 μmol of SA and 20 mg/l
PHE (0.637 mg/g FW). In this treatment the
phenol accumulation was nearly 2 folds higher

Total phenol (mg/g FW)

0.7

than the control case (0.317 mg/g FW).
Samples cultured in media fed with PHE alone
had acceptable amounts of phenol (0.420 mg/g
FW). In contrast to media supplemented with
5mg/l PHE, the lowest amount of total phenol
(0.162 mg/g FW) was observed (Figure 2).
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Figure 2. Effect of Phenylalanine and SA on total phenols
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3.3. Effect of PHE and SA on total flavonoids
accumulation

the control (1.38 fold). Also, 200 μmol of SA+ 20
mg/l PHE had high number of flavonoids. In
contrast and similar to the phenolic
compounds, the lowest flavonoid content was
observed in media containing 0 μmol of SA+
5mg/l (0.235 mg/g FW).

As shown in Figure 3, the maximum number
of flavonoids obtained from samples cultured in
0 μmol of SA+ 20 mg/l PHE (0.632 mg/g FW)
with significant increase was compared with
SA 0

SA 200
a

Total flavonoids (mg/g FW)
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Figure 3. Effect of Phenylalanine and SA on total flavonoids
increasing concentration, antioxidant activity
increased. The maximum antioxidant activity
(90%) was observed in samples fed by 20 mg/l
PHE (Figure 4) which were significantly higher
than that of control samples.

3.4. Effect of PHE and SA on the antioxidant
activity
SA had no significant effect on antioxidant
activity. PHE was effective treatment in the
antioxidant activity of artichoke callus and with
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Figure 4. Effect of PHE on antioxidant activity
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3.5. Effect of PHE and SA on the correlation
between PAL activity and phenylpropanoid
compounds

Journal of Plant Bioinformatics and Biotechnology

The activity of PAL enzyme of artichoke
callus fed by Phenylalanine and SA had positive
correlation with total phenol, flavonoid and
antioxidant activity (Table 2).

Table 2. Correlation of PAL enzyme, total phenol, flavonoid and antioxidantactivityunder the
treatment of Phenylalanine and SA
PAL Enzyme
Total
Antioxidant
Total Flavonoids
activity
Phenols
activity
PAL Enzyme activity
1
Total Phenols
0.325 n.s
1
**
0.672
Total Flavonoids
0.304 n.s
1
n.s
n.s
Antioxidant activity
0.302
0.112
- 0.073n.s
1
* , **: Significant differences in levels 5 and %1 and n.s: no significant differences
4. Discussion
As mentioned in the results section, the PAL
enzyme activity increased under the influence
of precursor and elicitor. PAL is an antioxidant
enzyme with defensive role in plants. PAL
activity is changed by external factors including
hormone composition, nutrients, light, stress,
and biotic and abiotic elicitors [20]. SA is
known as a key messenger component in
activation of protective responses of plants. SA
as an elicitor activates the signaling pathway
and increases the transcription of special mRNA
of PAL enzyme that it leads to plants defense
responses and accumulation of defensive
compounds such as phenolics [20]. SA
significantly affects the PAL enzyme activity of
Cynara scolymus callus. When the callus was
treated with 100 μmol of SA, the maximum
activity of enzyme was obtained [6]. In another
report in Cynara scolymus, it has been shown
that PAL enzyme activity of callus was
significantly increased compared with the
control case [21]. Based on the finding of a
research, PAL enzyme activity of quinoa sprouts
was increased by addition of phenylalanine
[22]. Also, in another research, it has been
reported that 0.1 mmol of phenylalanine amino
acid had significant effect on PAL enzyme
activity of buckwheat sprouts and this
increasing was about 1.4 folds of non- treated
samples [12]. The highest PAL activity (101.18
mmol CA/g FW) of Sauropus androgynus was
also attained in light-induced callus cultures fed
with 20 mg/l of phenylalanine at week 3 [23].
Phenylalanine is the substrate of PAL that
stimulated this enzyme activity by catalyzing
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the reductive de-amination of L-phenylalanine
into trans-cinnamic acid as the first step of the
biosynthesis of plant phenolic compounds via
phenylpropanoid pathway [24].
Phenolics are SMs with diverse chemical
nature and potential and have essential
functions in the reproduction and the growth of
the plants acting as defense mechanisms
against biotic and abiotic elicitors. In the plants,
phenolic compounds are synthesized via the
phenylpropanoid pathway that begins with the
conversion of phenylalanine to cinnamic acid
by phenylalanine ammonialyase (PAL) [25]. It
has been reported that the exogenous
application of SA may induce the expression of
many defense genes which encode particular
enzymes of secondary metabolic pathway to
form bioactive compounds such as phenolics
[26]. The positive effects of PHE and SA on the
amount of total phenol in the present study
were consistent with the findings of many
studies. It has been shown that the total
phenolic compound contents of Foeniculum
vulgare treated with 0.25 mM SA increased by
56.95% as compared with the control plants
[27]. In Cynara scolymus, the highest amount of
total phenolic compounds was obtained in
callus which were treated with 100 μmol of SA
and it was 1.32 folds rather than control [6].
Phenolics are ubiquitous plant components that
are primarily derived from phenylalanine via
the phenylpropanoid metabolism. It has been
previously shown that some treatments may be
enhanced by precursors feeding, for example
phenylalanine for phenolics synthesis [3].
Phenylalanine increases the metabolic flux

Journal of Plant Bioinformatics and Biotechnology

through phenylpropanoid biosynthetic pathway
and elevates the level of targeted compound
[28]. Phenylalanine supplementation has been
reported to enhance secondary metabolite
production in plant cell cultures [9]. It has been
reported that 100 μM phenylalanine after 72 h
was found as optimal feeding conditions for
production of silymarin (1.84 fold higher than
that of the control) in Silybum marianum hairy
root cultures [29]. Another research reported
that phenolic content of Daucus carota callus
cultures was increased as affected by 1000
mg/l PHE under light and dark conditions [11].
Phenylalanine addition in the amount of 150
mg/l as precursors led to increase the
production of Thymol and Coumarin in Callus
Cultures of Verbascum thapsus L. [30]. After 3
weeks of phenylalanine treatment at 20 mg/l,
the highest levels of total phenolics (246.62
μg/10 g FW) were detected in light-induced
callus cultures of Sauropus androgynous [23].
Flavonoids are polyphenolic compounds,
among the most bioactive secondary
metabolites in plants. Flavonoids are originated
from phenylalanine, an upstream metabolic
precursor through phenylpropanoid pathway
(10). All flavonoids are basically derivatives of
1,3-diphenylpropan-1-one (C6–C3–C6), which
is derived from the condensation of three
malonyl- CoA molecules with one p-coumaroylCoA to form a Chalcon intermediate [31]. The
SA induces the expression of genes encoding
enzymes related to the phenylpropanoid
pathway production (among them the
flavonoids) and increases the amount or the
activity of these enzymes. Chalcon synthase
(the first enzyme to branch off from
phenylpropanoid metabolism to flavonoid
metabolism) activity was increased in plants
treated with SA [32]. A significant increase in
the synthesis of flavonoids in response to
application of SA was observed in various
medicinal plant species. In safflower, the
highest content of total flavonols (4.2 mg RE
g−1 FW) was observed under elicitation by 50
mg L−1 of SA (33). The highest number of
flavonoids Cynara scolymus was obtained when
the media fed with 100 μmol SA and this
increasing was 1.31 folds more than control [6].
The effect of precursor feeding (phenylalanine)

2021, Volume 1, Number 2

on the production of isoflavones in Psoralea
corylifolia hairy root culture demonstrated that
phenylalanine at 2 mM concentration increased
the production of daidzein and genistein by 1.3
folds compared with the control [9]. Maximum
number of flavonoids (leutiolin, kaempferol,
quercetin and total flavonoid) was estimated in
eight weeks old tissue fed with 75 mg/100mL
phenylalanine (34). After 3 weeks of
phenylalanine treatment at 20 mg/l, total
flavonoid (636.26 μg/10g FW), naringenin
(12081.05 μg/10 g FW), quercetin (134.36
μg/10 g FW), kaempferol (11325.13 μg/10 g
FW) were detected in light-induced callus
cultures of Sauropus androgynus [23]. These
results were consistent with our findings.
Antioxidant potential of medicinal plant and
food extracts has been qualified to the presence
of phenolic compounds [35]. Antioxidants could
inhibit free-radical reaction by inhibiting lipid
radical formation, disrupting propagation of
chain auto oxidation reactions, and suppressing
singlet oxygen; they could act as factors that aid
in reducing hydrogen peroxides to stable
compounds, as compounds chelating transition
metal ions and as inhibitors of pro-oxidative
enzymes [36]. This activity, as the fundamental
property of food, is important for its health
protecting ability, including antimutagenic,
anticarcinogenic, antiobesity and antiaging
effects [22]. DPPH radical scavenging activity
assay is widely used to test the ability of
compounds acting as free radical scavengers or
hydrogen donors, evaluating antioxidant
activity. As already mentioned, antioxidant
potential of medicinal plant is because of the
presence of phenolic compounds [35], thus the
synthesis
of
these
compounds
from
phenylpropanoid
pathway
started
by
phenylalanine and it is important in antioxidant
potency of plant. Similar to this experiment,
several studies demonstrated the role of this
amino acid in antioxidant activity of plant
extract. For example, the antioxidant activity of
Daucus carota callus cultures increased as
affected by 1000 mg/l PHE under light and dark
conditions
[11].
Phenylalanine
caused
increasing the antioxidant activity of Quinoa
sprouts [22]. In 0.1 mmol of phenylalanine, the
antioxidant activity of buckwheat sprouts was
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increased about 1.11 folds higher than control
[12]. The highest levels of antioxidant activities
(97.35% for DPPH assay) were detected in
light-induced callus culture of sweet shoot
(Sauropus androgynus after 3 weeks of PHE
treatment at 20 mg/l [23].

compounds (naringenin, quercetin, kaempferol)
which in turn contributed to the increase in
antioxidant activities in light-induced callus
cultures of sweet shoot [23].

PAL activity had positive correlation with
phenylpropanoids compounds and antioxidant
activity of artichoke callus under treatment by
Phenylalanine and SA. PAL is the first key
enzyme in phenylpropanoid pathway via
conversion of L- phenylalanine to the cinnamic
acid. This is the first and the most important
step through biosynthesis of phenolic,
flavonoids and antioxidant compounds. The
activity and gene expression of PAL enzyme is
changed by factors such as hormone
composition, nutrients, light, elicitors, and
biotic and abiotic stresses [20]. SA as an elicitor
induces the expression of genes related to the
production of some classes of secondary
metabolites
in
plants
and
activates
phenylalanine ammonia-lyase (PAL), a key
enzyme between the primary and secondary
metabolism, involved in the phenylpropanoid
compound production route of the secondary
metabolism [37,38]. It has been reported that
the positive correlation between PAL enzyme
activity and phenylpropanoid compounds was
influenced by SA in artichoke callus [6,21]. As
phenylalanine is the substrate of phenylalanine
ammonia-lyase (PAL) for production of
phenylpropanoid compounds (8), it is expected
that as precursor stimulates the PAL activity
and increases related compound accumulation.
This theory is in agreement with our results, as
shown in Table 2. Many inquiries have shown
the positive correlation between PAL enzyme
and compounds derived from this enzyme. The
greater PAL activity in various concentrations
of PHE confirmed PAL affinity for the PHE as
the upstream biosynthetic precursor of
phenylpropanoid pathway [29]. The application
of PHE as the upstream biosynthetic precursor
of phenyl-propanoid pathway could enhance
SMs production in suspension cultures of P.
corylifolia [9]. A study showed that the addition
of PHE enhanced the enzymatic activities in the
phenylpropanoid pathway and increased the
concentrations of phenolic and flavonoid

Secondary metabolites of medicinal plants
can be increased by some methods such as
using elicitors and precursors and it is very
important to produce metabolites for
industries. In this experiment, salicylic acid (as
an elicitor) and phenylalanine (as a precursor)
had a significant effect on the activity of the PAL
and phenylpropanoids compounds (phenols,
flavonoids and antioxidants). Generally, 200
μmol SA+ 20 mg/l phenylalanine had the high
amount
of
enzyme
activity
and
phenylpropanoids
SMs.
As
mentioned,
phenylalanine and salicylic acid increased the
production of valuable secondary compounds
of artichoke. Therefore, for commercial
production of secondary metabolites for the
pharmaceutical industry and etc, it is suggested
to use these compounds in appropriate
concentrations.

5. Conclusion
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