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Effects of abiotic elicitors on the production of bioactive 
flavonols in Emilia sonchifolia
Mohan RAJI, Zhong CHEN*

ABSTRACT
Background: The usage of plants as a source of medicine begins with the isolation of active bio-
compounds which are responsible for their therapeutic action. Research on flavonols has flourished in the 
last decade, fuelled by the recognized importance of natural antioxidants on health.

Methods: Based on the meagre information reported on the effect of stress treatment on the production 
of flavonol metabolites, the current research attempted to investigate if heat (one-day for 6 hours at 45 °C) 
and drought stress (one week) could be used to enhance the production of three flavonols, including rutin, 
quercetin and kaempferol, in the tropical medicinal plant Emilia sonchifolia. The study focused on a novel 
elicitation approach to improve the therapeutic value of medicinal plants.

Results: The increment in the antioxidant levels of Emilia sonchifolia was attributed to the increased 
accumulation of the three flavonols and total flavonoid content with strong scavenging ability against free 
radicals.

Conclusion: Short-term heat stress and moderate water deficit proved as effective strategies to increase 
the rutin, quercetin and kaempferol contents in Emilia sonchifolia.
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1. Introduction
  Tropical countries are home to a variety of different 
medicinally important plants, due to the presence 
of bioactive compounds which are secondary plant 
metabolites. The latest interest in secondary plant 
metabolites lies in obtaining new sources of compounds 
that have promising potential to function in therapeutic 
systems (1, 2). Medicinal plants are usually assessed 
based on their therapeutic value. The therapeutic effects 
of these metabolites have been associated with their 
antioxidant activity, which could be the scientific basis 
of traditional herbal-based treatment of diseases (3). The 
isolation and characterization of drugs are based on the 
pharmacologically active plant secondary metabolites (4). 
Root, bark, stem and leaves are the primary sources of 
different and unique secondary metabolites in plants, of 
which the most widely distributed bioactive groups are 

flavonoids that exist both in free state and as glycosides 
(5). Flavonols belong to the most abundant group of 
flavonoids, with most prominent antioxidant activity by 
possessing the chemical structure of 3-hydroxyflavone 
skeleton (6). The presence of flavonols in the form of 
fruits (quercetin in blueberries, strawberries), leafy green 
vegetables, onions and beverages (tea and red wine) is 
inversely associated with the incidence of breast cancer, 
diabetes, heart disease and neurodegenerative diseases 
including Alzheimer's. Moreover, medicinal plants such as 
Moringa oleifera, Azadirachta indica, Aloe barbadensis, 
Ginkgo biloba and Calendula officinalis are reported to 
contain higher level of flavonols (7). Flavonols such as rutin, 
quercetin and kaempferol (Figure 1) are unique reactive 
oxygen species (ROS) scavengers with antiplatelet, 
anti-neural, cancer preventive, antioxidant and anti-
inflammatory properties (7, 8). Consequently, they possess 
beneficial pharmaceutical, nutritional and therapeutic 
effects in humans. Rutin is usually recommended 
for treatment of haemorrhoids or internal bleeding, 
varicose veins and reducing the risk of arteriosclerosis 
( 9 ) .  Que rce t in  cou ld  con t r i bu t e  s ign i f i can t ly 
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to the antioxidant defenses present in the blood and 
plasma as it is only slowly eliminated in humans (10). It 
is a lipid peroxidation inhibitor and reduces oxidative 
stress produced as a result of chronic diseases. Among 
the three flavonols, quercetin exhibits a wide range of 
biological activities and therapeutic applications (11, 12). 
Kaempferol is responsible for decreasing thrombin that 
prevents clot formation and inhibits blood clotting (13). 
Due to its anti-thrombotic property, it has the potential to 
serve as a therapeutic agent for cardiovascular patients. 
In plants, flavonol metabolism dates back during the 
evolution of terrestrial plants mostly in mosses and 
liverworts, and it has been reported to have relevant 
function in the responsive mechanism of plants under 
stressful conditions (14). They respond to abiotic stresses 
by increasing their production and detoxifying the free 
radicals through donation of hydrogen atom from the 
hydroxyl moiety thereby rendering tolerance (15). 
  Indeed, the exploitation of more medicinal plants is 
demanding due to the health hazards associated with 
the use of synthetic drugs. Even though the potential of 
medicinal plants are boundless, there are many challenges 
for the large scale utilization in pharmaceutics (16). 
Among them are the lack of reproducibility due to 
the variation in secondary metabolites and the limited 
production of metabolites (less than 1% dry weight). In 
medicinal plants, environmental conditions regulate the 
production of these complex active constituents, and their 
type and quantity of metabolites are often determined by 
the changing environmental conditions (17). When wild 
plants are procured and cultivated under optimal growing 
conditions without exposure to natural stressors, the 
content and therapeutic activity of secondary metabolites 
are reduced (18). The production of secondary metabolites 
should be increased to acquire maximum medicinal and 
nutritive values. Heat and drought are abiotic elicitors 
that stimulate stress responses in plants and increase the 
amount of secondary metabolites produced (19). This 
strategy helps to induce the desired chemical response by 
establishing a relationship between phytochemistry and 
plant stress. This technique is known as elicitation which 
not only increases the therapeutic activity of medicinal 
plants but also enhances the health benefits of edible 
plants that are consumed as food.

  Comparatively, little information has been gained 
in recent years regarding the methods to improve the 
therapeutic activity in whole medicinal plants. There is 
also not much updated knowledge on the antioxidant 
metabolism under heat and drought stress in medicinal 
plants. It seems necessary to study the connection 
between medicinal plants and abiotic stresses. Therefore, 
we aimed to test the medicinal plant Emilia sonchifolia 
(E. sonchifolia) for its antioxidant activity and study its 
abiotic stress response on flavonol metabolite production 
through the elicitation process. Under thermal stress 
flavonols could be either increased, unaffected or 
decreased depending upon the degree/intensity, duration 
of the temperature, flavonoid structure and finally the 
plant species. The accumulation of flavonols under water 
deficit conditions could be attributed to the severity of 
drought, growth stage of the plant and the stress tolerant 
level inherent in each species. To date, there hasn’t been 
sufficient data to conclude on the impact of temperature 
or drought on flavonols. The present work also aimed to 
understand the adaptability of flavonols in response to 
environmental stresses and find out effective methods 
for their natural production. The choice of investigated 
medicinal plant depends on four reasons: firstly, availability 
as it is a locally available and easily grown weed plant. 
Secondly, it is a good source of flavonols (20) and widely 
used in traditional medicine. Thirdly, it is tolerant to abiotic 
stresses like heat and drought. Fourthly, no elicitation 
studies have been reported in this plant species.
  E. sonchifolia belongs to family Asteraceae and is 
known by the names ‘Cupid’s shaving brush’ and 
‘Lilac tassel flower’. It is listed in the Indian system of 
Ayurveda and traditional Chinese medicine (TCM) (21). 
It is widely present in tropical regions of India, China and 
Southeast Asia as weeds in grassy fields, crop fields and 
along roadsides. The leaves of E. sonchifolia proficiently 
treat night blindness, wounds and abscesses, roundworm 
infestations, snake bites, burns, cough, sore ears, fever 
and bronchitis, while the roots are used for treating 
diarrhoea (22). Various studies also have documented the 
pharmacological activities of E. sonchifolia extracts against 
microbials, inflammation (23), cataract (24), oxidation (25), 
diabetes (26) and virus (27).
 

Figure 1: Chemical structures of (A) rutin, (B) quercetin, and (C) kaempferol.
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2. Materials and Methods
2.1 Plant Materials
  The tropical medicinal plant E. sonchifolia (3-month-
old) was used for the study. The seeds of E. sonchifolia 
were obtained from Molecular Genetics Lab at National 
Institute of Education (NIE), Singapore. The seedlings 
of uniform size were transplanted to black polythene 
bags (21×12 cm) containing a mixture of peat moss and 
vermiculite (3:1). The plants were grown under natural 
light conditions of photosynthetic photon flux density 
(PPFD) 300 µmol m-2s-1 in the NIE greenhouse, watered 
once daily for three months.

2.2 Experimental conditions
  The experiment was conducted at NIE. Plants grown in 
optimal temperature and watered regularly were used as 
reference or control for each treatment. For the heat treatment, 
five replicates of the plant were transferred to an incubator 
with white fluorescent light of PPFD 50 µmol m-2s-1 and 
exposed to heat stress for 6 hours continuously in a single 
day under temperature stress set at 45 °C. For the drought 
treatment, another batch of five replicates of the plant 
was subjected to a continuous water deficit for 7 days. 
The drought stress experiment was conducted in the NIE 
greenhouse. The leaf samples for analysis were harvested 
at time 0 (control) and at the end of respective treatments.

2.3 Determination of relative water content (RWC) in 
drought-stressed plants
  The leaves of E. sonchifolia were harvested and 
immediately transferred to a sealed plastic bag to avoid 
moisture loss. The sample leaves were cut into small 
pieces and immediately weighed with an analytical balance 
to record the fresh weight (FW). The weighed leaves were 
then submerged in water for 24 hours in the dark to record 
their saturated weight (SW). Subsequently, the samples 
were wrapped in aluminum foil and dried in an oven at 
80 °C for 4 days. The dry weight (DW) of the leaves was 
recorded. The RWC of samples was calculated using the 
formula: RWC = (FW-DW) / (SW-DW) × 100% (28).

2.4 DAB staining for the qualitative detection of ROS 
(H2O2) under the influence of heat and drought stress 
treatments
  The DAB staining solution of concentration 1 mg/ml 
was prepared freshly in a 50 ml falcon tube according 
to the standard protocol (29). Harvested leaves of 
E. sonchifolia were placed inside the petri plates 
and covered with aluminium foil as DAB is light 
sensitive. 1 mg/ml DAB staining solution was added 
to keep the leaves fully immersed. They were then 
vacuum infiltrated for 15 minutes. The treated leaves 
were incubated inside a standard laboratory shaker for 8 
hours until the leaves were thoroughly infiltrated with the 
staining solution at 100 rpm. Following the incubation, 
the DAB solution was replaced with 80% (v/v) ethanol. 
The plates were carefully placed in 80 °C water bath for 
15 minutes to remove chlorophyll. DAB-stained leaves 

were visualized as brown colour. It was then stored in a 
solution of ethanol:acetic acid:glycerol in a ratio of 3:1:1 
until photographed.

2.5 Preparation of Extracts
  The air-dried leaves were subjected to freeze-drying 
or lyophilization to remove the moisture content. The 
thoroughly dried leaves were then ground into a fine 
powder using a pestle and mortar. Using 5 ml of extracting 
solvent 80% (v/v) methanol-water, approximately 200 mg 
of leaf powder was extracted using an ultrasonic cleaner 
(37 kHz, 150W, S70 Elmasonic Germany) for 30 minutes 
at room temperature. Following the extraction, the 
mixture was centrifuged at 3500 rpm, 25 °C for 5 minutes. 
The supernatant was recovered and filtered using 0.45 µm 
syringe filters, followed by solid phase extraction (SPE) 
using the Sep-Pak C18 cartridge. To start the process, the 
cartridge was saturated with methanol. Around 400 µl of the 
plant sample was then added into the cartridge with the 
help of vacuum pump, followed by eluting with 50 ml of 
methanol solvent and then rotary evaporated. The residue 
was then re-dissolved in 1 ml LC/MS grade methanol, 
before being injected to the column, Following the 
modified method from Neves, Stringheta (30).

2.6 LC-MS analysis
  The detection of three flavonol compounds was 
performed using an Agilent 1100 series (Agilent 
Technologies, CA, USA) liquid chromatography coupled 
to ion trap mass spectrometer (LC/MSD Trap XCT) 
with ESI interface. The mobile phase was degassed 
ultrasonically following a gradient program using solvent 
A: 0.1% formic acid (FA) in water and solvent B: 0.1% FA 
in methanol. The flow rate used was 0.7 ml/min while 15 µl 
of sample was injected into the Phenomenex Kinetex C18 
reverse phase column (ø 100 mm × 4.6 mm × 2.6 µm). The 
column temperature was maintained at 30 °C. The samples 
were passed through a 0.45 µm syringe filter before being 
injected into a column. The system was run with the 
following elution program: 18% to 95% B for 31 minutes, 
then hold at 95% B for 3 minutes before re-conditioning 
back to the initial composition in 1 minute. Mass spectra 
of analyses were performed with the scan range of m/z 
200 - 650 in a negative ion mode. The mass spectrometric 
parameters including nebulizing gas pressure, capillary 
voltage, dry gas temperature and flow rate were set to 
40 psi, 4.5 kV, 350 °C and 10 L/min, and kept constant 
throughout the analysis. LC/MS Chemstation software 
was used for data analysis. The detection of the eluted 
peaks of rutin, quercetin and kaempferol was performed at 
360 nm. The retention time obtained based on triplicates 
for rutin, quercetin and kaempferol were 27.2, 29.2 and 
30.2 minutes, respectively.

2.7  Quant i f icat ion  of  to ta l  f lavonoids  us ing 
spectrophotometry
  The total flavonoid content (TFC) was determined 
spectrophotometrically following the aluminium  



 https://doi.org/10.37175/stemedicine.v1i2.33 4

RAJI & CHEN STEMedicine 1(2).e33. APR 2020.

chloride (AlCl3) method (31). The flavonol standard rutin 
(1 mg/ml) prepared in 80% methanol was used to generate 
a standard curve with four concentrations of 0.0125, 0.025, 
0.05, and 0.1 mg/ml, respectively. 0.5 ml of dried plant 
extract from SPE was mixed with 1.5 ml of 80% methanol, 
0.1 ml of 10% aqueous dilution of AlCl3, 0.1 mL of 1 M 
potassium acetate and finally with 2.8 ml of distilled water. 
The mixed contents in each tube were allowed to incubate 
at 22 °C for 30 minutes. The blank was prepared for each 
sample which consisted of all reagents except AlCl3. The 
absorbance was measured at 415 nm. The total content 
of flavonoids in plant extracts in rutin equivalent was 
calculated by the following equation: C = (c × v) / m. C = 
Total content of flavonoid compounds, mgg-1 DW, in rutin 
equivalent (RE), c = Concentration of rutin established 
from the calibration curve, mgg-1 DW, v = Volume of 
extract, ml, m = Mass of extract, gm.

2.8 Measurement of antioxidant activity using DPPH 
method
  Different concentrations of leaf extracts (1 mg/ml) of 
E. sonchifolia were prepared in methanol equivalent to 
50, 100, 200 and 400 ppm. 80% methanol was used as a 
solvent. Ascorbic acid was used as the positive control. A 
stock solution of 0.06 mM methanolic solution of DPPH 
was prepared by weighing 5.91 mg of DPPH powder 
in an Eppendorf tube containing 1 ml of methanol. The 
tube was centrifuged at 3000 rpm and then transferred 
to 250 ml volumetric flask, with the volume of methanol 
adjusted accordingly. 5 ml of 0.06 mM solution of DPPH 
was mixed with 0.5 ml of plant samples and standard 
solutions, separately. These solution mixtures were kept 
in a dark place for 30 minutes, and the optical density was 
measured at 517 nm. The blank control was prepared for 
each sample which consisted of all reagents except the 
tested extracts. Each analysis was done in triplicate. The 
radical scavenging of the methanolic extract of E. sonchifolia 
leaves was calculated from the formula: Percentage radical-
scavenging activity = (OD control - OD sample / OD 
control) × 100. OD control = Absorbance of the control, 
OD sample = Absorbance of the tested plant extract.

2.9 Statistical analysis
  ANOVA (one-way analysis of variance) was performed 
to test for the significant difference between optimal and 
the treated conditions. The Dunnett's test was also used 
for multiple comparisons and to determine differences 
among treatment means at significance levels of P ˂ 0.05. 
The Pearson’s correlation coefficient (r) was calculated 
(between +1 and -1) using the SPSS software (version 16; 
SPSS Inc, Chicago, USA) that measures the strength of 
linear correlation between two variables. The Origin Pro 
software was used to plot the graph. The Graphpad Prism 8 
was used to plot the graph for antioxidant studies.

3. Results and Discussion
3.1 RWC in drought-stressed plant leaves
  The plant E. sonchifolia at optimal conditions recorded 

leaf RWC value of 97.5%. At the end of water deficit 
stress, RWC was reduced to 80% (Figure 2). The RWC of 
E. sonchifolia tended to decrease slightly with increased 
water stress level. However, the percentage drop of 18% 
suggested that the stressed leaves of the plant experienced 
a slow rate of water loss that developed acclimation to 
drought stress. The results showed that RWC was an 
indicator of water deficit stress, consistent with previous 
observation in Stellaria dichotoma (32). 

3.2 DAB staining for ROS (H2O2) under heat and 
drought stress treatments
  The DAB-stained leaves of E. sonchifolia were visually 
detected (Figure 3). The brown colour developed on the 
leaves directly correlated with H2O2 accumulation, and 
it was evident that the leaves of stressed plants appeared 
more brownish and hence, accumulated more H2O2 than 
the leaves of unstressed plants. The appearance of dark 
spots was more visible in heat-stressed (Figure 3C) and 
drought-stressed (Figure 3B) plants, with no dark spots 
accumulated in control plants. The pattern observed 
in DAB staining suggested that the stressed plants 
accumulated more ROS. The data indicated that stress 
developed in all treated plants at the time of biochemical 
evaluations, and the visibility of ROS depended on the 
stress tolerance of the species. 

3.3 Detection of flavonols rutin, quercetin and 
kaempferol using LC-MS
  Using LC-MS method, the three flavonol compounds 
in E. sonchifolia were confirmed by comparing their 
respective characteristic fragmentation patterns with the 
corresponding flavonol standards at a specific retention 
time (Figures 4-5). The distinctive fragmentationpattern 
of each flavonol standard was studied using both 
alternating positive [M+H]+ and negative [M-H]- ion ESI-
MS. The negative ion mode was selected for the detection

Figure 2. RWC of E. sonchifolia leaves during drought stress. 
The height of each bar and the error bar show the mean and 
standard deviation from 5 replicates. The column with single 
asterisk (*) adhered indicates significant differences (P < 0.05) as 
compared with day 0, determined by Dunnett’s test.



 https://doi.org/10.37175/stemedicine.v1i2.33 5

RAJI & CHEN STEMedicine 1(2).e33. APR 2020.

of three flavonols as these compounds were more stable 
as deprotonated adducts. Furthermore, the deprotonated 
ions (precursor ions) of rutin, quercetin and kaempferol 
were detected from the methanolic extracts of leaves of 
each plant species that were subjected to optimal and 
stressed conditions (via heat and drought) at retention 
time 27.2, 29.2, and, 30.2, respectively. The deprotonated 
ions detected for rutin, quercetin and kaempferol were 
m/z 609.2 [M-H]-, m/z 301 [M-H]-, m/z 285 [M-H]-

, respectively (33). The m/z of each compound was 
compared with previous data analysis, including rutin (34, 
35), quercetin (35, 36) and kaempferol (36, 37). The MS 
analyses of rutin, quercetin and kaempferol in E. 
sonchifolia were represented in Figures 6-8. The data of 
ESI-MS analysis were summarized in Table 1.
  The LC-MS analysis was carried out in E. sonchifolia to 
evaluate the flavonol contents under normal and stressed 
conditions (heat and drought) and to validate the influence 
of stress level on the bioactive metabolites. In non-treated 
E. sonchifolia plants, the rutin content was observed in 
higher intensity than quercetin and kaempferol (Table 1). 
In heat-stressed and water deficit E. sonchifolia plants, 
the relative intensity of rutin was higher by 5.3-fold and 
4-fold, respectively than control. Furthermore, the relative 
intensity of quercetin in heat-stressed ones was higher 
by 4-fold. Similarly, an increasing trend of quercetin was 
followed in drought-stressed plants with 3.3-fold higher 
than control. The relative intensity of kaempferol in heat, 
drought treated plants was higher by 3.4-fold and 2-fold, 
respectively than control (Table 1).

3.4 Total flavonoid content (TFC)
  The TFC of E. sonchifolia plants under heat, drought 
and optimal conditions was shown in Table 2. Among 
the stressed and optimal E. sonchifolia plants, highest 
TFC was detected in heat-stressed samples (8.66 ± 
0.73 mgREg-1DW), followed by drought-stressed 

(6.01 ± 0.85 mgREg-1DW) and then control (3.52 ± 
0.84 mgREg-1DW). The data indicated that heat and 
drought stress enhanced the TFC in all treated plants 
(per gm dry weight of leaf material) compared to control 
plants. A notable fold change of TFC was observed 
in heat-stressed E. sonchifolia (1.5-fold increase). An 
investigation revealed that apart from the increase in 
flavonols, drought stress also stimulated the production 
of other flavonoids and hence influenced the TFC 
(38). Water stress is known to augment the TFC in 
Chrysanthemum morifolium as compared to normal 
(39). Xiaolu, Jie showed an increase in TFC in stems of 
Dendrobium moniliforme after 5 days of drought stress (40).
  In conclusion, quercetin, rutin and kaempferol were 

Figure 3. DAB-stained leaves of E. sonchifolia (3-month old). 
(A) control plants, (B) drought-stressed plants (1 week), and (C) 
heat-stressed plants (45 °C for 6 hours in a day).

Figure 4. HPLC-UV chromatogram of flavonol standards 
rutin, quercetin, and kaempferol (10 ppm) with the respective 
retention times detected at 360 nm.

Figures 5 (A-C) Indicates the ESI-MS analysis of the mass 
spectra fragmentation patterns of the flavonol standards rutin, 
quercetin, and kaempferol with x-axis of mass to charge ratio 
(m/z) (amu) and y-axis indicated intensity or the ion abundance 
(cps). The deprotonated ions detected for rutin, quercetin and 
kaempferol were m/z 609.2 [M-H]-, m/z 301 [M-H]-, m/z 285 [M-H]-, 
respectively at respective retention times.
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found to increase in stressed E. sonchifolia plants 
compared to the control ones, and the abiotic stresses 
such as drought and heat had a significant impact on 

the three flavonol metabolites as evident from their 
increasing trends. The variation in metabolite contents 
is due to the growth conditions, the difference in 
genotypes and the plant stress tolerance (41). In plants 
grown under optimal growing conditions, the intensity of 
natural stressors on the plant is lower compared to the wild 
plants, and the content of secondary metabolites is therefore 
reduced, leading to decreased therapeutic activity (18). 
In the study, optimal E. sonchifolia plants grown under 
greenhouse condition had lesser TFC than stressed plants 
(Table 2). As stated by Agati, Azzarello, A. thaliana grown 
under low light irradiance (less than 200 µmol m-2s-1) 
was unable to stimulate the biosynthesis of quercetin, 
unless triggered by temperature and high light (42). 
In E. sonchifolia plants, rutin and quercetin increased 
under water deficit conditions (Table 1). The result was 
in agreement with the report of Nacif de Abreu and 
Mazzafera (43). Another study by Hodaei, Rahimmalek 
demonstrated that drought stress for 3 days stimulated 
the synthesis of rutin and quercetin in “Taraneh” cultivar 
of Chrysanthemum morifoilum plant (39). However, 
prolonged drought stress for 7 days was accompanied 
by a decrease in quercetin content while an increase in 
rutin. In another study of drought stress in two related 
species of hawthorn, Kirakosyan, Kaufman revealed 
that quercetin increased in Crataegus monogyna and 
decreased in Crataegus laevigata whereas rutin increased 
in both species (38). Rutin is a glycoside that is composed 
of aglycone quercetin and disaccharide rutinose (Figure 
1A). Although rutin is derived from quercetin with the 
inclusion of rhamnoside residue in the third position,there 
are variations among the compounds even in related 

Figure 6. ESI-MS analysis of rutin in E. sonchifolia. 1. rutin, with m/z 
609.2 [M-H]-, indicated above at retention time 27.2. (A) control plants, (B) 
heat-stressed plants, and (C) drought-stressed plants.

Figure 7. ESI-MS analysis of quercetin in E. sonchifolia. 2. quercetin, 
with m/z 301 [M-H]-, indicated above at retention time 29.2. (A) control 
plants, (B) heat-stressed plants, and (C) drought-stressed plants.

Figure 8. ESI-MS analysis of kaempferol in E. sonchifolia. 3. 
kaempferol, with m/z 285 [M-H]-, indicated above at retention time 30.2. (A) 
control plants, (B) heat-stressed plants, and (C) drought-stressed plants.
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species. Quercetin is O-glycosylated by rhamnose units at 
C3 position to form quercetin-3-O-rutinoside (Figure 1A   
and Figure 1B). It is clear from the studies that flavonols 
are mostly glycosylated in the majority of tissues to favour 
their storage and transport and even to protect the OH 
group from oxidation (44). In the study, it is evident that 
during heat and drought stress, rutin was dominated likely 
due to the induced rhamnosylation process that resulted 
in the conjugation of rhamnose to aglycone quercetin 
forming rutin to attain stability and tolerance against 
stress conditions. According to Le Roy, Huss, the pile-up 
of flavonol glycosides acted as a reserve of flavonols that 
could be utilized at any time under stress conditions like 
UV (44). Hectors, Van Oevelen emphasized on the role 
of rhamnosylated quercetin and kaempferol glycosides 
against UV stress in A. thaliana (45). According to 
the study by Nacif de Abreu and Mazzafera, although 
temperature stresses negatively affected the plant growth 
including reduced photosynthetic rate, lower biomass 
and premature leaf senescence, these thermal stresses 
significantly increased the concentration of rutin by 
3-fold at 17 °C, and 7-fold at 36 °C and also 4-fold during 
drought stress (43). Moreover, many authors considered 
the positive response of metabolites as a means to improve 
product quality in medicinal plants (46).

3.5 Antioxidant activity in E. sonchifolia leaf extracts
  The antioxidant activity of E. sonchifolia plants was 
examined using the DPPH method. Figure 9 shows the 
radical scavenging activity of E. sonchifolia extracts 
at increasing concentration. The maximum percentage 
inhibition was observed in heat-stressed plants, 
followed by drought-stressed and finally the optimal 
ones, i.e., the stressed plant extracts exhibited higher 
antioxidant activity. Among the various concentrations 
of E. sonchifolia extracts tested, the concentration of 
400 µg/ml showed the highest scavenging activity of 
95.5%, and it was observed in extracts of heat-stressed 
E. sonchifolia samples. Meanwhile ascorbic acid at the 
same concentration showed 98.57% which showed close 

similarity to each other. The IC50 values, which correspond 
to the plant extract concentration required to scavenge 
50% of the free radical, of E. sonchifolia were calculated 
from the percentage scavenging curve plotted against the 
concentration (Table 3). The IC50 value was inversely 
related to the antioxidant activity. The lesser IC50 value 
and higher radical scavenging activity indicated higher 
antioxidant activity. The plant extract that exhibited the 
highest reducing capacity was the heat-stressed E. sonchifolia 
extracts as determined by the neutralization of DPPH with 
the IC50 value of 40.65 µg/ml. Also, the highest TFC was 
found in heat-stressed E. sonchifolia extracts. 
  The results in Figure 9  indicated that the 80% 
methanolic extracts of E. sonchifolia showed strong 
radical scavenging activity compared to vitamin C. The 
medicinal plant E. sonchifolia has been found to be 
promising in terms of antioxidant activity, hence the plant 
can be considered as a source of natural antioxidants 
for medicinal uses. The superiority demonstrated by 
E. sonchifolia extracts in scavenging free radicals 
therefore could be attributed to the presence of flavonoid 
metabolites. According to Nakabayashi, Yonekura-
Sakakibara, quercetin and its glycosides containing 
more hydroxyl group exhibited more antioxidant 
activity than kaempferol (47). Therefore, the higher 
rutin and quercetin contents in E. sonchifolia plants 
might contribute to the enhanced antioxidant activity 
of E. sonchifolia plants, which counterbalanced the 
negative factors and protected plants against oxidative 
damage. The visible signs of stress  were prominent in E. 
sonchifolia (Figure 3), indicating that these plants were 
more exposed to severe oxidative stress surpassing their 
defence mechanism during their initial encounter with 
ROS. Since ROS generation is an indication of stress, 
it has been postulated that biosynthesis of flavonoids is 
triggered as a supplementary defense mechanism, aimed 
at detoxifying ROS (48). Under severe stress conditions, 
secondary flavonoid metabolites function as a secondary 
or auxiliary scavenging system in plants, complementing 
the inefficient enzymatic defense mechanism in cells (42). 

Table 1. LC-MS analysis of rutin, quercetin, and kaempferol in E. sonchifolia under heat-stressed and drought-stressed 
conditions.

Species Condition Compounds Intensity(cps) RT Molecular formula Calculated [M-H]- Observed [M-H]-

E. sonchifolia

Control

Rutin

7.5 x 103

27.2 C27H30O16 609.5 609.2Heat 4 x 104

Drought 3 x 104

Control

Quercetin

4.5 x 102

29.2 C15H10O7 301.2 301Heat 2 x 103

Drought 1.5 x 103

Control

Kaempferol

1.2 x 103

30.2 C15H10O6 285.2 285Heat 4.1 x 103

Drought 2.3 x 103
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Therefore, the stress conditions might trigger the 
production of more flavonoids, supporting the results 
obtained in this study. The results indicated that the three 
flavonols (Table 1), and the TFC (Table 2) were higher in 
stressed E. sonchifolia plants than other plants.
  Flavonoids are excellent ROS scavengers, including 
quercetin and its glycosides. The stable glycosylated 
flavonol rutin responded positively to both heat and 
drought stresses regardless of the species, whereas 
the metabolites quercetin and kaempferol responded 
differently to two types of stresses, indicating the role  

Data was represented as mean ± standard deviation of triplicate 
experiments. The treated samples with single asterisk (*) adhered 
indicate P < 0.05 and were statistically significant from control as 
determined by Dunnett’s test.

Figure 9. DPPH scavenging activity of methanolic extracts 
of E. sonchifolia with ascorbic acid. Data were represented as 
mean ± standard deviation of triplicate experiments.

of the three flavonols in plants as stress protectors. 
According to Nakabayashi, Yonekura-Sakakibara, 
the increased production of flavonoids reduced the 
accumulation of H2O2 and exhibited enhanced oxidative 
and drought tolerance (47). A study by Zhu, Li suggested 
that anthocyanins, a flavonoid class, acted as a secondary 
ROS scavenger in sugarcane leaves under chilling stress, 
that compensated the ineffective activity of antioxidant 
enzymes and contributed to chilling tolerance (49). These 
evidences suggest that flavonoids have a protective role 
during stress, and different species have specific molecular 
mechanisms to synthesize a variety of secondary 
metabolites to cope with the impact of stress. 
  Correlation coefficient (r) analysis between the TFC and 
the DPPH free radical scavenging activity (IC50 values) of 
E. sonchifolia extracts was determined using the data from 
triplicate experiments. According to data analysis using 
SPSS, it was found that there was a negative significant 
correlation between TFC and antioxidant activity of 
E. sonchifolia extracts (IC50) (r = -0.998, P<0.01). The 
negative correlation coefficient indicated that the lower 
the value of DPPH (IC50), the higher the TFC. The data 
suggested that flavonoids had a stronger influence on 
the antioxidant activity of E. sonchifolia extracts. In 
conclusion, heat and water stress has a higher impact on 
the radical scavenging activity of E. sonchifolia which 
eventually leads to the increased antioxidant activity. As 
the stress level increases, the oxidative stress in plant 
tissues is elevated causing peroxidation of lipids. The 
increment of the antioxidant levels is attributed to their 
higher radical scavenging ability, which can prevent 
oxidative stress due to the presence of bioactive flavonol 

metabolites.
  Factors such as the severity of stress, the time duration 
of exposure and the type of species should be taken into 
consideration. In a study by Guo, He on Scaevola aemula, 
it was shown that with short time high-temperature 
stress of 46 °C for 6 hours in a day, the biosynthesis of 
photosynthetic pigments chlorophyll and carotenoid in 
the leaves increased (50). However, the prolonged high-
temperature intensity in the subsequent two days resulted 
in the denaturation of the biosynthetic process of pigments 
and caused a further decrease in soluble protein content. 
In contrast, moderate and short-term deliberate stresses 
proved to be effective without much reduction in the 
biomass and thereby increasing product quality (51). The 
results from this study showed that following the severe 
short-term temperature stress and extended moderate 
drought stress (as the severity of stress was moderate in 
plants), serious leaf injuries were not visible in plants 
under study. Also, it is understood that the removal of 
elicitation treatment before the onset of the appearance of 
wilt would be advantageous for the increased production 
of flavonol metabolites without much injury to the plant.
  Furthermore, the glycosylated flavonol production was 
prominent in analysed medicinal plant E. sonchifolia, 
which warrants future analysis looking for more 
glycosylated compounds in this medicinal plant. The LC-
MS/MS could be a better option for identification and 
structural characterization of glycosylated compounds, 
as it can ionize polar compounds readily. Various 
pharmacological studies revealed the potent antioxidant and 
anticancer effects of flavonoids present in E. sonchifolia 
(52, 53). Another study suggests that the flavonoids 
present in E. sonchifolia extracts can modulate lens 
opacification and oxidative stress in selenite-induced 
cataract (54). Furthermore, Maikaeo, Chotigeat reported 
that E. sonchifolia leaf extracts, when fed to shrimp, 
acted as immunostimulants that protect them against virus 
(white spot syndrome virus and yellow head virus) induced 
diseases (55). The bioactive metabolites in E. sonchifolia 
had significantly high biological activities and in the 
future,  the plant can be actively used in preclinical, clinical 
andtherapeutic trials investigating new treatments of 
diseases.

4. Conclusions
  Elicitation through short-term heat stress and moderate 

Treatment Total flavonoid Concentration 
(mgREg-1DW)
E. sonchifolia

Control 3.52 ±0.84

Heat 8.66 ±0.73 *

Drought 6.01 ±0.85 *

Table 2. Total flavonoid concentration in E. sonchifolia plants
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water deficit stress proved to be an effective strategy 
to enhance the production of flavonols including rutin, 
quercetin and kaempferol in medicinal plants, well 
known for their potential benefits in therapeutic and 
nutraceutical industries. The results from this study 
inferred E. sonchifolia as a promising source of natural 
antioxidants. With reference to various pharmacological 
studies, it could be used for the development of natural 
product-based therapies against cataract as well as in the 
treatment of cancer. The water deficit results suggest that, 
non-severe or moderate stress applied before the harvest 
of medicinal plants can induce a significant increase in 
secondary metabolites without detriment to biomass 
accumulation. However, each plant species responds to 
stress differently. Consequently, further research is needed 
to optimise metabolic production in each species before 
applying these simple methods.
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