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Abstract: Plants have been a source of medicine since ancient times, and such traditional medications
are widely practiced nowadays. Saussurea heteromalla is widely used in traditional medicine in the
Himalayan region for the treatment of different ailments. However, despite its traditional uses, it
is not widely explored for its free radical scavenging abilities and other biological activities. Thus,
the current study is aimed at exploring the free radical scavenging ability of S. heteromalla extracts,
along with the isolation and evaluation of its compound through bioassay-guided purification. From
different solvent fractions, an n-hexane extract of a whole plant is found to be most active; thus, it
is processed for large-scale extraction and column chromatography. Further, the purification of an
active fraction is performed using HPLC–DAD, which led to the isolation of an active peak, identified
by GC/MS, as 2-ethylhexyl 2-cyano-3, 3-diphenylprop-2-enoate. This compound, commonly known
as octocrylene, is widely recommended for UV-B filter, to be used in the cosmetic industry as
photoprotection products. The presence of free radical scavenging activity enhances the sun protection
factor of octocrylene. The present study presents the first report on the isolation of this compound
from the family Asteraceae. The compound has good free radical scavenging activity and is widely
used in the cosmetic industry as a sun protectant and is much less reported from botanical sources.

Keywords: octocrylene; Saussurea heteromalla; sun protectant; antioxidants

1. Introduction

Plants are natural reservoirs of chemical compounds with majority of them having
medicinal values. Approximately 20% of known plant chemicals have been used in phar-
maceutical research, giving an optimistic way to the healthcare system for the treatment of
chronic diseases [1]. Many important drugs (berberine, ephedrine, reserpine, morphine,
aspirin, vinblastine, vincristine, etc.) were discovered and isolated from medicinal plants.
The discoveries of industrially important drugs have increased the economic value of
medicinal plants and their use in the healthcare system [2].

The identification and isolation of phytochemicals is not a new technique; however,
latest methods are better in terms of efficiency of the process. Nowadays, targeted isola-
tion of compounds is preferred, which is based on their bioactivities [3]. Phytochemical
compounds possess biological activities due to the presence of various potentially active
groups in their molecular structure. Bioassay-guided fractionation and isolation have been
the most widely used approach for evidence-based pharmacological in vitro and in vivo
studies, where each solvent extract/fraction is investigated for its potential biological
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activities. Studies on different solvent extracts/fractions may lead to the identification of
novel compounds in the field of pharmaceutical medicine [4].

Phytochemicals exhibit a wide range of properties, including antioxidation. Antioxi-
dants treat certain skin diseases and promote skin health through their scavenging effects.
Antioxidants are used as cosmeceuticals in antiaging, anti-acne, and photoprotectant prod-
ucts. To treat skin problems, plant-based cosmetics are being used fluently due to their
low side effects. Plants are enriched with antioxidants responsible for reducing free radical
activities [5]. Plant-based antioxidant compounds, including quercetin, gallic acid, rutin,
and myricetin, have been identified and reported by many researchers [6].

A researcher showed that phytochemicals play an important role in photoprotection
against UV-induced skin photodamage through antioxidant and anti-inflammatory proper-
ties. Such phytochemicals have been validated to mitigate skin photodamage under in vitro
and in vivo conditions through scavenging reactive oxygen species (ROS) and promoting
antioxidant defense capacity. Octocrylene is used in sunblocks due to its soothing effect by
counteracting radiations and reducing skin damage from sun exposure [7]. The scope of
this compound is high and is reported much less from the botanical source. This compound
caught our attention because of its ultraviolet (UV) filtering ability to protect the skin from
damage due to sun exposure and reduce the harmful effect of ROS. To the best of our
knowledge, the present study is the first report on the isolation of octocrylene from the
family Asteraceae, showing effective free radical scavenging activity.

Saussurea heteromalla (D.Don) Hand.-Mazz. is a perennial herb, having a height of 60–
150 cm, and belongs to the family Asteraceae. Asteraceae is a large plant family with many
genera and species and well known for its high medicinal values. The literature revealed
several species of this family rich in phenolic compounds with powerful antioxidant
activities [8]. Ethnobotanically, S. heteromalla is used for the treatment of rheumatoid
arthritis, cough with cold, stomachache, dysmenorrhea, skin diseases, cough, paralysis,
women’s reproductive diseases, and altitude sickness. The plant has also been found to
have anti-inflammatory, cardiotonic, abortifacient, anticancer, antivenom, and antifatigue
actions [9–13]. Looking at the traditional medicinal applications of S. heteromalla, the
present study is aimed at investigating bioactive compounds involved in the suppression
of oxidative stress.

2. Materials and Methods
2.1. Collection and Identification of Plant Material

A whole plant, S. heteromalla, was collected during March–April 2019 from the Margalla
Hills National Park, Pakistan. The plant was identified with the help of the literature and
submitted to the herbarium of Quaid-i-Azam University, Islamabad, Pakistan (Figure 1).
The plant material was rinsed with distilled water to remove any contaminations, and then
it was dried at room temperature to maintain its color and volatile compounds in it. The
dried material was then pulverized to fine powder form for extraction and stored at 4 ◦C
until a further process.
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2.2. Fractionation

The fractionation of crude extract was carried out by suspending 200 g of extract in
100 mL of water and then partitioning it with hexane, chloroform, acetone, and methanol
the in order of increasing polarity by using a separating funnel. All fractions were dried
using a rotary evaporator (BUCHI R-100 Rotavapor, Buchi, Essen, Germany) under high
pressure and temperature (40 ◦C) (Figure 2).
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2.3. Free Radical Scavenging Assay

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay was carried out by following the
protocol of Saboon [14]. For the experiment, a DPPH stock solution was prepared by
dissolving 2.4 mg of DPPH in 100 mL of methanol. The absorbance of the stock solution
was set at 0.980 ± 0.02. After that, 2 mL of the DPPH stock solution was mixed with 100 µL
of the plant extract at varying concentrations (62.5–1000 µg/mL) and incubated in the dark
at room temperature for 15 min. The absorbance was then measured at 517 nm. Quercetin
was used as a positive control. The percentage scavenging activity was calculated with the
help of the following formula:

Percentage scavenging activity = ((A0 − A1)/A0) × 100

where A0 is the absorbance of the control, and A1 is the absorbance of the sample.

2.4. Nitric Oxide Scavenging Assay

RAW 264.7 (mouse leukemic macrophage) cell lines were used for nitric oxide scav-
enging assay. A cell line was stimulated by Lipopolysaccharides (LPS) derived from E.
coli to bring nitric oxide synthesis. The Griess colorimetric reaction method was used
to carry out the assay [15]. Cells were washed and seeded in 96-well microtiter plates
(2 × 105 cells/well); 100 µL of the media was added and incubated at 37 ◦C overnight to
facilitate the attachment of cells. When the cells were fully adhered, they were treated with
10 µL of test plant extracts and incubated for 2 h. After 2 h of incubation at 37 ◦C with the
test extracts, 50 µL of LPS (5 µg/mL) in DMEM (Dulbecco’s modified Eagle medium) was
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added to all the wells and again incubated for 24 h. After incubation, the supernatants
from the cells were collected for nitric oxide measurement. In 96-well plates, 100 µL of cell
supernatant was combined with an equal volume of the Griess reagent and kept at room
temperature for 10 min; after that, absorbance was taken at 550 nm using a plate reader.
Quercetin was used as a control. The percentage inhibition of nitric oxide was measured
with the help of the following equation:

Percentage inhibition of nitric oxide = [(A0 − A1)/A0] × 100

where A0 is the absorbance of the control, and A1 is the absorbance of the sample.

2.5. Bioassay-Guided Purification

A dried active hexane extract of S. heteromalla was adsorbed on silica (Sigma-Aldrich,
St. Louis, MO, USA). A sufficient quantity of silica gel was added in petroleum ether to
make a slurry and then loaded to a column (size of 35 × 500 mm and pressure of 40 bar),
avoiding any air bubbles. A dried sample adsorbed on silica was loaded at the top of
the column. The column was then eluted, with a step gradient increasing in polarity
hexane and dichloromethane, 9.5:0.5, 9:1, 8.5:0.5, 8:2, 7:3; 6:4, 5:5, 4:6, 3:7, 2:8, 1:9, and
0:10. The column was then eluted with 100% dichloromethane, then 100% ethyl acetate,
followed by a mixture of ethyl acetate and methanol, 9.5:0.5, 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7,
2:8, and 1:9. Finally, the column was eluted with 100% methanol. At each step, 10 tubes of
40 mL fractions were collected, and the solvent was evaporated. The whole separation was
monitored by a dual λ model 2487 absorbance detector at 280 and 254 nm (Figure S1) [16].

2.6. HPLC–DAD Analysis

High performance liquid chromatography analyses were performed on a Shimadzu
LC-20AT system (Model DGU 20A3, Shimadzu, Kyoto, Japan) equipped with an LC-20AT
quaternary pump. The data were acquired and processed using the LabSolutions software.
The active fraction was analyzed using a reverse-phase HPLC column: SunfireTM Prep C18
(10 mm × 250 mm, 5 µm) column. The mobile phase was composed of 4% H2O and 96%
acetonitrile (LC–MS Chromasolv®, Fluka) with 0.1% TFA (Acros Organics, Thermo Fisher
Scientific, Waltham, MA, USA). Prior to HPLC injection, samples were filtered through
a Chromafil® Xtra H-PTFI filter. An amount of 2 mL of sample was injected and run for
60 min at 20 ◦C with a flow rate of 4 mL/min [16].

2.7. GC/MS Analysis

Gas chromatography/mass spectrometry analysis of different extracts was per-
formed by using Shimadzu QP2010 comprising an autosampler high performance gas
chromatograph interfaced to a mass spectrometer with a capillary column (Rtx®-5Ms)
(L. 30 mm × ID 0.25 mm × thick. 0.25 µm). The chromatographic conditions used were:
initial temperature, 80 ◦C; final temperature, 280 ◦C; and injection temperature, 250 ◦C. The
column temperature was set at 80 ◦C for 2 min at first, then increased to 280 ◦C at a heating
rate of 5 ◦C min−1 and was maintained for 12 min. Helium gas (99.995%) was used as the
carrier gas at a constant flow rate of 1 mL/min. GC/MS data were analyzed by using the
NIST database software to check and relate with the available compounds in the database.

2.8. Statistical Analysis

All the assays were carried out in triplicate. The results were expressed as the mean
of the values obtained for the replications. A statistical analysis was performed with the
GraphPad Prism software (GraphPad Prism 5.0 Software Inc., San Diego, CA, USA), and
IC50 values were calculated. Statistical significance was established at p ≤ 0.05.
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3. Results
3.1. Yield of Extraction

S. heteromalla was subjected for small-scale extraction by using different solvents (n-
hexane, acetone, methanol, and water) for nitric oxide scavenging ability to find out which
extract will be potent for large-scale extraction and will have high yield. During small-scale
extraction, the highest yield was observed in water extracts with a percentage yield of
5.70, followed by the methanol extracts 4.30, and the lowest yield was observed in the
chloroform extract with a yield percentage of 1.80 (Table 1).

Table 1. Yield percentage of S. heteromalla in different solvents.

Solvents Yield (%)

Hexane 2.13

Chloroform 1.80

Acetone 2.90

Methanol 4.30

Aqueous 5.70

3.2. Free Radical Scavenging Assay

The free radical scavenging activity of S. heteromalla was checked with help of DPPH
and nitric oxide free radicals. To check the activity, different solvent extracts (methanol, ace-
tone, chloroform, n-hexane, and water) of the plant at varying concentrations
(62.5–1000 µg/mL) were tested against free radical DPPH in triplicate. Among the different
extracts, the n-hexane extract of S. heteromalla was found to be the most potent with a
high DPPH inhibitory activity of 96.60 ± 2.31%, which was close to the control, showing
99.87 ± 1.64% inhibition at the highest concentration. The IC50 value of the n-hexane ex-
tract was 102.56 ± 1.48 µg/mL (Table 2). However the extraction yield of n-hexane was low
as compared with the methanol and acetone extracts. In terms of activity, methanol showed
79.76 ± 0.41% with an IC50 value of 224.023 ± 2.67, and acetone presented 75.066 ± 0.79%
with an IC50 value of 288.928 ± 1.58 (Table 2).

Table 2. IC50 values of DPPH activity.

Solvent
Concentration µg/mL

IC50
1000 500 250 125 62.5

Methanol 79.76 ± 0.41 68.30 ± 0.82 56.57 ± 0.53 42.23 ± 0.64 31.20 ± 1.73 224.02 ± 2.67

Acetone 75.06 ± 0.79 64.23 ± 1.26 47.86 ± 0.9 32.40 ± 0.57 25.36 ± 0.73 288.92 ± 1.58

Chloroform 83.43 ± 0.48 73.98 ± 0.73 57.26 ± 0.51 51.00 ± 0.02 30.49 ± 0.26 174.88 ± 1.97

n-Hexane 96.60 ± 2.31 85.03 ± 1.72 65.93 ± 0.86 51.27 ± 2.41 32.16 ± 1.04 102.56 ± 4.48

Water 66.50 ± 1.43 53.56 ± 0.57 44.93 ± 0.94 30.90 ± 0.43 23.83 ± 0.25 434.33 ± 2.48
The values represent the averages (±SE) of three independent replicates.

3.3. Nitric Oxide Scavenging Assay

DPPH scavenging activity alone is not considered the sole test to assess the antioxidant
activity of plant extracts. Therefore, nitric oxide scavenging assay is also used to check
the scavenging ability of the extracts. NO is a key free radical that plays an important
role in host defense response against various pathogens and regulates pathophysiological
processes, such as vasodilation, neurotoxicity, and neuronal communication. Nitric oxide
scavenging mitigates the propagation of inflammation as overproduction of nitric oxide
causes severe toxicity, leading to cell death and tissue damage. It further results in acute or
chronic inflammation. Some studies associated the overproduction of NO with cancer. The
nitric oxide inhibitory activities of different solvent extracts (methanol, acetone, chloroform,
n-hexane, and water) of S. heteromalla at varying concentrations (62.5–1000 µg/mL) were
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tested against free radical DPPH in triplicate. The nitric oxide inhibitory activity of the
n-hexane extract of S. heteromalla is found to be significant with an inhibition percentage
of 87.5 ± 0.3% and an IC50 value of 61.67 ± 1.73 (Table 3) at the highest concentration,
followed by the acetone extract, showing percentage inhibition at a high concentration
of 80.9 ± 0.63%. The lowest inhibition is observed in the case of water extracts with a
percentage inhibition of 67.4 ± 0.32% and an IC50 value of 114.84 ± 0.94 (Table 3).

Table 3. IC50 values of nitric oxide inhibition activity.

Solvent
Concentration µg/mL

IC50
1000 500 250 125 62.5

Methanol 70.4 ± 0.24 65.3 ± 0.45 52.7 ± 0.19 47.5 ± 0.14 40.4 ± 0.25 187.66 ± 1.34

Acetone 80.9 ± 0.63 76.5 ± 0.12 63.9 ± 0.28 53.8 ± 0.07 37.4 ± 0.09 114.84 ± 0.94

Chloroform 80.4 ± 0.04 68.6 ± 0.01 63.5 ± 0.31 51.0 ± 0.02 44.7 ± 0.05 289.99 ±1.39

n-Hexane 87.5 ± 0.30 80.6 ± 0.23 75.5 ± 0.19 64.8 ± 0.15 50.3 ± 0.15 61.67 ± 1.73

Water 67.4 ± 0.32 63.8 ± 0.05 48.3 ± 0.13 34.9 ± 0.26 31.8 ±0.06 262.35 ± 1.28
The values represent the averages (±SE) of three independent replicates.

3.4. Bioassay-Guided Purification

n-Hexane fraction (8.75 g) was obtained with successive large-scale extraction, dried,
adsorbed on silica, and run in column chromatography for isolation using different eluting
solvents in view of other studies where different ratios of solvents were used for the frac-
tionation of crude extracts to obtain active fraction [16–19]. A total of 125 different fractions
were obtained, and all were subjected for nitric oxide scavenging assay. However the frac-
tions from 20 to 45 min (fractions 6–35) showed activity (Figure 3). Active fractions from
the column were subjected to thin-layer chromatography (TLC), which provided us the first
source of information for the identification and separation of compounds (Figure S2) [20].
On the basis of TLC results, fraction 11 (90% hexane and 10% dichloromethane) is found to
be most potent for further evaluation (Figure S3).
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3.5. HPLC–DAD

In the search of a bioactive compound with free radical scavenging activity, the active
fraction 11 (F-11) was further separated with the help of HPLC–DAD, which is a useful
technique for the identification of phenolic, alkaloid, and steroid compounds [21,22]. This
technique has been proved to be more powerful and useful for the rapid profiling and
identification of active components when coupled with other chromatographic techniques.
In the present study, analysis for F-11 was performed with 90% acetonitrile and 10% water,
60 different subfractions were obtained, and all these fractions were subjected to nitric oxide
inhibition activity. From F-11, the subfractions SF-09, Sf-10, and SF- 13 showed activity
and active peaks in an HPLC chromatograph, and TLC was used to test the purity of a
subfraction (Figure 3). All the active subfractions were subjected to TLC to check the purity.
On the basis of a TLC subfraction, SF-10 was selected for further analysis and collected at
an amount of 2.5 mg for GC/MS analysis.

3.6. GC/MS Analysis

GC/MS is one of the reliable techniques for analyzing hundreds of chemical com-
pounds, including important secondary metabolites, such as glycosides, phenols, organic
acids, amino acids, and fatty acids. It effectively works in chemical isomers, which all
have an equal mass spectrum. Besides essential oils, most of the diethyl ether extracts
of medicinal plants have been reported to be analyzed by this method. In the present
study, the bioactive subfraction (SF-10) was subjected to GC/MS analysis. In the mass
spectra of the GC/MS graph, the compound peak was observed at 24.13 min. The mass
spectra of the compound showed the highest molecular ion peak at m/z 204 (100.0%), 249
(99.9%), 112 (83.3%), 232 (80.4%), 70 (73.3%), and 41 (64.2%), and the base peak at m/z
360 (50.4%), as shown in Figure 4. On the basis of the mass spectrum, the compound was
analyzed with the NIST database, and the active compound was identified as 2-ethylhexyl
2-cyano-3, 3-diphenylprop-2-enoate, commonly known as octocrylene, with two benzene
rings (Figure 5); the chemical formula of the compound is C24H27NO2, with a molecular
weight of 361.3 g/mol. Physically, the compound is insoluble in water, with a density of
1.05 g/cm3 and a melting point of 14 ◦C.

The identified compound, when subjected to antioxidant activity and nitric oxide
inhibitory activity, proved to be active and has shown almost equal inhibition of free radical
as that of a positive control (Table 4).

Table 4. Free radical scavenging activity of the identified compound.

Compounds DPPH Scavenging Ability NO Inhibition (%)

Octocrylene 95.31 ± 0.32 91.48 ± 0.75

Quercetin 98.17 ± 0.07 94.63 ± 0.03
The values represent the averages (±SE) of three independent replicates.
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4. Discussion

The inhibitory activity of S. heteromalla extracts validated its effective ethnobotanical
use against tumor and inflammation, and in our case, the extracts were also proved to
have good inhibitory activity against free radical. A literature study also revealed its
effectiveness as an antitumor, antioxidant, and antimicrobial agent. The crude methanolic
extract of S. heteromalla already showed its potency against different tumor cell lines and
its antimicrobial activity against Gram-positive and Gram-negative bacterial and fungal
strains [23]. In the present study, we used different polarity solvents (n-hexane, chloroform,
acetone, methanol, and water) for our desired compound separation. In our case, the
presence of our desired bioactive compound was found in nonpolar solvents as in biological
activities, and the nonpolar solvent was found to be good in its bioactivity and inhibition
against free radicals. The free radical scavenging activity of extracts was assessed with
DPPH. DPPH is a synthetic-nitrogen-centered free radical, purple in color, and during
reduction by an antioxidant, it changes into DPPHH, a yellow-color product, by accepting
hydrogen or an electron from it [24]. DPPH scavenging assay is used by the researcher due
to its simple, rapid, sensitive, and reproducible procedure. Therefore, DPPH scavenging
assay in cell-free systems is often considered by researchers for antioxidant studies before
further research on cell lines and/or animal models. Previously, DPPH assay of polar
extracts (crude methanol) of S. heteromalla did not show enough antioxidant activity [23].
That finding is in agreement with the present study as polar extracts, methanol, and water
are not as good as nonpolar extracts. This may be due to different extraction efficiencies of
solvents. The phytochemicals extracted with the polar solvent of S. heteromalla may lack the
binding sites for free radicals, such as DPPH and NO. Our results are in agreement with
those of a previous work on the cytotoxic effect of S. heteromalla, where nonpolar extracts
were observed to be good for bioassay-based identification. In another study conducted
on the anti-inflammatory activity of S. heteromalla, ethyl acetate extract was found to be
better for bioassay-guided isolation as compared with methanol [25]. The selection of an
ideal solvent is crucial for the isolation and assessment of biological activities. Moreover,
a pervious study on the family Asteraceae showed that the presence of a high content of
medicinally important phytochemicals may be responsible for the high antioxidant activity
in this study.

The active fraction was subjected to bioassay-guided isolation. Bioassay-guided
isolation involves the process of separation of phytochemicals in a mixture using various
analytical methods on the basis of results obtained from biological testing. The process
begins with the testing of an extract bioactivity, followed by fractionation. The active
fractions are then subjected to an isolate pure active compound. For the isolation of
an active compound, chromatography is useful; however, it proves to be invaluable in
identification when a larger number of compounds have to be examined rapidly with
both high sensitivity and selectivity. Moreover, single techniques can never be trusted
to analyze a plant sample, so the verification should be performed with more advanced
methods, such as mass spectrometry (MS) or GC/MS. In our study, we used conventional
chromatographic techniques, such as column chromatography, TLC, HPLC, and GC/MS,
along with a bioassay-guided approach, for obtaining an extract, fraction, and bioactive
compound from S. heteromalla with free radical scavenging activity. The HPLC and GC/MS
techniques are more suitable techniques for bioactive drug discovery. They have been
recognized as essential tools for potential drug discovery from herbal medicines due to
their pronounced resolution and accuracy [26]. The mass spectrum of this technique is
a powerful analytical tool for assessing structural information by evaluating the peaks,
relative intensities, exact mass, molecular formula, and density of the compound [27]. Many
phytochemicals have been identified through this technique from the genus Saussurea, such
as limonene, apigenin, saussurenoside, and pathalic acid [28]. Some researchers have
reported the genus Saussurea to be rich in phenolics due to which this family is well known
for its free radical scavenging activity as many researchers correlate its antioxidant activity
with the presence of phenols and flavonoids. Researchers have pointed out the presence
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of quercetin and kaempferol in S. salicifolia [29], while the presence of ester compounds
(sinkiangenorin A and sinkiangenorin B) was detected during a work conducted on seeds
of S. involucrate; the isolated compound, when tested against a tumor cell line (A549, MCF-
7, HeLa), showed high antitumor activity [30]. In recent years, researchers carried out a
comprehensive analysis of the antiaging and antioxidant activity of the Asteraceae family,
which resulted in the identification of some important antioxidant compounds, such as
oxyphyllacinol, valine, citric acid, and sugiol from Synedrella nodiflora L. [31].

The identified compound of our study, 2-ethylhexyl 2-cyano-3, 3-diphenylprop-2-
enoate, is an important part of the cosmetic industry, being used in cosmetic products as
sunscreen and skin moisturizer [7]. 2-Ethylhexyl 2-cyano-3, 3-diphenylprop-2-enoate is
one of the ultraviolet (UV) filters that are commonly added to chemical sunscreens [32].
Our study reports that this compound was observed for the first time in this family and
much less reported from the botanical source previously. There is only a single report on
this compound being detected in Globularia alypum L. (G. A.) [33]. It seems to be a potential
novel compound from this plant source.

5. Conclusions

S. heteromalla was known to possess medicinal efficacy and has been used in traditional
ethnobotany. Bioassay-guided compound extraction systematically analyzed the presence
of a bioactive phytochemical that showed its extraction affinity to nonpolar solvents. The n-
hexane extracts of S. heteromalla showed free radical scavenging activity due to the presence
of 2-ethylhexyl 2-cyano-3, 3-diphenylprop-2-enoate. This supports the traditional medicinal
use of this plant for the treatment of different ailments, including anti-inflammation and
tumor and as antioxidant. Owing to the free radical scavenging activity of the compound,
the plant extracts can be used as a natural source of antioxidant. The compound has been
reported once from a botanical source and seems novel from this plant family. The literature
study of this compound confirmed its use in cosmetics as a skin protectant against UV
radiation. Therefore, further studies are suggested in order to utilize it as a natural sun
protectant at the industrial level. It is also suggested that the isolated compounds should be
studied against different biological activities and cell lines to identify their other potential
activities and toxicity. Furthermore, in vivo and mechanistic studies are encouraged to find
out possible synergistic effects with other compounds.
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