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ABSTRACT

Background: Pennisetum setaceum is an easy-grow and highly adaptable plant characterized by ravishing stalks
and colorful leaves. Therefore, this species has been utilized as a green solution in preserving and restoring the
ecological balance and developing biodiversity. In addition, different medicinal uses of the plant have been
investigated. Yet, modest research was performed to explore the antioxidant activity and the phytochemical
composition of the plant.

Obijectives: The current research aims to evaluate the phytochemical composition and the antioxidant activity for
the Jordanian habitat of P. setaceum.

Methods: Aqueous extract of leaves was prepared by maceration. Screening tests for the identification of
secondary metabolite content were conducted using standard procedures. The free radical scavenging activity for
the extract was determined using DPPH (2,2-Diphenyl-1-picrylhydrazyl) assay and compared with ascorbic acid.
The LC-MS/MS analysis was performed focusing on the phenolic content of the extract.

Results: The screening tests revealed the presence of steroids, triterpenoids, alkaloids, tannins, flavonoids, and
polyphenols, while saponins were not observed. At a concentration of 4 mg/ml, the free radical scavenging activity
for the extract was only 41.32%, compared to 85.54% for ascorbic acid. The LC-MS/MS analysis revealed the
presence of eight different phenolic compounds: Succinic acid, protocatechuic aldehyde, 2,5-dihydroxybenzoic acid,
2,3-trans-3,4-trans-leucocyanidin, apiin, iso-orientin, and apigenin, and 5,6,4'-trihydroxy-7,3'-dimethoxyflavone.
Conclusion: The presence of a limited number of phenolic compounds in the P. setaceum extract may explain its
weak antioxidant activity. Further research is required to identify other (non-phenolic) secondary metabolites
content, which would enhances our understanding of the roles this plant species play in agricultural, ecological, or
medical applications.

Keywords: P. setaceum; Chromatography; Mass Spectroscopy; Secondary metabolites; Antioxidants;
Phytochemical screening.

INTRODUCTION
The genus Pennisetum (Poaceae) has verified diverse
genetic inheritance characteristics according to plant
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sources and habitats such as China and the United States.!
Genetic analysis, for identification, was conducted
according to simple sequence repeats (SSRs) as DNA
markers, and by identifying polymorphic markers.2® A
recent study revealed a wide genetic diversity
among Pennisetum species in ornamental sources.*

The species Pennisetum setaceum is highly reputed as
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an ornamental garden plant,® due to its ravishing stalks and
colorful leaves.* In addition to its aesthetic
function, P. setaceum has  many  eco-environmental
potential roles; the crop residue has a promising role in
adsorbing heavy metal ions in particular, chromium ion
from water resources by a non-expensive, efficient
absorbent composite based on P. setaceum and chitosan.
Thus, the plant could be incorporated into a feasible waste
management strategy.® Besides, a recent study confirmed
the efficiency of P. setaceum in treating sanitary sewage
effluent from pharmaceutical contaminants including
caffeine, endocrine disruptors, and other pharmaceuticals.®
Recent research studied the behavior of some ornamental
plants, including P. setaceum, and  concluded their
importance as a green solution in preserving and restoring
the ecological balance and developing biodiversity."®

In regard to the use of P. setaceum as a medicinal plant
and exploring its biological activities, modest data have
been collected from research projects performed to justify
the use of the plant for medicinal purposes.
Ethnopharmacological and scientific studies revealed that
the plant was used in managing urogenital pain in Sudan,
lowering blood sugar level in Jordan, and as a slimming
agent.910.11

A review article published by Ojo et al.,*> mentioned
that only a few species’ chemical compositions and
metabolites have been investigated in the genus
Pennisetum, with varied health related activities. These
secondary metabolites include varied fatty acids,
anthocyanin, steroids, triterpenoids, alkaloids, tannins,
flavonoids, polyphenols, and saponins. The secondary
metabolites content of the plant of our interest are not
fully-investigated yet, except for anthocyanin content and
biosynthesis . 1314

It is well known that oxidative stress has been linked to
a variety of degenerative diseases. Therefore, there is a
greater demand for the use of antioxidants agents such as
phenolic compounds in addition to other micronutrients. >
1516 The, current study aims to screen the antioxidant
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activity (via DPPH assay), and the secondary metabolites
content (via general phytochemical screening and LC/MS-
MS characterization of polyphenols) of the Jordanian
habitat of P. setaceum aqueous leaf extract. Findings
would shed light on the potential biological activities, as
well as the phytochemical composition of the plant, with
special focus on the antioxidant and polyphenols
components. To our knowledge, this is the first study
investigating the antioxidant activity, phytochemical
composition, and phenolic content of this plant species.

MATERIALS AND METHODS

Plant material

Fresh leaves were collected from widely grown plants
in South Jordan. The plant material was identified by the
Royal Society for the Conservation of Nature (RSCN),
Amman, Jordan. A voucher sample was deposited in the
RSCN herbarium with the reference number RS/10/1/518.

According to Al-Halaseh et al.**, the leaves were dried
under shade before reducing in size. For extraction, each
250 g of dried leaves was macerated with 100 ml distilled
water with continuous stirring using mmemert shaker
waterbath® at 25°C for 16 h. This process was repeated
twice, then the suspension was filtered and concentrated
until a fine powder was obtained using Benchtop Manifold
Freeze Dryer from Millrock Technology®.

Preliminary phytochemical analysis

Phytochemical screening tests were performed to
identify the major secondary metabolite content.
Polysteroids and triterpenoids content were checked
according to Leiberman—Buchard and Salkowski assays,
respectively.’® Saponin content was checked by the frothing
test, and ferric chloride solution (1%) was used to identify
the soluble polyphenol and tannin content. The Kumar
method was used to identify the presence of flavonoids.*’

Antioxidant activity for P.setaceum aqueous leaf
extract

A colorimetric assay based on using the 2,2-Diphenyl-
1-picrylhydrazyl (DPPH) reagent was used to evaluate the
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radical scavenger activity of P.setaceum aqueous leaf
extract following published data.’® For the reaction
reagent, 0.4 g of DPPH was dissolved in 100 ml methanol.
The reaction was performed by mixing 0.1 g of plant
extract with 10 ml methanol. 1 ml of the plant extract
solution was mixed with 3 ml of DPPH and completed to
a final volume of 10 ml using methanol, then allowed to
stand in darkness for 30 minutes. The calibration curve
was done using ascorbic acid at serial concetrations as a
standard antioxidant (Sigma Aldrich, Germany).

The effective concentration required for scavenging of
DPPH free radicals (inhibition%) was calculated using the
plotted graph of scavenging activity verses the extract
concetrations and compared to ascrbic acid. The percentage
inhibition (1%) was computed for each sample after
measuring the absorbance at Amax=517 nm using Equation 1.

Acontrol - Asample

% inhibition = [ 1% 100

Acontrol
Where: A oniror = absorbance of the control sample, and
Agampre = absorbance of the sample

Equation 1. DPPH inhibition percentage equation

LC/MS-MS Methodology

Instrumentation and MS parameters

A Bruker Daltonik (Bremen, Germany) Impact Il ESI-
Q-TOF System equipped with Bruker Dalotonik Elute
UPLC system (Bremen, Germany) was used for screening
the compounds of interest. This instrument was operated
using the lon Source Apollo Il ion funnel electrospray
source. The capillary voltage was 2500 V, the nebulizer
gas was 2 bar, the dry gas (nitrogen) flow rate was 8 L/min
and the dry temperature was 200 °C. The mass accuracy
was < | ppm; the mass resolution was SR (Full Sensitivity
Resolution) and the TOF repetition rate was up to 20 kHz.
UHPLC was coupled to a Bruker impact 11 QTOFMS.

Chromatographic separation was performed using
Bruker Solo 2.0_C-18 UHPLC column (100 mm x 2.1 mm

x 2.0 pm) at a flow rate of 0.51 ml/min and a column

- 708 -

temperature of 40 °C. The mobile phase consists of (A)
water with 0.05% formic acid and (B) acetonitrile.
Gradient mode was applied according to the following: 0
— 27 min linear gradient from 5% - 80% B; 27-29 min 95%
B; 29.1 min 5% B. The total analysis time was 35 min with
an injection volume of 3 pl.

A previously developed integrated library of natural
compounds was used for identification of the phenolic
compounds based on the RT and m/z with high resolution.
Samples tock solutions were prepared by dissolving an
appropriate amount of the plant extract in 2 ml dimethyl
sulfoxide-DMSO (analytical grade), followed by dilution
with acetonitrile up to 50 ml and centrifugation at 4000
rpm, for 2 min.

This study also includes a quantitative estimates of the
percentage (%) relative content of phenolic components,
using the method described by Mohammed et al. 1° The
area under the peak for each identified phenolic
component was converted into peak area (%), showing the
occurrence levels of the identified compounds, that were
calculated relative to the total area of all the peaks
observed in the LC-chromatogram.

RESULTS

Extraction yield

The percentage of extractable compounds using water
and maceration extraction method varied from 3.9% to
4.1% (w/w).

Qualitative screening of secondary metabolites

According to the obtained results, P. setaceum aqueous
leaf extract showed to contain steroids, triterpenoids,
tannins, flavonoids, and polyphenols, while the saponins
test showed negative result.

Antioxidant  activity  (DPPH Assay) for
P. setaceum aqueous leaf extract

The antioxidant efficiency, expressed by the free radical
inhibition activity, was calculated for serial concentrations
of the plant extract, and compared to the standard ascorbic
acid (Figure 1). Findings revealed that the plant extract
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possesses weak antioxidant activity compared to the extract was found to be 41.32% compared to 85.54% for the
standard ascorbic acid. For example, at the higher tested ascorbic acid at the same tested concentration.
concentration (4.0 mg/ml), the percentage inhibition of the
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Figure 1: The %inhibition of free radical activity for serial concentrations of plant extracts and ascorbic acid,

using the DPPH assay method.

Identification of phenols using LC/MS-MS analysis content of the detected compound showes that succinic

Eight different phenolic components have been acid to be the most abendant compond (48%). Other
detected using the LC/MS-MS analysis, and the integrated componds were abendant in the range of (5-9%) relative to
natural compounds library. The detected compounds are the total detected componds.

listed in Table 1. Estimation for the individual percentage

Table 1: Components detected in P. setaceum aqueous leaves extract based on retention time (RT) and Mass (m/z)

using LC-MS/MS analysis.

RT [min] | m/z meas. | M meas. Name Molecular Formula Pe?(;);il’ea
0.98 117.0194 | 118.0267 | Succinic acid C4HeO4 48%
1.23 137.0246 | 138.0318 | Protocatechuic aldehyde C7HeO3 5%
1.75 153.0195 | 154.0268 | 2,5-Dihydroxybenzoic acid C7HeO4 8%
3.59 305.0699 | 306.0772 | 2,3-Trans-3,4-trans-Leucocyanidin Ci15H1407 6%
4.87 563.1414 | 564.1486 | Apiin Ca6H25014 9%
4.9 447.0928 | 448.1001 | ISO-Orientin C21H20011 9%
5.67 607.1303 | 608.1376 | Apigenin C27H28016 7%
10.3 329.0671 | 330.0743 | 5,6,4'-Trihydroxy-7,3'-dimethoxyflavone | C17H1407 8%

* Relative % (percentages) of the occurrence levels of the identified compounds were calculated in relative to the total area
of all the peaks detected in the LC-chromatogram.
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Figure 2 shows the total ion chromatogram for all
compounds detected in P.setaceum aqueous leaves
extract. The LC-chromatograms showing peaks and

retention time of each compound detected in the extract are
shown in Figure 3. Figure 4 shows the Mass spectra (m/z)
and fragments for each compound detected in the extract.
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Figure 2. Total ion chromatogram for all compounds detected in P. setaceum aqueous leaves extract.
DISCUSSION metabolites in the aqueous extract of the Jordanian

Fountain grass, P. setaceum, is highly reputed as an
ornamental plant, in addition to its contribution to the
ecosystem.*® However, the medicinal activity has not been
thoroughly investigated, with limited studies are available
on this species.!® 1 12 Mostly, the biological activity of a
plant extract is attributed to the secondary metabolite
content and the antioxidant activity®. Therefore, the current
study aimed to screen the content of secondary metabolite,
phenolic composition, and the antioxidant activity of the
P. setaceum extract, and to compare it with the content of
similar groups among the other related plant species.

In this study, the obtained phytochemical screening
results revealed the presence of different bioactive
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fountain grass leaves. These include water-soluble
polyphenols, flavonoids, polysteroids, triterpenoids, and
tannins. The test failed to detect the presence of saponins.
These findings were expected, as previous studies
investigated the related plant species; P. purpureum
phytochemical composition revealed the presence of
tannins (67.9%), alkaloids (lunamarine 26.21%), phenols
(1.16%), and flavonoids (rutin 2.10%, anthocyanin 0.06%,
catechin 2.49%, and kampferol 0.09%). Similarly, seven
phenolic compounds (Trans-cinnamic, protocatechic,
hydroxybenzoic acids, Gentisic, gallic, caffeic, and p-
Coumaric) and two flavonoids (quercetin and catechin)
were found in the species P. glaucum oil extract.*?
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Figure 3. The LC-chromatograms showing peaks and retention time of each compound detected in P. setaceum
aqueous aqueous leaves extract; (A) Succinic acid, (B) Protocatechuic aldehyde, (C) Apiin, (D) Apigenin, (E) 2,5-
Dihydroxybenzoic acid, (F) 2,3-Trans-3,4-trans-Leucocyanidin, (G) 1SO-Orientin, (H) 5,6,4'-Trihydroxy-7,3'-
dimethoxyflavone.
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Figure 4. MS/MS spectra showing m/z and fragments of each compound detected in P. setaceum aqueous leaves
extract; (A) Succinic acid, (B) Protocatechuic aldehyde, (C) Apiin, (D) Apigenin, (E) 2,5-Dihydroxybenzoic acid, (F)
2,3-Trans-3,4-trans-Leucocyanidin, (G) 1SO-Orientin, (H) 5,6,4'-Trihydroxy-7,3'-dimethoxyflavone.
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The free radical scavenging activity of the tested plant
extract revealed a weak antioxidant activity compared to
the reference ascorbic acid.® These results were explained
by the findings of the phenolic compounds analysis using
the LC/MS-MS, showed the presence of only 8
compounds of these biologically active phenolic
compounds, which are widely known for contributing to
the antioxidant activity for plants extracts. Similarly, the
antioxidant tests using the DPPH or others examining the
extract of P. glaucum had shown to possess low
antioxidant activities, which was influenced by the various
ways in which the plant was processed.!? These findings
were explained as when the plant was being exposed to
increasingly high temperatures, the flavonoid content of
the plant decreases, resulted in a reduction in the
antioxidant activity .

In this study, investigating the polyphenol content of
the plant extracts, eight metabolites with well-known
biological and medicinal activities were identified using
the LC/MS-MS in the aqueous extract. Of those the most
abundant was succinic acid, is a dicarboxylic acid with a
conventional use as an intermediate for variable
pharmaceuticals and other consumer products.?® 222

The phenolic acid, protocatechuic acid, has a well-
known antioxidant activity and was found to treat and/or
prevent activities against a multiplicity of disorders,
showed activity against bacterial, fungal, and viral
infections. Furthermore, the hypotensive, hypolipidemic,
and bronchodilation activities were elucidated by several
in vitro studies, in addition to antispasmodic properties.??

A synthetic
hydroxybenzoic acid (2,5-DHBA) and gelatin has a
promising antiviral activity by inhibiting the adsorption of
alpha-herpesviruses to cells.?* The metabolite 2,3-Trans-
3,4-trans-Leucocyanidin is an antioxidant and serves as a
precursor to proanthocyanidin biosynthesis.?> Apiin is a
widely distributed natural flavonoid with reported anti-
inflammatory and immunomodulatory activities.?® A

water-soluble  formula of 2,5-

Lidia K. Al-Halaseh, et al.

potential antidiabetic activity for iso-orientin has been
reported insilicoand animal model studies.?” A health-
promoting effect of apigenin was reported after several in
vivo studies. It has beneficial effects on hypoglycemia,
memory enhancement, sleep aid, and anticancer activities.?®
Apigenin was reported as a potential chemotherapeutic
agent.?® In addition, its derivative “genistein” is an
isoflavone, isolated previously from soybean, has a
chemopreventive effect at low therapeutic doses, with a
pharmacological effect at high administered oses.*

The eighth detected metabolite, 5,6,4'-Trihydroxy-7,3'-
dimethoxyflavone is not an exception. A pharmacological
study revealed its potent antioxidant and anti-
inflammatory activities. The metabolite reduces the
production of nitric acid and cytokine and interferes with
nuclear factor-kB translocation and mitogen-activated
protein kinase pathways.’! The revealed antioxidant
activity of the current extract matches the expectations,
where multiple plants showed free radical scavenger
activities in variable efficacies. 3234

CONCLUSION

The LC-MS/MS analysis of P.setaceum aqueous
leaves extract reveals the presence of a limited number of
phenolic compounds. These findings would explain the
weak antioxidant activity observed for the extract. Further
research is required to identify the other (non-phenolic)
secondary metabolites, observed using the screening tests,
which would enhance our understanding of potential uses
of this plant species for agricultural, ecological, or medical
applications.
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