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Abstract

Natural antioxidants from plants have proved to be effective against various free radicals that contribute to human diseases. In this study, we aimed
to explore the phytochemicals, mineral composition, antioxidant and free radical scavenging activities of methanolic extracts derived from Haloxylon
and Heliotropium species, specifically Haloxylon persicum and Heliotropium bacciferum. These two plants are native to the arid regions. Phytochemical
screening and macro- and micro-elemental analysis of the leaf extracts were done. Four different in vitro antioxidant assays (ABTS, DPPH, superoxide
anions, hydroxyl radicals) were performed to investigate the scavenging properties of these plant extracts. Both H. persicum and H. bacciferum extracts
contained flavonoids, tannins, phenols, and cardiac glycosides. H. persicum contained steroids while H. bacciferum contained alkaloids, saponins, and
terpenoids. Results of the mineral analysis revealed significant levels of macro- and micro-elements in the studied Haloxylon and Helitropium species.
While H. persicum exhibited high amounts of Mg (12.16 mg/kg), H. bacciferum had elevated levels of Ca (38.45 mg/kg) and S (6.73 mg/kg). Micronutrient
content was particularly high in H. persicum, with varied composition of Cr (8.46 mg/kg), Ni (8.06 mg/kg), Pb (3.55 mg/kg), and Zn (60.73 mg/kg).
Antioxidant activity analysis demonstrated that the methanolic extract of H. bacciferum displayed efficient scavenging activity against ABTS, DPPH, and
hydroxyl radicals at a concentration of 160 pg/ml, inhibiting them by 81.23%, 83%, and 83.46%, respectively, with IC, values of 5.9 ug/ml, 26.16 pg/ml, and
25.82 ug/ml, respectively. Meanwhile, the methanolic extract of H. persicum exhibited the highest superoxide anion scavenging activity, at 160 pug/ml, with
an inhibition of 80.06% and an IC50 value of 26.03 pug/ml. Methanolic extracts from the leaves of H. persicum and H. bacciferum are promising sources of
natural antioxidants and has the potential to serve as effective free radical inhibitors in plant-based pharmaceutical products.
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INTRODUCTION

Oxidative stress is a detrimental process that often leads
to several diseases due to an imbalance in the generation
of antioxidants and free radicals. It affects the health and
functioning of cells. Oxidative stress thus alters the cell structure
and function by inducing reactive molecules to target proteins,
lipids and nucleic acids!. However, certain phytochemicals
such as vitamins, polyphenols, carotenoids, and flavonoids are
recognized for their ability to scavenge free radicals. Acting as
natural antioxidants, these compounds neutralize peroxyl and
hydroxyl radicals by providing an electron; in this process, they
become free radicals with reduced damaging effects?. Currently,
there is an increased demand for natural antioxidants for use
as nutraceuticals and biopharmaceuticals.
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Traditional medicines and medicinal plants have the potential
to be antioxidant therapeutic agents®. There is also an increase
in the scientific interest in medicinal plants. This is primarily
driven by the increased effectiveness of plant-based novel
drugs, growing concerns regarding the potential side effects of
modern medicine, and the emergence of resistance to existing
drugs®. Therefore, it is important to explore novel molecular
structures from plants as templates for drug development.

Medicinal plants form the backbone of traditional medicine in
various cultures and have been widely investigated for their
pharmacological properties. These investigations have helped
in revealing numerous essential phytochemicals in these
plants. These phytochemicals have proven to have the potential
to treat and manage various diseases. Popular examples
include the discovery of paclitaxel (Taxol), an anticancer drug
derived from the bark of the Himalayan yew tree®, berberine
isoquinoline alkaloid, an antineoplastic and antidiabetic drug
found in plants of the Berberidaceae family®, and artemisinin,
an antimalarial drug derived from Artemisia annua’. Previous
study showed that bioactive phytochemicals derived from
plants exhibit activity against oxidative stress, indicating their
implications in chronic, degenerative, and infectious diseases®.
For example, catalpol, extracted from the roots of Rehmannia
glutinosa, inhibits the production of reactive oxygen species
(ROS), DNA damage, and telomere shortening® The activity
of plant-derived extracts is associated with the presence of
various phytocompounds and minerals.

Phenolic and mineral compounds are commonly present in
both edible and non-edible herbs®. But scientific information
on the antioxidant properties of plants in arid regions is scarce.
This scarcity is due to the limited availability of arid plants,
which are restricted to specific regions and are primarily known
by local populations®. Consequently, the evaluation of such
antioxidant properties remains a compelling and valuable task,
especially in studies aimed at identifying promising sources of
natural antioxidants from these plants.

Haloxylons and Heliotropium spp. are commonly found in arid
environments. Haloxylon persicum is an endangered white
saxaul shrub used for multiple purposes. This small desert-
dwelling tree belongs to the Amaranthaceae family and is
distributed across non-saline sandy deserts in regions such as
Central Asia, the Middle East, Afghanistan, northwestern China,
and the Near Eastern desertsl. Another well-known species,
Heliotropium bacciferum, belongs to the Boraginaceae family
and is a perennial herb with a woody rootstock®. It is widely
distributed in the eastern province of Saudi Arabia, the UAE
and in semi-desert areas with saline soils. Both H. persicum
and H. bacciferum are used for various purposes, including
antiseptic, anti-diabetic, and anti-inflammatory applications in
folklore medicine. Thus, the ethnomedicinal uses of Haloxylon
and Heliotropium species can inhibit the formation of free
radicals under conditions of oxidative stress. However, there is
currently little information available regarding the antioxidant
potential of leaf extracts of H. persicum and H. bacciferum.

Because of the significance of natural plants and their
practical attributes, this study focused on the investigation

of H. persicum and H. bacciferum, which are native plants in
arid regions. This study aimed to analyze the phytochemical
composition, mineral content, and antioxidant properties of
the methanolic extracts derived from these plants. In vitro
methods were employed to assess the free-scavenging activity
of the methanolic extracts against various free radicals,
including 2,2 azinobis (3-ethylbenzothiazoline-6-sulfonate)
(ABTS), 1,1-diphenyl-2-picryl hydrazyl (DPPH), superoxide, and
hydroxyl radicals.

MATERIALS AND METHODS

Collection and preparation of H. persicum and H. bacciferum
plant materials

The aerial parts of H. persicum and H. bacciferum specimens
were collected from the Al-Foah Experimental Station, College
of Agriculture and Veterinary Medicine, United Arab Emirates
University (UAEU), Experimental Nursery of Terrestrial
and Marine Biodiversity Sector, Wildlife Assessment and
Conservation, Environment Agency-Abu Dhabi (EAD), and
United Arab Emirates (UAE). Identification and authentication
of plants were performed at UAEU and EAD.

Preparation of H. persicum and H. bacciferum methanolic
extracts

From the freshly collected aerial parts of plants, 600 g was cut
into small pieces for extraction. Extracts were prepared from
the cut pieces of the leaf samples which were dried and ground
into a powder for 30 s using a mini mill (Retsch, Germany) for
passage of entire material through a mesh with a maximum
opening size of 0.5 mm. Powdered plant materials (500 g) were
immersed in 1.5 | of methanol (Sigma-Aldrich, USA) for a day,
and the process was repeated twice. The Soxhlet extraction
was performed in methanol for 72 h. The resulting extract
was concentrated to dryness under vacuum using a rotary
evaporator at 40°C and was stored at 4°C until further use.

Phytochemical analysis of the plant extracts

A portion of the dried extract was used for preliminary
phytochemical screening using the method outlined by
Harborne (1998). The screening was aimed at detecting the
presence of flavonoids, tannins, alkaloids, steroids, proteins,
terpenoids, saponins, phenols, cardiac glycosides, and
anthraquinone in the samples.

Flavonoids test

To assess for the presence of flavonoid compounds, a few
drops of 1% ammonia solution were added to the methanolic
extract of the plant sample in a test tube. Yellow indicated the
presence of flavonoids.

Tannins test

Approximately 0.5 g of the plant methanolic extract was
boiled in 10 ml of water in a test tube, followed by filtration. In
addition, a few drops of 0.1% ferric chloride were introduced,
and the mixture was observed to see whether it developed a
brownish dark green coloration.
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Alkaloids test

A total of 5 milliliters of the plant extract was added to 2 ml of
2% HCIl. Dragendroff’s reagent (1 ml) was then added to the
acidic medium. The immediate formation of an orange-red
precipitate indicated the presence of alkaloids.

Steroids test

Acetic anhydride (2 ml of acetic anhydride was added to
the plant extract (0.5 g) and mixed with 2 ml of H,SO,. The
emergence of a greenish hue indicated the presence of steroids.

Proteins test

A small quantity of methanolic extract was combined with
5-6 drops of Millon’s reagent. The presence of proteins was
indicated by the presence of a white precipitate that changed
into red colour upon heating.

Terpenoids test

Approximately 0.8 g of plant extract was blended with 2 ml
of chloroform (CHCL,), and then 3 ml of concentrated H,SO,
was cautiously introduced to create a layered structure. The
development of a reddish-brown coloration indicates the
presence of terpenoids.

Saponins test

Plant extracts (0.2 g) were agitated with 5 ml of distilled water,
followed by heating until boiling. The presence of saponins
were indicated by frothing, characterized by the appearance of
a creamy mixture of small bubbles.

Cardiac glycosides test

To detect cardiac glycosides, 5 ml of the methanolic extract
was treated with 2 ml of glacial acetic acid containing a single
drop of ferric chloride solution. The mixture was then stratified
using 1 ml of concentrated H,SO,. The presence of a brown ring
at the interface indicated the presence of deoxysugar, which
is characteristic of cardenolides. In the presence of cardiac
glycosides in the sample, a violet ring may have appeared
beneath the brown ring and a gradually spreading greenish ring
may have appeared in the acetic acid layer.

Anthraquinones test

Plant powder (0.5 g) was added to 10 ml of benzene and
filtered. Following filtration, 0.5 ml of ammonia solution was
added to the filtrate and shaken thoroughly. The appearance
of a violet color in the layered phase indicated the presence of
anthraquinones.

Determination of macroelements and microelements in H.
persicum and H. bacciferum leaves

Sample preparation involved weighing the plant material (0.5 g)
in a PFA digestion vessel. To this solution, 10 ml of concentrated
HNO, and 2 ml of HCl were added following Method 3015A, as
outlined by the US Environmental Protection Agency (2008).
The capped vessels were placed in a microwave digestion
system. The percentage of each element in the sample was
determined by plotting the absorbance of each element

against its concentration using standard AR grade solutions
of the measured elements. Elemental analysis focused on
the aerial parts of the plant species and was conducted using
inductively coupled plasma-optical emission spectrometry
(ICP-OES; Agilent Technologies, model 710).

Analysis of methanolic extract scavenging activity using ABTS
assay

The spectrophotometric assessment of total antioxidant
activity was done . A refined technique was followed and it
involves the production of a blue or green ABTS chromophore
directly through the interaction between ABTS and potassium
persulfate. A solution was prepared in water at a concentration
of 7 mM and then mixed with 2.5 mM potassium persulfate.
This mixture was left in the dark at room temperature for 12—
16 h to allow for incomplete oxidation of ABTS. The resulting
radical was stable in its form for over two days when stored in
the dark, at room temperature®s.

For the assay, an incubation mixture with a total volume of 5
ml was prepared. This mixture consisted of 0.54 ml of ABTS,
0.5 ml of phosphate buffer, and varying concentrations of
plant extract (10 pg/ml, 20 pg/ml, 40 pg/ml, 80 pg/ml, and
160 pg/ml). The blank reference contained water in lieu of
the plant extract. Absorbance was measured at 734 nm using
a spectrophotometer and compared with that of a standard
solution of gallic acid. IC, values were determined using a
dose—response curve graph.

Analysis of methanolic extract scavenging activity using DPPH
assay

The radical scavenging activity of the plant extracts against
DPPH was evaluated spectrophotometrically in a dark
environment following the methodology outlined by**. DPPH
is a stable free radical that accepts an electron or a hydrogen
radical and transforms it into a stable diamagnetic molecule. In
the presence of an antioxidant compound capable of donating
hydrogen, DPPH undergoes reduction. The nature and amount
of the radical scavenger is determined by the intensity of the
yellow colour.

For the DPPH assay, a reaction mixture with a total volume
of 3 ml was prepared. This mixture consisted of 1 ml of DPPH
and various concentrations of plant extract (10, 20, 40, 80,
and 160 pg/ml), and was made up to 3 ml with water. A blue
chromophore was obtained as a result of incubation of the
tubes at 10 min at 37°C.The absorbance of this chromophore
was measured at 517 nm, with gallic acid serving as the
standard for comparison. The IC, value was determined using
a dose—response curve graph.

Analysis of methanolic extract scavenging activity using
superoxide anion assay

The method described by was modified and followed to
determine the superoxide anion scavenging activity of the plant
extracts. The assay depends on the generation of superoxide
anions from dissolved oxygen through the phenazine
methosulphate-reduced nicotinamide adenine dinucleotide
(PMS—NADH) coupling reaction and subsequent reduction of

3
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nitroblue tetrazolium (NBT).

Here, NADH is oxidized by PMS to liberate PMSred, which
converts the oxidized NBToxi to its reduced form (NBTred).
For the assay, 1 ml of NBT, 1 ml of NADH solution, and various
concentrations of plant extract (10, 20, 40, 80, and 160 pg/ml)
were combined and mixed thoroughly. The addition of 100 pL
phenazine methosulfate (PMS) helped to initiate the reaction.
The incubtion of the reactive mixture done at 30°C for 15 min,
resulting in the formation of a violet-colored complex. This
indicated the generation of superoxide anions. The absorbance
was read at 560 nm using a spectrophotometer. Gallic acid was
used as the standard and a decrease in the absorbance of the
reaction mixture indicated an increase in superoxide anion
scavenging activity. The dose-response curve graph was used
to obtain the IC_ values.

Analysis of methanolic extract scavenging activity using
hydroxyl assay

The hydroxyl radical scavenging activity of the plant extracts
was done by following the method outlined by . Here,
hydroxyl radicals are generated by the reduction of H,O, by
a transition metal ion in the presence of ascorbic acid. The
ability of hydroxyl radicals to degrade deoxyribose helps in their
detection. This results in the formation of products that have a
pink-colored chromogen upon heating with thiobarbituric acid
(TBA).

For the assay, the incubation mixture in a total volume of 1
ml comprised 0.1 ml of buffer, varying concentrations of plant
extract (10 pg/ml, 20 pg/ml, 40 pg/ml, 80 pg/ml, and 160 pg/
ml), 0.2 ml of ferric chloride, 0.1 ml of ascorbic acid, 0.1 ml of
EDTA, 0.1 ml of H,0,, and 0.2 ml of 2-deoxyribose. The contents
were mixed thoroughly and incubated at room temperature
for 60 min. Subsequently, 1 ml of TBA and 1 ml of TCA were
added, and the tubes were then placed in a boiling water
bath for 30 min. Gallic acid was used as the positive control
for comparison. A reagent blank containing only water was
used to read the absorbance of the supernatant at 535 nm,
using a spectrophotometer. A decrease in the absorbance of
the reaction mixture indicated an increase in hydroxyl radical
scavenging activity, and the IC_ value was measured using a
dose-response curve graph.

Statistical analysis

The average and standard deviation for the nutrient content
and antioxidant activities of the plant extracts were calculated
using five and three samples, respectively. Differences in
mineral content between plant samples were analyzed with a
Student’s t-test. Antioxidant activity data were examined using a
one-way ANOVA in SPSS (version 10.0), followed by Tukey’s test

to compare each group with the control. Correlation between
the samples and antioxidant activities was determined with
Pearson’s test in R. Results were reported with 95% confidence,
and differences were considered significant if p<0.05.

RESULTS
Phytochemical constituents of H. periscum and H. bacciferum

The phytochemical components of H. persicum and H.
bacciferum were assessed using aqueous extracts. These tests
helped to reveal the presence of various phytochemicals such
as flavonoids, tannins, proteins, phenols, and cardiac glycosides
though at low to moderate concentrations (Table 1). In
addition, alkaloids, saponins, terpenoids, and anthraquinones
were absent in the H. persicum plant extracts. Conversely, H.
bacciferum extract contained terpenoids and saponins at low
concentrations and lacked the steroids that were presentin the
H. persicum extract (Table 1).

MINERAL CONTENT OF THE H. PERSICUM AND H.
BACCIFERUM

Macronutrient content

There is a variation in the macronutrient content at the leaf
level in H. persicum and H. bacciferum. Several macronutrients,
including Ca, K, Mg, Na, P, and S, were measured (Figures
1A—F). Specifically, the analysis of Ca levels indicated a highly
significant difference (p < 0.001) between H. persicum and
H. bacciferum extracts, with an increased concentration of
38.45 mg/kg in H. bacciferum (Figure 1A). However, a slight
yet significant difference (p < 0.05) was observed in the K and
Mg content (p < 0.01) of H. persicum and H. bacciferum plants
(Figures 1B and C). H. bacciferum had a higher K level, 15.78
mg/kg, whereas H. persicum had a higher Mg level (12.16 mg/
kg). Furthermore, there was a significant difference (p < 0.001)
in the Na + content of both plant extracts, and H. persicum had
a higher content (13.2 mg/kg. Moreover, there were highly
significant differences (p <0.05, p<0.001) inthe Pand Slevelsin
the leaf compositions of H. persicum and H. bacciferum (Figure
1D,E, and F). Particularly, H. bacciferum showed elevated levels
of P and S, 0.97 mg/ kg and 6.73 mg/kg of each, respectively.

Micronutrient content

Micronutrients, including Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and
Zn, was assessed in the fresh leaves of H. persicum and H.
bacciferum (Figures 2A-1). A significant difference (p < 0.01)
was observed in the Cd content of H. persicum and highest
concentration found at 1.21 mg/kg in H. bacciferum. Conversely,
H. persicum had higher Co, Cr, Ni, and Zn content, 0.61 mg/kg,

Table 1: Preliminary phytochemical constituents of H. persicum and H. bacciferum plant species

Plant species Flavonoid Tannin | Alkaloid Steroid Protein Terpenoid | Saponin Phenol Cardla.c An.thra-
glycoside quinone

Haloxylon persicum + ++ - + + - - + + _

Heliotropium bacciferum + + ++ - + + + ++ + -

+ = low concentration, ++ = moderate concentration, +++ = high concentration, - = absent
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Figure 1. Macronutrients analysis of fresh H. persicum and H. bacciferum leaves. (A) Mineral element concentration of Ca (B) Mineral element concentration of K
(C) Mineral element concentration of Mg (D) Mineral element concentration of Na (E) Mineral element concentration of P (F) Mineral element concentration of S.
Values are the mean * SD, n = 5. Statistically significant differences between groups were tested by the Student’s t test. ***: P <0.001, **: P <0.01, *: P < 0.05.

Figure 2. Micronutrients analysis of H. persicum and H. baccifeurm fresh leaves. (A) Mineral element concentration of Cd (B) Mineral element concentration of Co
(C) Mineral element concentration of Cr (D) Mineral element concentrations of Cu (E) Mineral element concentrations of Fe (F) Mineral element concentrations
of Mn. (G) Mineral element concentrations of Ni. (H) Mineral element concentrations of Pb. (I) Mineral element concentrations of Zn. Values are the mean + SD,
n = 5. Statistically significant differences between groups were tested by the Student’s t test. ***: P < 0.001, **: P <0.01, *: P <0.05.
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8.46 mg/kg, 8.06 mg/kg, and 60.73 mg/kg, respectively, with
a significant difference (p < 0.05) compared to H. bacciferrum.
Moreover, significant differences (p < 0.01 and p < 0.05) were
found in the levels of Cu and Mn, with higher concentrations in
H. bracciferum, at 11.16 mg/kg and 65.1 mg/kg, respectively.
The micronutrients Fe and Pb exhibited highly significant
differences (p < 0.001) between the leaves of H. persicum
and H. braciferrum. Specifically, H. persicum displayed higher
levels of Fe and Pb, 0.51 mg/kg, and 3.55 mg/kg, respectively,
compared to H. bacciferrum.

ABTS radical scavenging activity of H. persicum and H.
bacciferum methanolic extracts

The radical scavenging activity against ABTS was assessed for
both control which is gallic acid and the samples at various
concentrations (Figures 3A and B). A significant difference (p <
0.05) was observed between the radical scavenging activity of
the plant extracts and gallic acid treatments (Figure 3A). Tukey’s
test revealed no difference between H. persicum extracts and
gallic acid treatment, but a significant difference was observed
between these treatments and H. bacciferum extract at 10 pg/
ml and 160 pg/ml. The highest scavenging activities at these
concentrations were 44.1% and 81.23% for H. bacciferm,
respectively (Figure 3A). At concentration 20, 40, and 80 pg/ml
treatments a significant difference (p < 0.05) was observed in
the ABTS radical scavenging activities of the (Figure 3A). Tukey’s
test indicated that differences were present among the three
treatments, with the highest recorded scavenging activities of
55.13%, 61.3%, 66.53% evident for H. bacciferum (Figure 3A).
H. bacciferum extracts at various concentration exhibited the
highest ABTS radical scavenging activity. The IC50 values of the
plant extracts were significantly different (p < 0.05) for ABTS
radical scavenging activity (Figure 3B). The plant extracts’ IC
values for ABTS radical scavenging activity differed significantly
from those of the gallic acid treatment. The highest IC50 value
(7.71 pg/ml) was obtained for gallic acid, followed by 6.67 pg/
ml of H. persicum.

DPPH radical scavenging activity of H. persicum and H.
bacciferum methanolic extract

The DPPH activity of the methanolic plant extracts was assessed
at various concentrations, ranging from 10 to 160 ug/ml
(Figures 4A-B). A significant difference (p < 0.05) was observed
among the control treatment, gallic acid, and plant extracts at
the different concentrations tested. At 10 ug/ml, according to
Tukey’s test, no significant difference was found between the
control, gallic acid, and H. bacciferum extracts, which differed
significantly from the DPPH activity of the H. persicum extract.
The gallic acid treatment exhibited the highest scavenging
activity, 38.06 % (Figure 4A). Similarly, plant extract at 20 pg/
ml demonstrated significant scavenging activity (p < 0.05).
However, the H. bacciferum extract showed similar activity to
that of the control treatment. The highest scavenging activity
at this concentration was 48.26%, which was observed for H.
bacciferum (Figure 4A).

Furthermore, at 40 pg/ml, the H. persicum and control
displayed no significant differences based on the Tukey’s test;
however, they differed from H. bacciferum, which showed the
highest scavenging activity (63.6%) at 40 pg/ml. At 80 pg/ml
and160 pg/ml, no significant difference was observed between
the DPPH scavenging activities of the plant extracts; however,
they differed significantly from gallic acid, based on Tukey’s
test. The highest scavenging activities (80 pug/ml and 160 ug/
ml) were 75.1% and 83% for the H. bacciferum extract (Figure
4A). At most of the measured concentrations, H. bacciferum
extract showed higher DPPH radical scavenging activity. The
IC,, values displayed a slightly significant difference (p < 0.05)
between the control and plant extract treatments for the DPPH
radical scavenging activity (Figure 4B). The highest IC_ value
for DPPH was recorded for gallic acid at a concentration of 31.6
ug/ml, while the IC_, values for H. persicum and H. bacciferum
were 29 pg/ml and 26.16 pg/ml, respectively.

Figure 3. Determination of the ABTS radical scavenging activity of methanolic extracts of H. persicum and H. bacciferum. (A) Variation in ABTS scavenging activity
of plant extracts at different concentrations compared to the galic acid. (B) IC50 values of methanolic extractives of plants and control galic acid. Values are the
mean * SD, n = 3. Different letters indicate statistically significant difference between groups analysed using Tukey’s test.
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Figure 4. Determination of the DPPH radical scavenging activity of methanolic extracts of H. persicum and H. bacciferum. (A) Variation in DPPH scavenging activity
of plant extracts at different concentrations compared to the galic acid. (B) IC50 values of methanolic extractives of plants and control galic acid. Values are the
mean * SD, n = 3. Different letters indicate statistically significant differences between groups analysed using Tukey’s test.

Superoxide radical scavenging activity of H. persicum and H.
bacciferum methanolic extracts

In the measurement of superoxide radical scavenging activity,
there was no significant difference (p > 0.05) between the
treatments with plant extracts and gallic acid at a concentration
of 10 pg/ml (Figure 5A). Nevertheless, as the concentration
increased, a significant difference (p < 0.05) was observed in the
superoxide radical scavenging activity among the treatments.
Tukey’s test showed that, at concentrations of 20 ug/ml and 40
pg/ml, the superoxide scavenging activity of the plant extract
treatments was similar, but differed significantly from that
of gallic acid. The maximum superoxide scavenging activity
recorded was 57.66% at 20 ug/ml and 63.06% at 40 pug/ml for H.
bacciferum and H. persicum, respectively (Figure 5A). At 80 ug/
ml and 160 pg/ml, the superoxide radical scavenging activity
differed significantly (p < 0.05) among the three treatments,

Gallic acid

with H. persicum extract displaying the highest activity, 76%
and 80.06 %, respectively, based on Tukey’s test. Moreover, H.
persicum extract consistently demonstrated higher superoxide
scavenging activity at various concentrations than H.bacciferum.
Among the methanolic extrcats of H. persicum, H. bacciferum,
and gallic acid as a control, IC_ values for superoxide radical
scavenging activity were significantly different (p < 0.05)
between the plant extracts and control treatments. The highest
IC,, value of (33.3 pg/ml) was exhibited by control which is
gallic acid, followed by 27.44 pg/ml and 26.03 pg/ml for H.
bacciferum and H. persicum, respectively.

Hydroxyl radical scavenging activity of H. persicum and H.
bacciferum methanolic extracts

Hydroxyl radical scavenging activity was assessed for both
plant extracts and gallic acid at concentrations ranging from 10

Figure 5. Determination of the superoxide anion radical scavenging activity of methanolic extracts of H. persicum and H. bacciferum. (A) Variation in superoxide
scavenging activity of plant extracts at different concentrations compared to the galic acid. (B) IC50 values of the methanolic extractives of plants and control
galic acid. Values are the mean % SD, n = 3. Different letters indicate statistically significant differences between groups analysed using Tukey’s test.
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to 160 pg/ml (Figures 6A and B). At the lower concentration
of 10 pg/ml, no significant difference (p > 0.05) was observed
in the hydroxyl radical scavenging activity of the plant extracts
and gallic acid treatment. However, a significant difference
(p < 0.05) was observed in the radical scavenging activity of
the 20 pg/ml treatments. Tukey’s test indicated a significant
difference between the radical scavenging activity of the plant
extracts and gallic acid at 20 and 160 pg/ml; however, the plant
extracts exhibited a similar scavenging effect. H. bacciferum
showed the highest hydroxyl radical scavenging activities: 55%
at 20 pg/ml and 83.46% at 160 pg/ml. At the concentrations of
40 pg/ml and 80 ug/ml, the hydroxyl radical scavenging activity
differed significantly (p < 0.05) among the three treatments,
with H. bacciferum exhibiting the highest activities (66.1% and
74.33%, respectively).

A significant difference (p < 0.05) was observed in the IC_
values of the hydroxyl radical scavenging activity of the gallic
acid and plant extract treatments. Tukey’s test indicated a
significant difference between the three treatments. Gallic
acid treatment displayed the highest IC, value (36.26 pg/ml),
whereas H. persicum and H. bacciferum had an IC_ value of
29.96 ug/ml and H. bacciferum recorded an IC_ value of 25.82

ug/ml.

Association between plant extracts and free radical scavenging
activities

The association between plant extracts and radical scavenging
activity was assessed at different concentrations (10-160 pg/
ml). The H. persicum and H. bacciferum extracts demonstrated
an augmentation in free radical scavenging activity, and
correlational analyses between the extracts and free radical
scavenging assays revealed a positive association (Figures 7A
and B).

Specifically, the concentration of H. persicum exhibited a linear
positive correlation with ABTS (r = 0.91, p < 0.05), DPPH (r =
0.91, p < 0.05), superoxide (r =0.93, p < 0.05), and hydroxyl (r =
0.98, p < 0.01) free radicals (Figure 7A). Similarly, H. bacciferum
methanolic extracts of H. bacciferum exhibited a positive linear
correlation with ABTS (r = 0.95, p < 0.05), DPPH (r = 0.89, p <
0.05), superoxide (r =0.83, p <0.05), and hydroxyl (r =0.96, p <
0.01) free radicals (Figure 7B). These findings suggest that the
scavenging activity improved with increasing concentrations of
plant extracts. Furthermore, in both plant radical scavenging
assays, significant positive correlations were identified between
ABTS, DPPH, superoxide, and hydroxyl scavenging activities (r >
0.9, p < 0.05).

DISCUSSION

Phytochemical analysis of the extracts revealed the presence
of various classes of compound. The presence of flavonoids,
tannins, steroids, proteins, phenols, and cardiac glycosides
have been identified in H. persicum. Similar phytochemicals
have also been found in the aqueous extracts of Combretum
molle leaves* and Tricosanthes dioica*. Additionally, Albizia
coriaria stem bark organic extracts exhibit similarities in the
presence of alkaloids, steroids, proteins, saponins, phenols,
and cardiac glycosides®. Qualitative phytochemical screening
of H. bacciferum aligned with the Corchorus oliterius extract
confirmed the presence of saponins, alkaloids, phenols, and
cardiac glycosides®. Phytochemical contents present in the
studied plant samples supports the traditional medicinal use
of these species, suggesting its potential benefits in wound
healing, antidiabetic activity, and reduction of cholesterol
levels, in similar to the health-promoting properties commonly
associated with phytochemicals found in fruit and vegetables?®.

Several phytochemicals have been found to exhibit different

Figure 6. Determination of the hydroxyl radical scavenging activity of methanolic extracts of H. persicum and H. bacciferum. (A) Variation in hydroxyl scavenging
activity of plant extracts at different concentrations compared to the galic acid. (B) IC50 values of the methanolic extractives of plants and control galic acid.
Values are the mean = SD, n = 3. Different letters indicate statistically significant differences between groups analysed using Tukey’s test.
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Figure 7. Correlation between plant methanolic extracts concentration and free radicals scavenging activity. (A) H. persicum methanolic extracts antioxidant
potential. (B) H. baccifeurm methanolic extracts antioxidant potential. Correlation between assays determined with Pearson’s coefficient (r), ***: P <0.001, **: P

<0.01, *: P<0.05.

activities in plants in various studies®®?! For example, alkaloids
sourced from Solanum sodomaeum berries, Zanthoxylum
leprieurii stem bark, and the cyanobacterium Fischerella
ambigua have demonstrated anti-mycobacterial effects?223:2425,
In addition, saponin present in Colubrina retusa and tannins
in C. molle stem bark exhibits anti-mycobacterial activity?®?’.
Furthermore, flavonoids from various plant species have been
identified for their anti-mycobacterial properties?®*. Some
research studies have shown steroids isolated from the twigs
and leaves of Radermachera boniana have been observed to
possess antitubercular properties®).

Studies on macro- and micro-elements in Haloxylon and
Heliotropium species, revealed that macronutrients, Mg and
Na were found in large amount in H. persicum , whereas H.
bacciferum contained only substantial amounts of Ca, K, P, and
S. These minerals play crucial roles in enzyme activities related
to carbohydrate metabolism and glucose oxidation3!. The
macronutrient values in Haloxylon species were lower than
those in dry ginger roots* and powders of Annona muricata,
Camellia sinensis, and Zingiber officinale as previously
examined?. In contrast, micronutrient levels were higher in H.
persicum than in H. bacciferum. Mn is an antioxidant nutrient
that is high in H. bacciferum, and is essential for fat and
cholesterol breakdown?*. Other micronutrients found to be high
in Haloxylon species play vital roles in human development® for
instance, Zn is a component of several enzymes that contribute
to wound healing®. These mineral rich herbal plants, are
associated with various health benefits, aligning with the
principles of herbal therapy, in which a high mineral content is

considered essential for profound therapeutic effects®®1°,

In the present study, the ABTS radical scavenging activity of
the plant species extracts were concentration-dependent. The
methanolic extracts of H. bacciferum exhibited the highest
ABTS radical scavenging activity at various concentrations.
Previous research has shown some polyphenols such as
catechin, rutin, and their derivatives were effective scavengers
of ABTS radicals®®. The phytochemical results of the present
study indicated a high phenolic content in both H. persicum
and H. bacciferum species, which requires further investigation
for the isolation of various polyphenolic compounds present
in the extract. The ABTS radical scavenging activity was higher
than that of the ethyl-acetate and dichloromethane extracts
of Solanum sisymbriifolium, while it was comparable to their
ethanolic extracts’ ABTS inhibition at high concentrations®.
This suggests a higher accumulation of polyphenolics in the
methanolic extracts of Haloxylon and Heliotropium species.
H.persicum showed highest radical scavenging activity of
50%. However, the IC, values of these plant extracts were
lower than the ABTS scavenging activity of Prangos ferulacea
extract*. Similarly, the IC_ value for the free radical scavenging
activity of P. ferulacea in terms of ABTS was higher than that
of H. persicum and H. bacciferum*. Moreover, in the present
study the hexane solvent extract of Thymus satureioides
had higher IC  values for ABTS radical scavenging than the
Haloxylon species®.

Natural products which has the ability to donate electrons
that can be assessed using the DPPH method, which involves
disappearence of a purple-colored DPPH solution. The intensity
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of color change is directly proportional to the concentration
and effectiveness of antioxidants. In the present study, the
methanolic extracts of H. persicum and H. bacciferym exhibited
comparable inhibition percentages in the DPPH assay. However,
the IC_ value for DPPH scavenging was slightly higher for the
methanolic extracts of H. persicum plants. The DPPH scavenging
activity of the examined plants in the present study was higher
than that of fresh guava leaves, as determined by the DPPH
radical scavenging activity method*. Nevertheless, the DPPH
inhibition of both H. persicum and H. bacciferum extracts was
comparable to the DPPH scavenging activity of the ethanolic
extract of S. sisymbriifolium at concentrations ranging from
31.25 to 250 ug/ml. Additionally, the IC_  values for DPPH
radical scavenging of both plants were lower than those of red
fruits of pomegranate extracts®, but higher than the IC_ values
of Schima wallichii extract in scavenging DPPH free radicals*
. Moreover, in contrast to the findings of the present study*
reported a high IC_ value for DPPH radical scavenging activity
of T. satureioides extract obtained from hexane. Similarly, the
IC,, value for the free radical scavenging power of P. ferulacea
essential oil in terms of DPPH was higher than those of H.
persicum and H. bacciferum methanolic extracts®.

Superoxides are a major source of ROS. Although the superoxide
anion is a weak oxidant, it can lead to the generation of potent
and hazardous hydroxyl radicals and singlet oxygen, both
contributing to oxidative stress®. The present study revealed
that the H. persicum extract demonstrated an effective capacity
for scavenging superoxide radicals. Reported that flavonoids
are effective antioxidants because of their ability to scavenge
superoxide anions, which could be associated with the total
flavonoid content in H. persicum and H. bacciferum. Similarities
were observed in the superoxide free radical scavenging
assay between H. persicum and the ethanolic extract of S.
sisymbriifolium*. H. persicum exhibits higher activity compared
to the ethyl acetate (EAA) and dichloromethane (DCM)
extracts of S. sisymbriifolium®. The IC_ values for superoxide
scavenging of both H. persicum and H. bacciferum were higher
than those found in the methanolic extract of Spondias pinnata
stem bark®® but lower than the IC_; values of Kyllinga nemoralis
methanolic extracts®.

The hydroxyl radical is a strong ROS in biological systems that can
react with polyunsaturated fatty acid moieties phospholipids
present in the cell membrane, leading to cell damage®.
With increasing methanolic concentration of H. bacciferum,
the assessment of hydroxyl radical scavenging activity was
enhanced. Various free radical-scavenging organic compounds,
such as flavonoids and phenols were present in the plant
extract. They play a significant role in quenching ROS. The free
radical scavenging activity of H. bacciferum might be due to the
presence of phenolic groups in its extracts, which are capable of
donating electrons to hydrogen peroxide, thereby neutralizing
it in water. This is similar with the dose-dependent antioxidant
activity of Torilis leptophylla, which increases at concentration
ranging from 25 to 500 pg/ml°t. Additionally, the hydroxyl

radical-scavengingactivity of Bauhinia vahliimethanolic extracts
was similar to that of H. persicum and H. bacciferum®. Reports
revealed that the P. ferulacea extracts for hydroxyl radical
scavenging activity showed higher IC_ values compared to H.
persicum and H. bacciferum extracts*'. However, the IC_ values
for Spondias pinnata stem bark extract®® and K. nemoralis®.
Moreover, the IC_  values obtained for hydroxyl scavenging
were lower for H. persicum and H. bacciferum extracts than
P. ferulacea extracts*. Analysis of correlation revealed a
significant association between the concentrations of saxauls
and heliotropium plant extracts and their free radical-
scavenging activity. In addition, correlations were identified
and extensively reported in the literature between ABTS,
DPPH, superoxide, and hydroxyl free radical-scavenging
activities®***. The observed correlations in antioxidant values
can be attributed to the shared electron transfer antioxidant
mechanism underlying these assays®®. Similar correlations
between assays have been reported for the free radical-
scavenging activities of Thai vegetal extracts®®.

CONCLUSION

The present study highlights that Haloxylon species, specifically
H. persicum and H. bacciferum, contains a significant number
of phytochemicals, macro- and micro-minerals, making them
viable option with antioxidant potential. With increased
extract concentrations, the methanolic extracts from these
plants demonstrated concentration-dependent inhibition of
free radicals. H. persicum and H. bacciferum expressed the
antioxidant potential which may be due to the presence of
various phytochemicals that can help prevent free radical-
induced disorders. However, the specific compounds
responsible for that antioxidant potential remains unclear.
Further research is required in isolation and identification
of these antioxidant compounds present in the extracts. In
vivo studies are necessary to better understand and validate
antioxidant activities in a physiological context. These results
and the long history of their use in traditional medicine
indicate that H. persicum and H. bacciferum extracts are potent
alternatives to conventional antioxidant agents.
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