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Salsola kali L., a halophytic plant renowned for its resilience in arid and saline environments, possesses a rich and diverse
phytochemical profle with signifcant bioactive potential. Tis study provides a comprehensive phytochemical and pharma-
cological evaluation of S. kali extracts, employing an integrative analytical approach combining gas chromatography-mass
spectrometry (GC-MS), inductively coupled plasma-optical emission spectrometry (ICP-OES), and high-performance liquid
chromatography-diode array detection (HPLC-DAD). Te phenolic composition of the methanolic extract revealed 17 identifed
compounds, with quercetin 3-O-β-galactoside (14.74mg/g extract) and pyrocatechol (14.54mg/g extract) being the most
abundant, followed by other notable compounds highlighting the plant’s phenolic diversity. Furthermore, bioavailability and
pharmacokinetic properties of the identifed bioactive compounds were predicted using SwissADME and pkCSM tools, revealing
favorable drug-like characteristics. GC-FID analysis revealed that the hexane extract primarily contained saturated fatty acids,
with palmitic acid being the most abundant, comprising 55.17% of total fatty acids. Te mineral content analysis revealed a rich
profle of essential macro- and micronutrients, with potassium (2.62%) as major constituents, alongside high levels of iron
(379.82mg/L). Pharmacological assessments demonstrated signifcant antioxidant activity, with the methanol extract showing
moderate DPPH radical scavenging activity (IC50 � 90.85± 0.91 μg/mL), while the hexane extract exhibited lower activity
(IC50 � 542.59± 2.68 μg/mL). Te methanol extract also displayed promising enzyme inhibitory efects, with moderate activity
against butyrylcholinesterase (BChE) and notable inhibition of α-glucosidase. However, acetylcholinesterase (AChE) inhibition
was not observed at concentrations below 200 μg/mL. Tis study elucidates the structural and functional attributes of S. kali
metabolites, emphasizing their potential as antioxidants, enzyme inhibitors, and nutrient sources for therapeutic use.
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1. Introduction

Plants represent valuable resources for medicinal explora-
tion [1]. Te genus Salsola (Amaranthaceae), previously
classifed under Chenopodiaceae, comprises over 140 species
commonly found in arid and semiarid regions across the
Middle East, Asia, Europe, and Africa [2, 3]. Tese species
play signifcant roles in ecological restoration of saline soils
[4]. Typically, Salsola species are shrubs or subshrubs with
succulent, densely packed leaves adapted to harsh envi-
ronments [5]. Despite its importance, most studies on the
genus Salsola have focused on pollen morphology and
species identifcation [6, 7], while fewer have explored its
phytochemical composition and biological efects. Diverse
phytoconstituents may be found in abundance within the
Salsola genus, including favonoids, phenolic compounds
[8–10], fatty acids [11, 12], saponins, triterpenes, sterols,
volatile constituents, lignans, coumarins, and cardiac gly-
cosides, which contribute to its pharmacological properties,
including analgesic, anti-infammatory, antiviral, antibac-
terial, anticancer, cardioprotective, and hepatoprotective
efects [13–17]. Plants from the genus Salsola hold signifcant
importance in traditional medicine. For example, Salsola
somalensis is valued for its hypotensive, antibacterial, and
anticancer properties, with its dried roots being marketed as
an anthelmintic in Ethiopia [15]. Additionally, the aqueous
extracts of Salsola tuberculatiformis, which is a synonym for
Caroxylon tuberculatiforme, are also used by Bushmen
women in Namibia and South Africa as an oral contraceptive
device. According to Swartz et al. [18], this is accomplished
by blocking the cytochrome P450-dependent 11beta-
hydroxylase (P450c11) and decreasing the production of
corticosteroids. Salsola kali, a facultative halophyte, is widely
distributed across coastal areas, agricultural lands rich in
seaweeds, and desert regions [19]. S. kali is also known as
tumbleweed or Russian thistle [20]. Typically, this plant is
found growing along roadsides, feld edges, fallow areas,
overgrazed pastures, and grasslands. It is an annual weed
that thrives in arid locations and soils that are salty. Te
United States of America, Europe, North Africa, Asia,
Australia, and Türkiye are among the countries that have
a signifcant presence in its distribution [21]. Pharmacog-
nostic analysis revealed its low moisture content, high ash
values, and notable extractive and swelling indices, which are
crucial for quality control and use in herbal medicine for-
mulations [22]. Recently, bioactive compounds such as
salsolanol, syringic acid, and tricin-7-O-glucopyranoside
have been isolated from S. kali, emphasizing its medicinal
value [23]. Salsola kali has a long history of use in traditional
medicine for treating various health conditions, particularly
cancer. According to El Bassossy et al. [23], it is considered
to possess a wide variety of medicinal qualities, some of
which include the following: diuretic, antihypertensive,

anticancer, purgative, emollient, antiulcer, and anti-
infammatory actions. Historically, the powdered whole
plant has been utilized to alleviate coughs, while poultices
made from chewed plant material have been applied to
insect stings and employed in cancer treatment [24]. Fur-
thermore, S. kali is noted for its potential in managing
chronic conditions such as obesity, diabetes, and Alz-
heimer’s disease, attributed to its antioxidant properties [25].
Beyond its medicinal uses, this plant also demonstrates
signifcant environmental benefts, particularly in phytor-
emediation. It has shown a remarkable ability to extract
cadmium from contaminated soils, underscoring its role in
environmental cleanup eforts [26]. Te valorization of
bioactive compounds from agro-industrial waste has been
also gaining attention due to their promising applications in
health, food, and pharmaceutical industries [27].

Salsola kali is particularly renowned for its antioxidant
properties, which arise from phenolic compounds produced
in response to oxidative stress triggered by salinity, drought,
and light intensity [28]. Te plant’s biological activities, in-
cluding antioxidant, anti-infammatory, and anticancer ef-
fects, are linked to its rich composition of alkaloids,
favonoids, phenolic acids, and other bioactive compounds
[15, 16, 25, 29]. Te biosynthesis and efectiveness of these
compounds are infuenced by various factors, such as the
plant’s genotype, developmental stage, and environmental
conditions [30]. Collectively, S. kali and related species rep-
resent a valuable source of bioactive compounds, under-
scoring their importance in both medicinal and
environmental applications. Given the limited data on the
pharmacological potential and phytochemistry of Algerian
Salsola kali, our research sought to investigate its chemical
makeup and biological processes. Using high-performance
liquid chromatography-diode array detection (HPLC-DAD),
gas chromatography-mass spectrometry (GC-MS), and ICP-
MS, we analyzed polyphenols, fatty acids, andmineral content
in polar and apolar extracts. We also assessed antioxidant,
anti-Alzheimer’s, and antidiabetic properties. Te fndings
ofer new insights into its metabolic profle, nutritional value,
and pharmacological potential, particularly its antioxidant
and enzyme inhibitory efects. Tis study addresses key
knowledge gaps through comprehensive phytochemical and
pharmacological evaluations, demonstrating S. kali’s potential
therapeutic applications due to its antioxidant and enzyme-
inhibitory activities. Insights into bioavailability and mode of
action provided here lay the groundwork for future medicinal
and environmental studies.

2. Materials and Methods

2.1. Botanical Specimens. Te stems and leaves of the Salsola
kali plant (Figure 1) were collected in November 2023 in the
M’sila region, situated in the northeast of Algeria (471m
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above sea level (GPS coordinates: 35°42′20.99″ N,
32°32′30.98″ E) (Figure 1). Botanical determination was
performed using Flora of Algeria (Quezel et Santa 1962–
1963). Under the botanical collection number KR0052, the
samples that were obtained were documented, and Professor
K. Rebbas from the University of M’Sila in Algeria was the
one who verifed their identifcation. Te identifcation was
confrmed based on morphological characteristics and
verifed using the Plants of the World Online database
[31–33]. After being washed with distilled water, the plant
samples were dehydrated in an oven in the laboratory until
they reached a weight that was consistent throughout. After
the samples were dry, they were ground into a fne powder
using an electric mill, and then they were sieved through
a mesh size of 200 μm. For the duration of the subsequent
analysis, the powdered samples were kept in a location that
was cold, dry, and dark.

2.2. Preparation of Extracts. Forty grams of air-dried,
powdered aerial parts of S. kali was extracted separately with
methanol and hexane (200mL each), through three se-
quential macerations (48–72 h at room temperature). Ex-
tracts were fltered (Whatman flter paper), evaporated
under reduced pressure at 40°C, weighed, and stored at 4°C
[34]. Te method followed was adapted from Ertas et al. [35]
and Aouzal et al. [36].

2.3. HPLC-DADAnalyses. In order to examine the phenolic
compounds present in the methanol extract of S. kali,
a Shimadzu HPLC system equipped with a DAD was
employed [34]. Tis analysis was carried out in accordance
with the methods described by Tokul-Ölmez et al. and
published in 2020. Te LC-solution program was utilized in
order to carry out the investigation. Te analysis was con-
ducted using LC-solution software. Chromatographic sep-
aration was performed on an Inertsil ODS-3 column (4 μm,
4.0mm× 150mm) at 40°C. An 8mg/mL extract concen-
tration in 80% methanol was prepared and fltered
(0.45 μm), and 20 μL was injected. Te mobile phase

comprised 0.1% acetic acid in water (A) and 0.1% acetic acid
in methanol (B), with a 40-minute gradient elution.Te fow
rate was set at 1.5mL/min, and phenolic compounds were
detected at wavelengths of 230–350 nm, using UV data and
retention times from 27 standards. Each analysis was con-
ducted in triplicate, with results expressed as milligrams per
gram of dry extract weight.

Te technique’s confrmation parameters, such as line-
arity range, limit of detection (LOD), limit of quantifcation
(LOQ), and rehabilitation, were evaluated and computed
following the approach outlined by Tokul-Ölmez et al. [37].
To ascertain the LOD and LOQ for each botanical com-
pound analyte, standard solutions were systematically di-
luted and examined under the designated HPLC-DAD
conditions until the minimal detectable concentration,
aligned with a signal-to-noise (S/N) ratio of 3:1, was
established. Subsequently, 10 replicate standard solution
mixtures, incorporating internal standards, were formulated
at the specifed minimum detectable concentrations and
introduced into the HPLC-DAD system.Te LOD and LOQ
values were later determined using the following equations:

LOD � 3.3 ×
σ
SS

,

LOQ � 10 ×
σ
SS

.

(1)

According to Seal [38], the symbol σ is used to represent
the standard deviation of the peak area, whereas the symbol
SS is used to denote the slope of the calibration curve. Te
linearity of the approach was evaluated by creating cali-
bration curves for each analyte across nine diferent con-
centration levels [34]. In order to guarantee that the results
were reproducible, each concentration was examined in
triplicate. Calibrating curves were generated by contrasting
the ratio of the analyte concentration to the internal stan-
dard concentration (x-axis) with the corresponding ratio of
the analyte peak area to the internal standard peak area (y-
axis). Tis was done in order to analyze the relationship
between the two variables. Tese curves were then used to
determine the calibration of the instrument. Te correlation

Figure 1: Photographs of the aerial parts of the plant Salsola kali, Msila, 2022 (photos: K. Rebbas).
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coefcients (R2) were frequently above 0.99, which is proof
that the approach demonstrated excellent linearity for all of
the target substances within the concentration ranges that

were given. Application of the following formula to the data
that were received allowed for the determination of the
recovery:

Recovery(%) �
Measured concentration − endemic concentration

spiked concentration
× 100. (2)

2.4. Physicochemical and Pharmacokinetic Properties for
Computational Methods. Te database SwissADME
(https://www.swissadme.ch/index.php) is a state-of-the-art
web resource providing free access to assess and predict
essential molecular properties, including physicochemical
attributes (e.g., molecular size/SIZE, lipophilicity/LIPO,
polarity/POLA, and insolubility/INSO), pharmacokinetics,
druglikeness, and compatibility with medicinal chemistry
for small molecules [39]. SIM F, ST-AMANT A, PAPAI I,
SALAHUB DR. 1992. Gaussian density functional calcula-
tions on hydrogen-bonded systems. J Am Chem Soc 114:
4391–4400. Furthermore, it incorporates sophisticated in-
struments such as the BOILED-Egg model (forecasting
gastrointestinal [GI] absorption and blood–brain barrier
[BBB] permeability) and the Bioavailability Radar, which
users can employ to enhance compound optimization
strategies [39, 40].

pkCSM (available at https://structure.bioc.cam.ac.uk/
pkcsm) is a crucial computational tool in pharmacological
research. It integrates molecular properties such as physi-
cochemical characteristics, pharmacophores, and tox-
icophores with distance-based graph signatures [41]. Tis
approach enables medicinal chemists to systematically
evaluate the relationships between pharmacokinetics, ther-
apeutic efcacy, and toxicity, ultimately aiding in the design
of safer and more efective drug candidates. Notably, fea-
tures like the BOILED-Egg model and Bioavailability Radar
enhance its predictive accuracy for druglikeness and
bioavailability.

2.5. Analysis of Hexane Extract by GC-MS. 5mg of the
hexane extract was dissolved in 50 μL of anhydrous pyridine.
Following this, 75 μL of bis(trimethylsilyl)trifuoroacetamide
(BSTFA) was added and the mixture was incubated at 60°C
for 20min. After cooling, the solution was diluted with
375.0 μL of GC grade hexane, and 0.20 μL of the diluted
silylated mixture was injected into the Varian 2100TGC-MS
(Ion Trap, EI-mode, 70 eV) equipped with a Rtx-5
(30m× 0.25mm ID; 0.25mm flm thickness; crossbond
5% diphenyl + 95% dimethyl polysiloxane). Helium, with
a pressure of 15 pounds per square inch and a purity of
99.999 percent, was used as the carrier gas, and the split ratio
was 20 to 1. It was 280°C for the injection, 150°C for the ion
trap, 180°C for the transfer line, and 120°C for the manifold.
After adjusting the column temperature to 100°C for 5min,
it was raised to 300°C at a rate of 5 °C/min, and then it was
held at this temperature for 7min. Finally, it was raised to
320°C at a rate of 20°C/min, and it was maintained for 7min.
Te analysis time was 60min. Te mass range was adjusted

between m/z 28–650 amu. Te NIST-Wiley 2014 library and
the C7–C30 hydrocarbon mixture were used to elucidate the
compounds [42]. Whenever possible, co-injections with
those standards were used to elucidate the compounds.

2.6. Mineral Analyses. Te procedure for the preparation of
the sample was carried out in accordance with the protocol
published by Cicero et al. [43] and Mokhtar et al. [34] with
slight modifcations.

Initially, the collected plant samples were cleaned, sliced,
and oven-dried at 105°C for 24 h using a Nüve oven
(Istanbul, Türkiye). After drying, the samples were ho-
mogenized with an IKA homogenizer (Staufen, Germany)
and sieved through a 10-mesh screen, producing a uniform
particle size of 1600 μm. Te processed samples were stored
in precleaned polyethylene bottles for further analysis.
Deionized water with a resistivity of 18.2MΩ·cm−1 was
prepared using a Milli-Q system (Human Power I Plus,
Korea) and used for all aqueous solutions. Overnight, all of
the glassware and plasticware was submerged in 10% nitric
acid, and then it was completely cleaned with deionized
water. Tis was done to prevent any contamination from
occurring. In order to digest the plant material, 0.5 g of dry
weight of the material was pulverized in a Tefon mortar and
then digested with a CEM Mars 5 microwave closed system
(CEM, Matthews, North Carolina, USA). Digestion was
performed using an Ethos 1 microwave digester (Milestone,
Bergamo, Italy) at 1000W. Samples were treated with 6mL
of 65% nitric acid (HNO3) and 2mL of 30% hydrogen
peroxide (H2O2), heated from 150°C to 200°C over 10min,
and held at 200°C for an additional 10min. A twenty-minute
ramp, a two-minute hold, and one hundred percent power at
each step were the components of the program. Following
digestion, the samples were allowed to cool to ambient
temperature, fltered, and then diluted with ultra-pure water
until they reached a fnal volume of one hundred milliliters.
A blank digest was conducted in parallel with the produced
solutions in order to detect any potential contamination.Te
solutions were stored at 4°C until they were analyzed. Using
inductively coupled plasma-optical emission spectrometry
(ICP-OES), which was carried out in accordance with the
procedures described by Tel-Cayan et al. [44], the concen-
trations of minerals were determined. In order to guarantee
the dependability of the fndings, the precision of the an-
alytical method was checked with the help of the standard
reference material (SRM) NIST-CRM-1203 DrinkingWater.
Te precision of the approach was demonstrated by the fact
that the relative standard deviations (RSDs) constantly
remained below 8% overall. All concentrations were stated

4 Journal of Chemistry
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on a dry-weight basis, and the elemental analysis was carried
out with the assistance of an Agilent 7700x ICP-MS tech-
nology. For the purpose of determining the likelihood of
contamination, blank samples were included at every stage
of the process, from the collecting of samples until the fnal
analysis. Te operational parameters for the ICP-MS in-
strument were as follows: RF power set at 1600W, RF match
at 2.10V, sampling depth at 10.0 nm, nebulizer gas fow at
0.57 L/min, spray chamber with a Scott-type double-pass
design, and argon fow rates of 15 L/min for plasma,
0.9 L/min for auxiliary, and 1.0–1.1 L/min for nebulizer, with
a solution uptake rate of 1.8mL/min. Giving the purpose of
data collecting, peak hopping was utilized, and a replication
time of 200milliseconds, a dwell period of 200milliseconds,
and three readings were taken for each replicate, for a total of
three samples.

2.7. Antioxidant Activity

2.7.1. Free Radical Scavenging Activity Using the DPPH
Assay. Trough the use of the DPPH assay, which was based
on the technique proposed by Blois [45], the potential of
S. kali extracts to scavenge free radicals was evaluated. Te
approach involved combining 40 μL of plant extract at
diferent concentrations with 160 μL of a 1mM DPPH so-
lution in methanol onto a 96-well microplate. Te quantities
of the plant extract were varied. Te combinations were
allowed to sit in the dark at room temperature for a period of
30min. Te absorbance reading was taken with a microplate
reader at a wavelength of 517 nm [46]. Te blank was flled
up with methanol. Te following formula was utilized in
order to determine the proportion of inhibition for every
level at respective concentration:

DPPH scavenging effect(%) �
Acontrol − Asample􏼐 􏼑

Acontrol

⎡⎣ ⎤⎦ × 100.

(3)

Acontrol is the absorbance of the DPPH solution when it
does not contain any extract, and Asample is the absorbance
when the extract is present in the solution.

Te reduction in activity percentages was displayed
across the extract levels, and the IC50 value, which indicates
the concentration necessary to neutralize 50% of the DPPH
radicals, was calculated. When comparing diferent anti-
oxidants, BHT and BHA were utilized as reference
antioxidants.

2.7.2. ABTS Cation Radical Decolorization Assay. To de-
termine the level of antioxidant activity, the ABTS test that
was developed by Re et al. [46, 47] was modifed. Te
production of the ABTS cation radical solution was ac-
complished by allowing the reaction to take place in the dark
at room temperature for a period of 12 hours. Te process
used 7mM ABTS in water and 2.45mM potassium per-
sulfate. For the purpose of carrying out the experiment, a 96-
well microplate was utilized to blend 40 μL of plant extract
(0.0625–4mg/mL in methanol) with 160 μL of ABTS

solution. At a wavelength of 734 nm, the absorbance was
determined after a ten-minute incubation period in com-
plete darkness. Methanol was the chemical in question. Te
percentages of inhibition were determined by using BHT
and BHA as reference standards in the calculation.

2.7.3. Reducing Power Assay. After making some minor
adjustments, the reduction capacity of S. kali extracts was
assessed by using the method that was developed by Oyaizu
[48]. For the experiment, the plant extracts were dissolved in
methanol (10 μL) and then combined with 40 μL of phos-
phate bufer (pH 6.6) and 50 μL of 1% potassium ferricya-
nide (K3Fe(CN)6). Te amounts of the plant extracts were
controlled and varied. 20min were spent incubating the
mixture at a temperature of 50°C. Tis was followed by the
addition of 50 μL of 10% trichloroacetic acid, which was then
followed by the addition of 40 μL of distilled water and 10 μL
of 0.1% ferric chloride (FeCl3). Measurements of absorbance
were taken at a wavelength of 700 nm. Ascorbic acid was
used as the reference standard to compare the reducing
power agents [34].

2.7.4. Silver Nanoparticle (SNP) Reduction Assay. Te silver
ion (Ag+) reduction technique, which was established by
Ozyurek et al. [29], was also utilized in order to assess the
antioxidant activity of S. kali preparations. In the reaction
mixture, there were three components: 50 μL of distilled
water, 30 μL of SNP power solution (1mM AgNO3 in a 1%
citrate solution), and 20 μL of plant extract produced in
methanol at concentrations ranging from 0.0625 to
4mg/mL. Te absorbance was measured at 423 nm after
35min of incubation at a temperature of 25°C. For the
purpose of serving as reference antioxidants, ascorbic acid
and Trolox worked.

2.8. Assays for the Inhibition of Enzymes. Te enzyme in-
hibition potential of S. kali extracts was evaluated through
in vitro spectrophotometric assays targeting acetylcho-
linesterase (AChE), butyrylcholinesterase (BChE),
α-amylase, and α-glucosidase. Te assays were performed
using a 96-well microplate reader (SpectraMax 340PC384,
Molecular Devices, Silicon Valley, CA, USA), with data
processing handled via SoftMax Pro v5.2 software. All tests
were conducted using appropriate controls to ensure re-
liability, and the IC50 values, representing the concen-
tration required for 50% inhibition, were calculated for
each enzyme.

2.8.1. Anticholinesterase Activity. Te inhibitory efects on
AChE and BChE were assessed following the protocols by
Ellman et al. [49] and Topal [11]. Stock solutions of the
extracts were prepared at a concentration of 2000 μg/mL.
Te assay measured the hydrolysis of acetylthiocholine into
thiocholine, which reacts with 5,5′-dithiobisnitrobenzoate
(DTNB) to produce a yellow 5-thio-2-nitrobenzoate anion.
Te reaction setup included 20 μL of AChE (5.32×10−3U)
or BChE (6.85×10−3 U) enzyme, 150 μL of sodium
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phosphate bufer (0.1M, pH 8.0), and 10 μL of extract at
varying concentrations, incubated at 25°C for 15min. Te
reaction was initiated by adding 10 μL of acetylthiocholine
iodide (7.1× 10−4M) or butyrylcholine chloride (2×10−4M)

and 10 μL of DTNB (5×10−4M). Absorbance at 412 nm was
recorded every 5min for 15min. Galanthamine served as
a reference standard. Te inhibition percentage was calcu-
lated using the formula:

Inhibition �
(Enzyme activity without extract − Enzyme activity with extract)

Enzyme activity without extract
􏼢 􏼣 × 100. (4)

2.8.2. α-Amylase Inhibitory Activity. In order to conduct the
α-amylase inhibition experiment, adjustments were made to
the methodology described by Van Quan et al. [50]. Te
extract solution, which had between 50 and 400 μg/mL, was
combined with 50 μL of α-amylase solution, which con-
tained 0.1 units/mL, in a 96-well plate.Te phosphate bufer,
which had a pH of 6.9 and contained 6mM sodium chloride,
was 20mM. A mixture was preincubated at 37°C for 10min,
and then 50 μL of a starch solution containing 0.05% was
added. Tis was followed by another 10min of incubation at
37°C. In order to bring an end to the process, 25 μL of 0.1M
hydrochloric acid and 100 μL of Lugol solution were in-
troduced. A measurement of absorbance was taken at
565 nm. Since acarbose was the reference standard, it was
implemented.

2.8.3. α-Glucosidase Inhibitory Activity. For the
α-glucosidase inhibition experiment, Kim et al. [51] served

as the source of inspiration. In a plate with 96 wells, the
reaction mixture consisted of 50 μL of phosphate bufer with
a pH of 6.9, 25 μL of 4-N-nitrophenyl-α-D-glucopyranoside
(PNPG) in phosphate bufer, 10 μL of extract solution
containing 25–200 μg/mL, and 25 μL of α-glucosidase so-
lution with 0.1 units per milliliter in 0.01M phosphate bufer
with a pH of 6.0. In order to halt the reaction, the mixture
was subjected to incubation at 37°C for a duration of 20min.
Subsequently, 90 μL of 0.1M sodium carbonate was added to
the mixture. A measurement of absorbance was taken at
400 nm. Acarbose was used as a benchmark for further
comparison. Graphical analysis was performed to obtain the
IC50 values for α-amylase and α-glucosidase inhibition. Tis
was accomplished by plotting the percentage of inhibition
against the log-transformed quantity of sample concentra-
tions. Te following formula was utilized in order to as-
certain the percentages of inhibition:

Inhibition(%) �
(Absorbance of control − Absorbance of the test)

Absorbance of control
􏼢 􏼣 × 100. (5)

2.9. Statistical Analysis. All biological assessment results are
presented as themean± standard error of themean (SEM) of
three independent replicates. Tukey’s honest signifcant
diference (HSD) test was utilized in situations where the p

value was less than 0.05. Tis test was utilized to assess
whether or not there were signifcant diferences between the
means of the extracts and the standards bymeans of multiple
comparisons. For all statistical tests, results were deemed
signifcant at a threshold of p< 0.05.

3. Results and Discussion

3.1. HPLC-DAD Analyses. HPLC-DAD analysis identifed
17 phenolic compounds in S. kali methanol extract (Table 1
and Figure 2). Te predominant compounds included
quercetin 3-O-β-galactoside (14.74mg/g), pyrocatechol
(14.54mg/g), quercetin 3-O-neohesperidin (11.23mg/g),
and luteolin 7-O-β-glucoside (10.44mg/g). Other com-
pounds appeared at lower concentrations (0.24–9.09mg/g),
confrming the plant’s diverse phenolic profle [52]. Tis
study represents the frst investigation into the phenolic
composition of S. kali methanolic extract from Algeria,
aligning with earlier reports of simple phenols such as

catechol and resorcinol in this species [10, 14]. Te observed
phenolic diversity underscores S. kali’s unique metabolic
profle, characterized by high levels of quercetin 3-O-
β-galactoside (14.74mg/g extract), pyrocatechol (14.54mg/g
extract), quercetin 3-O-β-neohesperidin (11.23mg/g ex-
tract), quercetin 3-O-β-glucoside (10.44mg/g extract), epi-
catechin (9.09mg/g extract), rutin (9.07mg/g extract), and
fumaric acid (8.66mg/g extract), which collectively distin-
guish it from other species within the Salsola genus (Table 1).
Notably, pyrocatechol, the predominant phenolic com-
pound, has not been reported in such high concentrations in
other Salsola species, highlighting S. kali’s distinct metabolic
traits. In addition to its favonoid diversity including favone
glycosides (e.g., luteolin-7-O-β-D-glucoside), favonols (e.g.,
quercetin), and favanols (e.g., epicatechin), S. kali exhibits
a unique phenolic composition. Other species such as
S. imbricata, S. vermiculata, and S. collina share common
phenolic acids like gallic, cafeic, ferulic, and chlorogenic
acids [53, 54]. S. kali stands out due to its elevated levels of
pyrocatechol and favone glucosides, alongside good con-
centrations of cafeoylquinic acid (e.g., cafeic and ferulic
acids). Tis suggests a distinct metabolic pathway in S. kali,
diferentiating it from its congeners. Furthermore, the
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presence of fumaric acid, known for its antioxidant and anti-
infammatory properties [34], enhances S. kali’s metabolic
profle and underscores its potential bioactivity. Compara-
tive studies with species like S. vermiculata, S. tetrandra, and
S. collina [53, 54] reveal shared phenolic acids but confrm
S. kali’s uniqueness due to its high rutin, pyrocatechol, and
epicatechin content. Similar fndings regarding the potential
of phenolic-rich extracts from agricultural by-products have
been recently reported by Neagu et al. [27], highlighting the
growing interest in agro-industrial residues as valuable
sources of bioactive compounds [36].

Te unique phenolic composition of S. kali likely refects
species-specifc metabolic adaptations to environmental
stressors, supporting its therapeutic potential. Tis distinct
chemical profle underscores the importance of further
exploring its pharmacological applications [46, 55, 56].

3.2. Druglikeness Properties. SwissADME is a widely used
database in the early stages of drug discovery, design, and
development. It enables the prediction of key physico-
chemical and pharmacokinetic properties of compounds.
Table 2 provides a detailed analysis of the physicochemical
properties, lipophilicity, druglikeness, bioavailability, and
pharmacokinetics of various compounds identifed in Sal-
sola kali. Te bioavailability scores (BASs) for these com-
pounds ranged from 0.11 to 0.85, indicating acceptable
bioavailability for all components.

Lipinski’s rule of fve, a widely accepted guideline for
predicting drug-like properties, was applied to assess the
potential for oral bioavailability [57]. Experimental and
computational approaches to estimate solubility and per-
meability in drug discovery and development settings. Adv
Drug Deliv Rev 46: 3–26. According to this rule, a com-
pound is more likely to be orally bioavailable if it meets the
following criteria: molecular weight ≤ 500 g/mol, log p≤ 5, ≤
10 hydrogen bond acceptors (n-ON), and ≤ 5 hydrogen
bond donors (n-OHNH) [58]. Compounds 1–7, 11, 15, 16,
and 17 follow Lipinski’s rule, suggesting they are more likely
to be orally bioavailable. Compounds 8, 9, 10, 12, 13, and 14
violate the rule, indicating potential challenges in oral
bioavailability. Additionally, the log p values for all com-
pounds were below 5, further supporting their drug-like
properties.

All compounds demonstrated high GI absorption, ex-
cept luteolin 7-O-rutinoside, rutin, quercetin 3-O-neo-
hesperidin, luteolin 7-O-β-glucoside, quercetin 3-O-
β-galactoside, and 3,5-O-dicafeoylquinic acid which were
identifed as BBB permeants due to their lower GI ab-
sorption. Te topological polar surface area (TPSA), a key
parameter infuencing membrane permeability, is generally
considered favorable for oral bioavailability when < 70 Å2. In
this study, only three compounds: pyrocatechol, methyl-1,4-
benzoquinone, and ferulic acid exhibited TPSA values below
this threshold. However, it is important to note that TPSA
values above 70 Å2 do not necessarily preclude bio-
availability, as other factors such as molecular fexibility and
polarity also play signifcant roles.

Skin permeability, expressed as log Kp, measures the
compound’s ability to permeate the skin. In this report, it
ranged between −10.26 and −5.80 cm/s, with more negative
values indicating lower permeability; in addition, com-
pounds with higher log Kp values (e.g., 17) are more likely to
be absorbed through the skin [59].

Regarding synthetic accessibility scores, the compounds
varied from 1.00 to 6.52, suggesting that they are relatively
easy to synthesize [60–62]. Te molar masses of the com-
pounds ranged from 110.11 g/mol to 610.52 g/mol; com-
pounds with molecular weights below 500 g/mol are
generally considered more drug-like which are aligning with
Lipinski’s recommendation for optimal bioavailability.

Among the phenolic compounds identifed in S. kali,
1–7, 11, 15, 16, and 17 were determined to adhere to rule fve
of Lipinski. Tese compounds were predicted to exhibit
good oral bioavailability due to their favorable physico-
chemical properties, including small molecular size, ap-
propriate polarity, and fexibility, which enhance their
permeability across biological membranes, particularly in
the GI tract. Teir solubility in aqueous environments
further supports their potential as oral bioavailable drug
candidates [63].

Tis detailed analysis can guide further research into the
therapeutic potential of Salsola kali compounds, focusing on
those with favorable drug-like properties and pharmaco-
kinetic profles.

3.3. Chemical Structure and Bioavailability Radar. Te
Bioavailability Radar (Figure 3) is defned by two-
dimensional structural pictures generated via the JChem
website (https://chemaxon.com/jchem) in conjunction with
canonical SMILES notations sourced of PubChem (https://
pubchem.ncbi.nlm.nih.gov), with each component pre-
sented on a separate line in the output. Furthermore, the
radar defnes six important physicochemical properties:
lipophilicity, size, polarity, solubility, fexibility, and insa-
turation. A physicochemical range appeared as a pink area,
and molecules plotted entirely within it are considered drug-
like.

3.4. “BOILED-Egg” Model. A graphical tool is the BOILED-
Egg model (Figure 4), which can be found in SwissADME
used to predict BBB and the GI absorption penetration
(HIA) of chemical compounds. By mapping compounds
based on their physicochemical properties, it classifes them
into either the white zone (high GI absorption) or the yellow
zone (potential brain penetration). Tis visualization aids in
assessing pharmacokinetic properties, thereby supporting
decision making in drug development and optimization
[39]. Furthermore, it consists of a white region, which il-
lustrates the physicochemical area for the extremely intake
of HIA that predicted that all the 17 identifed compounds
possess high GI absorption. On the other hand, the yellow
region (yolk) symbolizes the physicochemical space for
highly probable BBB permeation. In our study, based on
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their physicochemical properties, pyrocatechol (2), methyl-
1,4-benzoquinone (5), and ferulic acid (11) were hypothe-
sized to be capable of breaking through the BBB. Te
compounds falling outside the egg are accounted to have less
absorption and lower penetration to the BBB than luteolin 7-
O-β-glucoside (12).

Te column of AMES toxicity indicates whether the
compound is mutagenic (i.e., can cause mutations in the
DNA) based on the Ames test. A “Yes” means the compound
is mutagenic, while a “No” means that is not mutagenic.
According to the data in Table 3, only theobromine showed
a “Yes,” which means that the compound is mutagenic. Te
column of Max. tolerated dose (human) demonstrates the
maximumdose of amolecule that can be tolerated by humans,
expressed in log mg/kg/day. Tus, the high value of 1.145
obtained for cafeic acid indicated that it can be tolerated at
higher doses than pyrocatechol which presented a negative
value (−0.017). In addition, the column of oral rat acute
toxicity (LD50) exhibits the lethal dose (LD50) for rats when
the substance is administered orally expressed in mol/kg.

Lower LD50 values indicate higher acute toxicity. For
example, fumaric acid (LD50 �1.626mol/kg) shows greater
toxicity than theobromine (LD50 � 2.385mol/kg).

Furthermore, the column of hepatotoxicity indicates
whether the component has the potential to cause liver
damage. A “Yes” means the compound is hepatotoxic;
however, a “No” means it is not hepatotoxic. Te obtained
results (Table 3) denoted that only pyrocatechol and luteolin
7-O-rutinoside show hepatotoxic potential.

Te compounds identifed in Salsola kali generally
possess low toxicity profles, with exceptions (e.g., py-
rocatechol and theobromine). Furthermore, most mol-
ecules are nonmutagenic and nonhepatotoxic, making
them potentially safe for further pharmacological or
nutritional studies. However, compounds such as

pyrocatechol and theobromine should be used with
caution due to their mutagenic and hepatotoxic potential.
As conclusion, the analysis data suggest that Salsola kali
possesses several bioactive compounds with favorable
ADME properties, which could be explored for thera-
peutic applications.

3.5. Fatty Acid Analysis by GC-FID. Te fatty acid compo-
sition of S. kali hexane extract, determined by GC-FID,
highlighted the presence of various saturated and unsaturated
fatty acids, along with long-chain hydrocarbons. Te S. kali
hexane extract has a fatty acid profle that was dominated by
saturated fatty acids, with palmitic acid being the most
abundant fatty acid, accounting for 55.17% of the total
contents. Hydroxylated derivatives like 3-hydroxypalmitic
acid and hydrocarbons like pentacosane, heptacosane, and
nonacosane were present in less amounts (Table 4).

Saturated fatty acids and hydrocarbons make up the
majority of the lipid profle that was discovered through
the use of GC-FID to analyze the fatty acid content of the
Salsola kali hexane extract (Table 5). Te GC-FID chro-
matogram is reported in Figure 5. Among the detected
compounds, palmitic acid was the most abundant, ac-
counting for 55.17% of the total fatty acid content. Ad-
ditional saturated fatty acids, including tetradecanoic acid,
heptadecanoic acid, and stearic acid, were also detected in
minimal quantities. Tis profle aligns with typical plant-
based extracts, where saturated fatty acids contribute
signifcantly to structural and metabolic functions. Hy-
droxylated derivatives, particularly 3-hydroxypalmitic
acid, and hydrocarbons like pentacosane, heptacosane,
and nonacosane were also identifed in minor concen-
trations. In spite of the fact that they are not very abundant,
these chemicals are well known for the bioactive qualities
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Figure 2: HPLC-DAD chromatogram of Salsola kali at 254 nm.
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that they possess and have the potential to contribute to the
organism’s total biological activity. However, their mini-
mal concentrations suggest a limited role compared to the
more abundant saturated fatty acids. In contrast to these
fndings, previous studies have highlighted the prevalence

of unsaturated fatty acids in other Salsola species. For
instance, Rasheed et al. [15] reported the presence of
linoleic, linolenic, and oleic acids in S. vermiculata and
S. tetrandra, underscoring the diversity of fatty acid pro-
fles across the genus. Similarly, Ghorab et al. [64] isolated

1. Fumaric acid 2. Gallic acid 3. Pyrocatechol 4. Theobromine

9. Epicatechin 10. Caffeic acid 11. Vanillin 12. Chlorogenic acid

13. Ferulic acid 14. Coumarin 15. Rutin 16. Ellagic acid

17. Myricetin 18. Fisetin 19. Genistein

21. Apigenin 22. Curcumin

20. Luteolin

5. Theophlline 6.Catechin 7. 6.7-Dihydroxycoumarin 8. methyl-1.4-benzoquinone

Figure 3: Bioavailability hexagons of the major molecules identifed in Salsola kali determined by HPLC-DAD analysis: Lipophilicity;
molecular size; polarity; insolubility; insaturation; fexibility.
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oleic acid from the aerial parts of S. tetragona, reinforcing
the importance of unsaturated fatty acids in this species.
However, such unsaturated fatty acids were not detected in
the hexane extract of S. kali, suggesting species-specifc
diferences or solvent-dependent extraction limitations.

Te lack of hydroxylated fatty acids, such as hydrox-
yoctadecenoic acid and trihydroxy derivatives reported by
Rasheed et al. [15] in S. vermiculata and S. tetrandra, also
highlights potential variations in fatty acid composition due
to species-specifc metabolic adaptations or diferences in
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Figure 4: BOILED-Egg model of Salsola kali identifed molecules as evaluated by HPLC-DAD analysis. (1) Fumaric acid; (2) pyrocatechol;
(3) theobromine; (4) catechin; (5) methyl-1.4-benzoquinon; (6) cafeic acid; (11) ferulic acid; (12) luteolin 7-O-β-glucoside; (15) fsetin; (17)
apigenin.

Table 3: AMES toxicity, max. tolerated dose (human), oral rat acute toxicity, hepatotoxicity, and skin sensitization utilizing pkCSM
web tool.

Peak Compound AMES toxicity
Max. tolerated
dose (human)
(log mg/kg/day)

Oral rat
acute toxicity

(LD50) (mol/kg)
Hepatotoxicity Skin sensitization

1 Fumaric acid No 0.69 1.626 No No
2 Pyrocatechol No −0.017 2.14 No Yes
3 Teobromine Yes 0.042 2.385 Yes No
4 Catechin No 0.438 2.428 No No
5 Methyl-1.4-benzoquinone No 1.023 1.816 Yes No
6 Cafeic acid No 1.145 2.383 No No
7 Epicatechin No 0.438 2.428 No No
8 Luteolin 7-O-rutinoside No 0.49 2.515 Yes No
9 Rutin No 0.452 2.491 No No
10 Quercetin 3-O-neohesperidin No 0.458 2.484 No No
11 Ferulic acid No 1.082 2.282 No No
12 Luteolin 7-O-β-glucoside No 0.584 2.547 No No
13 Quercetin 3-O-β-galactoside No 0.569 2.541 No No
14 3.5-O-Dicafeoylquinic acid No 0.422 2.496 No No
15 Fisetin No 0.579 2.465 No No
16 Luteolin No 0.499 2.455 No No
17 Apigenin No 0.328 2.45 No No
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Table 4: Fatty acid composition determined by GC-FID, in Salsola kali hexane extract.

Peak RT RI Compound name Compound class Concentration (%)
1 24.2 1850 Myristic acid Saturated fatty acid 0.03
2 28.3 2045 Palmitic acid Saturated fatty acid 55.17
3 29.4 2100 Heptadecanoic acid Saturated fatty acid 0.04
4 31.8 2216 3-Hydroxypalmitic acid Hydroxylated palmitic acid 0.02
5 32.09 2240 Stearic acid Saturated fatty acid 0.02
6 36.5 2500 Pentacosane Alkane 0.01
7 39.63 2700 Heptacosane Alkane 0.11
8 42.66 2900 Nonacosane Alkane 0.01
9 45.60 3100 Hentriacontane Alkane 44.58

Table 5: Mineral contents of the aerial parts of Salsola kali and NIST-CRM 1203 drinking water (mg/kg).

Peak Mineral contents mg/g extract

Certifed and experimental values of studied metals in NIST-CRM 1203
drinking water (mg/kg)a

Certifed value (mg/kg) Experimental
value ± S.D. (mg/kg)b Recovery value (%)

1 Phosphorus (%) 0.23± 0.01 — — —
2 Potassium (%) 2.62 — — —
3 Calcium (%) 2.27± 0.1 99.78± 0.50 100.42± 0.95 100.64
4 Magnesium (%) 1.3± 0.08 99.77± 0.50 100.68± 1.02 100.23
5 Iron (ppm) 379.82± 2.5 200.3± 1.0 199.89± 2.05 99.94
6 Copper (ppm) 5.28± 0.01 2000± 10 202.9± 0.12 101.45
7 Manganese (ppm) 22.23± 0.02 50.17± 0.25 50.02± 0.75 99.67
8 Zinc (ppm) 33.9± 0.03 1000± 5 1003.1± 7.8 102.59
9 Boron (ppm) 20.67± 0.04 — — —
Note: Values expressed herein are mean± SEM of three parallel measurements, p< 0.05.
aTen times dilution of Certifed NIST-CRM 1203 drinking water.
bAverage of triplicate measurements of certifed material (p< 0.05).
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Figure 5: GC-FID chromatogram of Salsola kali.
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extraction techniques.Te study by Ghorab et al. [64], which
identifed 2,3-dihydroxypropylpalmitate from S. tetragona,
further emphasizes the diversity of fatty acids in the Salsola
genus. Additionally, the absence of substantial unsaturated
fatty acids in S. kali, such as linoleic and linolenic acids, may
be a refection of the unusual ecological or evolutionary
characteristics that are linked with this species. Tis could
suggest a simplifed fatty acid profle predominantly com-
posed of saturated fatty acids, possibly due to the plant’s
adaptation to specifc environmental conditions. Tese
fndings complement existing literature by reinforcing the
variability in fatty acid composition across Salsola species
and highlighting the infuence of solvent polarity and ex-
traction methods on the detected lipid profle. Further re-
search using polar solvents may provide a more
comprehensive understanding of the full range of fatty acids
in S. kali and their potential biological signifcance.

3.6.Mineral Analysis. Temineral content analysis of S. kali
revealed a rich profle of essential macro- and micro-
nutrients, with notable concentrations of potassium (2.62%),
calcium (2.27%), magnesium (1.3%), and phosphorus
(0.23%), indicating its potential for supporting plant
metabolism and its nutritional value. Additionally, micro-
nutrients like iron (379.82mg/L), zinc (33.9mg/L), man-
ganese (22.23mg/L), copper (5.28mg/L), and boron
(20.67mg/L) were detected at high levels, highlighting their
potential role in enzymatic functions and plant growth.
Notably, the current research addresses a critical knowledge
gap in the nutritional profle and adaptive strategies of S. kali
through a comprehensive analysis of its mineral composi-
tion (Table 5).

Te minerals identifed in S. kali are essential in
various physiological and metabolic processes. Iron, for
example, is vital in preventing anemia, supporting he-
moglobin and myoglobin synthesis, cellular respiration,
DNA synthesis, and the production of iron-dependent
enzymes [65]. Calcium contributes to bone and teeth
development and the proper functioning of muscles and
nerves [66]. Potassium, a key ion for maintaining cellular
acid-base and water balance, helps regulate blood pres-
sure, supports bone strength, and is critical for heart and
muscle function [44]. Phosphorus is vital for bone min-
eralization and energy storage, while magnesium plays
a signifcant role in glucose metabolism, diabetes man-
agement, bone mineralization, and muscle relaxation
[67, 68]. Moreover, trace elements such as manganese,
copper, and zinc are essential for cellular and enzymatic
functions, including immune regulation, muscle con-
traction, nerve transmission, and mitochondrial activity
[69]. Zinc and copper also enhance antioxidant defenses,
contributing to overall cellular health [70, 71]. Tese
minerals and trace elements are essential micronutrients
and cofactors in biochemical reactions [72]. Te mineral
profle of S. kali collectively underscores its importance as
a valuable source of nutrients with potential health
benefts for human beings.

3.7. Antioxidant Activity. Te antioxidant capacity of Salsola
kalimethanol and hexane extracts was evaluated using various
assays, including DPPH, ABTS, SNP reduction, and reducing
power assays (Table 6). Te results demonstrate a signifcant
diference in bioactivity depending on the solvent used for
extraction. In the DPPH assay, the methanol extract showed
moderate antioxidant activity with an IC50 value of
90.85± 0.91μg/mL, whereas the hexane extract exhibited
substantially lower activity (IC50� 542.59± 2.68μg/mL).Tese
fndings are consistent with the results of Boulaaba et al. [14]
who reported strong DPPH radical scavenging activity for
S. kali leaf and stem phenolic extracts, with IC50 values ranging
from 10.67 to 11.67 μg/mL, indicating that phenolic content
plays a signifcant role in antioxidant potential [73–75].

Compared to standard antioxidants, methanol and hexane
extracts were less efective. BHA (IC50� 6.14± 0.41μg/mL)
and BHT (IC50 �12.99± 0.41μg/mL) signifcantly out-
performed both extracts, highlighting the higher potency of
synthetic antioxidants. Tis observation aligns with El Bas-
sossy et al. [23] fndings, who reported stronger DPPH
scavenging activity in ethyl acetate extracts compared to
methanolic extracts of S. kali (IC50� 41.52μg/mL). Based on
these diferences, it appears that the polarity of the solvent has
a major impact on the extraction efciency of bioactive
molecules that are responsible for antioxidant activity.

In the ABTS assay, the methanol extract exhibited more
substantial antioxidant capacity (IC50 � 26.76± 0.47 μg/mL)
compared to the hexane extract (IC50 � 84.20± 1.45 μg/mL).
Tis fnding aligns with previous reports from Mohamed
et al. [54] who demonstrated the importance of solvent type
in enhancing ABTS radical scavenging efciency, as ob-
served in aqueous-ethanolic extracts of S. cyclophylla. It is
probable that the ability of the methanol extract to solubilize
phenolic and favonoid components more efciently than
hexane is the reason for its greater antioxidant capability in
both the DPPH and ABTS experiments.

Interestingly, a contrasting pattern was observed in the
SNP reduction assay. Here, the hexane extract showed
higher antioxidant activity (A0.5 � 26.51 μg/mL) than the
methanol extract (A0.5 � 35.00 μg/mL). Tis contrasts with
the trends observed in DPPH and ABTS assays, suggesting
that hexane extracts might contain lipophilic compounds
with a stronger afnity for silver ion reduction, a fnding
consistent with the work of Boulaaba et al. [14] who
highlighted variations in antioxidant activity depending on
the organ and solvent used.

In the reducing power assay, the methanol extract
showed moderate activity (A0.5 � 57.10± 0.75 μg/mL). On
the other hand, the hexane extract had a level of activity that
was substantially lower (A0.5 > 200 μg/mL). Tese results
agree with Boulaaba et al. [14] who reported signifcant
reducing power for phenolic extracts of S. kali, although still
less potent than ascorbic acid (A0.5 � 6.77± 1.15 μg/mL).
Similarly, fndings by Aytar et al. [20] on S. baryosma ethanol
extracts reported strong reducing power, further supporting
the importance of solvent selection in maximizing antiox-
idant extraction.
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Also, when contextualized with fndings from other
Salsola species, the methanol extract of S. kali demonstrated
moderate antioxidant activity. Still, it remained less efective
than extracts from S. baryosma and S. cyclophylla [54].
Djerdjane et al. [75] highlight that diferent species of Salsola
may exhibit varying antioxidant potentials due to diferences
in phenolic content and phytochemical composition. Te
results of this study underscore the superior performance of
methanol extracts over hexane extracts in most assays, likely
due to the higher solubility of phenolic compounds in
methanol. However, the higher activity of standard anti-
oxidants like BHA and ascorbic acid suggests that future
research should focus on optimizing extraction methods to
enhance the bioactivity of S. kali extracts by concentrating
the phenolic and favonoid content.

3.8. Enzyme Inhibitory Capacity. Te enzyme inhibitory
potential of Salsola kali methanol extract was evaluated for
its ability to inhibit key enzymes associated with metabolic
disorders, particularly BChE, α-amylase, and α-glucosidase
(Table 7). Te methanol extract demonstrated moderate
inhibitory activity against BChE, aligning with previous
fndings on Salsola species, which suggest the neuro-
protective potential of traditional plant extracts. However,
data regarding AChE inhibition were below 200 μg/mL for
the methanolic extract, which was inactive in this study,
limiting a comprehensive assessment of cholinesterase in-
hibitory activity.

In terms of antidiabetic potential, the methanol extract
displayed notable α-glucosidase inhibitory activity, sug-
gesting its potential application for managing postprandial
hyperglycemia. Although the α-amylase inhibitory activity
was comparatively lower, these fndings align with previous
studies highlighting the potential of Salsola species for
managing carbohydrate metabolism. Tundis et al. [17]
previously reported α-amylase inhibition in various Salsola
fractions, with the ethyl acetate extract of S. kali showing the
highest potency (IC50 � 0.022mg/mL).

In contrast to previous reports, the methanol extract of
S. kali showed no measurable α-glucosidase inhibitory ac-
tivity (IC50 � NA within 25–200 μg/mL). Tis discrepancy
may be attributed to variations in solvent polarity, plant
chemotype, or experimental design.

Comparative studies with related species, such as
S. baryosma and S. vermiculata, suggest that these species
exhibit stronger α-amylase and α-glucosidase inhibitory
activities, as reported by Djerdjane et al. [75]. However, since
Ki values were not determined in the present study, a direct
comparison with other research is impossible. Despite this
limitation, the presence of α-glucosidase inhibitory activity
in other extracts of S. kali supports the possibility that
additional bioactive compounds may contribute to its an-
tidiabetic potential.

Further support for the potential of S. kali comes from
studies on other Salsola species. Jin et al. [12] reported that
S. collina contains N-acetyltryptophan, which exhibited 44%
inhibition of α-amylase activity. Although similar

Table 6: Antioxidant activities (IC50 and A0.5 values) of Salsola kali methanol and hexane extracts.

DPPH assay ABTS assay SNP assay Reducing power assay
IC50 (μg/mL) IC50 (μg/mL) A0.5 (μg/mL) A0.5 (μg/mL)

Methanol extract 90.85± 0.91 26.76± 0.47 35.00± 0.31 57.10± 0.75
Hexane extract 542.59± 2.68 84.20± 1.45 26.51± 0.23 > 200
BHA 6.14± 0.41 1.29± 0.30 73.47± 0.88 nd
BHT 12.99± 0.41 1.81± 0.10 nd nd
α-Tocopherol 13.02± 5.17 nd nd 34.93± 2.38
Ascorbic acid nd nd > 200 6.77± 1.15
Trolox nd nd 34.17± 1.23 nd
Note: Values expressed herein are mean± SEM of three parallel measurements, p< 0.05; BHA: butylated hydroxyanisole.
Abbreviation: nd�not detected.

Table 7: Anticholinesterase and antidiabetic activities (IC50 values) of Salsola kali methanol and hexane extracts.

Extracts & compounds
Anticholinesterase activity IC50

(μg/mL)
Antidiabetic inhibitory activities IC50

(μg/mL)
AChE BChE α-Amylase α-Glucosidase

Concentrations tested (μg/mL) 25–200 25–200 50–400 25–200
Methanolic extract > 200 242.00± 1.52 315.70± 2.00 NA
Hexane extract NA 536.62± 0.83 437.03± 1.02 47.86± 2.83
Galantaminea 4.44± 1.57 30.79± 0.13 NT NT
Acarbosea NT NT 36.74± 4.50 22.28± 2.03
Note: Values expressed herein are mean± SEM of three parallel measurements. p< 0.05.
Abbreviations: NA�not active; NT�not tested.
aReference compounds.
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compounds were not isolated in this study, phenolic com-
pounds like pyrocatechol and epicatechin in S. kali could
explain its inhibitory efect on α-glucosidase. Additionally,
Iannuzzi et al. [76] demonstrated that quercetin derivatives
from S. soda inhibited aldose reductase enzymes, suggesting
the broader antidiabetic potential of the Salsola genus.

4. Conclusions

Tis study highlights the signifcant bioactive potential of
Salsola kali, emphasizing its rich phytochemical composi-
tion, antioxidant properties, and enzyme inhibitory activi-
ties. Te methanolic extract, enriched with phenolic
compounds like pyrocatechol, epicatechin, and chlorogenic
acid, exhibited strong antioxidant activity in DPPH and
ABTS assays. Conversely, the hexane extract demonstrated
potent α-glucosidase inhibition, suggesting its potential for
managing postprandial hyperglycemia. ADME analysis is
a cornerstone of modern drug development and toxicology.
It gives critical insights into how a molecule interacts with
the body, which is crucial for determining its safety, efcacy,
and potential as a therapeutic agent. In this report, the
detailed analysis of ADME indicated favorable pharmaco-
kinetic profles for key constituents, with 11 compounds
adhering to Lipinski’s rule of fve and 6 violating the rule.
Moreover, Salsola kali has low toxicity profles indicating
that most of compounds are nonmutagenic and non-
hepatotoxic, making them potentially safe for further
pharmacological and efective use in traditional or modern
medicine. Additionally, the plant’s mineral profle, rich in
essential nutrients such as potassium, calcium, and iron,
further supports its nutritional value.Tese fndings position
S. kali as a promising natural resource for developing
nutraceuticals or therapeutic agents targeting oxidative
stress, neurodegenerative disorders, and diabetes. Future
research should focus on in vivo validation, isolation of
bioactive principles, and optimization of extraction tech-
niques to enhance bioactivity. Exploring its environmental
applications, such as phytoremediation, could further en-
hance the value of this halophytic species.
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visualization: M.Ö.; writing–original draft: H.R. and H.B.;
and writing–review and editing: B.A., S.R.C., E.W., and S.G.
All authors reviewed the manuscript.

Funding

Tis work was supported and funded by the Deanship of
Scientifc Research at Imam Mohammad Ibn Saud Islamic
University (IMSIU) (grant number IMSIU-DDRSP2501).

References

[1] M. H. ElNaggar, W. M. Eldehna, M. A. Abourehab, and
F. M. Abdel Bar, “Te Old World Salsola as a Source of
Valuable Secondary Metabolites Endowed with Diverse
Pharmacological Activities: a Review,” Journal of Enzyme
Inhibition and Medicinal Chemistry 37, no. 1 (2022): 2036–
2062, https://doi.org/10.1080/14756366.2022.2102005.

[2] V. Altay and M. Ozturk, “Te Genera Salsola and Suaeda
(Amaranthaceae) and Teir Value as Fodder,” Handbook of
Halophytes (2020): 1–12, https://doi.org/10.1007/978-3-030-
17854-3_97-1.

[3] K. Idzikowska, “Morphological and Anatomical Structure of
Generative Organs of Salsola kali Ssp. Ruthenica [Iljin] Soo at
the SEM Level,” Acta Societatis Botanicorum Poloniae 74
(2005): 99–109.

[4] B. S. Chauhan, A. Tanveer, G. Rasool, Z. Hanif, and H. H. Ali,
“Genus Salsola: Its Benefts, Uses, Environmental Perspectives
and Future aspects—A Review,” J. Rangel. Sci. 8 (2018):
315–328.

[5] R. Klopper and A. Van Wyk, “Te Genus Salsola (Cheno-
podiaceae) in Southern Africa: Systematic Signifcance of Leaf
Anatomy,” South African Journal of Botany 67, no. 4 (2001):
540–551, https://doi.org/10.1016/s0254-6299(15)31186-8.

[6] K. N. Toderich, E. V. Shuyskaya, M. Ozturk, A. Juylova, and
L. Gismatulina, “Pollen Morphology of Some Asiatic Species
of Genus Salsola (Chenopodiaceae) and Its Taxonomic Re-
lationships,” Pakistan Journal of Botany 42 (2010): 155–174.

[7] H. H. Sonyan and A. M. Hayrapetyan, “Statistical Analysis of
the Basic Morphological Characteristics of Pollen Within the
Limits of Genus Salsola L. Sensu Lato in South Transcaucasia,”
FSTFSTCFOO2F OAULJ 1 (2021): 36.

[8] S. Ahmed, M. Ashraf, A. Jabbar, et al., “Pharmacological
Screening of Salsola Baryosma,” Journal of the Chemical
Society of Pakistan 28, no. 1 (2006): 82.

[9] A. Beyaoui, A. Chaari, H. Ghouila, M. Ali Hamza, and
H. Ben Jannet, “New Antioxidant Bibenzyl Derivative and
Isofavonoid from the Tunisian Salsola tetrandra Folsk,”
Natural Product Research 26, no. 3 (2012): 235–242, https://
doi.org/10.1080/14786419.2010.536950.

[10] A. Sokolowska-Krzaczek, K. Skalicka-Wozniak, and
K. Czubkowska, “Variation of Phenolic Acids from Herb and
Roots of Salsola kali L,” Acta Societatis Botanicorum Poloniae
78, no. 3 (2009): 197–201.

[11] M. Topal, “SecondaryMetabolites of Ethanol Extracts of Pinus
sylvestris Cones from Eastern Anatolia andTeir Antioxidant,
Cholinesterase and α-glucosidase Activities,” Records of
Natural Products 14, no. 2 (2019): 129–138, https://doi.org/
10.25135/rnp.155.19.06.1326.

[12] Y. S. Jin, J. L. Du, Y. Yang, et al., “Chemical and Biologically
Active Constituents of Salsola Collina,” Chemistry of Natural

16 Journal of Chemistry

 2962, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/joch/3329831 by A

lgeria H
inari N

PL
, W

iley O
nline L

ibrary on [29/11/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://doi.org/10.1080/14756366.2022.2102005
http://doi.org/10.1007/978-3-030-17854-3_97-1
http://doi.org/10.1007/978-3-030-17854-3_97-1
http://doi.org/10.1016/s0254-6299(15)31186-8
http://doi.org/10.1080/14786419.2010.536950
http://doi.org/10.1080/14786419.2010.536950
http://doi.org/10.25135/rnp.155.19.06.1326
http://doi.org/10.25135/rnp.155.19.06.1326


Compounds 47, no. 2 (2011): 257–260, https://doi.org/
10.1007/s10600-011-9896-2.

[13] S. S. Murshid, D. Atoum, D. R. Abou-Hussein, et al., “Genus
Salsola: Chemistry, Biological Activities and Future pro-
spective—A Review,” Plants 11, no. 6 (2022): 714, https://
doi.org/10.3390/plants11060714.

[14] M. Boulaaba, F. Medini, H. Hajlaoui, et al., “Biological Ac-
tivities and Phytochemical Analysis of Phenolic Extracts from
Salsola kali L. Role of Endogenous Factors in the Selection of
the Best Plant Extracts,” South African Journal of Botany 123
(2019): 193–199, https://doi.org/10.1016/j.sajb.2019.03.003.

[15] D. M. Rasheed, S. M. El Zalabani, M. A. Koheil,
H. M. El-Hefnawy, and M. A. Farag, “Metabolite Profling
Driven Analysis of Salsola Species and Teir Anti-
acetylcholinesterase Potential,” Natural Product Research
27, no. 24 (2013): 2320–2327, https://doi.org/10.1080/
14786419.2013.832676.

[16] M. H. Oueslati, H. B. Jannet, Z. Mighri, J. Chriaa, and
P. M. Abreu, “Phytochemical Components from Salsola
tetrandra,” Journal of Natural Products 69 (2006): 1366–1369.

[17] R. Tundis, M. R. Loizzo, G. A. Statti, and F. Menichini,
“Inhibitory Efects on the Digestive Enzyme α-amylase of
Tree Salsola Species (Chenopodiaceae) in Vitro,” Pharmazie
62, no. 6 (2007): 473–475.

[18] P. Swart, A. C. Swart, A. Louw, and K. J. van der Merwe,
“Biological Activities of the Shrub Salsola tuberculatiformis
Botsch.: Contraceptive or Stress Alleviator?” BioEssays 25,
no. 6 (2003): 612–619, https://doi.org/10.1002/bies.10285.

[19] M. Chaieb and M. Boukhris, “Flore Succinte Et Illustrée Des
Zones Arides Et Sahariennes De Tunisie. L’Or Du Temps”
(1998).

[20] E. C. Aytar, B. Aydın, E. I. Torunoğlu, and A. Durmaz, “An-
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