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Abstract  In order to facilitate the development of a 

constituent for traditional medicine, preliminary research 

pertaining to the detection of secondary metabolites is 

essential. H. persicum is one of the significant plants in 

Saudi Arabia, notably in the city of Hail. Analyzing the 

phytochemical composition of the flavonoid-rich aerial 

portion of H. persicum with the intention of identifying 

potentially efficacious medicinal compounds is the 

principal objective of this study. The extracts contained 

flavonoids, tannins, alkaloids, and phenolic compounds, as 

determined by an initial phytochemical analysis. 

Subsequently, the fraction abundant in flavonoids was 

identified, and the crude extract's constituents were 

assessed using the economical, and expeditious thin layer 

chromatography method. In order to optimize the 

differentiation of the botanical constituents present in the 

flavonoid extract, gas chromatography–mass spectrometry 

was employed. The current investigation additionally 

aimed to assess the molecular docking and antibacterial 

activity of the flavonoid-rich fraction of H. persicum, given 

a shortage of research on this plant. The most potent results 

were obtained from H. persicum against Pseudomonas 

aeruginosa and Proteus merabiles. 

Keywords  Haloxylon persicum, Phytochemical 

Screening, Flavonoids, Thin Layer Chromatography, GC-

MS, Antibacterial Screening 

1. Introduction

Numerous natural products have been in use for 

countless years to treat a wide range of illnesses and 

conditions. However, to determine the worth of the plant, 

it is important to screen plants for their activity. 

Pharmaceutical corporations have a significant interest in 

using the extensive knowledge of natural products and 
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healthcare that exists in nations like Kingdom of Saudi 

Arabia as a resource for research and development in the 

search for new pharmaceuticals. However, several natural 

products are employed in the Kingdom of Saudi Arabia for 

a variety of purposes in unrefined form without any proof 

of their efficacy [1-3]. In Kingdom of Saudi Arabia, locals 

employ a variety of wild plants they have collected for their 

medicinal properties in addition to using them as a source 

of food, shelter, and other necessities. The 

phytoconstituents are responsible for the plants' 

pharmacological activities. As a result, the examination of 

these elements in plants will undoubtedly aid in 

determining various biological activities of plants. Thin-

layer chromatography has the broadest applicability in 

phytochemistry since it may be applied to practically every 

class of component, with the exception of highly volatile 

ones. It may be used to crude plant extracts as a preliminary 

detection of the presence of most chemicals. 

Haloxylon persicum (Figure 1), is a little tree in the 

Amaranthaceae family. Its range extends from Central Asia 

and China to Western Asia, encompassing the Palestine 

region, Egypt, Sinai, South Iraq, Saudi Arabia, Iran, Oman, 

UAE, Afghanistan, and Pakistan [4]. When it comes to the 

phytochemical constituents of H.persicum, it is a well-

known plant of sandy deserts, but its phytochemical 

potential has not been explored. Thus, the current study's 

objectives are to examine the phytochemical profile and 

thin-layer chromatography (TLC) analyses of H. persicum 

plants cultivated in the Hail region, using a variety of 

solvent types to identify the plant's contents. Nevertheless, 

pharmacological investigations on this plant are not 

common; thus, the primary objective of the current study 

was to evaluate the t therapeutic property of the methanolic 

extract derived from the flavonoid-rich fraction of H. 

persicum to further evaluate the bioactivity of this 

promising plant. 

 

Figure 1.  Haloxylon Persicum 

2. Materials and Methods 

2.1. Collection and Extraction of Plant Material 

H. Persicum was collected from the region of Hail in the 

KSA. Dr. Naila H.Alkafei, University of Hafer 

Albatin/Hafer Albatin/kingdom of Saudi Arabia, identified 

the plant material. The aerial part was grounded and 

macerated in methanol for 3 days to give an extract, which 

was then filtered & concentrated to produce the crude 

extract of the plant. 50gm of the powdered plant was 

extracted with 250 ml solvent. 

2.2. Solubility Test of Plant Extract 

To determine the solubility of the extract, as much as 1 

mL of plant extract was added to a test tube containing 2 

mL of methanol, ethanol, and acetone. After that, shake the 

mix slowly for a few minutes [5]. 

2.3. Phytochemical Screening of Sequential Extracts of 

H. Persicum Plant 

Standard operating protocols were used to perform a 

qualitative phytochemical study of the H. persicum plant in 

order to determine the components, alkaloids, flavonoids, 

tannin, and phenol as specified by Patel, et al [6]. 

2.3.1. Test for Alkaloids 

Prepared 1% HCL is added to the extract in the test tube, 

and it is heated for 20 minutes while being gently shaken, 

then allowed to cool. To detect the presence of alkaloids, 

take 1 millilitre of the extract and add a few drops of 

Wagner's reagent. A creamy brown color will appear. 

2.3.2. Test for Flavonoids 

When 3 ml of extract is added to 10 ml of distilled water 

and thoroughly mixed, the presence of flavonoids is 

indicated by a yellow color. 

2.3.3. Test for Tannins 

After adding three drops of ferric chloride and gently 

heating two millilitres of the extract in a test tube for two 

minutes, the orange color revealed by the tannins was 

obvious. 

2.3.4. Test for Phenols 

A few drops of 5% ferric chloride are added to 3 

milliliters of plant extract and 5 milliliters of distilled water; 

the dark green color indicates the presence of phenol. 

2.4. Flavonoid Extraction from H. Persicum 

Ten grams of herbs were carefully extracted over the 

course of fifty hours at fifty degrees Celsius using a 70% 

methanol solution. After being vacuum-evaporated to a 

thick residue, the aqueous methanol extract was kept at 5–

10°C for 11 hours. After being separated by filtration, the 

dark green resinous material was heated, cooled, and then 

filtered again. EtOAc and n-BuOH were used to 

continuously extract the refined aqueous solution [7]. 

Following a temperature of no more than 4°C and lowered 
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pressure concentration using a rotary evaporator, the dried 

extract was weighed and put through gas chromatography-

mass spectrometry (GC-MS) analysis, TLC, and 

antibacterial screening. 

2.5. The Partial Characterization of Flavonoid Rich 

Fraction from H. Persicum by TLC 

To determine the main ingredients found in the plant 

extracts that worked best, TLC was used. Different solvent 

systems used the TLC. To illustrate which solvent 

impacted the best separation, for instance, the following 

solvent system (1:1 Ethylacetate (EtOAc) / Hexane & 

Methanol (MeOH) / 10:90 Dichloromethane (DCM)) was 

originally tested, but it did not provide satisfactory 

separation results. For testing, the flavonoid-containing 

portion of the H. persicum extract was spread out over an 

additional thin layer. To make extracts on silica gel plates, 

n-hexane, methanol, and ethanol were mixed in a ratio of 

2:1:02, v/v/v. 

2.6. Gas Chromatography–Mass Spectrometry (GC-

MS) Analysis 

The presence of important bioactive ingredients in 

methanolic extract of the flavonoid rich fraction was 

ascertained by GC–MS (Thermo Scientific GC–MS-AS 

3000 autosampler with IQS detector). In order to partially 

separate the bioactive components, 2 mL of the powdered 

sample that had been diluted with methanol was injected 

into a TR 5MS capillary column that was using helium as 

a carrier gas at a flow rate of 1.2 mL/min. Spectral analysis 

was carried out using Xcalibur software and mass 

spectrophotometry. To interpret the mass spectra, the NIST 

and MAINLIB software libraries were used [8]. 

2.7. In Vitro Antibacterial Activity 

The study employed the following bacterial strains: 

Salmonella choleraesis ATCC 10708, Pseudomonas 

aeruginosa ATCC 27853, Escherichia coli ATCC 25922, 

Enterococcus faecalis ATCC 29212, Staphylococcus 

aureus ATCC 25923, and Staphylococcus epidermidis 

ATCC 12228. The stock culture was used to create 24-hour 

cultures before antibacterial experiments. The agar well 

diffusion technique was employed for sample analytes, 

while disc diffusion was employed for reference 

ciprofloxacin discs (5 mcg/disc). A sterile cotton swab was 

dipped into the standardized (CFU/ml) culture and streaked 

on a Muller Hinton (MH) agar plate individually. The 

culture was evenly disseminated around the petri dish by 

rotating it. Before the sample analytes were applied, the 

plates were let to dry for around 10 minutes. Using a sterile 

stainless-steel borer, holes were punched in inoculated MH 

agar plates to perform the agar well diffusion procedure. 

By creating inhibitory zones, the antibacterial spectrum 

was ascertained following a 24-hour incubation period at 

37°C [9,10]. 

2.8. Molecular Docking 

PDB format was acquired from RCSB PDB in order to 

choose the proteins for the molecular docking investigation 

(https://www.rcsb.org/; accessed 09 November 2023). The 

RCSB PDB is a database that includes data on the 

crystallographic structure and sequencing of proteins that 

have been gained through experimentation. The current 

experimental set has been evaluated based on the 

refinement resolution (Å), symmetry type, enzyme 

categorization, and availability of high-definition crystals 

for these proteins' targets in the PDB server. To choose 

ligands for the molecular docking investigation 

(Isoquercetin, main flavonoids component), the PubChem 

web server (https://pubchem.ncbi.nlm.nih.gov/; accessed 

09 November 2023) was used. This is a massive server 

containing data about molecules, including their structures, 

physicochemical characteristics, molecular formulae, etc. 

The Isoquercetin (CID PubChem 5280804) (C21H20O12) 

was selected as a ligand with a molecular weight 464.4 

g/mol. SDF was applied to recover the ligand, and only its 

two-dimensional structure was accessible. In order to 

simulate a three-dimensional structure for the purpose of 

analysis, the Avogadro v1.1.1 39 software was employed, 

which featured numerous force fields. Merck's MMFF94 

force field, which is endorsed for organic molecules, was 

implemented in conjunction with an energy minimization 

algorithm. The CB-Dock (Cavity-detection guided Blind 

Docking) server (http://clab.labshare.cn/cb-

dock/php/index.php; accessed 09 November 2023) 

determines the centers and diameters of the predicted 

binding sites of a given protein (DNA Gyrase Enzyme) 

using an innovative curvature-based cavity detection 

method [11]. The server operates in tandem with AutoDock 

Vina and has undergone meticulous optimization to attain 

a success rate exceeding 70% for the developed models. 

The analyses were conducted utilizing protein files in PDB 

format and ligand files in SDF format. In the process, five 

potential coupling cavities were identified. The substance 

with the least amount of binding energy was chosen from 

the group according to the lowest Vina value acquired. 

Following this, the proteins and ligands were, respectively 

visualized using the Licorice and Surface options. The 

proteins and ligands' colors were determined by the 

configuration of elements. 

3. Results and Discussion 

3.1. Solubility Test of Plant Extract 

The results of the solubility test show that plant extract 

was soluble in methanol, methanol and acetone. Based on 

observations (Table 1 & Figure 2 ), the solubility of plant 

extract indicates the presence of hydrogen bonds between 
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compounds in extract; this allows the extract's polar 

components to dissolve in polar solvents including water, 

methanol, and acetone [12]. 

Table 1.  Solubility test results of H. Persicum plant extract 

Plant extract Observation Result 

Methanol Homogeneously mixed Dissolved 

Ethanol Homogeneously mixed Dissolved 

Acetone Homogeneously mixed Dissolved 

 

Figure 2.  The results of the solubility test of Haloxylon Persicum 

3.2. Phytochemical Screening of Sequential Extracts of 

H. Persicum Plant 

The results of the phytochemical test are displayed in 

Table 2 and Figure 3. Phytochemical screening of the 

successive extract of H. persicum revealed the existence of 

several bioactive components, of which phenol, alkaloids, 

flavonoids, and tannin are the most prominent. These 

phytochemical tests revealed that the largest amounts of 

alkaloids, flavonoids, tannin, and phenol were found in 

methanol and ethanol extracts, in contrast to other solvents. 

As has previously been documented, each of these 

phytochemicals has positive biological effects, such as 

antibacterial and anticancer properties [13]. 

Table 2.  Qualitative phytochemical screening of sequential extracts of 
H. Persicum plant 

Solvent Used Alkaloids Flavonoids Tannin Phenol 

Methanol +++ +++ ++ +++ 

Ethanol +++ +++ ++ +++ 

Acetone +++ ++ ++ ++ 

 

Figure 3.  Qualitative phytochemical screening of sequential extracts of 

H. Persicum plant 

3.3. The Partial Characterization of Flavonoid Rich 

Fraction from H. Persicum by TLC 

The flavonoid extract of H. persicum was applied to TLC 

plates and subsequently developed using a solvent system 

consisting of n-hexane, methanol, and ethanol in a ratio of 

2:1:02, v/v/v. This technique was effective in extracting 

chemicals that were subsequently employed in GC-MS 

experiments. Under 254 nm and 365 nm UV light, the 

produced plate was visible (Figure 4). 

3.4. GC-MS Analysis 

In order to determine the primary flavonoid components 

of an extract of H. persicum and provide an explanation for 

the observed in vitro antibacterial activity, GC-MS analysis 

was performed on the extract. Table 3 indicated that the 

flavonoid-rich extract of H. persicum mostly contained 

four primary flavonoid components, which were further 

corroborated by the discovery of four spots on a TLC plate. 

Nowadays, flavonoids are widely acknowledged as being 

crucial for a variety of pharmacological, therapeutic, 

cosmetic, and nutraceutical uses. This is because of their 

antioxidative, anti-inflammatory, antibacterial, anti-

mutagenic, and anti-carcinogenic properties, in addition to 

their capacity to regulate important cellular enzyme 

activity [14–16]. Thus, the main flavonoid components of 

the flavonoid-rich extract of H. persicum were determined 

to be 8-(β-D-Glucopyranosyl)-4′,5,7-trihydroxyflavone, 

orientin, isoquercetin, and hyperoside; based on earlier 

studies on their bioactivity, all of these components were 

found to have significant antibacterial activity. 
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Figure 4.  Partial characterization of H. Persicum flavonoid extract by TLC 

Table 3.  Chemical compositions of flavonoids rich extract of H. 
Persicum via GC-MS 

Compound Rt(min)* Area (%) 

(β-D-Glucopyranosyl)-4′,5,7-

trihydroxyflavone 

26.29 7.24 

Orientin 29.41 3.71 

Isoquercetin 13.32 32.75 

Hyperoside 24.12 2.21 

3.5. In Vitro Antibacterial Activity 

Table 4 reveals that the degree of efficacy varied 

between Gram-positive and Gram-negative bacteria. H. 

persicum demonstrated the strongest effectiveness against 

Pseudomonas aeruginosa (18 mm) and Proteus merabiles 

(15.7 mm). The GC-MS analysis of the flavonoid-rich 

fraction of H. persicum revealed four main components. 

Compounds including 8-(β-D-Glucopyranosyl)-4′, 5,7-

trihydroxyflavone, orientin, isoquercetin, and hyperoside 

may have contributed to the observed antibacterial activity 

[17,18]. 

Table 4.  Antibacterial study of the flavonoids rich extract of H. 
Persicum 

Organisms Zone of inhibition 

Extract Ciprofloxacin 

(5 mg/Disc) 

Staphylococcus aureus ATCC 

25923 

14.3333 ± 1.5 33.66 ± 1.24 

Staphylococcus epidermidis 

ATCC 12228 

14.3333 ± 1.5 33.3 ± 1.24 

Escherichia coli ATCC 25922 14.3333 ± 1.5 35.66 ± 0.9 

Proteus mirabilis ATCC 299 15.6667 ± 1.5 23.66 + 1.24 

Salmonella choleraesuis ATCC 

10708 

13.3333 ± 1.5 33.3 ± 1.24 

Klebsiella pneumoniae ATCC 

700603 

12.5556 ± 1.5 26 ± 1.4 

Enterococcus faecalis ATCC 

29212 

14.3333 ± 1.5 25.33 ± 0.4 

Pseudomonas aeruginosa 

ATCC 27853 

18.0000 ± 1.5 33.3 ± 0.8 

*Each value is the mean of six batches with standard deviation. All the 
values are compared to the standard ciprofloxacin disc. All the test 
values are significantly lesser than the standard ciprofloxacin disc at p < 
0.05. 
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3.6. Molecular Docking Analyses 

The outcomes derived from the CB-DOCK analysis are 

illustrated in Figure 5. Protein-ligand binding affinity 

prediction-based interaction models utilizing a curvature-

dependent surface-area model [19, 20] had been made 

between DNA-Gyrase (as the target protein), a well-known 

and desirable target for antibacterial medications, and 

isoquercetin (as the ligand), a significant compound 

comprising around half of the flavonoid-rich extract of H. 

Persicum (32.75%) composition. Binding energy values 

(Vina score) were acquired and used to determine which 

interaction possessed the lowest binding energy. When the 

binding energies were identical during docking, the 

interaction within the greatest cavity was selected. The 

elemental colors of the crystallized structures of DNA-

Gyrase were as follows: blue denotes nitrogen, red oxygen, 

and white carbon. The ligand was similarly colored 

according to element: blue for N, red for O, grey for C, and 

white for H that was attached to an O or N atom. The DNA-

Gyrase enzyme under investigation coupled effectively 

with the isoquercetin flavonoid. The primary interactions 

were identified within the ligand's catalytic triad, which 

also possessed an average binding energy (Vina score) of -

8 kJ/mol. Our study revealed a good interaction between 

the DNA-Gyrase enzyme and the ligand isoquercetin, as 

indicated by the stable binding energies. This suggests that 

DNA-Gyrase may serve as a viable enzyme to assess the 

antibacterial activity of the flavonoid in question. 

 

Figure 5.  Molecular docking between ligand and target protein (A) 3D structure of the linked Isoquercetin and DNA Gyrase Enzyme (B) Cavity 

demonstrating the bonding compounds (C) Vina score 
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4. Conclusions 

The current investigation of phytochemical screening in 

the flavonoids-rich fraction of H. Persicum aerial part 

revealed that this plant has the potential to provide several 

medicinal components. The primary active components in 

H. Persicum have been identified to be flavonoids, 

alkaloids, tannin and phenols, which may account for many 

of the plant's pharmacological activities. Additionally, it 

was determined that the flavonoid-rich extract of H. 

persicum contained the following major flavonoid 

components: 8-(β-D-Glucopyranosyl)-4′,5,7-

trihydroxyflavone, orientin, isoquercetin, and hyperoside. 

The substantial antibacterial activity of this extract, which 

has been confirmed in prior research, could potentially be 

attributed to each of these constituents. Finally, it was 

observed that molecular docking interactions involving 

isoquercetin as the ligand and DNA-Gyrase exhibited 

consistent binding energies. This suggests that DNA-

Gyrase might be a helpful enzyme to assess the 

antibacterial properties of flavonoids. This plant may be a 

viable antibacterial agent if it is subjected to additional 

biological research, particularly against Proteus mirabilis 

and Pseudomonas aeruginosa. In addition, comprehensive 

research on the identification, characterization, and 

validation of HP-TLC in the plant extract will be promising 

for the development of novel medications. 
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