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Introduction  

Biologically active, naturally occurring chemical compounds 

found in plants, called phytochemicals (from the Greek word phyto, 

meaning plant) have health advantages for humans beyond those 

associated with macronutrients and micronutrients.1 They enhance the 

colour, flavour, and perfume of plants while shielding them from harm 

and disease. Generally speaking, phytochemicals are the plant 

compounds that shield plant cells from environmental dangers like 

pollution, stress, dehydration, ultraviolet exposure, and pathogenic 

attack.2,3 In recent times, it has been evident that they play a part in 

safeguarding human health when they consume large amounts of food. 

Almost 4,000 phytochemicals have been categorized and arranged 

according to their chemical makeup, physical attributes, and protective 

roles.4,5 During that time, the use of medicinal plants has nearly doubled 

in Asia. The main causes of this resurgence of interest include 

ecological consciousness, the effectiveness of many 

phytopharmaceutical preparations, such as ginkgo, garlic, or valerian, 

and the growing interest of large pharmaceutical corporations in higher 

medicinal plants.6  
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Frequent consumption of nutrient-dense foods (rich in phytochemicals) 

has been linked to several health benefits, including protection against 

acute and chronic metabolic or degenerative diseases such as diabetes, 

cancer, cardiovascular disease, and neurodegenerative diseases like 

Parkinson's, Alzheimer's, and others.7,8 Phytoconstituents function as 

cofactors, substrates, and inhibitors of enzymatic and biochemical 

reactions to produce their effects, as ligands, they are employed as 

agonists or antagonists at intracellular receptors on the cell surface and 

as scavengers of harmful substances. As chelates, they bind and 

eliminate undesirable components in the Gastrointestinal tract (GIT).9 

They are utilized as components that increase the stability and 

absorption of certain essential nutrients in addition to serving as 

essential development factors.10  

The henna plant (Lawsonia inermis L.) is indigenous to the Indian 

subcontinent, the Middle East, and North Africa. For thousands of 

years, people in North Africa and Asia have used henna, a plant that 

blooms in sunny climates, as a red dye and perfume. Mummies in 

ancient Egypt were covered in textiles stained with henna. Lawsonia 

inermis L. has demonstrated antimicrobial, antifungal11, antitumor12, 

larvicidal, antileishmanial, antimalarial13, hepatoprotective and 

antioxidant14, wound healing15, anti-inflammatory, analgesic, 

antipyretic16, memory enhancement17, and enzyme inhibitor18 

properties in pharmacological studies.  

Iraq is home to several henna species that are cultivated around the 

southern region of Iraq, particularly around Faw (29.999289, 

48.440181), Basrah Governorate, Iraqi henna is widely used19. This 

study's two main goals were to: (1) investigate the Lawsonia inermis 

acetone extract's potential for in vitro antibacterial action against 

Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus); and 
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Pharmacognosy have become an alternative to traditional medications because of a synergistic 

effect in combating bacterial infections and no multiple side effects. This investigation examined 

the antibacterial efficacy of Lawsonia inermis acetone extract against bacteria isolated from 

urinary tract infections (UTIs) and wounds, including Pseudomonas aeruginosa, Staphylococcus 

aureus, Klebsiella pneumonia, and Escherichia coli. To isolate the pathogenic bacteria (P. 

aeruginosa, S. aureus, K. pneumonia, and E. coli), clinical pathogenic samples were obtained. 

Acetone extract of Lawsonia inermis leaves was produced using Soxhlet extraction and the 

solution of solid extract was investigated by the cork borer technique which gave an inhibitory 

zone of 18 to 22 mm against the four species of bacteria. 16 phytocompounds (1a–1p) were 

identified in the extract using gas chromatography-mass spectrophotometry (GC–MS) peak area 
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of their antibacterial potential revealed binding affinities of – 4.38 to – 7.83 kcal/mol, – 4.67 to – 

7.47 kcal/mol, – 5.06 to – 9.07 and – 4.41 to – 7.30 kcal/mol against the dihydropteroate synthase 

and gyrase B 24kDa proteins of E. coli, and TyrRS and gyrase B proteins of S. aureus, 

respectively. The extract phytochemicals were subjected to physicochemical parameters 

evaluation: ADMET predictions. Pharmacokinetic prediction indicates fewer adverse effects. The 

extract has potential antimicrobial activity, with higher levels of clinical safety based on ADMET 

predictions. 
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(2) predict potential compounds identified by Gas Chromatography-

Mass Spectrometry (GC-MS) using in silico analysis, binding 

interactions via molecular docking, and Absorption, Distribution, 

Metabolism, and Excretion–Toxicity (ADMET) pharmacokinetic 

characteristics.  

Materials and Methods 

Materials and instruments  

Acetone (99.94%, Sigma), Dimethyl sulphoxide (DMSO) (99.5%, 

HiMedia, India), Ferric chloride (99.74%, Aldrich), Hydrochloric acid 

(37.35%, Sigma), Muller-Hinton and Nutrient agar (HiMedia, India), 

Incubator and Mini vortex (Fisher Scientific, USA), Centrifuge (Model 

PLC-012, Gemmy Instrument Corp., Taiwan). 

 

Collection and diversity of plant materials  

Lawsonia inermis leaves (VN310, BSRA) were collected in the 

neighbourhood of Basra (30.499036, 47.847679), Iraq, in September 

2023. The plant was chopped into tiny pieces, cleansed in distilled or 

tap water, and then let air dry in the shade at room temperature. An 

electric grinder was used to ground the leaves into a fine powder. The 

powdered plant sample was extracted with Acetone using the Soxhlet 

apparatus. After, 48 hours the extract was concentrated in a rotary 

evaporator to obtain a crude extract with a volume of approximately 20 

mL. The extract was then allowed to dry at room temperature. 

 

Antibacterial Test 

Antibacterial activity was determined by distributing 20 µL of the 

available pathogenic cultures across nutrient agar plates using Kirby 

Bauer's agar well diffusion method. Wells with a 7 mm diameter were 

drilled using a sterile borer. To function as a control, the extract was 

also added into the wells along with DMSO. Antibiotics were used at a 

dosage of 1000 µg/mL with standard disc diffusion. Using an agar well 

diffusion test, the antibacterial activity of Lawsonia inermis extract 

against Pseudomonas aeruginosa, Staphylococcus aureus, Klebsiella 

pneumonia, and Escherichia coli isolated from UTI and wound 

infection were assessed at dosages of 1000 and 500 µg/mL. Every plate 

was then incubated for 24 hours at 37℃. The inhibition zone was 

measured in millimetres to assess the extract's antibacterial 

effectiveness against two different bacterial strains.20 

 

Primarily Phytochemical Screening 

The phytochemical components of Lawsonia inermis leaf extract were 

identified using conventional extraction and screening techniques. 

 

Tannins Test 

To determine the tannin, 500 mg of the Lawsonia inermis leaf crude 

extract was filtered and combined with 10 mL of distilled water. FeCl3 

was added to the filtrate to produce a blue, blue-black, green, or blue-

green hue to confirm the presence of tannin.21 

Flavonoids Test: Shinoda test: A few pink scarlets, crimson red, or 

occasionally green to blue colour appearances emerged that were 

considered to indicate the presence of flavonoids when a little amount 

of magnesium was added to the extract, followed by the dropwise 

addition of concentrated hydrochloric acid.22 

 

Phenolic Compounds Test 

FeCl3 Test: To 1 mL of the filtered plant extract sample, a few drops of 

a 10% ferric chloride solution were added. The development of green, 

blue, or violet colour indicates the existence of phenolic chemicals.23 

 

Saponins Test 

In a test tube, 500 mg of the crude extract was shaken with water to 

confirm the presence of saponins. The creation of froth that held up to 

heating was proof that saponin was present.24 

 

GC–MS Analysis  

The Perkin-Elmer Clarus 680 system (Perkin-Elmer, Inc., U.S.A.) was 

used for GC-MS analysis of leaf extracts. It had a fused silica column 

(30 m in length, 250 m in diameter, and 0.25 m in thickness) filled with 

Elite-5MS capillary columns. The carrier gas, which was 99.99 percent 

pure, was pumped at a constant rate of 1 mL per minute. An electron 

ionization energy technique was employed for GC-MS spectrum 

detection, with a high ionization energy of 70 eV (electron Volts), a 

scan length of 0.2 s, and fragments ranging from 40 to 600 m/z. The 

injector temperature was kept at 250 °C while one litre of injection was 

made at a split ratio of 10:1. Initially, 50 °C was set as the column oven's 

temperature for three minutes. It was then elevated to 280 °C by 10 °C 

per minute until it was at 300 °C for ten minutes. The mass, peak area, 

peak height, and retention time (min) spectrum patterns of the samples 

were compared with spectral databases of genuine compounds kept in 

the National Institute of Standards and Technology (NIST) library to 

determine which phytochemicals were present. 

 

In Silico Analyses of the phytochemicals 

Ligand and Target Protein Preparation, and Molecular Docking 

The ChemOffice application (Chem sketch 16.0) was used to sketch the 

chemical structures of phytochemicals with the appropriate 2D 

orientation. With the aid of molecular docking and MOE 2022 v2 

software (Chemical Computing Group, France), all ligand and water 

molecules were eliminated from the isolated compounds. The crystal 

structures of E. coli [Dihydropteroate Synthase (protein ID: 1AJ0), 

Gyrase B 24kDa (protein ID: 6F86)] and S. aureus [TyrRS (protein ID: 

1JIJ), Gyrase B (protein ID: 3G75)] were obtained from the RCSB 

protein data database. The Protein Data Bank (PDB), accessible at 

(https://www.rcsb.org/), provided the protein data for all of the 

samples.25,26 

 

ADMET Profiling of the phytochemicals  

For in silico prediction, the simplified molecular-input line-entry 

system (SMILES) forms for every compound were used from 

ChemDraw 16.0. The ADMETlab 2.0 web server 

(http://www.admetmesh.scbdd.com/) was the platform for the 

physicochemical analysis (accessed on August 15, 2024). The pkCSM 

web server (https://biosig.lab.uq.edu.au/pkcsm/) was used to run 

analyses of the pharmacokinetic features (absorption, distribution, 

metabolism, excretion, and toxicity) (accessed on 15 Aug 2024).27,28 

 

Results and Discussion 

The phytochemical screening of the acetone extract of Lawsonia 

inermis leaves showed the presence of flavonoids, tannins, phenols, and 

saponins. The pH of the extract was 5.3. 

The GC-MS analysis of Lawsonia inermis extracts in acetone produced 

a GC-MS chromatogram with 58 peaks. These peaks were determined 

to be the bioactive compounds by comparing their mass spectral 

fragmentation patterns, peak retention times, peak areas (percent), and 

peak heights (percent) to those of the well-known compounds in the 

NIST library. Table 1 and Figure 1 show the GC-MS results of the first 

sixteen compounds (1a-1p) with decreasing sort of peak area percentage 

(10.66-1.72%). In another study, the isolation showed that there are 

many bioactive compounds such as lactones29 with good concentrations 

such as 1a, 1b, 1c, 1d, 1h and 1o, 1j (vitamin E), 1g, 1l (fatty acids), 1n 

(piperine) and 1f (naphthoquinone). The following are the major 

phytoconstituents with high concentrations and their peak area 

percentages: (3,6,9-Trimethylidene-2-oxo-3a,4,5,6a,7,8,9a,9b-

octahydroazuleno[4,5-b]furan-8-yl) acetate (10.66%), Dehydrocostus 

lactone (9.18%), Reynosin (7.35%),  Azuleno[4,5-b]furan-2(3H)-one, 

3a,4,6a,7,8,9,9a,9b-octahydro-6-methyl-3,9-bis(methylene)-, [3aS-

(3a.alpha.,6a.alpha.,9a.alpha.,9b.beta.)]- (7.03%), 

Tricyclo[6.3.3.0]tetradec-4-ene,10,13-dioxo- (5.80%), and 6,7-

Dimethyl-5-nitro-1,4-naphthoquinone (5.79%).  

In a previous study, ethanolic and aqueous Lawsonia inermis showed 

effective antibacterial activity against Gram-positive and Gram-

negative bacteria such as Staphylococcus xylosus, Serratia ficaria, 

klebsiella oxytoca and Escherichia coli30, which is in line with the 

current study. Similar results were reported by another study that 

concluded the antibacterial activity of ethanolic Lawsonia inermis 

extract against Aggregatibacter 

https://maps.app.goo.gl/2YGuHH7xKUcJGq6j7
https://www.rcsb.org/
http://www.admetmesh.scbdd.com/
https://biosig.lab.uq.edu.au/pkcsm/
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actinomycetemcomitans and Porphyromonas gingivalis bacteria.31 

Acetone extract of Lawsonia inermis leaf (1000 µg/mL) gave 

antibacterial activity against the studied bacteria with an inhibition zone 

of 20, 20, 18, and 22 mm for E. coli, K.  pneumonia, P. aeruginosa, and 

S. aureus, respectively, as shown in Figure 2. These antibacterial 

properties of the plant extracts are due to the presence of enriched 

constituents like polyphenols, flavonoids, and tannins.32 The higher 

contents of lactones in the plant extracts were detected in the current 

study which act as antibacterial agents.33 The phytochemical 

compounds detected by GC-MS analysis classified as lactones, phenols, 

fatty acids, and quinones, as shown in Figure 1, have been proven to 

express antibacterial potency against many types of bacteria.34,35 

 

Table 1: Phytochemical compounds identified in acetone Lawsonia inermis leaf extract using GC-MS 

No. Name of the compound 
Molecular 

formula 

Molecular 

weight 

Peak area 

(%) 

RT 

(min) 

1a 
(3,6,9-Trimethylidene-2-oxo-3a,4,5,6a,7,8,9a,9b-octahydroazuleno[4,5-

b]furan-8-yl) acetate 
C17H20O4 288.34 10.66 25.84 

1b Dehydrocostus lactone C15H18O2 230.31 9.18 23.10 

1c Reynosin C15H20O3 248.32 7.35 25.17 

1d 
(3aS,6aR,9aR,9bS)-6-methyl-3,9-dimethylene-3a,4,6a,7,8,9,9a,9b-

octahydroazuleno[4,5-b]furan-2(3H)-one 
C15H18O2 230.31 7.03 23.20 

1e 
(Z)-4,5,8,9-tetrahydro-1H-3a,9a-propanocyclopenta[8]annulene-2,11(3H)-

dione 
C14H18O2 218.30 5.80 24.99 

1f 6,7-Dimethyl-5-nitro-1,4-naphthoquinone C12H9NO4 231.21 5.79 27.06 

1g n-Hexadecanoic acid C16H32O2 256.43 4.18 22.66 

1h Santamarine C15H20O3 248.32 4.09 24.86 

1i gamma-Sitosterol C29H50O 414.72 3.41 34.08 

1j Vitamin E C29H50O2 430.72 2.89 32.10 

1k 2,4,6-Triisopropylbenzoyl chloride C16H23ClO 266.81 2.61 26.75 

1l Oleic Acid C18H34O2 282.47 2.26 24.34 

1m Neophytadiene C20H38 278.52 2.03 21.37 

1n Piperine C17H19NO3 285.34 1.97 30.53 

1o Spirafolide C15H18O3 246.31 1.82 22.85 

1p Celestolide C17H24O 244.38 1.73 25.34 

A 
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1b 
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1d 
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1f 

 
1g 

 
1h 

 
1i 

 
1j  

1k 
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1o 

 
1p 

Figure 1: (A) GC-MS chromatogram of Lawsonia inermis leaf extract. (B) Chemical structures of the phytocompounds 
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Figure 2: The antibacterial activity of the 1000 µg/mL extract 

against S. aureus (A),  P. aeruginosa (B), E. coli (C), and K. 

pneumonia (D) 
 

In the current study, the phytochemical compounds (1a–1p) were 

subjected to a molecular docking analysis to examine their interaction 

pattern with dihydropteroate synthase (1AJ0 protein) and DNA gyrase 

B (6F86 protein) of E. coli. Table 2 shows that the sixteen compounds 

had minimum binding energies ranging from – 4.38 to – 7.83 kcal/mol 

against dihydropteroate synthase. Compounds 1g, 1i, 1j, and 1l among 

the docked compounds had a high S-score (-7.05, -7.18, -7.83, and -

7.26 kcal/mol, respectively) in comparison to the conventional 

medication ceftriaxone (-7.21 kcal/mol). Compound 1g formed Van der 

Waals connections with HIS257 and has hydrogen bonds with LYS221 

and ARG255, it also has ionic interactions with LYS221 and ARG255 

(Table 3 and Figure 3). However, as Table 3 and Figure 4 demonstrate, 

compound 1l also has an ionic contact with LYS221 and GLY217 as 

well as an H-bond with LYS221 with dihydropteroate synthase. 

Similarly, the sixteen compounds' interactions with the E. coli DNA 

gyrase B were evaluated. Minimum binding energy was found using 

docking research to range from -4.67 to -7.47 kcal/mol (Table 2). When 

compared to the conventional ceftriaxone (– 6.66 kcal/mol), the docked 

compounds 1g and 1l had a better interaction with the same protein (– 

7.45 and – 7.47 kcal/mol, respectively). Table 3 and Figures 5 and 6 

highlight the H bonds and ionic interactions that these two compounds 

demonstrated with ARG136 and ARG76 

 

Table 2: Docking scores of conventional pharmaceuticals and phytochemical compounds covalently linked to the active site of E. coli 

dihydropteroate synthase (protein ID: 1AJ0), E. coli DNA Gyrase B 24kDa (protein ID: 6F86), S. aureus TyrRS (protein ID: 1JIJ), and 

S. aureus DNA gyrase B (protein ID: 3G75). 
 

Compd. 1AJ0 6F86 1JIJ 3G75 

S Score 

(kcal/mol) 

RMSD 

(Å) 

S Score 

(kcal/mol) 

RMSD 

(Å) 

S Score 

(kcal/mol) 

RMSD 

(Å) 

S Score 

(kcal/mol) 

RMSD 

(Å) 

1a -5.85 2.33 -5.86 2.58 -6.54 2.56 -5.95 1.85 

1b -5.11 1.47 -5.26 2.66 -5.83 0.84 -5.19 1.03 

1c -4.91 1.58 -5.53 0.85 -5.06 1.78 -5.01 2.13 

1d -5.09 0.97 -5.39 2.13 -6.14 1.04 -5.42 1.12 

1e -4.38 1.78 -4.72 1.87 -5.21 1.95 -4.41 2.05 

1f -5.29 1.29 -5.00 2.30 -6.09 1.89 -5.63 1.21 

1g -7.05 1.49 -7.45 1.87 -7.21 1.74 -6.86 2.32 

1h -5.18 2.22 -5.11 1.83 -5.48 2.56 -4.96 2.36 

1i -7.18 1.55 -6.02 2.27 -7.41 2.70 -5.62 2.11 

1j -7.83 1.56 -6.77 2.11 -9.07 2.17 -7.30 1.90 

1k -5.55 2.43 -4.67 2.25 -6.64 1.94 -5.75 2.56 

1l -7.26 1.78 -7.47 1.32 -7.94 2.02 -7.27 1.63 

1m -6.26 1.67 -6.03 2.14 -7.82 2.06 -6.51 1.96 

1n -6.60 1.42 -5.92 1.49 -6.87 1.50 -6.28 0.86 

1o -4.60 1.41 -5.13 2.15 -5.19 1.31 -4.56 2.25 

1p -5.41 0.85 -4.99 1.61 -6.97 1.46 -5.49 1.38 

Ceftriaxone -7.21 1.85 -6.66 2.14 -9.53 1.47 -7.54 2.01 

 

Table 3: Molecular docking data of phytochemicals against E. coli proteins 

Compd

. 

1AJ0 protein 6F86 protein 

Ligand ̶ Amino acid 

Interaction 

Types of 

Interactions 

Distance 

(Å) 

Interaction 

Energy 

(kcal/mol) 

Ligand ̶ Amino acid 

Interaction 

Types of 

Interactions 

Distance 

(Å) 

Interaction 

Energy 

(kcal/mol) 

1a O32   ̶ ARG235 H-acceptor 3.41 -28.19 O6  ̶  ARG76 H-acceptor 3.17 -30.83 

1b O31   ̶ ARG235 H-acceptor 3.43 -21.29 O31  ̶  ASN46 H-acceptor 3.37 -24.85 

1c O30   ̶ ARG235 H-acceptor 3.15 -14.87 O34  ̶  ARG136   H-acceptor 3.23 -25.40 

1d O21   ̶  ARG235 H-acceptor 3.30 -15.37 O21  ̶  ARG136   H-acceptor 3.26 -25.08 

1e    -12.37    -20.57 

1f O15   ̶ ARG235 

6-ring  ̶  SER222 

H-acceptor 

pi-H 

3.03 

4.25 

-21.02 O15  ̶  ASN46 

O17  ̶  ARG76 

6-ring  ̶  GLU50 

H-acceptor 

H-acceptor 

pi-H 

3.37 

2.99 

3.86 

-24.69 

1g O48   ̶ LYS221 

O49   ̶ ARG255 

O48   ̶ LYS221 

H-acceptor 

H-acceptor 

Ionic 

3.08 

3.26 

3.08 

-31.71 O48  ̶  ARG136 

O49  ̶  ARG136 

O48  ̶  ARG76 

H-acceptor 

H-acceptor 

Ionic 

3.27 

2.94 

3.10 

-33.98 

A B C D 
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O49   ̶ ARG255 

C44   ̶ HIS257 

Ionic 

H-pi 

3.26 

4.28 

O48  ̶  ARG136 

O49  ̶  ARG136 

Ionic 

Ionic 

3.27 

3.20 

1h O37   ̶ ARG63 H-acceptor 2.86 -22.52 O31  ̶  ASN46    H-acceptor 3.26 -24.82 

1i    -15.54    -30.31 

1j    -14.63 O80  ̶  GLY77    

6-ring  ̶  ARG76    

H-donor 

pi-cation 

2.86 

3.21 

-37.39 

1k O10   ̶ ARG235 

6-ring  ̶  SER222 

H-acceptor 

pi-H 

3.30 

4.07 

-23.58 O10  ̶  ARG76    H-acceptor 3.26 -19.41 

1l O52   ̶ LYS221 

O53   ̶  GLY217 

O52   ̶  LYS221 

 

H-acceptor 

H-acceptor 

Ionic 

3.10 

3.35 

3.10 

-26.98 O52  ̶  ARG76 

O53  ̶  ARG136 

O52  ̶  ARG76 

O53  ̶  ARG136 

H-acceptor 

H-acceptor 

Ionic 

Ionic 

3.04 

3.02 

3.04 

2.96 

-32.76 

1m    -26.44    -20.40 

1n C23   ̶ MET139 H-donor 3.96 -25.92 O20  ̶  ARG136 

O20  ̶  ARG136   

6-ring  ̶  ILE78    

H-acceptor 

H-acceptor 

pi-H 

3.32 

3.00 

3.90 

-32.59 

1o O31   ̶ SER222 H-acceptor 2.79 -18.41    -25.73 

1p O38   ̶ ARG235 H-acceptor 3.27 -23.21 O38  ̶  ARG136   H-acceptor 3.15 -23.98 

 

 
Figure 3: (a) Surface and (b) 2D view of docked conformation 

of 1g against E. coli 1AJ0 protein 
 

 

Figure 4: (a) Surface and (b) 2D view of docked conformation 

of 1l against E. coli 1AJ0 protein 
 

 

 

 
Figure 5: (a) Surface and (b) 2D view of docked conformation 

of 1g against E. coli 6F86 protein 
 

Table 2 displays the various binding energies that were obtained when 

the S. aureus proteins TyrRS and DNA gyrase B were docked with the 

binding sites of the same ligands. For the TytRS protein and the DNA 

gyrase B protein, the sixteen phytochemical compounds' S-scores 

ranged from -5.06 to -9.07 and -4.41 to -7.30 kcal/mol, respectively. In 

contrast, the conventional ceftriaxone produced S-score values of -9.53 

and -7.54 kcal/mol with the same two proteins, respectively. The 

highest docked ligands with DNA gyrase B protein were 1j (– 7.30 

kcal/mol) and 1l (– 7.27 kcal/mol). Of the docked ligands, 1g, 1i, 1j, 1l, 

and 1m had a high S-score (– 7.21, – 7.41, – 9.07, – 7.94, and – 7.82 

kcal/mol, respectively) against the TyrRS protein. With TytRS protein, 

ligand 1g connected with the protein post by ionic and hydrogen 

interactions with LYS84 and ARG88 (Table 4 and Figure 7), whereas 

ligand 1l interacted through ionic and hydrogen bonds with ASP80, 

ARG88, and LYS84 (Table 4 and Figure 8). As seen in Table 4 and 

Figure 9, ligand 1g also had an H-bond with LYS84 and ionic 

interactions with LYS84 and ARG88 for the DNA gyrase B, whereas 

ligand 1l provided two H-connections with ARG144 and two ionic 

bonds with the same amino acids for the same protein (Table 4 and 

Figure 10). 

In the Drug-Likeness and ADMET properties studies, tools from 

ADMETlab were utilized to examine the physicochemical and drug-

like properties. When the chemical meets the appropriate criteria—
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molecular weight ≤ 500 g/mol, logP ≤ 5, number of hydrogen bond 

acceptors ≤ 10, and number of hydrogen bond donors ≤ 5 it can be a 

superior clinical candidate, according to Lipinski's Rules of Five.36-38 

According to Table 5, the chosen compounds' molecular weights fall 

within the permissible range of ≤ 500 g/mol, this is significant because 

high molecular weights can affect the body's ability to absorb, diffuse, 

and transport substances.39 Selected chemicals have superior solubility 

in cellular membranes because their number of hydrogen bond donors 

is fewer than 5 and their number of hydrogen bond acceptors is less than 

10. According to the outcome, every chosen compound complies with 

Lipinski's Five Rules.  

 

Table 4: Molecular docking data of phytochemicals against S. aureus proteins 

Compd

. 

1JIJ protein 3G75 protein 

Ligand ̶ Amino acid 

Interaction 

Types of 

Interactions 

Distance 

(Å) 

Interaction 

Energy 

(kcal/mol) 

Ligand ̶ Amino acid 

Interaction 

Types of 

Interactions 

Distance 

(Å) 

Interaction 

Energy 

(kcal/mol) 

1a O6  ̶  TYR36 H-acceptor 3.44 -28.74 O6  ̶  SER  129 H-acceptor 2.76 -26.70 

1b O31   ̶ GLN190 H-acceptor 2.75 -13.82 O31  ̶  THR173 H-acceptor     2.95       -25.14 

1c O30   ̶ ASP40 

O34   ̶ GLN190 

H-donor 

H-acceptor 

2.73 

2.76 

-28.03 O34  ̶  THR173   H-acceptor     2.77       -22.61 

1d O21   ̶ CYS37 

O21   ̶ GLY193 

H-donor 

H-acceptor 

4.10 

3.42 

-23.84 O21  ̶  THR173   H-acceptor     2.85       -24.05 

1e O12   ̶ LYS84 

O17   ̶ HIS50 

H-acceptor 

H-pi 

2.81 

3.89 

-24.23    -19.01 

1f O15   ̶ TYR36 H-acceptor 2.97 -32.33 O14  ̶  THR173   H-acceptor     2.89       -21.79 

1g O49   ̶ LYS84 

O49   ̶ LYS84 

O49   ̶ ARG88 

H-acceptor 

Ionic 

Ionic 

3.10 

3.10 

3.89 

-35.33 O48  ̶  ARG84    

O49  ̶  ARG144 

O49  ̶  ARG144 

H-acceptor     

H-acceptor     

Ionic  

3.49       

2.98       

2.98 

-36.82 

1h O37   ̶ LYS84 H-acceptor 2.97 -27.20    -22.20 

1i C67   ̶ HIS50 H-pi 3.99 -30.01    -27.54 

1j    -42.67    -39.15 

1k CL11   ̶ ASP80 

O10   ̶ ASP40 

H-donor 

H-acceptor 

3.22 

2.84 

-23.08 CL11   ̶ ASP57    H-donor        3.94       -22.44 

1l O52   ̶ ASP80 

O52   ̶ ARG88 

O53   ̶ LYS84 

O52   ̶ ARG88 

O53   ̶ LYS84 

O53   ̶ ARG88 

H-acceptor 

H-acceptor 

H-acceptor 

Ionic 

Ionic 

Ionic 

3.57 

2.89 

2.86 

2.89 

2.86 

3.13 

-38.66 O52  ̶  ARG144 

O53  ̶  ARG144 

O52  ̶  ARG144   

O53  ̶  ARG144   

H-acceptor     

H-acceptor     

Ionic 

Ionic 

2.96 

2.99 

2.96 

2.99 

 

-36.69 

1m C51   ̶ HIS50 H-pi 3.45 -31.62    -27.96 

1n C23   ̶ ASP177 

O20   ̶ GLY193 

H-donor 

H-acceptor 

3.11 

2.93 

-33.25 O19  ̶  ARG144   H-acceptor     3.28       -29.96 

1o C14   ̶ ASP195 

C9   ̶ PHE54 

H-donor 

H-pi 

3.39 

4.79 

-22.38    -17.08 

1p 6-ring  ̶  ALA39 pi-H 4.27 -32.27    -22.08 

 

Table 5: In silico physicochemical and drug-likeness properties of isolated compounds 

Parameter  1a 1b 1c 1d 1e 1f 1g 1h 

Molecular Weight (MW) 288.140 230.130 248.140 230.130 218.130 231.050 256.240 248.140 

Van der Waals volume (VDWV) 249.361 249.361 260.788 249.361 234.702 226.698 300.236 260.788 

Density (MW/VDWV) 0.964 0.923 0.952 0.923 0.929 1.019 0.853 0.952 

H-bond Acceptor Count  4 2 3 2 2 5 2 3 

H-bond Donor Count 0 0 1 0 0 0 1 1 

Rotatable Bond Count 2 0 0 0 0 1 14 0 

Molecular Flexibility 0.100 0.000 0.000 0.000 0.000 0.071 14.000 0.000 

Stereo Centers Count  5 4 5 4 0 0 0 5 

TPSA 52.600 26.300 46.530 26.300 34.140 77.280 37.300 46.530 

Water solubility Log S -2.877 -3.612 -3.216 -3.458 -1.802 -4.196 -5.223 -3.087 

Lipophilicity Log Po/w 1.722 2.759 2.160 3.516 1.312 2.356 6.732 2.660 

References, MW < 500, H-bond Acceptor Count = < 10, H-bond Donor Count < 5, Rotatable Bond Count < 11, Stereo Centers Count ≤ 2, TPSA ≤ 140, 

Log S -4 to 0.5, log P < 5 

 

Table 5 Cont’d: In silico physicochemical and drug-likeness properties of isolated compounds 

Parameter  1i 1j 1k 1l 1m 1n 1o 1p 

Molecular Weight (MW) 414.390 430.380 266.140 282.260 278.300 246.130 246.130 244.180 

Van der Waals volume 

(VDWV) 

482.068 502.698 290.191 332.192 349.203 258.152 258.152 283.720 

Density (MW/VDWV) 0.860 0.856 0.917 0.850 0.797 0.953 0.953 0.861 
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H-bond Acceptor Count  1 2 1 2 0 3 3 1 

H-bond Donor Count 1 1 0 1 0 0 0 0 

Rotatable Bond Count 6 12 4 15 13 0 0 2 

Molecular Flexibility 0.300 1.091 0.571 7.500 6.500 0.000 0.000 0.182 

Stereo Centers Count  9 3 0 0 2 4 4 0 

TPSA 20.230 29.460 17.070 37.300 0.000 35.530 35.530 17.070 

Water solubility Log S -7.052 -6.995 -5.843 -3.308 -7.116 -2.777 -2.777 -5.593 

Lipophilicity Log Po/w 7.663 9.852 4.959 6.169 8.007 2.282 2.282 5.556 

Standard, MW < 350, H-bond Acceptor Count = < 12, H-bond Donor Count < 7, Rotatable Bond Count < 11, Stereo Centers Count ≤ 2, TPSA ≤ 140, 

Log S -4 to 0.5, log P < 5 

 

 

 
Figure 6: (a) Surface and (b) 2D view of docked conformation 

of 1l against E. coli 6F86 protein 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: (a) Surface and (b) 2D view of docked conformation 

of 1g against S. aureus 1JIJ protein 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: (a) Surface and (b) 2D view of docked conformation 

of 1l against S. aureus 1JIJ protein 
 

 

 
Figure 9: (a) Surface and (b) 2D view of docked conformation 

of 1g against S. aureus 3G75 protein 
 

 

 
Figure 10: (a) Surface and (b) 2D view of docked 

conformation of 1l against S. aureus 3G75 protein. 
 

Lipophilicity (logP) values less than five, a favourable indicator of oral 

availability40, were present in 60% of the compounds that were chosen. 

The consensus log Po/w was taken into consideration when calculating 

the mean anticipated lipophilicity values, which were used to determine 

the compound's non-aqueous solubility. This means that the consensus 

log Po/w values of a molecule will be more negative the more soluble 

it is. Findings indicated that the substance is not soluble in non-aqueous 

media, and the log S scale was employed to calculate the aqueous 

solubility, the chemical is moderately soluble (-7.116 to -1.802) on the 

log S scale. If log S is less than or equal to ten in the following cases: 
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poorly soluble, moderately soluble, soluble, extremely soluble, and 

highly soluble at or below 0.6.41 

The compounds' topological polar surface area (TPSA) ranged from 

17.070 to 77.280 Å2, which is less than 140 Å2, indicating acceptable 

solubility.42 Better permeability through the gastrointestinal and blood-

brain barriers is suggested by lower TPSA readings. A novel drug 

candidate may be identified by having rotatable bonds less than nine43; 

nevertheless, this criterion does not satisfy nearly all phytochemicals, 

except for 1a, 1f, 1i, 1k, and 1p. Molecular flexibility is reflected in the 

values of rotatable bonds and ranges from 0.0 (stiff) to 1.0 (fully 

flexible).44 

Table 6 presents the estimated pharmacokinetic parameters of the 

separated compounds in terms of ADME (Absorption, Distribution, 

Metabolism, and Excretion), which offers information on their possible 

therapeutic use. For all phytochemical substances, gastrointestinal (GI) 

absorption exhibited improved absorption kinetics. All compounds 

showed strong Caco-2 membrane permeability (log Papp value > 0.9 

cm/s)45, suggesting that they might be absorbed by humans. Except for 

1a, 1f, 1g, 1l, and 1p, the skin permeability values for certain substances 

were below the typical threshold (log kp ≥ -2.5 cm/s)46, indicating poor 

absorptive capacities through the skin. 1e and 1n were shown to be 

substrates for P-gp, which may affect how well they are absorbed and 

distributed throughout the body with their interaction with P-

glycoprotein (P-gp). On the other hand, 1i and 1j were found to be P-gp 

II inhibitors, which may have an impact on their systemic distribution 

and bioavailability. In contrast, 1a, 1b, and 1d were shown to be P-gp 

I.47,48 The ability of the compounds to diffuse and penetrate via different 

physiological barriers was studied (Table 6). Except for 1g and 1l, all 

substances had steady-state volume of distribution (VDss) values that 

were greater than the lower limit (> -0.15), demonstrating their wide 

dispersion throughout the body. In contrast to the other compounds, 1j, 

1k, 1m, and 1p showed greater VDss values (>0.45), indicating that they 

were distributed widely throughout tissues as opposed to in the 

plasma.49 For 70% of the compounds, a greater unbound fraction was 

found, suggesting improved cell membrane penetration. On the other 

hand, 30% of compounds showed a zero unattached fraction, indicating 

a high affinity for protein binding. The ability of phytochemicals (56%) 

to cross the blood-brain barrier (BBB) is demonstrated by log BB values 

> 0.350, and 87% of these compounds are distributed in the central 

nervous system (CNS) as indicated by log PS values > -251, suggesting 

that these compounds may have neurological effects. 

By evaluating the separated compounds' interactions with cytochrome 

P450 isoforms and taking into account their functions as substrates or 

inhibitors, metabolism prediction was carried out (Table 5). For all 

isoenzymes, the majority of the substances were found to be 

noninhibited. Nevertheless, it was shown that 68% of the substances are 

substrates for CYP3A4 isoenzymes, suggesting that CYP3A4 may be 

involved in the modification of some metabolic pathways. None of the 

substances were anticipated to be substrates for the renal organic cation 

transporter 2 (OCT2) in terms of excretion kinetics. While 1k had the 

lowest score (-0.08 logmL/min/kg)52, indicating a relatively low 

clearance rate, 93% of chemicals showed the maximum overall 

clearance score (0.3-1.884 log mL/min/kg), demonstrating their 

effective removal from the body. The majority of chemicals' safety 

profiles are shown by the toxicity evaluations listed in Table 7. Class 6 

(LD50 > 5000) was assigned to compound 1m, suggesting that it is 

comparatively non-toxic. Comparably, class 5 (2000 < LD50 ≤ 5000) 

was assigned to 1e, 1f, 1h, and 1j, emphasizing their low toxicity. 

However, class 4 (300 < LD50 ≤ 2000) include 1a, 1b, 1c, 1d, 1g, 1i, 1k, 

1n, 1o, and 1p, which show a higher level of toxicity. All of the isolated 

compounds are very similar in acute rat oral toxicity (LD50) estimates, 

which range from 1.533 to 2.674 mol/kg.53,54  

Compound 1a showed greater hazardous values (0.829 log mg/kg/day) 

in chronic rat oral toxicity than the other compounds, indicating 

possible long-term health hazards associated with their use. Only three 

of the sixteen compounds identified in the identification state function 

as hERGII inhibitors, which raises questions regarding their possible 

effects on cardiac health. Finally, the lack of identification as hERGI 

inhibitors is a favorable discovery. The hepatotoxicity results showed 

that all of the compounds, except 1l and 1n, are benign. The skin 

sensitization results indicated that half of the compounds are safe.55,56 

 

Table 6: ADME pharmacokinetic properties of the phytochemical compounds 

Parameters Phytochemicals 

1a 1b 1c 1d 1e 1f 1g 1h 

Absorption 

Caco2 permeability 1.373 1.089 1.269 1.919 1.602 0.959 1.557 1.283 

GI absorption 98.735 99.15 97.186 98.315 97.85 96.679 91.957 97.522 

Skin Permeability -3.26 -2.579 -3.678 -2.436 -2.864 -2.476 -2.371 -2.94 

P-gp substrate (Yes/No) No No No No Yes No No No 

P-gp I inhibitor (Yes/No) Yes Yes No Yes No No No No 

P-gp II inhibitor (Yes/No) No No No No No No No No 

Distribution 

VDss (human) 0.09 0.323 0.222 0.355 0.333 0.232 -0.56 0.193 

Fraction unbound (human) 0.337 0.277 0.456 0.251 0.482 0.208 0.094 0.391 

BBB permeant -0.235 0.6 0.343 0.591 0.311 -0.251 -0.119 -0.002 

CNS permeability -2.817 -2.207 -2.903 -2.167 -3.093 -2.121 -1.816 -2.617 

Metabolism 

CYP2D6 substrate No No No No No No Yes No 

CYP3A4 substrate Yes Yes No Yes No No Yes No 

CYP1A2 inhibitor No No Yes No No Yes Yes No 

CYP2C19 inhibitor No No No No No No No No 

CYP2C9 inhibitor No No No No No No No No 

CYP2D6 inhibitor No No No No No No No No 

CYP3A4 inhibitor No Yes No No No No No No 

Excretion 

Total renal clearance 0.685 0.691 1.158 0.693 1.197 0.405 1.763 1.142 

Renal OCT2 substrate Yes Yes No Yes No No No No 

OCT2 = Organic Cation Transporter 2, BBB = Blood-brain barrier, CNS = Central nervous system, P-gp = P- glycoprotein, VDss = steady-state volume 

of distribution 

 



                               Trop J Nat Prod Res, April 2025; 9(4): 1599 - 1609                 ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

1607 

 © 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

 

 

 

 

Table 6 Cont’d: ADME pharmacokinetic properties of the phytochemical compounds 

 Phytochemicals 

1i 1j 1k 1l 1m 1n 1o 1p 

Absorption 

Caco2 permeability 1.205 1.219 1.306 1.562 1.397 1.306 1.701 1.524 

GI absorption 94.866 89.181 94.102 91.776 91.794 95.005 98.926 95.313 

Skin Permeability -2.794 -2.699 -2.562 -2.522 -2.575 -3.123 -2.932 -2.011 

P-gp substrate (Yes/No) No No No No No Yes No No 

P-gp I inhibitor (Yes/No) No No No No No No No No 

P-gp II inhibitor (Yes/No) Yes Yes No No Yes No No No 

Distribution 

VDss (human) 0.24 0.744 0.888 -0.567 0.639 0.311 0.307 0.841 

Fraction unbound (human) 0 0 0 0.046 0 0.139 0.366 0 

BBB permeant 0.797 0.962 0.719 -0.176 0.96 0.269 0.146 0.574 

CNS permeability -1.754 -1.629 -1.28 -1.654 -1.296 -1.727 -2.716 -1.408 

Metabolism 

CYP2D6 substrate No No No Yes No No No No 

CYP3A4 substrate Yes Yes Yes Yes Yes Yes No Yes 

CYP1A2 inhibitor No No Yes Yes Yes Yes Yes Yes 

CYP2C19 inhibitor No No No No No Yes No Yes 

CYP2C9 inhibitor No No No No No No No No 

CYP2D6 inhibitor No No No No No No No No 

CYP3A4 inhibitor No No No No No No No No 

Excretion 

Total renal clearance 0.628 0.798 -0.008 1.884 1.764 0.3 0.605 0.954 

Renal OCT2 substrate No No No No No No No No 

 

 

Table 7: Toxicity properties of the phytochemical compounds 

Parameters Phytochemicals 

1a 1b 1c 1d 1e 1f 1g 1h 

AMES toxicity No No No No No Yes No No 

Max. tolerated dose (human) (log mg/kg/day) 0.035 0.349 0.423 0.112 0.318 0.192 -0.818 0.228 

hERG I inhibitor No No No No No No No No 

hERG II inhibitor No No No No No No No No 

Oral Rat Acute Toxicity (LD50) (mol/kg) 1.997 1.638 1.838 1.72 1.85 2.053 1.595 2.278 

Oral Rat Chronic Toxicity (LOAEL) (log mg/kg 

bw/ day) 

1.371 1.805 1.605 1.794 1.797 1.598 3.173 1.727 

Hepatotoxicity No No No No No No No No 

Skin Sensitization No Yes No Yes Yes No Yes No 

T. Pyriformis toxicity (log µg/L) 0.692 0.92 0.698 1.17 0.466 1.47 0.387 0.613 

Minnow toxicity (log mM) 1.947 1.244 1.989 1.148 1.597 0.538 -1.083 1.44 

Predicted LD50 (mg/kg) 1330 1330 1330 1330 5000 3000 900 5000 

Predicted Toxicity Class 4 4 4 4 5 5 4 5 

hERG = human ether-go-go-related gene 

 

Table 7 Cont’d Toxicity properties of the phytochemical compounds 

Parameters Phytochemicals 

1i 1j 1k 1l 1m 1n 1o 1p 

AMES toxicity No No No No No No No No 

Max. tolerated dose (human) (log mg/kg/day) -0.555 0.595 -0.126 -0.943 -0.066 -0.265 0.369 0.106 

hERG I inhibitor No No No No No No No No 

hERG II inhibitor Yes Yes No No Yes No No No 

Oral Rat Acute Toxicity (LD50) (mol/kg) 2.326 1.965 1.748 1.604 1.533 2.658 2.674 1.905 

Oral Rat Chronic Toxicity (LOAEL) (log mg/kg 

bw/ day) 

0.829 2.365 1.248 3.251 1.137 1.891 1.751 1.18 

Hepatotoxicity No No No Yes No Yes No No 
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Skin Sensitization No No Yes Yes Yes No No Yes 

T. Pyriformis toxicity (log µg/L) 0.454 0.979 0.506 0.366 1.5 1.521 0.673 2.334 

Minnow toxicity (log mM) -2.12 -3.281 -1.222 -1.438 -1.871 0.916 1.193 -0.183 

Predicted LD50 (mg/kg) 890 5000 2000 48 5050 330 1330 1700 

Predicted Toxicity Class 4 5 4 2 6 4 4 4 

Conclusion 

Lawsonia inermis acetone extract exhibited inhibitory potential against 

bacteria isolated from urinary tract infections (UTIs) and wound 

infections, including E. Coli, K. pneumonia, P. aeruginosa, and S. 

aureus. Lawsonia inermis extract contains sixteen different 

phytocompounds, some of which have demonstrated their antibacterial 

action and obeyed ADMET and Lipinski rules. The most promising 

possibilities among these sixteen compounds, based on in silico 

investigations, were 1g (n-Hexadecanoic acid) and 1l (Oleic Acid), 

which demonstrated significant affinity (S-score) with the four 

categories of bacterial proteins. Additionally, some of these substances 

showed superior molecular interactions to the generic ceftriaxone 

medication. Consequently, the study concluded that antibiotic 

resistance was on the rise, but that plant extract phytocompounds had a 

wider range of antibacterial activity, which may open the door to the 

development of alternative medicines derived from natural sources. 
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