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A B S T R A C T 

Background:  

Tuberculosis (TB) remains a major health threat, aggravated by rising drug resistance and treatment toxicity. Henna (Lawsonia 

inermis) is a plant commonly used in traditional medicine and folk cosmetics. The plant has topical anti-fungal effect, protect 

sunburn; topical analgesic and relief inflammation.  However, their mechanism of action against Mycobacterium tuberculosis 

is not yet fully characterized. 

Objective: 

The present study aimed to evaluate the antimycobacterial effect of naphthoquinones natural derivatives from henna leaves 

extract against M. tuberculosis by computational approach targeting three essential Mycobacterium enzymes involved in 

bacterial growth and survival; and to identify the interactions between the derivatives and the target protein. 

Methods: 

The plant leaves were extracted by maceration in methanol and then subjected to GC-MS analysis and naphthoquinones 

derivatives were identified. Thereafter, the derivatives were investigated by molecular docking against mycobacterial target 

proteins including: Protein kinase G (PknG, PDB ID: 3CKQ), 4-diphosphocytidyl-2C-methyl-D-erythritol cytidyltransferase 

(IspD) and UDP-glucose-specific glycosyltransferase.  

Results: 

The docking results revealed that four Naphthoquinone compounds, 5-Hyroxy-1,4 Naphthoquinone, 2-Amino-3-chloro-1,4 

Naphthoquinone and Coumarin-3-carboxylic acid exhibited binding affinities of −7.6, −8.2, −9.0, and −12.5 kcal mol−1 

respectively, against protein kinase G, IspD and UDP-glucose-specific glycosyltransferase. Coumarin-3-carboxylic acid was a 

most promising candidate among the derivatives investigated achieved optimal binding stability and high inhibitory potential. 

Conclusion:  

The molecular docking analysis showed a significant antituberculosis potential of naphthoquinone derivatives found in henna 

leaves, particularly Coumarin-3-carboxylic acid as a promising lead for PknG inhibition. These findings provide a rationale for 

further biological validation and development of novel phytochemical-based therapeutics against drug-resistant TB. Further 

validating an in vivo activity of derivatives will be recommended. 
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1. Introduction   

Naphthoquinone derivatives found in Lawsonia inermis are recognized for their broad range of pharmacological properties, including 

potential applications in treating infectious and neoplastic diseases [1-2]. Naphthoquinones (NQs) represent a diverse class of phenolic 

compounds known for a spectrum of biological effects, such as antiviral, antibacterial, antiparasitic, anti-inflammatory, anticancer, and 

antifungal actions3. The antibacterial drug irrational use led to different microorganisms have emerged with enhanced resistance. Also, many 

of these drugs have shown potential adverse effects in humans. As global epidemic, Mycobacterium tuberculosis strains are emerged multi-

drug-resistant threatening progress. M. tuberculosis is intrinsically resistant to many antibiotics, limiting the availability of effective 

treatment. Therefore, it has been a mounting in the efforts to discover or develop novel antimicrobial agents4,5. NQs unique chemical structure 

allows them to interact with biological molecules, and modifications can lead to more effective therapeutic agents. The continuing exploration 

of naphthoquinone derivatives for their biological and medicinal potential remains a vibrant area of research. Molecular docking serves as a 

computationally efficient approach for predicting how small molecules orient and interact within a protein’s binding site, making it a valuable 

tool in structure-based drug discovery6,7. The M. tuberculosis PknG enzyme has been reported to mediate atypical ubiquitination processes 

that lead to the degradation of host signaling proteins such as TRAF2 and TAK1, consequently dampening innate immune defenses8. 

Therefore, targeting PknG is an important tool for development of a new effective drugs against M. tuberculosis resistant strains9. Given their 

diverse bioactivities, naphthoquinone derivatives represent promising structural templates for designing new agents effective against 

Mycobacterium species. This study aimed to evaluate antimycobacterial effect of naphthoquinone natural derivatives identified by GC-MS 

in Henna leaves against PknG enzyme by computational studies as anti-mycobacterium agents. 

1. Methodology 

2.1. Natural extract and chemicals: 

L. inermis dried powdered leaves (50 g) were macerated with 500 mL methanol (1:10 w/v) for 72 h with occasional shaking and filtered. 

Extraction was repeated in triplicate and combined extracts were concentrated under reduced pressure to obtain a yield of 9.8% w/w. 

Lawsone (2-hydroxy-1,4-naphoquinone) and 5-hydroxy-1,4-naphthoquinone were purchased from Alfa Alesar (Ajaohnson Matthy     

company, USA). 2,3 dichloro-1,4-naphthoquinone, Squalene, 1,4 naphthoquinones were purchased from Sigma-Aldrich (product of 

Japan). 

2.2. GC-MS analysis 

GC-MS analysis of the prepared sample of natural extract of was carried out using a GC/MS (GC/MS-QP2010-Ultra) instrument model 

from the Japanese Shimadzu Company (serial number: 020525101565SA) and a capillary column (Rtx-5 ms-30 m × 0.25 mm × 0 25 µm). 

The sample (1 mg) of the extract was dissolved in 1 mL methanol then 1 µL was injected using a split mode (10:1). The helium, a carrier 

gas, was passed at a flow rate of 1.61 ml/min, and the temperature program started from 60 ˚C at a rate of 10 ˚C/min to 300 ˚C as a last 

temperature degree with a holding time of 5 minutes, the temperature of injection channel was a 300 ˚C, an ion source temperature was a 

200 ˚C and an interface temperature was 250 ˚C. Mass spectral analysis of the extract was performed using a scan mode with a mass to 

charge a range of 40–500 m/z. Component identification was achieved by comparing their retention index and mass fragmentation models 

with those available in the library of the National Institute of Standards and Technology (NIST) mass spectral database with (>89%) 

matching percentage, Kovats retention index comparison, and confirmation using analytical standards for lawsone and 5-hydroxy-1,4-

naphthoquinone. Semi-quantitative analysis was conducted using normalized peak area %, and lawsone represented 20.1% of the total ion 

chromatographic area. The results were recorded. 

 



                          LEBDA MEDICAL JOURNAL, Vol. 10 No. 2. 2025. Pages 76-83  

 

 

 
 Lebda Medical Journal; [LMJ]; {Online ISSN:2502-095X} 

 

Lebda Medical Journal Homepage: https://lebmedj.elmergib.edu.ly/index.php/LMJ/en 

 

 

Corresponding author: gadora-313@hotmail.com 78 

 

 2.3. Molecular Docking  

Preparation of ligand compounds and target protein 

Depending on the GC-MS analysis of L. inermis extract, the three-dimensional assembly of the five naphthoquinones were collected from 

the chemical entities of biological interest CheBI online database10. Subsequently, the ligands set have been prepared through LigPrep 

module of Schrödinger to standardize their chemical properties11. Three of vital mycobacterial enzymes crystal structures for M. 

tuberculosis Protein kinase G (PknG; PDB: 2PZI, chain A, 2.00 Å resolution), IspD (2-C-methyl-D-erythritol cytidylyltransferase; PDB: 

2XWL, chain A, 2.30 Å resolution), and UDP-glucose-dependent glycosyltransferase (PDB: 3CKQ, chain A, 2.40 Å resolution) were 

downloaded from protein data Bank (PDB) online database. Co-crystallized small molecules and non-essential water molecules were 

removed, while catalytically relevant ions and conserved water in the binding pocket were retained. Protein structures were prepared using 

Schrödinger Protein Preparation Wizard (Maestro v13.4; OPLS4 force field) including: assignment of protonation states at pH 7.0 ± 0.5 

using Epik, optimization of hydrogen bonding networks, addition of missing side chains and restrained minimization to 0.3 Å RMSD. 

Protein-ligand docking 

Ligands were obtained from PubChem and ChEBI and processed using LigPrep (pH 7.0 ± 0.5), generating possible tautomers and 

protonation states. Docking was performed with Glide Extra Precision (XP) mode. Docking was performed with Glide Extra Precision 

(XP) mode. A receptor grid was generated around the co-crystallized ligand binding site with a 20 × 20 × 20 Å grid box centered at the 

binding pocket centroid. Default van der Waals scaling (0.80) was applied for nonpolar atoms. Up to 10 poses per ligand were generated 

and ranked by XP GlideScore. The top-ranked pose was further rescored using Prime MM-GBSA (VSGB solvation model) to refine 

binding energy estimates. All simulations were performed on a Windows 10 workstation, Intel Core i7, 16 GB RAM. Up to 32 

stereoisomers per compound were retained for docking. The targeted proteins data set contained: Protein kinase G enzyme that maintains 

the existence of the mycobacterium inside the host through it is interference with the host lysosomal defence mechanism12. UDP-Glucose 

specific glycosyltransferase which is an essential enzyme that participates in biosynthetic machineries of oligosaccharide and 

glycoconjugate sequences production of the mycobacterial cell wall13. IspD enzyme that mediate the alternative mevalonate synthesis 

pathway, and it is descending derivatives14. For IspD enzyme the binding pocket was not clearly defined so it has been predicted using 

site map module of Schrödinger11. Naphthoquinone derivatives have been tested against the three proteins using the theory of inverse 

docking through glide extreprescion docking (XP) module in Schrödinger against these enzymes15. 

Docking Validation 

Docking validation was performed by re-docking the native co-crystallized ligands into the binding pockets of PknG, IspD, and UDP-glucose 

glycosyltransferase using the same Glide XP protocol. RMSD values between docked and experimental poses were 1.42 Å (2PZI), 1.96 Å 

(2XWL), and 1.71 Å (3CKQ), confirming reliability of the docking model (acceptable threshold <2.0 Å).  

 

2. Results and Discussion 

2.1. GC-MS analysis  

The results of GC-MS analysis for L. inermis showed the presence of lawsone and its derivatives as shown in in Table 1. The major natural 

derivatives identified, more than 20%, were, squalene, lawsone and coumarin carboxylic acid derivatives. Minor constituents identified 

about 5% were a γ-sitosterol, α-tocopherol and phytol. This GC-MS results were confirmed with previous study that identified the presence 

of fifty-one natural constituents in such plant including the naphthoquinone derivatives16,17. Retention index (RI) validation was supported 

by reference databases and literature values. Lawsone GC-MS has been previously detected in henna treated samples18. 
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Table 1: GC–MS identified compounds in L. inermis methanolic extract. 

No IUPAC Name Retention 

Time 

(Min) 

Molecular 

Weight 

(g/mol) 

Molecular 

Formula 

Peak Area  

(%) 

1 2-Hydroxy-1,4-naphthalenedione 

(Lawsone) 

 

12.707 

174 C10H6O3 20.185 

2 2H-1-Benzopyran-3-carboxylic 

acid, 2-oxo-, methyl ester 

(Coumarin-3-carboxylic acid, 

methyl ester) 

14.647 

 

204 C11H8O4 5.131 

3 3,7,11,15-Tetramethyl-2-

hexadecen-1-ol (Phytol) 

16.049 296 C20H40O 4.991 

4 Coumarin-4-carboxylic acid, 

methyl ester 

16.606 204 C11H8O4 23.328 

5 2,6,10,14,18,22-

Tetracosahexaene, 

2,6,10,15,19,23-hexamethyl-, (all-

E)-(Squalene) 

 

29.611 

 

410 C30H50 34.433 

6 dl-α-Tocopherol 33.592 430 C29H50O2 5.985 

7 γ-Sitosterol 35.922 414 C29H50O 5.947 

 

2.2. Molecular Docking  

Molecular docking is a key computational perspective for identifying the binding affinity of a ligand or compound and a target or 

receptor19. This method provides admired insights for derivatives interactions with a target and affect bacterial cellular processes. In this 

study, the antimycobacterial of naphthoquinone derivatives through molecular simulation has showed great perceptions for their chemical 

reactivity and stability. Naphthoquinone, 5-Hydroxy-1,4-naphthoquinone, 2-Amino-3-chloro-1,4-naphthoquinone and Coumarin-3-

carboxylic acid have shown considerable interactions with Protein kinase G enzyme with docking scores less than (-6.0) as shown in Table 

2. The three former compounds interact through H-bond formation with valine 235 residue of the binding pocket while Coumarin-3-

carboxylic acid interact with residue Lys 181 and GLU 280 in the presence of water (Figure 1).  
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Table 2: Docking scores and binding free energies of selected ligands. 

 3CKQ 2XWL 2PZI 

 Docking scores 

(kcal·mol-1) 

Docking scores 

(kcal·mol-1) 

Docking scores 

(kcal·mol-1) 

Naphthoquinone -4.468 -3.431 -7.571 

2-Hydroxy-1,4-naphthalenedione (Lawsone) -5.596 -6.025 -5.295 

5-Hydroxy-1,4-naphthoquinone -4.468 -6.438 -8.224 

2-Amino-3-chloro-1,4-naphthoquinone -4.514 -3.355 -7.950 

Coumarin-3-carboxylic acid -6.278 -12.501 -6.927 

3CKQ: UDP-glucose-specific glycosyltransferase (UGT), 2XWL: IspD enzyme, 2PZI, Protein kinase G (PknG) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The interactions between naphthoquinones and Protein kinase G (pdb ID: 2PZI). A: Shows Coumarin-3-carboxylic acid 

interactions, B: represents 2-Amino-3-chloro-1,4 Naphthoquinone, C: 5-Hydroxy-1,4-naphthoquinone interaction, D: highlights 

the parent Naphthoquinone interaction with 2PZI. 

Coumarin-3-carboxylic acid exerted the best interaction in comparison with the total set with docking score -12.501 when tested against 

IspD enzyme. 2-Hydroxy-1,4-naphthalenedione and 5-Hydroxy-1,4-naphthoquinone also exhibited mild interaction with this target in 

their ionic state (Figure 2). Coumarin-3-carboxylic acid demonstrated a stronger predicted interaction with PknG (−12.5 kcal·mol-1) than 

the positive reference inhibitor (−13.2 kcal·mol-1), indicating potential inhibitory relevance within the validated scoring threshold. 
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Figure 2: The predicted interactions from XP docking of Naphthoquinones data set with IspD enzyme (pdb ID:2XWI). A: Interaction of 

2-Hydroxy-1,4-naphthalenedione. B: Interaction of 5-Hydroxy-1,4-naphthoquinone. C: Shows the interactions Coumarin-3-carboxylic 

acid. 

In docking of naphthoquinone versus UDP-glucose-specific glycosyltransferase, coumarin-3-carboxylic acid showed better interaction 

with respect to the rest compounds as shown in Figure 3. These findings are in accordance with the results which were indicated that 

naphthoquinone derivatives have effects on many clinical drug resistant bacterial stains20,21. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: A: Illustration of the interaction between Coumarin-3-carboxylic acid and UDP-glucose-specific glycosyltransferase (pdb 

ID:3CKQ). B: shows the different docking poses for naphthoquinone library with UDP-glucose-specific glycosyltransferase enzyme. 

 

3. Conclusion  

This study concluded that computational study of natural naphthoquinone derivatives identified in L. inermis was recognised their 

medicinal value as antibacterial agents, emphasizing on their interactions with mycobacterium protein kinase G enzyme. The molecular 

docking study revealed a significant binding affinity of five naphthoquinone derivatives target protein. This underscores Coumarin-3-

carboxylic acid exerted the most power interaction. All derivatives suit considerable drug-basis interaction, exhibiting antituberculosis via 

computational assessments. This study predicts favourable binding interactions between naphthoquinone derivatives identified from L. 
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inermis and key M. tuberculosis target enzymes. These findings provide a hypothesis-generating basis for future experimental evaluation. 

Further in vitro and in vivo validation is required to confirm their potential antimycobacterial effects. 

 

Abbreviations and Acronyms  

NQs: Naphthoquinones. 

PDB: Protein data Bank. 

PknG or 2PZI: Protein kinase G. 

TRAF2: Tumor necrosis factor receptor‐associated factor 2. 

TAK1: TGF‐β‐activated kinase 1. 

GC-MS: Gas Chromatography–Mass Spectrometry. 

NIST: National Institute of Standards and Technology. 

CheBI: Chemical Entities of Biological Interest. 

IspD or 2XWL: 2-C-Methyl-D-erythritol-4-phosphate cytidyltransferase. 

XP: glide extreprescion docking. 

3CKQ: UDP-Glucose specific glycosyltransferase. 

RI: Retention index  

ETHICAL STATEMENT  

Not Applicable 

CONFLICT OF INTEREST 

No conflict of interest. 

AUTHORS’ CONTRIBUTIONS 

All authors contributed equally, Anwar M. Abdelrahman carried out extraction and compound identification; Mohammed A. Almogaddam 

performed the molecular docking, Abdelgadir A. Abdelgadir carried out data analysis and wrote the manuscript draft. All authors approved 

the final version. 

 

References  

1. Pinto AV, de Castro SL. The trypanocidal activity of naphthoquinones: a review. Molecules. 2009;14(11):4570-90. doi: 

10.3390/molecules14114570. 

2. Nunes JA, da Silva Nunes AF, da Paz Lima DJ, da Silva-Júnior EF. Naphthoquinone Derivatives Targeting Melanoma. Curr Top Med Chem. 

2023;23(30):2863-2876. doi: 10.2174/1568026623666230901124059. 

3. Navarro-Tovar G, Vega-Rodríguez S, Leyva E, Loredo-Carrillo S, de Loera D, López-López LI. The Relevance and Insights on 1,4-

Naphthoquinones as Antimicrobial and Antitumoral Molecules: A Systematic Review. Pharmaceuticals (Basel). 2023 Mar 27;16(4):496. doi: 

10.3390/ph16040496. 

4. Kempker RR, Rabin AS, Nikolaishvili K, Kalandadze I, Gogishvili S, Blumberg HM, Vashakidze S. Additional drug resistance in Mycobacterium 

tuberculosis isolates from resected cavities among patients with multidrug-resistant or extensively drug-resistant pulmonary tuberculosis. Clin 

Infect Dis. 2012 Mar;54(6):e51-4. doi: 10.1093/cid/cir904.  

5. Sebastian M. Gygli, Sonia Borrell, Andrej Trauner, Sebastien Gagneux, Antimicrobial resistance in Mycobacterium tuberculosis: mechanistic and 

evolutionary perspectives, FEMS Microbiology Reviews, Volume 41, Issue 3, May 2017, Pages 354–373, https://doi.org/10.1093/femsre/fux011. 

6. Agu, P.C., Afiukwa, C.A., Orji, O.U. et al. Molecular docking as a tool for the discovery of molecular targets of nutraceuticals in diseases 

management. Sci Rep 13, 13398 (2023). https://doi.org/10.1038/s41598-023-40160-2 

7. Allah, A.A.D.; Yousif, H.A.; Hasaballa, N.O.; Elkhawad, E.A.; Abdallah, R.B.; Ahmed, H.M.; Abdelrahman, A.M.; Hago, S.; Abdelgadir, A.A.; 

Alzain, A.A.; et al. Identification of Phytochemicals from Tundub Capparis Decidua (Forssk) Edgew Seed Oil as Potential Anticancer Agents Using 

Gas Chromatography-Mass Spectroscopy Analysis, Molecular Docking, and Molecular Dynamics Studies. Sci. Afr. 2023, 19, e01517. 

8. Wang J, Ge P, Lei Z, Lu Z, Qiang L, Chai Q, Zhang Y, Zhao D, Li B, Su J, Peng R, Pang Y, Shi Y, Zhang Y, Gao GF, Qiu XB, Liu CH. 

Mycobacterium tuberculosis protein kinase G acts as an unusual ubiquitinating enzyme to impair host immunity. EMBO Rep. 2021 Jun 

4;22(6):e52175. doi: 10.15252/embr.202052175. 

9. Chen D, Ma S, He L, Yuan P, She Z, Lu Y. Sclerotiorin inhibits protein kinase G from Mycobacterium tuberculosis and impairs mycobacterial 

growth in macrophages. Tuberculosis (Edinb). 2017 Mar;103:37-43. doi: 10.1016/j.tube.2017.01.001. 

10. Hastings J, Owen G, Dekker A, Ennis M, Kale N, Muthukrishnan V, Turner S, Swainston N, Mendes P, Steinbeck C. ChEBI in 2016: Improved 

https://doi.org/10.1093/femsre/fux011


                          LEBDA MEDICAL JOURNAL, Vol. 10 No. 2. 2025. Pages 76-83  

 

 

 
 Lebda Medical Journal; [LMJ]; {Online ISSN:2502-095X} 

 

Lebda Medical Journal Homepage: https://lebmedj.elmergib.edu.ly/index.php/LMJ/en 

 

 

Corresponding author: gadora-313@hotmail.com 83 

 

services and an expanding collection of metabolites. Nucleic Acids Res. 2016 Jan 4;44(D1):D1214-9. doi: 10.1093/nar/gkv1031. 

11. Shelley JC, Cholleti A, Frye LL, Greenwood JR, Timlin MR, Uchimaya M. Epik: a software program for pK( a ) prediction and protonation state 

generation for drug-like molecules. J Comput Aided Mol Des. 2007 Dec;21(12):681-91. doi: 10.1007/s10822-007-9133-z. 

12. Scherr N, Honnappa S, Kunz G, Mueller P, Jayachandran R, Winkler F, Pieters J, Steinmetz MO. Structural basis for the specific inhibition of 

protein kinase G, a virulence factor of Mycobacterium tuberculosis. Proc Natl Acad Sci U S A. 2007 Jul 17;104(29):12151-6. doi: 

10.1073/pnas.0702842104. 

13. Fulton Z, McAlister A, Wilce MCJ, Brammananth R, Zaker-Tabrizi L, Perugini MA, Bottomley SP, Coppel RL, Crellin PK, Rossjohn J, Beddoe 

T. Crystal structure of a UDP-glucose-specific glycosyltransferase from a Mycobacterium species. J Biol Chem. 2008 Oct 10;283(41):27881-

27890. doi: 10.1074/jbc.M801853200. 

14. Björkelid C, Bergfors T, Henriksson LM, Stern AL, Unge T, Mowbray SL, Jones TA. Structural and functional studies of mycobacterial IspD 

enzymes. Acta Crystallogr D Biol Crystallogr. 2011 May;67(Pt 5):403-14. doi: 10.1107/S0907444911006160. 

15. Friesner RA, Murphy RB, Repasky MP, Frye LL, Greenwood JR, Halgren TA, Sanschagrin PC, Mainz DT. Extra precision glide: docking and 

scoring incorporating a model of hydrophobic enclosure for protein-ligand complexes. J Med Chem. 2006 Oct 19;49(21):6177-96. doi: 

10.1021/jm051256o. 

16. Sharma RK, Goel A. Identification of Phytoconstituents in Lawsonia inermis Linn. Leaves Extract by GC-MS and their Antibacterial Potential. 

Pharmacog J. 2018;10(6):1101-8. 

17. Abdelrahman MA., Kheiralla KEK, Ibrahim NY, Elegail A, Yousif MA, Ahmed EM. Antimycobacterial Activity and Gas Chromatography-Mass 

Spectrometry (GC-MS) Analysis of Henna (Lawsonia Inermis) Leaves extract. AJMAP 6 (3) 2020:1-9. 

18. Petzel-Witt, S., Meier, S. I., Schubert-Zsilavecz, M., Toennes, S. W. (2019). Detection of lawsone (2-hydroxy-1,4-naphthoquinone) in henna treated 

hair. Forensic science international, 297, 184–188. https://doi.org/10.1016/j.forsciint.2019.01.037  

19. Agu PC, Afiukwa CA, Orji OU, Ezeh EM, Ofoke IH, Ogbu CO, Ugwuja EI, Aja PM. Molecular docking as a tool for the discovery of molecular 

targets of nutraceuticals in diseases management. Sci Rep. 2023 Aug 17;13(1):13398. doi: 10.1038/s41598-023-40160-2. 

20. Pollo LAE, Martin EF, Machado VR, Cantillon D, Wildner LM, Bazzo ML, Waddell SJ, Biavatti MW and Sandjo LP (2021) Search for 

Antimicrobial Activity Among Fifty-Two Natural and Synthetic Compounds Identifies Anthraquinone and Polyacetylene Classes That 

Inhibit Mycobacterium tuberculosis. Front. Microbiol. 11:622629. doi: 10.3389/fmicb.2020.622629. 

21. Qun T, Zhou T, Hao J, Wang C, Zhang K, Xu J, Wang X, Zhou W. Antibacterial activities of anthraquinones: structure-activity relationships and 

action mechanisms. RSC Med Chem. 2023 Jul 10;14(8):1446-1471. doi: 10.1039/d3md00116d. 

 

 

 

 

https://doi.org/10.1016/j.forsciint.2019.01.037

