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Distichochlamys orlowii is an endemic plant from Vietnam that has been used 
traditionally for its medicinal properties, although its therapeutic potential 
has not yet been scientifically validated. This study aimed to investigate the 
antibacterial activity of D. orlowii essential oil against the respiratory 
pathogens Streptococcus pyogenes and S. pneumoniae using a combined 
experimental and in silico approach. The antibacterial efficacy of the essential 
oil was determined using minimum inhibitory concentration (MIC) assays. Its 
chemical profile was analyzed, and the major constituents were subsequently 
evaluated using computational methods, including molecular docking against 
the luxS protein, quantum chemical calculations, and ADMET (Absorption, 
Distribution, Metabolism, Excretion, Toxicity) prediction. The oil exhibited 
potent antibacterial activity (MICs: 64 and 128 µg.mL⁻¹). Eucalyptol, α-citral, 
and β-citral were identified as the primary components. Molecular docking 
predicted strong inhibitory potential for these compounds (binding energies 
≈ -10 kcal.mol⁻¹). Further computational analysis highlighted the superior 
therapeutic properties and favorable ADMET profiles of α- and β-citral, 
suggesting high efficacy and low toxicity. Overall, D. orlowii essential oil 
presents a promising source for developing agents aimed at supporting 
respiratory health. Its major components, particularly α-citral and β-citral, 
are strong candidates for further research and development into novel 
therapeutic products. 
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Introduction 

Distichochlamys is a genus in the ginger family 

(Zingiberaceae), first described by M. F. Newman 

in 1995. To date, it comprises four known 

species, all endemic to Vietnam, including D. 

citrea M.F. Newman [1], D. orlowii K. Larsen & 

M.F. Newman [2], D. rubrostriata W. J. [3], and D. 

benenica Q. B. Nguyen & Škorničk [4]. From the 

traditional experience, the essential oils 

extracted from the plants are recognized for 

their distinctive aroma and have been long used 

as valuable and effective traditional medicines 

for a variety of treatments, e.g., digestive 

disorders, inflammation-related diseases, pus 

removal, anti-coagulation, and wound healing. 

Nevertheless, knowledge of this genus remains 

largely confined within its endemic region (i.e. 

Vietnam) and limited primarily to traditional 

understanding. In the literature, there have been 

several attempts to characterize the chemical 

composition of the plant extracts, especially 

their essential oils, and profile their biological 

potentials [5-8]. The essential oil contents (v/w) 

were found to vary marginally between the 

species, i.e. 0.35% (D. orlowii), 0.25-0.60% (D. 

citrea), and 0.20% (D. benenica). The primary 

constituents of Distichochlamys rhizome 

essential oil extracts have been identified as 

monoterpene hydrocarbons, oxygenated 

monoterpenes, sesquiterpene hydrocarbons, 

and oxygenated sesquiterpenes. Particularly, D. 

citrea is characterized by oxygenated 

monoterpenes (79.4-90.7%) [1,3]; D. benenica is 

dominated by oxygenated monoterpene 

derivatives (ca. 75%) [6], while D. orlowii is 

known for its balanced proportions between the 

major components, including sesquiterpene 

hydrocarbons (33.7%), oxygenated 

monoterpenes (29.4%), monoterpene 
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hydrocarbons (23.9%), and oxygenated 

sesquiterpenes (11.2%) [8]. These 

phytochemical groups are widely recognized for 

their diverse biological and pharmacological 

activities. However, the therapeutic potential of 

Distichochlamys essential oil is still poorly 

evidenced and underreported to the literature. 

Various pharmacological effects of 

Distichochlamys essential oils have been 

investigated and observed; yet, are still largely 

unexplored. For example, essential oil from D. 

benenica exhibited pronounced anti-

acetylcholinesterase activity (IC50 136.63 ± 2.70 

μg. mL-1) [6]. Furthermore, trans-O-coumaric 

acid, one of the components, has been proven to 

possess anti-inflammatory properties and 

inhibitory effects on the proliferation of several 

Gram-positive bacteria [5]. Considering D. 

orlowii, its therapeutic potential has attracted 

scientific attention only recently. Its essential oil 

extracts demonstrated promising hypoglycemic 

activity, with strong inhibition against α-amylase 

(IC50 81.86 ± 0.95 μg.ml-1), negligible effect on α-

glucosidase, and no significant activity against 

tyrosinase [9]. Other work revealed the 

significant antioxidant activities of the ethanol, 

methanol, ethyl acetate, and dichloromethane 

extracts, given by scavenging free radicals DPPH 

(IC50 = 243.89 ± 5.9 to 661.42 ± 44.86 µg. mL-1) 

and ABTS (IC50 = 33.58 ± 3.14 to 309.58 ± 30.46 

µg. mL-1) [10]. Otherwise, despite their highly 

promising documentation, the biological and 

pharmacological potential of D. orlowii essential 

oil, especially its antibacterial profiles, remains 

largely unexplored. 

The upper respiratory tract is especially 

vulnerable to bacterial and viral infections due to 

its direct exposure to external aerosols and weak 

defense systems. This is more evident by the 

outbreak of SARS-CoV-2. In fact, a survey 

revealed that 94.2% of SARS-CoV-2-infected 

cases were also diagnosed in coinfection with 

other respiratory pathogens, e.g. Streptococcus 

pneumoniae, Klebsiella pneumoniae, 

Haemophilus influenzae, and Streptococcus 

pyogenes [5]. Especially regarding the first one, 

almost all patients were in severe respiratory 

failure and needed intensive oxygen 

supplementation [8]. Thus, it is essential to 

expand the current understanding on 

Streptococcus bacteria, particularly for the 

purpose of developing household supplemental 

natural products; this might help strengthen the 

respiratory resilience, ready for future harmful 

contagious diseases. 

Streptococcus pyogenes and Streptococcus 

pneumoniae are Gram-positive bacteria in the 

genus Streptococcus. They are two of the most 

commonly reported with respiratory bacterial 

infections, more generally known as strep throat 

[11]. The former relates to approximately 1 

million new transmitted cases annually (ca. 30% 

children and 10% adults), making the condition 

one of the most expensive healthcare burdens 

[12]. The latter is associated with community-

acquired pneumonia and meningitis [13]. 

Regarding the bacterial family in general, luxS is 

considered one of the most essential proteins as 

it is responsible for various virulence features; 

this includes biofilm formation, serving 

imperative roles in the pathogenesis and the 

persistence of infections [14]. The mutation of 

the luxS gene was proven to alter significantly 

the virulent activity [15] and pathogenicity [16]. 

The well-established understanding on luxS 

suggests that the protein family can be 

considered as a promising target for the 

inhibition of Streptococcus contagion and 

colonization. The luxS structures of S. pyogenes 

and S. pneumoniae were already determined 

experimentally, whose corresponding 

crystalline assemblies are available for public 

referencing on the UniProtKB database under 

the respective entry IDs: P0C0C7 (LUXS_STRPY) 

and Q8DQF8 (Q8DQF8_STRR6); their structural 
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data provide valuable input for computational 

chemistry and theoretical argumentation. 

By utilizing computational techniques, in 

silico research can be substantially beneficial 

compared to conventional lab-based (blind) 

screening. The advantages include reducing 

setting cost and increasing time productivity. 

Computer-aided drug design (CADD) has 

become more reliable over the last decades given 

by the enhanced algorithm sophistication; yet, at 

the expense of increased hardware power and 

software price. Fortunately, the integration of 

various simpler and specified platforms can 

provide a well-rounded view on the overall 

biochemopharmacological properties with 

equivalent to advanced reliability; the 

downsides should be the quality of human-based 

argumentation. A typical instance is molecular 

docking simulation for the ligand-protein 

complexing prediction with cost-effective 

advantages; yet, algorithm-simplified 

disadvantages; complementarily, the 

physicochemical properties of the potential 

inhibitors can solve reconcile the missing factors 

regarding the dynamical nature of bio-media 

[17,18]. Besides, quantum-calculated retrievals 

can provide additional views on chemophysical 

compatibility and electrical binding. Finally, the 

most promising candidates can be theoretically 

evaluated for their pharmacokinetic and 

pharmacological suitability in drug developing 

applications. Coupled with theoretical argument, 

the conclusive perspectives are of high reliability 

to certain further specified attempts.  

In this work, D. orlowii essential oil was 

subjected to a theory-experiment combinatory 

study for their biopharmacological potentiality, 

especially against common respiratory bacteria. 

First, lab-based experiments were carried out for 

compositional profiling and antibacterial 

evidencing; the phytochemical characteristics 

were used as the input for computational 

iterations and theoretical arguments. 

Afterwards, the biochemopharmacological 

predictions were derived from various 

computer-based platforms and theory-based 

criteria. Finally, the most promising candidates 

were suggested for further testing, marking the 

first effort to examine D. orlowii antibacterial 

potentiality against S. pyogenes and S. 

pneumoniae. 

Methodology 

Experimental 

Plant materials 

D. orlowii was collected from Bach Ma 

National Park, Thua Thien Hue Province, 

Vietnam (March 2024). The species was 

taxonomically identified by Dr. Hoang Tan Quang 

(Institute of Biotechnology, Hue University). 

DNA-based identification was characterized 

using gene sequence analysis, whose results 

were deposited to GenBank; ID: PP538012.1. A 

voucher specimen (sample code: DC-10.19) was 

stored at Department of Chemistry, University of 

Sciences, Hue University. Figure 1 displays the 

images of D. orlowii plant phytomorphology 

(captured by the authors for this report). 

Essential oil extraction  

The fresh rhizomes of D. orlowii were cleaned 

(distilled water), dried (45 ± 2 °C), cut (1-2 mm), 

and ground into powders. The obtained powders 

were subjected to a steam distillation 

(Clevenger-type apparatus; 4 h). The extracted 

essential oil was dehydrated (using sodium 

sulfate) to the form of strong-smelling yellow 

liquid (0.54% w/w - essential oil to raw 

material). The end product was preserved in a 

sealed vial (10 ° C; dark space) until further 

analysis.  

https://www.ncbi.nlm.nih.gov/nuccore/PP538012.1
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Figure 1. D. orlowii morphology: (a) Full body, (b) Leaves, and (c) Rhizomes (colour-printed) 

Antibacterial assay 

D. orlowii essential oil was tested for its 

antibacterial potential against Streptococcus 

pyogenes (ATCC 19615) and Streptococcus 

pneumoniae (ATCC 49619) using the broth 

microdilution method in 96‐well microplates. 

The general procedure followed the instructions 

described by Clinical and Laboratory Standards 

Institute [19]. In each well, the bacterial 

inoculum (100 µL; 1 × 105 CFU/mL) and the 

essential oil (100 µL; a range of different 

concentrations) were added to each well and 

incubated (35 °C; 24 h). The bacterial growth 

was recorded 630 nm using ELx800 microplate 

reader (BioTek Instruments, Winooski, VT, the 

USA). As the references, the wells with only 

bacterial suspension were used as the viability 

control, while the wells with essential oil were 

used as the sterility control; the wells with 

bacterial suspension and Penicillin G (Sigma-

Aldrich, the USA) were used as positive control. 

The minimum inhibitory concentrations (MICs) 

were determined by the lowest concentration 

with no bacterial growth. 

Gas chromatography-mass spectrometry 

D. orlowii essential oil was subjected to gas 

chromatography-mass spectrometry (GC-MS) 

using an Agilent 7890B GC system coupled with 

a 5975C MS detector (Agilent Technologies, 

USA). Separation was performed on an HP-5MS 

capillary column (30 m × 0.25 mm × 0.25 µm). 

Helium was used as the carrier gas at a constant 

flow rate of 1.5 mL.min-1 (13 psi). The GC oven 

temperature program was as follows: initial 

temperature at 70 ℃, followed by a linear 

increase to 280 ℃ at a rate of 10 ℃. min-1. The MS 

scanning configuration was carried out in 

electron ionization (EI) mode at 70 eV, with a 

scan range of 40-400 amu. A 1 µL sample was 

injected in split mode with a split ratio of 20:1. 

The major constituents were identified by 

comparison with spectra from the NIST-02 mass 

spectral library. All reagents, solvents, and 

chemicals used were of analytical grade (Sigma-

Aldrich, the USA). 

Computation 

Input preparation 

The experimental characterization in this 

study and the known literature provided the 

input for the computational implementation. 

Particularly, Figure 2 depicts the GC-MS-

identified phytochemical formulae (compounds 

1-19) serving as the candidate structures for 

theoretical physicochemical compatibility and 
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bio-pharmacological suitability, while Figure 3 

recites the luxS assemblies of S. pyogenes 

(UniProtKB: P0C0C7) and S. pneumoniae 

(UniProtKB: Q8DQF8), which were served as the 

representative structures for docking simulation 

conducted in this study. The reference 

compound used in this work was Penicillin G (D; 

PubChem CID 5904). 

 

Figure 2. Structural formula of chemical components 1-19 in D. orlowii essential oil 

 

 

Figure 3. UniProtKB crystalline assemblies of (a) P0C0C7 (LUXS_STRPY) and (b) Q8DQF8 (Q8DQF8_STRR6) 
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Docking simulation 

A typical procedure of molecular docking 

simulation (by MOE 2022.10 [20]) follows three 

steps, such as: (i) input preparation 

(configuration: protein active range 4.5 Å, ligand 

charge-assigning using Gasteiger-Huckel 

method); (ii) docking simulation (configuration: 

retaining poses 10; solutions per iteration 1,000; 

solutions per fragmentation 200); and (iii) re-

docking iteration (threshold: root-mean-square 

deviation (RMSD) values < 2 Å; recommended by 

MOE). In theory, the docking score (DS) energy 

of the associated inhibitory system represents a 

pseudo-Gibbs free energy, RMSD values and 

number of hydrogen-like interactions are 

referred to bio-conformational rigidity and 

binding strength, respectively; thereby, they are 

considered as the primary parameters for 

inhibitory effectiveness. In technique, MOE can 

render ligand-protein interaction maps (2D) and 

in-pose arrangements (3D) for further 

evaluation on the spatial complementarity. 

Quantum calculation 

Molecular quantum calculation (by Gaussian 

09 [21]) using density functional theory (DFT) 

can efficiently provide chemical properties of the 

investigated structures. In particular, level of 

theory M052X/6–311++G(d,p) and basis set 

def2-TZVPP [22] were selected. The converged 

geometries were examined for the structural 

global minimum on the potential energy surface 

(PES) by vibrational frequencies. The frozen-

core approximation for non-valence-shell 

electrons was applied. The resolution-of-identity 

(RI) approximation was set. The frontier orbital 

analysis was carried out by NBO 5.1 at the level 

of theory M052X/def2-TZVPP [23]. 

 

 

Physicochemical analysis 

The drug likeness of the phytochemicals was 

predicted by a combinational model. The 

parameters were the physical properties 

retrieved from MOE 2022.10 database [20,24]; 

the model was based on Gasteiger–Marsili 

method [25] and now integrated as a sub-

function in MOE 2022.10. The theoretical criteria 

were from Lipinski's rule of five [26], which 

provides the theoretical criteria for a well 

membrane-permeable candidate, i.e. molecular 

mass < 500 amu; hydrogen bond donors ≤ 5; and 

hydrogen bond acceptors ≤ 10; logP < +5 [27,28].  

ADMET analysis 

The pharmacological potentiality of the 

candidates was assessed by a combinational 

model. The parameters were ADMET 

(absorption, distribution, metabolism, excretion, 

and toxicity) properties retrieved from 

SwissADME (Swiss Institute of Bioinformatics; 

http://www.swissadme.ch/; 30th August 2024). 

The theoretical standards were from Pires' 

interpretations [29]. 

Results and Discussion 

Experimental findings 

Antibacterial evidence 

The assay setting was captured to Figure 4, 

whose results are recorded and summarized into 

Table 1. In overall, D. orlowii essential oil 

exhibited noticeably significant antibacterial 

activity against the two tested microorganism 

pathogens S. pyogenes and S. pneumoniae by the 

respective concentrations 64 and 128 µg. mL-1. 
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The commercial antibiotic, i.e. Penicillin G, 

was recorded for MICs value at 0.5 µg. mL-1. 

Notably, this is the first time the antibacterial 

activity of this plant has been reported, 

especially regarding these two respiratory 

bacteria. Preliminarily, this observable is solid 

evidence for the biological potentials of D. 

orlowii essential oil components, thus reasoning 

for further attempts to determine the 

component-activity relationship. 

 

Figure 4. Bioassay settings for D. orlowii essential oil antibacterial testing (colour-printed) 

Table 1. In vitro results for the antibacterial activities of D. orlowii essential oil against S. pyogenes and S. 

pneumoniae 

Essential oil 

concentration (µg. 

mL-1) 

512 256 128 64 32 16 8 4 2 1 (-) (+) 

D. orlowii sample 1 2 3 4 5 6 7 8 9 10 11 12 

S. pyogenes A - - - - + + + + + + - + 

S. pyogenes B - - - - + + + + + + - + 

S. pyogenes C - - - - + + + + + + - + 

S. pneumoniae D - - - + + + + + + + - + 

S. pneumoniae E - - - + + + + + + + - + 

S. pneumoniae F - - - + + + + + + + - + 

Penicillin G G - - - - - - - + + + - + 

Penicillin G H - - - - - - - + + + - + 

PG concentration  32 16 8 4 2 1 0.5 0.25 0.125 0.0625 (-) (+) 
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Chemical composition 

The total ion chromatogram obtained from 

GC-MS analysis is demonstrated in Figure 5, 

whose data are extracted and summarized into 

Table 2. In general, the results revealed a diverse 

composition with 19 compounds detected 

(denoted as 1-19), accounting for ca. 95% of the 

total D. orlowii essential oil. The predominant 

component is eucalyptol (6; 27.81%), which has 

been consistently reported for a diversity of 

biological potentials such as antibacterial, anti-

inflammatory, anticancer, and antitumor 

activities [30-32]; it is followed by α-citral (14; 

17.13%) and β-citral (12; 13.91%). This 

compositional pattern is also consistent with the 

previous findings in the literature on other 

Distichochlamys species; for a typical example 

regarding eucalyptol: D. citrea (23.00% to 

43.67%), D. rubrostriata (13.20% to 22.00%), 

and D. benenica (54.39%) [6,7,33,34]. Besides, 

the other considerable constituents include 

geranyl acetate (17; 6.98%), β-pinene (3; 

4.89%), geraniol (13; 4.79%), and aristolochene 

(18; 4.36%), whose proportions are ca. 5%. 

Interestingly, aristolochene was also found in D. 

orlowii essential oil. This bicyclic sesquiterpene 

was especially characterized to the essential oil 

extracted from Aristolochia indica Linn. aerial 

components (Aristolochiaceae family) [35,36]. 

Furthermore, p-cymene, endo-borneol, borneol 

acetate, and geranic acid were initially reported 

for their existence in D. orlowii essential oil; the 

  

 
Figure 5. Total gas-chromatography spectrum of D. orlowii essential oil 
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Table 2. Identification of bioactive compounds in D. orlowii essential oil 

Notation 
Retention time 

(min) 
Compound Formula Class 

Percentage 

(%) 

 

     This work Literature 

1 7.917 -Pinene C10H16 Mh 1.12 0.9-2.2 

2 8.266 Camphene C10H16 Mh 0.49 2.8 

3 9.088 -Pinene C10H16 Mh 4.89 9.0 

4 9.619 -Myrcene C10H16 Mh 0.16 0.8 

5 10.443 p-Cymene C10H14 Mh 0.68 - 

6 10.665 Eucalyptol C10H18O Om 27.81 7.6 

7 12.732 Linalool C10H18O Om 1.84 0.6-3.1 

8 14.501 endo-Borneol C10H18O Om 2.25 - 

9 14.901 Terpinen-4-ol C10H18O Om 2.54 2.9 

10 15.235 -Terpineol C10H18O Om 3.04 0.1 

11 16.234 Fenchyl acetate C12H20O2 Om 0.85 0.1-0.15 

12 16.535 -Citral C10H16O Om 13.91 4.6-12.6 

13 17.184 Geraniol C10H18O Om 4.79 0.9-2.4 

14 17.971 -Citral C10H16O Om 17.13 11.9 

15 20.050 Bornyl acetate C12H20O2 Om 0.50 - 

16 20.521 Geranic acid C10H16O2 Om 0.87 - 

17 23.323 Geranyl acetate C12H20O2 Om 6.98 1.4-16.5 

18 23.323 Aristolochene C15H24 Sh 4.36 15.2 

19 24.921 
Caryophyllene 

oxide 
C15H24O Mh 0.32 

2.7 

Total 94.53  

Monoterpene hydrocarbons (Mh) 7.66  

Oxygenated monoterpenes (Om) 82.51  

Sesquiterpene hydrocarbons (Sh) 4.36  

contents of camphene, β-pinene, β-myrcene, 

aristolochene, and caryophyllene oxide were 

found to be lower than those reported in the 

previous studies, while the corresponding values 

for eucalyptol, α-citral, and geraniol are 

noticeably higher. This can be explained by the 

differences in harvesting area, material age, or 

extraction process, which are commonly seen in 

natural product research. From the logical 

argument, the major compounds (considerably 

over 5%) are likely to be responsible for the 

observable total antifungal properties evidenced 

by the in vitro assays. Thus, their contributive 

footages on the biological activities are of 

necessity for further research. Reasonably, they 

are to be in special consideration by in silico 

prediction. Otherwise, the minor parts 

(speculatively under 5%) are low-likely to have 

a significant contribution, thus to receive less 

attention. 

Computational retrievals 

Protein-structure inhibitability 

Generally, the phytochemicals (compounds 

1-19) can be evaluated for their intermolecular 

affinity towards protein structures using 

molecular docking technique. In this work, the 

assemblies for luxS proteins of S. pyogenes 

(P0C0C7) and S. pneumoniae (Q8DQF8) were 

selected as the representatives for the attempt to 

reach the preliminary insight into the ligand-
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protein inhibitability, rather than the conclusion 

on the antibacterial inhibition. Typically, the 

most effective ligand-binding site was identified 

and selected by MOE default algorithm; the 

primary parameters are the total docking score 

(i.e. a pseudo-Gibbs free energy) and the number 

of hydrogen-like bonds (aka. strong hydrophilic 

interactions). 

The results for each ligand-protein duo are 

extracted from the docking-based simulations 

and summarized in Table 3. Overall, the 

candidates perform upper-moderate inhibitory 

potentials toward the selected structures with 

no pronounced differences given their 

corresponding docking-score values.  

Table 3. Screening results on inhibitability of compounds 1-19 and D toward the sites of P0C0C7 and Q8DQF 

Complex Site 1 Site 2 Site 3 Site 4 Site 5 Average 
P L E N E N E N E N E N E 

P0C0C7 1 -7.2 0 -7.0 0 -8.7* 1* -6.8 0 -6.0 0 -7.1 
2 -8.0 0 -9.0* 1* -7.7 0 -7.0 0 -6.5 0 -7.6 
3 -7.1 0 -6.8 0 -8.3* 1* -6.3 0 -6.0 0 -6.9 
4 -7.4 0 -7.0 0 -6.7 0 -6.3 0 -8.8* 1* -7.2 
5 -7.0 0 -7.3 0 -8.6* 1* -7.8 1 -6.9 0 -7.5 
6 -10.3* 2* -8.7 1 -8.0 0 -7.6 0 -7.9 0 -8.5 
7 -9.0 1 -10.9* 2* -8.9 1 -7.5 0 -7.0 0 -8.7 
8 -8.7 1 -11.7* 3* -8.0 1 -7.6 0 -7.4 0 -8.7 
9 -8.6 0 -10.7* 2* -7.4 0 -9.0 1 -7.1 0 -8.6 

10 -7.7 1 -6.9 0 -7.0 0 -10.4* 2* -8.8 1 -8.2 
11 -10.8 2 -12.3* 4* -9.2 1 -8.8 1 -9.0 1 -10.0 
12 -10.6* 2* -9.5 1 -8.0 0 -7.4 0 -7.0 0 -8.5 
13 -10.8* 2* -9.3 1 -9.0 1 -8.0 0 -7.6 0 -8.9 
14 -10.3* 2* -8.7 1 -7.3 0 -6.8 0 -6.5 0 -7.9 
15 -12.6* 4* -10.8 2 -9.4 1 -8.9 1 -8.5 1 -10.0 
16 -9.0 1 -8.9 1 -11.3* 3* -8.6 1 -7.3 0 -9.0 
17 -8.9 1 -11.4* 3* -9.6 1 -8.0 0 -7.5 0 -9.1 
18 -10.5* 2* -9.0 1 -8.7 1 -8.5 1 -7.0 0 -8.7 
19 -7.3 0 -8.0* 1* -7.0 0 -6.7 0 -6.9 0 -7.2 
D -10.9 2 -12.8* 4* -9.0 1 -8.6 1 -8.9 1 -10.0 

Q8DQF8 1 -7.5 0 -8.2* 1* -7.0 0 -6.8 0 -6.5 0 -7.2 
2 -7.1 0 -8.0* 1* -6.7 0 -6.5 0 -6.8 0 -7.0 
3 -6.7 0 -8.4* 1* -7.0 0 -7.3 0 -6.8 0 -7.2 
4 -7.7 0 -8.7* 1* -7.1 0 -6.9 0 -6.3 0 -7.3 
5 -9.2* 1* -8.2 0 -7.4 0 -7.2 0 -6.7 0 -7.7 
6 -9.4* 1* -7.2 0 -7.0 0 -6.9 0 -6.2 0 -7.3 
7 -10.8* 2* -8.1 1 -7.1 0 -6.3 0 -6.5 0 -7.8 
8 -8.8* 1* -6.9 0 -7.2 0 -7.7 0 -7.0 0 -7.5 
9 -8.5* 1* -7.6 0 -7.1 0 -6.4 0 -6.8 0 -7.3 

10 -8.2 0 -9.3* 1* -7.8 0 -7.4 0 -7.0 0 -7.9 
11 -9.1* 1* -8.0 0 -8.3 0 -7.5 0 -7.2 0 -8.0 
12 -8.7 1 -11.8* 3* -8.3 1 -7.2 0 -7.4 0 -8.7 
13 -10.5* 2* -9.0 1 -8.1 0 -7.3 0 -7.1 0 -8.4 
14 -8.7* 1* -6.9 0 -6.5 0 -6.0 0 -6.2 0 -6.9 
15 -8.9* 1* -7.0 0 -6.7 0 -6.3 0 -6.5 0 -7.1 
16 -10.7* 2* -9.0 1 -8.7 1 -7.2 0 -6.3 0 -8.4 
17 -8.8 1 -10.9* 2* -7.5 0 -9.0 1 -7.3 0 -8.7 
18 -7.2 0 -9.3* 1* -7.0 0 -6.7 0 -6.4 0 -7.3 
19 -8.3 1 -9.0* 1* -7.2 0 -6.9 0 -7.0 0 -7.7 
D -13.0* 6* -10.2 3 -9.8 2 -9.0 1 -8.5 1 -10.1 

P: Protein; L: Ligand; E: DS value (kcal.mol-1); and N: Hydrogen bond count; *most stable inhibitory complex duo. 
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If strictly following the theoretical 

interpretations, the most stable inhibitory 

structures can be: 11-P0C0C7 (DS̅̅̅̅  -10.0 kcal.mol-

1; DSmax -12.3 kcal.mol-1, hydrogen bond count 

4) and 15-P0C0C7 (DS̅̅̅̅  -10.0 kcal.mol-1; DSmax -

12.6 kcal.mol-1, hydrogen bond count 4) 

regarding S. pyogenes representative; or, 12-

Q8DQF8 ( DS̅̅̅̅  -8.7 kcal.mol-1; DSmax -11.8 

kcal.mol-1, hydrogen bond count 3) and 17-

Q8DQF8 ( DS̅̅̅̅  -8.7 kcal.mol-1; DSmax -10.9 

kcal.mol-1, hydrogen bond count 2) regarding S. 

pneumoniae representative. 

Most of these ligands are not either the 

primary components in D. orlowii essential oil or 

express a predominant figure. Regarding the 

respiratory subjects, these values are 

comparable to the findings from the previous 

research on D. citrea M.F. Newman (another 

Distichochlamys species) [37], yet significantly 

inferior to the organosulfur compounds 

extracted from garlic [38]. This is 

understandable as either garlic or organosulfur 

compounds are well-known natural sources for 

their antimicrobial effects by both folk 

experience and scientific knowledge. From the 

theory-to-experiment perspective, the docking-

retrieved inhibitability is of high consistency 

with the assay-observed inhibition regarding the 

both moderate evaluations. Finally, no apparent 

differences in interacting potentiality means the 

candidates are likely to relate their biological 

activities to their physicochemical compatibility. 

The descriptions for in-site configurations of 

the most effective inhibitory systems are 

illustrated into Figures 6 and 7 (ligand-

P0C0C7and ligand-Q8DQF8, respectively). 

Except for 11-P0C0C7 and 15-P0C0C7, most 

ligand-protein complexes do not heavily rely on 

the hydrophilic interactions for their formation 

given by the hydrogen bond counts only 1-2. In 

contrast, the van der Waals contribution seems 

to be more apparently given the numbers of 

involved amino acids detected. The 3D images 

indicate that there seems to be no noticeable 

structural or spatial constraints for the ligand-

protein bindings; this is expected since the 

compounds have small and simple chemical 

characteristics. 

Quantum chemical property 

In particular, the potential inhibitors 

(compounds 1-19) can be evaluated for their bio-

medium compatibility and interactive tendency 

using the molecular quantum analysis. The 

calculated properties are intrinsic to the input 

structures and do not require an external 

structure for reference (such as docking 

simulation). The optimal geometries derived by 

the DFT method are demonstrated in Figure 8. In 

general, the input structures converge smoothly 

through self-consistent iterations without any 

noticeable bonding abnormality (such as angles 

and lengths). This computer-based convenience 

is consistent with the nature-existed stableness 

(of the natural products in general). In fact, 

theoretical compounds often undergo the self-

consistent processes with geometric constraints, 

e.g., transition-metal tetrylone complexes [39]. 

Table 4 summarizes the ground state energy 

and the dipole moment characterized for each 

structure, which correspond to the molecular 

chemical reactivity and the dipole-dipole 

interactability, respectively. Given bio-inhibitory 

applicability, lower values of the former means 

that the host molecules are predicted to more 

likely retain their chemical characteristics 

during the bio-medium transport before 

approaching their targeted biological structures, 

also preserving the reliability of other 

theoretical predictions. This perspective 

indicates the appropriateness of all structures as 

the all possess negative corresponding values; 

more particularly, the most favored candidates 

are compounds 11, 15, 17, and 19 (ground-state 

energy < 600 a.u.).
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Figure 6. Visual presentation and in-pose interaction map of ligand-P0C0C7 inhibitory structures (ligand: 1-

19 and controlled drug: D); dashed arrow: hydrogen-like bonding, blurry purple: van der Waals interaction, 

and dashed contour: conformational fitness (colour-printed) 
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Figure 7. Visual presentation and in-pose interaction map of ligand-Q8DQF8 inhibitory structures (ligands 1-

19 and controlled drug D); dashed arrow: hydrogen-like bonding, blurry purple: van der Waals interaction, 

and dashed contour: conformational fitness (colour-printed) 
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Figure 8. Geometrically optimal structures of ligands 1-19; length (Å), angle (°) (colour-printed) 

Table 4. Ground state electronic energy and dipole moment values of compounds 1-19 

Compound Ground state electronic energy (a.u.) Dipole moment (D) 

1 -390.71 0.19 

2 -390.73 0.66 

3 -390.71 0.72 

4 -390.67 0.75 

5 -389.55 0.05 

6 -467.21 1.60 

7 -467.15 1.92 

8 -467.20 1.61 

9 -467.19 1.81 

10 -467.19 1.69 

11 -619.89 2.01 

12 -465.94 4.56 

13 -467.23 2.07 

14 -465.94 5.18 

15 -619.89 2.02 

16 -541.22 2.39 

17 -619.83 2.69 

18 -586.11 0.69 

19 -661.30 2.47 
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Given bio-medium compatibility, higher 

values of the latter means that the host 

molecules are expected less likely to be resisted 

by a dipole-solvent environment, such as of 

living organisms. This point unfavorably opts 

against the consideration of compounds 1-5 and 

18 (dipole moment < 1 D), while especially opts 

for the selection of compound 12 (4.56 D) and 

compounds 14 (5.18 D), which are also the major 

constituents in D. orlowii essential oil. 

Figure 9 displays the frontier molecular 

orbitals of the studied structures. Theoretical 

understanding suggests that the highest 

occupied molecular orbital (HOMO) represents 

the region of electron-donation tendencies, 

while the lowest unoccupied molecular orbital 

(LUMO) indicates the opposite counterparts 

[40,41]. This can be helpful in some cases when 

determining the dominant tendencies; for 

typical example, it is rather transparent that 

compounds 1, 15, or 18 should have stronger 

electron-donating tendencies since their lowest 

virtual orbitals are negligible. Regarding the gap 

energy, values within the range of insulation and 

semi-conduction (3.2 eV < ΔEGAP < 9 eV [42]) are 

considered favorable. These structures are 

believed to have the potential to induce electric 

binding with polypeptide structures, e.g., 

proteins, enzymes, and certain hormones, which 

were reported with [43] and explained for their 

electric conductivity [44]. Except for those with 

particularly over-threshold values such as 

compounds 11 and 15 (ΔEGAP ca. 10 eV), most 

others are appropriate. Further, 6 (9.020 eV), 12 

(7.625 eV), and 14 (7.614 eV) are considered 

promising from the standpoint of electrical 

interaction, especially the latter two.

 
Figure 9. HOMO and LUMO of compounds 1-19; red: positive sign of the original wavefunction and green: the 

negative sign of the original wavefunction (colour-printed) 
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Physicochemical compatibility 

The physical properties of the studied 

compounds (1-17) were summarized in Table 5, 

including molecular mass (amu), polarizability 

(Å3), size (Å), and dispersion coefficients (logP 

and logS). These parameters are evaluated for 

their drug likeness based on Lipinski's rule of 

five. The overall preview suggests that all the 

compounds well satisfy all the criteria; in 

particular, the heaviest figure is 220.4 amu 

(compound 19), the largest number of hydrogen 

bond count is 4 (compounds 11 and 15), and the 

most positive logP value is +4.25 (compound 

19). 

Besides, the polarizability is considered as an 

important indicator as it represents the 

sensitivity of the host molecule to external 

electric fields [45], which can be in turn induced 

by polarized structures such as amino acid-

based enzymes. This means higher polarizability 

might be conducive to the protein inhibiting 

applications. From this argument, compound 18 

(25.7 Å3) and compound 19 (26.4 Å3) are 

regarded as the most promising inducers given 

by the highest corresponding values. 

Furthermore, their negative-inclined logS values 

implicate the limited aqueous solubility of the 

compounds, which are expectable as they are all 

D. orlowii oil-based constituents. Considering 

those with the highest percentages, compound 6 

(154.3 amu; 18.9 Å3; logP 2.81), compound 12 

(152.3 amu; 18.4 Å3; logP 2.56), and compound 

14 (152.3 amu; 19.5 Å3; logP 2.71) fall in within 

the range of good physicochemical compatibility. 

 

Table 5. Physicochemical properties of compounds 1-19 and D 

Compound Mass 

(amu) 

Size 

(Å) 

Polarisability 

(Å3) 

Dispersion 

cefficients 

Hydrogen bond* 

(Q8DQF8/P0C0D7) 

(logP) (logS) 

1 136.3 257.9 16.4 2.89 -2.63 1/1 

2 136.3 256.3 17.9 2.83 -2.49 1/1 

3 136.2 254.8 18.3 3.01 -2.73 1/1 

4 136.2 295.2 19.2 2.86 -2.58 1/1 

5 134.2 257.8 18.1 3.74 -3.02 0/1 

6 154.3 282.1 18.9 2.81 -2.38 2/1 

7 154.3 298.8 20.2 2.39 -1.91 2/2 

8 154.3 262.0 17.2 2.19 -2.57 3/1 

9 154.3 283.1 16.8 2.03 -1.87 2/1 

10 154.3 275.6 19.5 2.29 -2.37 2/2 

11 196.3 325.2 20.8 3.08 -2.71 4/1 

12 152.3 295.2 18.4 2.56 -2.29 2/3 

13 152.3 295.4 19.9 2.58 -1.65 2/2 

14 152.3 295.8 19.5 2.71 -2.29 2/1 

15 196.3 324.2 22.1 3.35 -3.13 4/1 

16 168.3 293.8 20.3 2.69 -2.78 3/2 

17 196.3 360.7 22.8 3.31 -2.58 3/2 

18 204.4 379.9 25.7 4.04 -3.82 2/1 

19 220.4 372.1 26.4 4.25 -4.06 1/1 

D 334.5 390.7 32.1 2.69 -2.19 4/6 

*Counted from docking results of each most effective ligand-protein inhibitory complex 
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Pharmacological suitability 

The ADMET properties of the compounds are 

summarized in Table 6 (compounds 1-10) and 

Table 7 (compounds 11-19), categorized into 

absorption, distribution, metabolism, excretion, 

and toxicity. These parameters are evaluated for 

their pharmacological suitability based on Pires' 

interpretations. All the candidates can be 

effectively transported and absorbed via 

intestinal routine (over 90%) with considerably 

high CaCo2 permeability (logPapp ca. 10−6 ). 

Additionally, they do not have noticeable effects 

on the extrusive activities of the P-glycoprotein 

family. 

Table 6. ADMET properties of the studied compounds 1-10 

Property 1 2 3 4 5 6 7 8 9 10 Unit 
Absorption 

Water solubility -3.733 -4.34 -4.191 -4.497 -4.081 -2.63 -2.612 -2.462 -2.296 -2.039 (1) 

CaCo2 permeability 1.38 1.387 1.385 1.4 1.527 1.485 1.493 1.484 1.502 1.489 (2) 
Intestinal absorption 96.041 94.148 95.525 94.696 93.544 96.505 93.163 93.439 94.014 94.183 (3) 

Skin Permeability -1.827 -1.435 -1.653 -1.043 -1.192 -2.437 -1.737 -2.174 -2.182 -2.418 (4) 
P-glycoprotein 

substrate No No No No No Yes No No No Yes 

(5) 

P-glycoprotein I 
inhibitor No No No No No No No No No No 

(5) 

P-glycoprotein II 
inhibitor No No No No No No No No No No 

(5) 

Distribution 
VDss 0.667 0.547 0.685 0.363 0.697 0.491 0.152 0.337 0.21 0.207 (6) 

Fraction unbound 0.425 0.354 0.35 0.39 0.159 0.553 0.484 0.486 0.514 0.565 (6) 
BBB permeability 0.791 0.787 0.818 0.781 0.478 0.368 0.598 0.646 0.563 0.305 (7) 
CNS permeability -2.201 -1.71 -1.857 -1.902 -1.397 -2.972 -2.339 -2.331 -2.473 -2.807 (8) 

Metabolism 
CYP2D6 substrate No No No No No No No No No No (5) 

CYP3A4 substrate No No No No No No No No No No (5) 
CYP1A2 inhibitor No No No No Yes No No No No No (5) 

CYP2C19 inhibitor No No No No No No No No No No (5) 
CYP2C9 inhibitor No No No No No No No No No No (5) 
CYP2D6 inhibitor No No No No No No No No No No (5) 
CYP3A4 inhibitor No No No No No No No No No No (5) 

Excretion 
Total clearance 0.043 0.049 0.03 0.438 0.239 1.009 0.446 1.035 1.269 1.219 (9) 

Renal OCT2 substrate No No No No No No No No No No (5) 
Toxicity 

AMES toxicity No No No No No No No No No No (5) 

Max. tolerated dose 0.48 0.305 0.371 0.617 0.903 0.553 0.774 0.577 0.857 0.886 (10) 
hERG I inhibitor No No No No No No No No No No (5) 
hERG II inhibitor No No No No No No No No No No (5) 
Oral Rate Acute 

Toxicity 1.77 1.554 1.673 1.643 1.827 2.01 1.704 1.707 1.811 1.923 

(11) 

Oral rate chronic 
toxicity 2.262 2.247 2.28 2.406 2.328 2.029 2.024 1.877 2.02 1.945 

(12) 

Hepatotoxicity No No No No No No No No No No (5) 
Skin sensitization No No No No Yes Yes Yes Yes Yes Yes (5) 

T. Pyriformis toxicity 0.45 0.533 0.628 0.894 0.462 0.171 0.515 0.175 0.189 0.008 (13) 
Minnow toxicity 1.159 1.19 1.012 0.736 0.869 1.735 1.277 1.727 1.545 1.8 (14) 

(1) log mol.L-1; (2) log Papp (10-6 cm.s-1); (3)%; (4) log Kp; (5) Yes/No; (6) log L.kg-1; (7) log BB; (8) log PS; 
(9) log mL.min-1.kg-1; (10) log mg.kg-1.day-1; (11) mol.kg-1; (12) log mg.kg-1_bw.day-1; (13) log μg.L-1; and (14) log mM 
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Table 7. ADMET properties of the studied compounds 11-19 and D 

Property 11 12 13 14 15 16 17 18 19 D Unit 

Absorption 

Water solubility -3.106 -3.377 -2.866 -3.377 -3.03 -2.544 -3.466 -6.011 -4.321 -2.47 (1) 

CaCo2 permeability 1.656 1.504 1.49 1.504 1.855 1.584 1.627 1.419 1.414 0.114 (2) 

Intestinal absorption 

94.81 

95.31

7 

92.78

8 

95.31

7 

95.36

6 

94.98

8 94.9 

96.18

3 

95.66

9 

59.90

1 

(3) 

Skin Permeability -2.176 -2.413 -1.511 -2.413 -2.233 -2.693 -1.665 -1.456 -3.061 -2.735 (4) 

P-glycoprotein 

substrate No No No No No No No No No Yes 

(5) 

P-glycoprotein I 

inhibitor No No No No No No No No No No 

(5) 

P-glycoprotein II 

inhibitor No No No No No No No No No No 

(5) 

Distribution 

VDss 0.27 0.166 0.17 0.166 0.307 -0.783 0.103 0.701 0.564 -1.905 (6) 

Fraction unbound 0.373 0.42 0.447 0.42 0.412 0.438 0.395 0.18 0.327 0.328 (6) 

BBB permeability 0.562 0.626 0.606 0.626 0.553 0.305 0.566 0.785 0.647 -0.864 (7) 

CNS permeability -2.226 -1.986 -2.159 -1.986 -2.399 -2.237 -2.199 -1.915 -2.521 -2.943 (8) 

Metabolism 

CYP2D6 substrate No No No No No No No No No No (5) 

CYP3A4 substrate No No No No No No No No No No (5) 

CYP1A2 inhibitor No No No No No No No No Yes No (5) 

CYP2C19 inhibitor No No No No No No No No Yes No (5) 

CYP2C9 inhibitor No No No No No No No No Yes No (5) 

CYP2D6 inhibitor No No No No No No No No No No (5) 

CYP3A4 inhibitor No No No No No No No No No No (5) 

Excretion 

Total Clearance 0.945 0.376 0.437 0.376 1.029 0.978 0.587 1.202 0.905 0.197 (9) 

Renal OCT2 substrate No No No No No No No No No No (5) 

Toxicity 

AMES toxicity No No No No No No No No No No (5) 

Max. tolerated dose 0.479 0.543 0.65 0.543 0.526 0.312 0.474 0.193 0.148 0.692 (10) 

hERG I inhibitor No No No No No No No No No No (5) 

hERG II inhibitor No No No No No No No No No No (5) 

Oral Rate Acute 

Toxicity 1.814 1.815 1.636 1.815 1.904 1.592 1.683 1.606 1.548 1.716 

(11) 

Oral Rate Chronic 

Toxicity 1.85 2.133 2.03 2.133 1.875 2.452 2.272 1.4 1.224 2.542 

(12) 

Hepatotoxicity No No No No No No No No No Yes (5) 

Skin Sensitization Yes Yes Yes Yes Yes Yes Yes Yes Yes No (5) 

T. Pyriformis toxicity 0.622 1.036 0.595 1.036 0.557 0.35 1.186 1.626 1.079 0.285 (13) 

Minnow toxicity 1.643 0.945 1.213 0.945 1.593 1.059 0.604 0.088 0.955 3.698 (14) 
(1) log mol.L-1; (2) log Papp (10-6 cm.s-1); (3)%; (4) log Kp; (5) Yes/No; (6) log L.kg-1; (7) log BB; (8) log PS; 

(9) log mL.min-1.kg-1; (10) log mg.kg-1.day-1; (11) mol.kg-1; (12) log mg.kg-1_bw.day-1; (13) log μg.L-1; and (14) log mM 
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The total essential oil is likely to have 

balanced plasma-tissue distribution given by the 

transitional range of logVDss; it is also predicted 

to cross the blood-brain barrier (logBB < -1) and 

penetrate the central nervous system (logPS < -

3). Except for compound 19, there is no 

prediction on the interaction with the 

cytochromes P450 family (neither as the 

substrates nor the inhibitors); this equals no 

effects on liver activities. None of the compounds 

is likely to be excreted by organic cation 

transporter 2; this may help extend their in-body 

circulation and prolong their medicinal effects. 

In terms of toxicity, all the compounds are 

predicted to be considerably safe for medical 

use, such as: (i) no mutagenic potentials; (ii) no 

potential for fatal ventricular arrhythmia as 

hERG inhibitors; (ii) no hepatotoxicity; (iv) skin 

sensitization; and (v) toxicity to bacterium T. 

Pyriformis (pIGC50 >> -0.5) yet safety to animal 

organisms, e.g., fish Flathead Minnows (LC50 >> -

0.3). Overall, D. orlowii essential oil is considered 

as a suitable source for pharmacological 

developments. 

Conclusion 

This study is the first attempt to profile the 

antibacterial potentiality of D. orlowii essential 

oil against S. pyogenes and S. pneumoniae using a 

theory-experiment combinatory approach. 

Bioassays revealed the noticeably significant 

antibacterial activity against the two tested 

microorganism pathogens; the corresponding 

MICs values are 64 and 128 µg.mL-1, respectively. 

Experimental extraction and GC-MS 

spectrometry characterized 19 compounds 1-19 

in the oil-based extract, with the predominant 

contents of eucalyptol (6; 27.81%), α-citral (14; 

17.13%), and β-citral (12; 13.91%). Molecular 

docking simulation expects all the candidates 

perform similarly upper-moderate inhibitory 

potentials toward the presentative structures for 

luxS proteins ( DSaverage ca. 10 kcal.mol-1). 

Quantum chemical calculation especially opts for 

12 (4.56 D; 7.625 eV) and 14 (5.18 D; 7.614 eV) 

given by their both dipole-moment and electric-

inducing advantages. Physicochemical analysis 

opts all the major components, 6 (154.3 amu; 

18.9 Å3; logP 2.81), 12 (152.3 amu; 18.4 Å3; logP 

2.56), and 14 (152.3 amu; 19.5 Å3; logP 2.71), for 

their bio-medium compatibility based on 

Lipinski’s rule of five and polarizability. ADMET 

analysis confirms the suitability and safety of all 

the candidates for pharmacological 

developments. Altogether, the results predict D. 

orlowii essential oil is a promising antibacterial 

source against the common respiratory bacteria, 

and encourage further testing on the major 

components (especially α-citral and β-citral). 
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