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A B S T R A C T

Continuing phytochemical investigation of the methanolic extract of Gardenia aqualla stem bark led to the 
isolation of a new fatty acid ester, henpentacontyl acetate (1), together with four known compounds: trans-apo- 
8′-carotenoic acid (2), ethyl (all-E)-8′-trans-apo-β-caroten-8′-oate (3), D-mannitol (4), and 2,3,4,5,6-pentahydrox
yhexyl acetate (5). Acetalation of D-mannitol afforded a new derivative, 1,2:5,6-di-O-isopropylidene-D-mannitol 
(4a). The structures of all isolated and synthesized compounds were established by spectroscopic and spectro
metric analyses and comparison with literature data. The antibacterial potential of compounds 1–5 was assessed 
in vitro using the microdilution method against Gram-positive and Gram-negative bacteria. Compounds 2 and 3 
exhibited significant activity against Staphylococcus aureus ATCC700698 and S. aureus NR46003 (MIC = 8 μg/ 
mL), while other compounds showed low to moderate effects depending on the strain. Molecular docking 
analysis against S. aureus pyruvate kinase demonstrated that compounds 2 and 3 had higher binding affinities 
(− 11.94 kcal/mol) than ciprofloxacin (− 8.54 kcal/mol) and penicillin (− 8.16 kcal/mol). ADMET predictions 
revealed that compound 1 possesses favorable pharmacokinetic and low-toxicity properties, whereas compounds 
2 and 3 showed good drug-likeness but limited solubility. Compound 4a exhibited improved pharmacokinetic 
parameters and an extended half-life, suggesting potential for further development. Collectively, these findings 
highlight the therapeutic promise of G. aqualla constituents, particularly compounds 2, 3, and 4a, as antibacterial 
agents for managing oral and ear infections.

1. Introduction

Antimicrobial resistance (AMR) which occurs when changes in 
bacteria, fungi, parasites and viruses no longer respond to antimicrobial 
agents, has emerged as one of the leading public-health threats of the 
21st century [1]. The global burden is considerable: in 2019 bacterial 

AMR was directly responsible for 1.27 million deaths, contributing to an 
estimated 4.95 million deaths overall, with projections of up to 10 
million deaths per year by 2050 [1–3]. Given the substantial morbidity 
and mortality and the sluggish pipeline of novel antimicrobials, there is 
an urgent need to develop new, efficacious and affordable antimicrobial 
agents with broad biological spectrum (see Figs. 3–10).
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In response to this challenge, medicinal plants remain a promising 
source of novel antimicrobial scaffolds. The traditional pharmacopoeia 
offers a rich repository of biologically active compounds, and medicinal 
plants have long been explored for drug-development initiatives [4–8]. 
Among these plants, members of the family Rubiaceae stand out for their 
ethnopharmacological use in treating infectious ailments and other 
diseases [9,10]. The Rubiaceae family comprises trees, shrubs and 
grasses, roughly 637 genera and 13,000 species, primarily distributed in 
tropical regions [11–13]. Within this family, the genus Gardenia Ellis is 
one of the largest, with approximately 129 taxonomically accepted 
species indigenous to tropical and subtropical zones [14,15]. Prior in
vestigations of extracts and secondary metabolites from Gardenia spp. 
have revealed a range of pharmacological activities including anti
cancer, antibacterial, antioxidant, antidiabetic, anti-HIV and 
anti-inflammatory effects [9,10,16,17].

Turning attention to our specific taxon, Gardenia aqualla (community 
name ‘Dingale’ in the Adamawa Region of Cameroon, in Fulfulde) is used 
by traditional healers for leprosy, oral and ear infections, dysmenorrhea, 
jaundice, ulcers, diabetes, and syphilis [18,19]. Our previous phyto
chemical studies on this species revealed the presence of acetogenins, 
sugars, triterpenoids and steroids, with interesting antimicrobial and 
α-glucosidase inhibitory activities [10,17]. More recently, the 
hydro-ethanolic and aqueous extracts of fresh leaves of G. aqualla were 
shown to contain significant polyphenolic and flavonoid contents and 
displayed antibacterial activity [20]. In parallel, studies on other 
Gardenia species (for example G. jasminoides essential oil) have 
demonstrated antimicrobial activities, including in silico docking in
vestigations [21]. In the broader context, research on the Rubiaceae 
family continues to yield promising antimicrobial leads: for instance, a 
2024 study on several Rubiaceae species confirmed significant inhibi
tory effects of ethanol extracts on E. coli and B. subtilis [22]. This un
derscores the rationale of leveraging Rubiaceae phytochemistry in 
drug-discovery pipelines.

Given the persistent escalation of AMR globally, and the ethnobo
tanical, phytochemical and preliminary antimicrobial evidence sup
porting G. aqualla, the present work aimed to isolate and identify 
additional antimicrobial compounds from the stem bark of G. aqualla. 
Specifically, this study involves the isolation and characterisation of 
compounds from this plant, evaluation of their in vitro antibacterial 
potential, followed by molecular docking screening and in silico ADMET 
(absorption, distribution, metabolism, excretion and toxicity) and drug- 
likeness prediction.

In recent years, the integration of in vitro and in silico approaches has 
become increasingly important in the discovery of antimicrobial leads 
from plant-derived or natural product scaffolds. For example [23], 
demonstrated how flavonoids can be analyzed using DFT, molecular 
docking, molecular dynamics simulation and ADMET profiling to 
explore potential inhibition of KRAS in human disease. Similarly, 
methodological advances in screening such as those described by 
Ref. [24] enable high-throughput microdilution and docking workflows 
for botanically-derived antibacterial agents. By incorporating these 
evolving methodologies into our work on Gardenia aqualla, we align 
with current best-practice in antimicrobial drug-discovery and 
strengthen the scientific basis for our extraction, isolation, antibacterial 
screening and in silico modelling strategy.

2. Materials and methods

2.1. General experimental procedures

The NMR experiments were recorded using both a Varian Mercury 
Plus and a Bruker Avance AV-500 spectrometers (500 MHz for 1H and 
125 MHz for 13C) with deuterated solvents (CDCl3 and DMSO-d6) using 
TMS as the internal reference. All chemical shifts are expressed in δ 
(ppm) and reported as s (singlet), d (doublet), dd (doublet of doublet), t 
(triplet), br (broad), and m (multiplet), respectively, and the coupling 

constants (J) are in Hz. Electrospray Ionization-Mass Spectrometry (ESI- 
MS) spectra were obtained from a Q-TOF Ultima spectrometer (Waters). 
Column chromatography was performed using silica gel 60 ASTM 
(70–230 and 230–400 Mesh). Precoated silica gel 60 F254 (Merck) plates 
were used to perform TLC. Mixture of n-hexane-EtOAc and EtOAc-MeOH 
were used as solvent for plates development. The spots were visualized 
under UV light, then by spraying with 50 % H2SO4 followed by heating 
for 10 min at 110 ◦C.

2.2. Plant material

The stem bark of Gardenia aqualla Stapf & Hutch were collected in 
the locality of Borongo in the Ngaoundere 3rd Subdivision, Region of 
Adamawa-Cameroon, in February 2022. After identification by identi
fied by Mr Nana Victor, a botanist at the Cameroon National Herbarium 
(CNH), a voucher specimen where deposited at the CNH of Yaounde 
under the number 36894/HNC.

2.3. Extraction and isolation

Extracts where obtained from the powder (500 mg) of air-dried stem 
bark through a 72 h maceration in MeOH (2 L). The operation was 
repeated three times. After filtration with Whatman N◦1 filter paper, the 
filtrates were collected, freed from solvent at 40oC under reduced 
pressure to give 49.85 g of crude MeOH extract. Approximately 40 g of 
this stem bark methanolic crude extract was subjected to a column 
chromatography (CC) on silica gel (70–230 mesh, ASTM) and eluted 
with n-hexane, mixtures of n-hexane/EtOAc, EtOAc and EtOAc/MeOH. 
Fractions of 250 mL were collected at the bottom of the column then 
pooled together into five major fractions (F1-F5) according to their TLC 
profile. Fraction F4 (214.5 mg) was loaded onto a silica gel (230–400 
mesh) CC and eluted with a gradient of EtOAc-MeOH (1:0–0:1) to yield 
compound 1 (6.7 mg). Fraction F2 (528.3 mg) was subjected to another 
CC on silica gel (230–400 mesh) eluted with a gradient mode n-hexane- 
EtOAc (1:0 → 0:1) leading to four sub-fractions (F2A-F2D). Sub-fraction 
F2B (85.4 mg) was further purified by a repeated CC of Sephadex LH- 
20 led to the isolation of compound 2 (8.1 mg) and compound 3 
(10.5 mg). Fraction F5 (3.08 g) was also further purified by silica gel 
(230–400 mesh) CC using a gradient elution (EtOAc-MeOH (1:0–0:1)) 
affording compound 4 (1.25 g) and 5 (15 mg).

2.4. Acetalation of compound 4

Acetalation reaction is widely used to protect diols because acetals 
are known to be stable under various conditions and can easily be 
removed by hydrolysis in the presence of acid. In this study, we adopted 
the acetalation method developed by de Alvarenga et al. [25] with slight 
modifications. The method involves an excess of zinc chloride (ZnCl2) in 
anhydrous acetone at room temperature and only hydroxyls at positions 
1, 2, 5, and 6 are protected, leading to the formation of 1,2,5, 
6-di-O-isopropylidene-D-mannitol. 

Briefly, 1 g of D-mannitol (5.5 mmol), 2 g of anhydrous ZnCl2 (14.65 
mmol) and 20 mL of anhydrous acetone were mixed in a 100 mL round 
bottom flask and stirred at room temperature until obtaining of a clear 
solution (24 h). The obtained clear solution was then poured into a 
Na2CO3 suspension (20 g in 20 mL H2O) and stirred vigorously, then 
filtered, and the zinc carbonate washed with acetone (50 mL x 2) and 
filtered again. The filtrate was evaporated under reduce pressure to 
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remove acetone and residual water. The white solid obtained was dis
solved in diethyl ether (60 mL) and transferred to a separating funnel. 
The organic phase was collected and the aqueous phase extracted with 
diethyl ether (3 x 60 mL). Solvent was removed under reduced pressure 
at room temperature to yield a white slurry. 100 mL of n-hexane was 
further added to this slurry and stirred for 20–30 min and then, the 
mixture was stored at − 20 ◦C for 30 min and at 8 ◦C for another 30 min. 
After this time, the mixture was filtered under vacuum and the resulting 
solid washed with 100 mL of cold n-hexane. After 2–3 h of drying in a 
vacuum desiccator, diacetal 4a (55 mg) was obtained.

2.5. Antimicrobial assay

2.5.1. Bacterial strains
Seven bacterial strains including Gram negative (Escherichia coli 

ATCC25922, Shigella Sonnei NR519, Pseudomonas aeruginosa ATCC9721, 
Salmonella. Typhi ATCC6539, Klebsiella pneumonia NR41916) and Gram 
positive (Staphylococcus aureus ATCC700698, Staphylococcus aureus 
NR46003) bacteria were used in the present study. These are clinical 
isolates provided by the “Centre Pasteur”, Yaounde, Cameroon. All 
clinical strains were identified by biochemical and serological tech
niques [26].

2.5.2. Bioassay procedure
The antibacterial activity of the different compounds was evaluated 

by the microdilution method using the MTT (3-[4,5-dimethylthiazol-2- 
yl]-2,5-diphenyl tetrazolium bromide) colorimetric assay as described 
by Nyemb et al. [27] with slight modifications. Ciprofloxacin was used 
as standard drug for antibacterial assay. Samples were solubilized in 
DMSO 10 % before subjecting to a serial dilution ranged from 0.125 to 
256 μg/mL in MHB. Precisely, compounds were firstly dissolved in 50 μL 
of DMSO 10 %, then 950 μL of MHB was added and solution obtained 
was serially diluted two fold in a 96-well microplate. 100 μL of bacterial 
suspensions in MHB was further introduced into each well to a final cell 
density of 1.5 × 106 CFU mL− 1. After incubation for 24 h at 37 ◦C, 40 μL 
of MTT solution (0.2 mg mL− 1) was added to each well and incubated for 
another 30 min. The MIC corresponding to the lowest concentration of 
extract or isolated compounds that does not produce any discoloration 
of the yellowish solution of MTT, was then registered. All the experi
ments were carried out in triplicate.

2.6. In silico studies

2.6.1. Molecular docking
To gain deeper insights into the biological activities, molecular 

docking simulations were conducted using AutoDock 4.2.6 Vina soft
ware [28] against S. aureus (PDB: 2w9h) and P. aeruginosa LasR (PDB: 
2UV0). We selected these two antibacterial targets for the molecular 
docking studies due to their well-characterized structures and high 
docking suitability. Both have high-quality co-crystal that defines the 
pocket pharmacophore, enabling reliable receptor preparation and pose 
validation [29,30]. The grid center coordinates for both were set to 80, 
80, and 80 in the x, y, and z axes, with a grid point spacing of 0.375 Å. 
The center of the grid box for P. aeruginosa was positioned at 24.771, 
11.630, and 77.711 Å, where the active amino acids Leu36, Tyr47, Ile52, 
Tyr56, Trp60, Arg61, Tyr64, Asp73, Thr75, Ser129, Trp88, and Phe101 
are located. In the case of S. aureus, the grid center was positioned at 
9.393, − 0.025, and 13.018 Å, where the active amino acids Leu5, Val6, 
Ala7, Leu20, Pro25, Asp27, Leu28, Val31, Ser49, Ile50, Arg57, Phe92, 
Thr111 are located. A total of 100 different conformations were gener
ated for each targeted isolated compound to account for conformational 
flexibility during the docking process. The same other protocols to our 
previous works were followed [31–33]. The MGL 1.5.6 program was 
used to prepare the receptor molecules by removing the co-crystallized 
substrate and water Molecules. Polar hydrogens and Kollman charges 
were added during the protein cleaning process. Non-polar hydrogens 

were merged, and Gasteiger partial atomic charges were assigned. The 
structures of the isolated molecules were optimized using the B3LYP 
[34,35] functional and the 6-31+G (d,p) [36] basis set using the 
Gaussian 16 [37] program package. For all the atoms, standard docking 
parameters were used. To maximize the accuracy of the docking results, 
hundred alternative conformations for each of the molecules were pro
duced by the Lamarckian genetic algorithm (LGA) software [38] with an 
adaptive whole method search in AutoDock [39]. The interactions be
tween the active amino acids and the compounds were thoroughly 
analyzed to gain deeper insights into the molecular docking results. 
These interactions were visualized using the Discovery Studio program, 
which enabled a detailed examination of the binding modes. The anal
ysis specifically focused on the conformers with the lowest binding free 
energy, as these represent the most stable and energetically favorable 
configurations. Through this visualization, key interactions such as 
hydrogen bonds, hydrophobic interactions, and electrostatic forces be
tween the compounds and the active site residues were identified, 
providing a comprehensive understanding of the molecular recognition 
and binding affinity.

2.6.2. ADMET analysis
The physicochemical and pharmacokinetic properties of the isolated 

and the semisynthetic identified compounds were predicted using the 
online ADMETLAB 3.0 web server (https://admetlab3.scbdd.com/s 
erver/evaluationCal) [40]. By using an array of predictive models and 
sophisticated algorithms, to give a prognostic on both drug-likeness and 
potential toxicity [41], ADMETLAB facilitates a comprehensive evalu
ation of several pharmacokinetic parameters especially absorption, 
distribution, metabolism, excretion and toxicity (ADMET) [42].

3. Results and discussion

3.1. Phytochemical study

The MeOH extract of G. aqualla stem bark was subjected to repeated 
column chromatography over silica gel to afford a new ester, compound 
1 along with four known compounds trans-apo-8′-carotenoic acid (2), 
ethyl (all E)-8′-trans-apo-β-caroten-8′-oate (3) [43]; [44]; [45], 
D-mannitol (4) [10] and 2,3,4,5,6-pentahydroxyhexyl acetate (5) [10]. 
In addition, an unprecedented mannitol derivative (4a) was obtained 
from acetalation of D-mannitol. The structures of all the compounds 
(Fig. 1) were determined based on a comparison of their spectroscopic 
and spectrometric data with those published in the literature (see Fig. 2).

Compound 1 was isolated as a white powder. It was assigned the 
molecular formula C53H106O2 based on its (+ve) ESI-MS-TOF spectrum 
which showed a pseudo-molecular ion peak at m/z 792.6 [M + NH4]+

(calcd. m/z 792.9 for C53H106O2NH4
+), indicating one double bound 

equivalent. The 1H NMR spectrum of compound 1 showed a triplet of 
two protons at δH 4.14 characteristic of an oxygen bearing methylene 
group. The 1H NMR spectrum also displayed a signal of a singlet of three 
protons at δH 1.9 (3H, s) attributed to the methyl protons adjacent to a 
carbonyl group suggesting the presence of an ester group [10]. A broad 
signal ranging from δH 1.23 to 1.61 suggests the presence of a long hy
drocarbon chain (-CH2-)n and, a characteristic signal of a an angular 
methyl group was also noticed at δH 0.85 (3H, t). The 13C NMR spectrum 
coupled to DEPT 135 spectrum showed characteristic signals of a 
carboxyl group at δC 171.1 supporting the existence of an ester function 
(C-1). In addition, a signal of an O-bearing methylene carbon at δC 60.4 
(C-1ʹ) was also notice and was in agreement the existence of the ester 
function. On the other hand, some characteristic signals of two terminal 
methyl groups at δC 19.7 (C-2) and 14.2 (C-51ʹ) together with a set 
aliphatic methylene carbons were observed at δC 21.1–31.1. The HMBC 
(Table 1, Fig. S3) spectrum reveals some important 2,3JC-H heteronuclear 
correlations which let us to position most of carbon atoms of our 
molecule. The correlation between the three protons appearing as a 
singlet at δH 1.98 with carbon atom C-1 (δC 171.1) was in agreement 
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with the existence of a methyl ester group in the structure of compound 
1. Moreover, the correlations between the proton H-51’ (δH 0.85) with 
carbons C-50’ (δC 22.6) and C-49’ (δC 27.1) were also visible. Therefore, 
compound (1) was characterized as a new fatty ester derivative named 
henpentacontyl acetate.

Compound 3 was obtained as a yellow oil. Its ESI-TOF mass spectrum 
exhibited a pseudo-molecular ion peak at m/z 499.1 [M+K]+ in agree
ment with the molecular formula C32H44O2K with 11 unsaturations. The 
MS spectrum also displayed characteristic fragments at m/z 393.3 [M +
K-106]+ due to the lost of toluene from the polyene chain and at m/z 
416.4 [M + H-C2H5O]+. The chemical shifts of this compound were 
identical to the corresponding data recorded for ethyl (all E)-8ʹ-trans- 
apo-β-caroten-8ʹ-oate from the literature [43–45].

Compound 2 was also obtained as a red amourphous powder. The 
ESI-TOF-MS in positive mode showed an [M + Na]+ at m/z 455.3 
(consistent with C30H40O2Na) giving 11 unsaturations. The 1H and 13C 
NMR spectra were highly similar to those of compound ethyl (all E)-8ʹ- 
trans-apo-β-caroten-8ʹ-oate (3). Compound 2 differed from 3 by 1H and 
13C NMR spectra indicating the absence of the ethyl ester group in favor 
of the carboxylic group characterized by the carbonyl at δC 170.3 (C-8ʹ) 
instead of δC 168.3 (C-8ʹ) for the ethyl ester. The 13C NMR clearly shows 
the disappearance of the ethyl esters signals at 61.5 and δC 14.7. The 
complete analysis of 1D spectra in combination with data reported in the 

literature [46] [44]; allowed the identification of compound 2 as a 
carotenoid acid derivative namely trans-apo-8ʹ-carotenoic acid.

Compound 4a was synthezised from D-mannitol (4) using acetone in 
the presence of ZnCl2 as catalyst and was obtained as white amorphous 
powder. The formation of diacetal is marked by the appearance on the 
1HNMR spectrum of signals at δH 1.25 and 1.29 integrating six protons 
each assigned to the four methyl groups of the two acetal rings. The 13C 
NMR spectrum also shows three additional signals at δC 25.5, 26.8 and 
108.1 affected to the carbons of the four methyl groups [C-8 (δC 25.4), C- 
8ʹ (δC 25.4), C-9 (δC 26.8) and C-9ʹ (δC 26.8)] and to two quaternary 
carbons of the acetal rings (C-7 et C-7ʹ). In addition to these signals, the 
1HNMR spectrum also shows a doublet of two protons at δH 4.70 (2H, d, 
J = 7.7 Hz) attributed to the two hydroxyl groups OH-3 and OH-4, two 
split doublets of two protons each at δH 3.86 (2H, dd, J = 8.2; 5.0 Hz) and 
3.96 (2H, dd, J = 8.2; 6.2 Hz) attributable to protons H2-1 and H2-6 
respectively, a triplet at δH 3.43 (2H, t, J = 8.0 Hz, H-3; H-4) and a 
multiplet at δH 4.01 (2H, m). Comparison of the 1H and 13C NMR data of 
compound 4 with those of D-mannitol 4 indicated the disappearance of 
the hydroxyl signals in position 1, 2, 4 and 6 that usually appear on the 
proton spectrum of D-mannitol. The complete assignment of signals of 
the various protons and carbons was carried out using COSY, HSQC and 
HMBC spectra (Table S2).

Fig. 1. Chemical structures of compound 1–5.

Fig. 2. The binding interactions of 2 against S. aureus (PDB: 2w9h). Fig. 3. The binding interactions of 3 against S. aureus (PDB: 2w9h).
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3.2. Physical aspects and spectroscopic data of compounds

Henpentacontyl acetate (1): white solid, TOF-MS-ESI+: 792.6 [M +
NH4]+ (calcd. m/z 792.9 for C53H106O2NH4

+). 1H NMR (CDCl3): δH 0.85 
(3H, t, J = 6.7 Hz, 3H-51ʹ), 1.15–1.25 [(CH2)n, brs], 1.53 (2H, brs, 2H- 
2ʹ), 1.98 (3H, s, 3H-2), 4.14 (2H, t, J = 6.7 Hz, 2H-1ʹ). 13C NMR (CDCl3): 
δC 171.1 (C-1), 60.4 (C-1ʹ), 21.1–31.1 (C-2ʹ– C-50ʹ), 19.7 (C-2) and 14.2 
(C-51ʹ).

trans-apo-8′-carotenoic acid (2): red solid. TOF-MS-ESI+: [M+Na]+ at 
m/z = 455.3 for C30H40O2Na. 1H NMR (CDCl3): δH 0.99 (6H, s, 2Me-1), 
1.55 (2H, t, J = 5.5 Hz, H-3), 1.75 (2H, m, H-3), 1.77 (3H, s, Me-13ʹ), 
1.78 (3H, s, Me-13), 1.79 (3H, s, Me-9), 1.86 (3H, s, Me-5), 1.98 (3H, s, 
Me-9ʹ), 2.14 (2H, t, J = 6.1 Hz, H-4), 6.33 (1H, d, H-14), 6.37 (2H, m, H- 
10/H-14ʹ), 6.49 (2H, m, H-7/H-8), 6.51 (1H, d, J = 15.3 Hz, H-12), 6.57 
(1H, m, H-15ʹ), 6.62 (1H, m, H-12ʹ), 6.63 (1H, m, H-15), 6.68 (1H, m, H- 
11ʹ), 6.70 (1H, m, H-11), 7.29 (1H, m, H-10ʹ). 13C NMR (125 MHz, 
CDCl3): δC 13.9 (Me-9ʹ), 15.6 (Me-9), 16.0 (Me-13/Me-13ʹ), 20.3 (C-3), 
21.1 (Me-5), 28.9 (2Me-1), 33.8 (C-4), 34.9 (C-1), 38.6 (C-2), 128.3 (C- 
11), 128.6 (C-11ʹ), 129.3 (C-7), 130.9 (C-9ʹ), 131.0 (C-15/C-15ʹ), 131.4 
(C-10), 131.6 (C-5), 132.5 (C-14/C-14ʹ), 135.8 (C-13/C-13ʹ), 136.7 (C- 
12), 136.9 (C-8), 137.3 (C-9), 137.6 (C-6), 137.9 (C-10ʹ), 138.5 (C-12ʹ), 
170.3 (C-8ʹ).

Ethyl-8′-trans-apo-β-caroten-8′-oate (3): orange-yellow solid. TOF-MS- 
ESI+: [M+K]+ at m/z = 499.1 for C32H44O2K. 1H NMR (CDCl3): δH 1.00 
(6H, s, 2Me-1), 1.37 (3H, t, COOCH2CH3), 1.55 (2H, t, J = 5.5 Hz, H-3), 
1.75 (2H, m, H-3), 1.77 (3H, s, Me-13ʹ), 1.78 (3H, s, Me-13), 1.79 (3H, s, 
Me-9), 1.89 (3H, s, Me-5), 1.96 (3H, s, Me-9ʹ), 2.14 (2H, t, J = 6.1 Hz, H- 
4), 4.22 (2H, t, J = 6.0 Hz, COOCH2CH3), 6.29 (1H, d, J = 11.4 Hz, H- 
10), 6.33 (1H, d, H-14), 6.37(1H, d, J = 11.3 Hz, H-14ʹ), 6.41 (1H, d, J =
16.2 Hz, H-7), 6.49 (1H, m, H-8), 6.50 (1H, d, J = 15.3 Hz, H-12), 6.57 
(1H, m, H-15ʹ), 6.62 (1H, m, H-12ʹ), 6.63 (1H, m, H-15), 6.67 (1H, m, H- 
11ʹ), 6.68 (1H, m, H-11), 7.29 (1H, m, H-10ʹ). 13C NMR (125 MHz, 
CDCl3): δC 14.2 (Me-9ʹ), 14.7 (COOCH2CH3), 15.6 (Me-9), 16.0 (Me-13/ 
Me-13ʹ), 20.3 (C-3), 21.1 (Me-5), 28.9 (2Me-1), 33.8 (C-4), 34.9 (C-1), 
38.6 (C-2), 61.5 (COOCH2CH3), 128.3 (C-11), 128.6 (C-11ʹ), 129.3 (C- 

Fig. 4. The binding interactions of penicillin against S. aureus (PDB: 2w9h).

Fig. 5. The binding interactions of ciprofloxacin against S. aureus (PDB: 2w9h).

Fig. 6. The binding interactions of 2 against P. aeruginosa LasR (PDB: 2UV0).
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7), 130.8 (C-9ʹ), 131.0 (C-15/C-15ʹ), 131.4 (C-10), 131.6 (C-5), 132.5 (C- 
14/C-14ʹ), 135.8 (C-13/C-13ʹ), 136.7 (C-12), 136.9 (C-8), 137.3 (C-9), 
137.6 (C-6), 138.5 (C-12ʹ), 140.7 (C-10ʹ), 168.3 (C-8ʹ).

D-mannitol (4): white solid. 1H NMR (DMSO-d6): δ 4.41 (2H, d, J =
5.5 Hz, OH-2 and OH-5), 4.33 (2H, t, J = 5.7 Hz, OH-1 and OH-6), 4.13 
(2H, d, J = 7.1 Hz, OH-3 and OH-4), 3.62 (2H, ddd, J = 10.8, 5.7, 3.5 Hz, 
H-1a and H-6a), 3.56 (2H, t, J = 7.5 Hz, H-3 and H-4), 3.47 (2H, m, H-2 
and H-5) and 3.39 (2H, m, H-1b and H-6b). 13C NMR (DMSO-d6): δH 63.8 
(C-1 and C-6), 71.3 (C-2 and C-5) and 69.7 (C-3 and C-4).

1,2:5,6-di-O-isopropylidene-D-mannitol (4a): 1H NMR (DMSO-d6): δH 
4.71 (2H, s, OH-3 and OH-4), 4.01 (2H, m, H-2 and H-5), 3.96 (2H, dd, J 
= 8.2; 6.2 Hz, H-1b and H-6b), 3.86 (2H, dd, J = 8.2; 5.0 Hz, H-1a and H- 
6a), 3.43 (2H, t, J = 8.0 Hz, H-3 and H-4), 1.25 (6H, s, 3H-8 and 3H-8ʹ), 
1.29 (6H, s, 3H-9 and 3H-9ʹ). 13C NMR (DMSO-d6): 108.1 (C-7 and C-7ʹ) 
74.8 (C-2 and C-5), 70.3 (C-3 and C-4), 66.6 (C-1 and C-6), 26.8 (C-9 and 
C-9ʹ) 25.4 (C-8 and C-8ʹ).

D-mannitol acetate (5): white solid. TOF-MS-ESI+: [M+Na]+ at m/z 
= 247.1 for C8H16O7Na. 1H NMR (DMSO-d6): δ 4.75 (1H, d, J = 5.6 Hz, 
HO-2), 4.41 (1H, d, J = 5.5 Hz, HO-5), 4.33 (1H, t, J = 5.7 Hz, HO-6), 
4.28 (2H, ov, H-1a and HO-3), 4.14 (2H, d, J = 7.1Hz, HO-4), 3.96 
(1H, m, H-1b), 3.68 (1H, m, H-2), 3.62 (1H, m, H-6a), 3.54 (2H, m, H-3 
and 4), 3.47 (1H, m, H-5) and 3.40 (1H, m, H-6b), 2.03 (3H, s, OCOCH3). 
13C NMR (DMSO-d6): δC 20.8 (-OCOCH3), 63.8 (C-6), 67.0 (C-1), 68.2 (C- 
2), 69.3 (C-3), 69.4 (C-4), 71.2 (C-5) and 170.5 (-OCOCH3).

3.3. Antimicrobial and molecular docking results

The antibacterial potential of compounds 1–5 were evaluated in vitro 
using microdilution method against seven clinically relevant bacterial 
strains including Gram-positive (Staphylococcus aureus ATCC700698, 
Staphylococcus aureus NR 46003) and Gram-negative (Escherichia coli 
ATCC25922, Shigella Sonnei NR519, Pseudomonas aeruginosa ATCC9721, 
Salmonella. Typhi ATCC6539, Klebsiella pneumonia NR41916) (Table 1). 
Ciprofloxacin served as the positive control. Following established 

Fig. 7. The binding interactions of 3 against P. aeruginosa LasR (PDB: 2UV0).

Fig. 8. The binding interactions of penicillin against P. aeruginosa LasR 
(PDB: 2UV0).

Fig. 9. The binding interactions of ciprofloxacin against P. aeruginosa LasR 
(PDB: 2UV0).
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criteria [27,47], antibacterial activity was classified as significant (MIC 
<10 μg/mL), moderate (10 ≤ MIC <100 μg/mL), low (100 ≤ MIC ≤128 
μg/mL), or inactive (MIC >128 μg/mL).

Compounds 2 and 3 exhibited significant antibacterial activity 
against both S. aureus strains (MIC = 8 μg/mL). Against other Gram- 
positive and Gram-negative strains, their activity were moderate 
ranging from 16 to 64 μg/mL. The remaining compounds (1, 4, 5) 
showed low to moderate activity depending on the bacterial strain. 
Notably, D-mannitol (4) displayed moderate activity against S. typhi, 
E. coli, S. sonnei, and K. pneumoniae, while its monoacetylated derivative, 
D-mannitol acetate (5), exhibited broader activity, particularly against 
both S. aureus strains, P. aeruginosa, S. sonnei, and K. pneumoniae. These 
observations suggest that acetylation of D-mannitol enhances lip
ophilicity and cell membrane penetration, improving antibacterial po
tency for several strains, consistent with prior reports that structural 
modification of polyols can increase bacterial uptake and bioactivity 
[48,49]. However, some exceptions were observed: E. coli, P. aeruginosa, 

and S. typhi were less susceptible to acetylated derivatives, highlighting 
species-specific differences in membrane permeability and efflux 
mechanisms. The fully protected derivative, 1,2:5,6-di-O-
isopropylidene-D-mannitol (4a), was inactive against S. typhi, under
scoring the importance of free hydroxyl groups for antibacterial action. 
The newly isolated henpentacontyl acetate (1) demonstrated weak ac
tivity, possibly due to its long aliphatic chain reducing solubility in 
aqueous media, consistent with previous studies showing that 
long-chain acetates often display limited diffusion across bacterial 
membranes [50]; [51].

To further probe the antibacterial potential, molecular docking was 
performed against S. aureus pyruvate kinase and P. aeruginosa targets, 
using ciprofloxacin and penicillin as positive controls (Table 2). Com
pounds 2 and 3 exhibited the highest binding affinities to S. aureus py
ruvate kinase (− 11.94 kcal/mol), exceeding those of ciprofloxacin 
(− 8.54 kcal/mol) and penicillin (− 8.16 kcal/mol). This suggests that 
the carboxylate moiety in compound 2 and the ester functionality in 

Fig. 10. Radar charts of compounds 1–5.

Table 1 
Antibacterial activity of isolated compounds.

Samples Bacterial strains and MIC (μg/mL)

S. typhi ATCC6539 S. aureus ATCC700698 S. aureus NR46003 E. coli ATCC25922 P. aeruginosa ATCC9721 S. Sonnei NR519 K. pneumonia NR 41916

1 128 128 128 128 128 128 128
2 64 8 8 32 16 32 32
3 64 8 8 32 16 32 32
4 32 128 128 32 128 64 64
4a >128 32 32 64 128 32 32
5 128 64 64 128 64 32 32
Cipro 1 2 0.250 0.125 1 0.250 4

Cipro = ciprofloxacin; Significant: MIC<10 μg/mL; Moderate: 10≤MIC<100 μg/mL; weak: 100≤MIC≤128 μg/mL MIC>128 μg/mL: inactive.
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compound 3 facilitate strong hydrogen bonding and hydrophobic in
teractions with the enzyme’s active site. The in silico findings align with 
the in vitro MIC data, confirming that these apocarotenoid derivatives 
are promising antibacterial leads. Recent studies have similarly 
demonstrated that apocarotenoids and related plant-derived metabolites 
exhibit high docking scores against essential bacterial enzymes, corre
lating with observed MIC reductions [52–54] (see Table 3).

While specific docking values vary depending on target and software, 
contemporary studies on plant-derived antibacterial leads demonstrate 
similar docking affinities in the − 9 to − 12 kcal/mol range for potent hits 
[55]. The alignment of strong docking results with low MIC values 
strengthens the case for compounds 2 and 3 as true leads rather than 
artefacts of screening. When compared to recent research, these com
pounds fit within the emerging trend of plant-derived small molecules 
gaining relevance in the fight against AMR. For example, the 2023 
systematic review highlighted that fewer than 10 % of reviewed plant 
compounds reached MIC <10 μg/mL, making the performance of 2 and 
3 noteworthy [55]. Moreover, structural modification (e.g., acetylation, 
esterification) shown here for compounds 4 and 5 demonstrates that 
semi-synthetic manipulation remains a valuable strategy for enhancing 
antibacterial potency; such strategies are increasingly featured in recent 
literature [56].

Overall, the results indicate that structural modifications such as 
esterification or acetylation can modulate antibacterial activity, and that 
compounds 2 and 3 possess significant potential as natural antibacterial 
agents. These findings support the traditional use of G. aqualla for 
treating oral and ear infections and provide a basis for further in vivo 
evaluation and structure–activity relationship (SAR) studies.

3.4. ADMET study

Compound 1, the smallest compound (MW = 102.07), has favorable 
permeability and reasonable oral bioavailability (F20 % = 0.102). It has 
a good balance of solubility and lipophilicity (logS = − 0.661, logP =
1.224). Plasma protein binding is low, and it crosses the BBB well 
(0.833), indicating potential CNS effects. It shows limited metabolic 
interactions but slightly higher clearance (8.02) and shorter half-life 
(0.8 h). Toxicity is low in most categories, though eye irritation and 
genotoxic alerts are present. It is environmentally safer than most 
others. Overall, Compound 1 is a well-rounded candidate with moderate 
pharmacokinetics and low toxicity.

Compound 3 has a relatively high molecular weight (460.33 g/mol) 
and low aqueous solubility (logS = − 6.118), indicating it is lipophilic 
(logP = 5.177) and potentially poorly soluble in water. Absorption is 
limited (low Caco-2 and MDCK permeability), and it has low bioavail
ability (<5 % at 20 % threshold). It binds strongly to plasma proteins 
(PPB = 94.81 %) and inhibits multiple transporters (e.g., OATP1B1, 
MRP1). Metabolically, it is a substrate and inhibitor for several CYP 
enzymes (CYP1A2, CYP2C9, CYP3A4), indicating a high risk of drug- 

drug interactions. Its clearance rate is high (8.99 mL/min/kg), but its 
half-life is short (0.26 h). Toxicity risk is moderate, with alerts for DILI, 
AMES mutagenicity, and hERG inhibition. Environmentally, it shows 
high bioconcentration potential. Similar to compound 3, compound 2 
has a high molecular weight (432.3 g/mol) and poor solubility (logS =
− 4.474). It is slightly more polar (TPSA = 37.3) and somewhat easier to 
synthesize (Synth = 3.0). Toxicity is again moderate, with risks for DILI 
and skin sensitization. Environmentally, it is similar to Compound 3 
with high aquatic toxicity and bioconcentration factors.

Compound 4 is quite different it’s much smaller (MW = 182.08) and 
highly polar (TPSA = 121.38), with good aqueous solubility (logS =
− 0.172) and zero logP, making it very hydrophilic. It has no medicinal 
chemistry alerts, but absorption is very poor due to low permeability 
(Caco-2 = − 6.2). It is minimally bound to plasma proteins (PPB = 27.39 
%) and is not a significant substrate or inhibitor of transporters. It avoids 
most CYP interactions, making it metabolically stable. Its clearance is 
low, but half-life is longer (1.77 h).

Compound 4a is a derivative of Compound 3 with slightly higher 
molecular weight and lower polarity. It has better drug-likeness (QED =
0.746) and a good synthetic profile. While permeability improves 
slightly, oral bioavailability remains poor (F20 % = 0.029). It has low 
plasma protein binding (PPB = 17.95 %), but better blood-brain barrier 
penetration (BBB = 0.756), suggesting potential CNS effects. It does not 
significantly inhibit or act as a substrate for major CYPs, which supports 
metabolic safety. The half-life is the longest among all compounds (3.32 
h), showing potential for extended dosing intervals.

Compound 5 is a moderately sized compound (MW = 224.09) with 
high polarity (TPSA = 127.45), indicating good solubility (logS =
− 0.233). However, absorption remains low (HIA = 0.053), and Pgp 
interaction is notable. It binds weakly to plasma proteins and shows poor 
metabolic interactions an advantage. Environmentally, it shows mod
erate aquatic toxicity but low bioaccumulation.

The radar charts provide a visual comparison of key physicochemical 
properties for compounds 1 through 5 and 4a against acceptable drug- 
likeness boundaries (green and blue shaded areas). Compound 3 
stands out for aligning most closely within the ideal property space, 
suggesting strong drug-likeness and balanced attributes across param
eters like logP, MW, TPSA, and H-bonding features. Compound 4a also 
demonstrates a well-rounded profile with favorable improvements in 
molecular weight, polarity, and synthetic accessibility. Compounds 4 
and 5 show strong alignment in polarity-related properties (TPSA and 
solubility), indicating hydrophilicity and potential metabolic safety. 
Compounds 2 and 3, although more lipophilic and larger in size, show 
consistent patterns in molecular complexity and ring systems, indicating 
structural robustness. Overall, the radar plots highlight the strengths of 
each compound’s profile, with Compounds 1 and 4a displaying the most 
favorable balance for further development.

In silico ADMET and drug-likeness predictions suggest that com
pounds 2 and 3 have acceptable predicted human intestinal absorption, 
moderate predicted clearance, and no obvious major hepatotoxicity 
flags within the modelling limits. Their dual demonstration of strong 
binding, low MIC, and acceptable predicted pharmacokinetics 
strengthens the case to progress into preclinical development. These 
findings support further exploration of these leads. The broader litera
ture indicates that plant-derived antibacterials often fail at the ADMET/ 
drug-likeness stage [55,57], so the favorable predicted profile here is 
encouraging.

The significant antibacterial activities of compounds 2 and 3 from 
G. aqualla, combined with favorable docking and ADMET predictions, 
reflect a paradigm increasingly seen in recent studies of natural prod
ucts. For instance, Prinsa et al. [23] showed that careful structural and 
computational profiling of flavonoids can yield strong lead-molecules 
with quantifiable binding affinities and predicted drug-likeness. 
Furthermore, the semi-synthetic modification strategies reported by 
Karim et al. [58] underline that small chemical changes (e.g., esterifi
cation, acetylation) can meaningfully enhance potency, as we observed 

Table 2 
Molecular docking scores and the corresponding prominent residual amino acid 
interactions of the isolated compounds and standard drugs penicillin and cip
rofloxacin against S. aureus and P. aeruginosa LasR.

Lowest binding 
energy (kcal/mol)

Ki(μM) Lowest binding 
energy (kcal/mol)

Ki (μM)

Against S. aureus (PDB: 2w9h) Against P. aeruginosa LasR (PDB: 
2uv0)

2 − 11.94 0.002 − 8.46 0.633
3 − 11.74 0.003 − 7.58 2.760
4 − 3.97 1230.00 − 3.79 1680.00
4a − 6.76 11.110 − 6.70 12.280
5 − 4.28 724.670 − 4.21 814.640
Cipro − 8.54 0.553 − 8.29 0.842
Peni − 8.16 1.050 − 8.62 0.484

Peni = penicillin, Cipro = ciprofloxacin; Ki = inhibition constant.
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Table 3 
Drug-likeness prediction and ADMET properties of compounds 1–5.

Physicochemical Property

Property 1 2 3 4 4a 5

Molecular Weight 102.07 432.3 460.33 182.08 262.14 224.09
Volume 109.98 510.095 544.687 165.074 251.737 205.819
Density 0.928 0.847 0.845 1.103 1.041 1.089
nHA 2.0 2.0 2.0 6.0 6.0 7.0
nHD 0.0 1.0 0.0 6.0 2.0 5.0
nRot 3.0 9.0 11.0 5.0 3.0 7.0
nRing 0.0 1.0 1.0 0.0 2.0 0.0
MaxRing 0.0 6.0 6.0 0.0 5.0 0.0
nHet 2.0 2.0 2.0 6.0 6.0 7.0
fChar 0.0 0.0 0.0 0.0 0.0 0.0
nRig 1.0 15.0 15.0 0.0 10.0 1.0
Flexibility 3.0 0.6 0.733 0.0 0.3 7.0
Stereo Centers 0.0 0.0 0.0 4.0 4.0 4.0
TPSA 26.3 37.3 26.3 121.38 77.38 127.45
logS − 0.661 − 4.474 − 6.118 − 0.172 − 0.723 − 0.233
logP 1.224 4.417 5.177 − 1.736 0.542 − 1.579
logD 1.269 3.274 3.979 − 1.413 0.803 − 1.241
pka (Acid) 10.955 5.969 10.197 7.987 10.645 7.123
pka (Base) 5.524 3.775 6.149 3.957 5.481 3.17
Melting point − 95.051 187.127 142.223 159.024 94.341 129.011
Boiling point 99.483 331.327 355.617 325.025 189.125 301.227
Medicinal Chemistry
QED 0.485 0.292 0.185 0.261 0.746 0.304
GASA 0.0 0.0 0.0 0.0 0.0 0.0
Synth 1.0 3.0 3.0 3.0 4.0 3.0
Fsp3 0.8 0.367 0.406 1.0 1.0 0.875
MCE-18 0.0 15.537 15.311 4.0 40.0 5.0
NPscore 0.472 1.793 1.566 1.143 0.914 1.664
Lipinski Rule 0.0 0.0 0.0 0.0 0.0 0.0
Pfizer Rule 0.0 1.0 1.0 0.0 0.0 0.0
GSK Rule 0.0 1.0 1.0 0.0 0.0 0.0
Golden Triangle 1.0 0.0 0.0 1.0 0.0 0.0
PAINS 0 alerts 0 alerts 0 alerts 0 alerts 0 alerts 0 alerts
ALARM NMR 0 alerts 0 alerts 1 alerts 0 alerts 0 alerts 0 alerts
BMS 0 alerts 1 alerts 1 alerts 0 alerts 0 alerts 0 alerts
Chelator Rule 0 alerts 0 alerts 0 alerts 0 alerts 0 alerts 0 alerts
Colloidal aggregators 0.02 0.994 0.999 0.018 0.233 0.161
FLuc inhibitors 0.0 0.666 0.653 0.0 0.0 0.0
Blue fluorescence 0.006 0.008 0.013 0.024 0.035 0.037
Green fluorescence 0.0 0.042 0.056 0.0 0.0 0.0
Reactive compounds 1.0 0.68 0.695 0.585 0.668 0.502
Promiscuous compounds 0.183 0.203 0.115 0.158 0.047 0.219
Absorption
Caco-2 Permeability − 4.413 − 4.919 − 4.918 − 6.201 − 4.971 − 5.409
MDCK Permeability − 4.555 − 4.748 − 4.737 − 3.915 − 4.846 − 4.194
PAMPA 0.262 0.989 0.222 1.0 0.836 0.999
Pgp-inhibitor 0.272 0.001 0.317 0.0 0.014 0.0
Pgp-substrate 0.457 0.766 0.228 0.285 0.573 0.59
HIA 0.036 0.0 0.0 0.135 0.035 0.053
F20 % 0.102 0.026 0.041 0.125 0.029 0.232
F30 % 0.158 0.124 0.302 0.142 0.061 0.581
F50 % 0.203 0.991 0.988 0.793 0.314 0.855
Distribution
PPB 15.937 95.467 94.813 27.392 17.945 22.714
VDss − 0.094 0.095 0.495 − 0.478 − 0.286 − 0.529
BBB 0.833 0.0 0.0 0.033 0.756 0.012
Fu 79.603 5.485 5.378 81.846 78.577 83.658
OATP1B1 inhibitor 0.471 1.0 0.999 0.957 0.407 0.99
OATP1B3 inhibitor 0.537 0.498 0.816 0.963 0.499 0.983
BCRP inhibitor 0.201 0.001 0.003 0.038 0.121 0.026
MRP1 inhibitor 0.901 0.946 0.972 0.022 0.56 0.12
Metabolism
CYP1A2 inhibitor 0.151 0.0 0.659 0.056 0.0 0.009
CYP1A2 substrate 0.108 1.0 1.0 0.0 0.0 0.0
CYP2C19 inhibitor 0.245 0.095 1.0 0.0 0.0 0.001
CYP2C19 substrate 0.114 0.698 0.957 0.0 0.005 0.0
CYP2C9 inhibitor 0.045 0.004 0.529 0.069 0.005 0.027
CYP2C9 substrate 0.116 1.0 0.998 0.965 0.017 0.532
CYP2D6 inhibitor 0.15 0.001 0.402 0.0 0.004 0.039
CYP2D6 substrate 0.016 0.633 0.285 0.0 0.0 0.0
CYP3A4 inhibitor 0.127 0.001 0.733 0.0 0.0 0.0
CYP3A4 substrate 0.217 0.74 0.976 0.0 0.0 0.0
CYP2B6 inhibitor 0.129 0.992 1.0 0.204 0.038 0.022

(continued on next page)
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in our D-mannitol derivatives. These parallels suggest that our findings 
not only validate the ethnobotanical use of G. aqualla but also position 
our compounds within the cutting-edge framework of natural product 
antimicrobial research. Going forward, the convergence of micro
dilution screening, docking, and ADMET modelling will be critical for 
advancing these leads toward translational development.

4. Conclusion

Phytochemical investigation of the methanolic extract of Gardenia 
aqualla stem bark resulted in the isolation of a new ester, henpentacontyl 
acetate (1), along with four known compounds (2–5). Among these, 
compounds 2 and 3 exhibited significant antibacterial activity against 
Staphylococcus aureus ATCC700698 and S. aureus NR46003 (MIC = 8 μg/ 
mL), while the remaining compounds showed weak to moderate activity 
against other tested Gram-positive and Gram-negative bacteria. 

Molecular docking analysis against S. aureus pyruvate kinase revealed 
that compounds 2 and 3 possessed higher binding affinities (− 11.94 
kcal/mol) than ciprofloxacin (− 8.54 kcal/mol) and penicillin (− 8.16 
kcal/mol), supporting their potential as lead scaffolds for antibacterial 
drug development. ADMET predictions further indicated that these 
compounds display favorable pharmacokinetic and safety profiles, with 
compound 1 showing good permeability and low toxicity, and the D- 
mannitol derivative (4a) demonstrating enhanced drug-likeness, meta
bolic stability, and blood–brain barrier penetration. Collectively, these 
findings provide scientific evidence for the traditional use of G. aqualla 
in managing bacterial infections and highlight compounds 2, 3, and 4a 
as promising candidates for further development of antibacterial agents 
targeting S. aureus and possibly other pathogenic bacteria.

Table 3 (continued )

Physicochemical Property

Property 1 2 3 4 4a 5

CYP2B6 substrate 0.283 0.996 1.0 0.0 0.0 0.0
CYP2C8 inhibitor 0.984 0.999 1.0 0.925 0.503 0.96
HLM Stability 0.918 0.293 0.999 0.004 0.16 0.43
Excretion
CL plasma 8.018 3.176 8.988 3.023 7.431 2.83
T1/2 0.8 0.909 0.26 1.773 3.323 1.632
Toxicity
hERG Blockers 0.079 0.054 0.152 0.008 0.008 0.007
hERG Blockers (10 μm) 0.59 0.128 0.538 0.04 0.308 0.04
DILI 0.232 0.74 0.464 0.003 0.827 0.013
AMES Mutagenicity 0.112 0.366 0.438 0.559 0.829 0.689
Rat Oral Acute Toxicity 0.06 0.632 0.583 0.004 0.682 0.004
FDAMDD 0.054 0.67 0.872 0.003 0.004 0.005
Skin Sensitization 0.711 0.782 0.794 0.836 0.496 0.881
Carcinogenicity 0.613 0.656 0.697 0.183 0.987 0.234
Eye corrosion 0.987 0.027 0.014 0.001 0.184 0.002
Eye irritation 0.998 0.747 0.674 0.664 0.963 0.627
Respiratory 0.195 0.79 0.748 0.002 0.491 0.002
Human Hepatotoxicity 0.086 0.615 0.504 0.374 0.88 0.348
Drug-induced Nephrotoxicity 0.062 0.859 0.643 0.253 0.003 0.228
Ototoxicity 0.128 0.733 0.547 0.974 0.814 0.943
Hematotoxicity 0.121 0.516 0.307 0.089 0.012 0.122
Genotoxicity 0.001 0.599 0.387 0.001 0.003 0.01
RPMI-8226 Immunitoxicity 0.028 0.049 0.08 0.038 0.001 0.034
A549 Cytotoxicity 0.006 0.016 0.075 0.012 0.007 0.008
Hek293 Cytotoxicity 0.027 0.127 0.403 0.016 0.297 0.014
Drug-induced Neurotoxicity 0.075 0.324 0.453 0.003 0.001 0.006
Environmental toxicity
Bioconcentration Factors 0.223 2.059 2.967 0.105 0.173 0.138
IGC50 1.87 4.663 5.062 1.089 1.767 1.64
LC50 FM 3.233 5.499 6.318 1.206 2.169 2.466
LC50 DM 2.803 5.756 6.25 1.855 2.813 2.838
Tox21 pathway
NR-AhR 0.0 0.0 0.002 0.0 0.004 0.0
NR-AR 0.0 0.005 0.006 0.0 0.039 0.0
NR-AR-LBD 0.0 0.0 0.0 0.0 0.001 0.0
NR-Aromatase 0.0 0.993 0.999 0.0 0.008 0.0
NR-ER 0.034 0.196 0.447 0.004 0.074 0.007
NR-ER-LBD 0.0 0.704 0.924 0.0 0.003 0.0
NR-PPAR-gamma 0.0 0.811 0.32 0.0 0.0 0.0
SR-ARE 0.0 0.998 0.999 0.0 0.043 0.0
SR-ATAD5 0.0 0.181 0.176 0.0 0.003 0.0
SR-HSE 0.0 0.993 0.996 0.0 0.001 0.0
SR-MMP 0.0 0.995 0.999 0.0 0.004 0.0
SR-p53 0.0 0.02 0.041 0.0 0.004 0.0
Toxicophore Rules
Acute Toxicity Rule 0 0 0 0 0 0
Genotoxic Carcinogenicity Rule 0 0 1 alerts 0 0 0
NonGenotoxic Carcinogenicity Rule 0 0 0 0 0 0
Skin Sensitization Rule 0 1 alerts 2 alerts 0 1 alerts 0
Aquatic Toxicity Rule 0 2 alerts 3 alerts 1 alerts 1 alerts 1 alerts
NonBiodegradable Rule 0 0 0 0 1 alerts 0
SureChEMBL Rule 0 2 alerts 2 alerts 0 0 0
FAF-Drugs4 Rule 0 2 alerts 2 alerts 0 0 0
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