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ABSTRACT
Alzheimer’s disease (AD) is a non-communicable disease with 
global impact. Inhibitors of acetylcholinesterase (AChE) are suitable 
therapies for AD. In this work, we report the isolation of antiacetyl-
cholinesterase compounds from the methylene chloride (DCM) 
extract of the medical fungus Ganoderma applanatum (Pers.) Pat 
(Ganodermataceae). Chemical evaluation of this extract using chro-
matographic technics led to the isolation of a (1:1) mixture of 
ergosterol (1) and stellasterol (2), palmitic acid (3), ganodermanon-
diol (4), lucidumol B (5) and lupeol (6). Structures of these com-
pounds were determined using spectroscopic analysis such as IR, 
MS, 1D & 2D NMR and literature. The acetylation reaction has  
been performed on the mixture (1 + 2) and compound 4, leading 
to the obtention the mixture of 3-acetyl-ergosterol (7) and 
3-acetylstellasterol (8) along with 24-acetyl-ganodermanondiol (9) 
respectively. Total phenolic content was determined for DCM, Ethyl 
acetate and n-butanol extracts. To assess their antiradical scaveng-
ing potential, DPPH was used as free radical. The Inhibition power 
of acetylcholinesterase was evaluated in vitro using the Ellman 
reagent. Amongst all tested extracts, the DCM extract showed the 
high amount of total phenolic compounds with a value of 
133.9512 mg EAG/g EX. The same extract showed a very good anti-
radical scavenging potential with an IC50 of 0.0021 mg/mL. The 
mixture (1 + 2) showed the highest antiradical scavenging activity 
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with IC50 of 0.0770 mg/mL. The results obtained demonstrated that 
the acetylation has reduced the antiradical scavenging potential. 
Concerning the acetylcholinesterase inhibition power, the DCM 
extract and the mixture (1 + 2) showed a very good power with an 
inhibition percentage of 89%. The acetylation has also reduced the 
activity of the obtained derivative. The results provide insights into 
the potential efficacy of these compounds as acetylcholinesterase 
inhibitors. The binding interactions of the isolated and acetylated 
derivatives against acetylcholinesterase protein (PBP 3i6m) of 
Torpedo californica were studied using Autodock software. 
Ergosterol (−11.9 kcal/mol) binds better to the protein biding site 
through significant pi-sigma interactions.

1.  Introduction

The World Health Organisation (WHO) estimates that one billion people were over 
the age of 60 in 2020, and that this age category will double to 2.1 billion people 
by 2050. Two-thirds of whom will be living in lower- and middle-income countries 
(WHO 2023a). The number of people aged 80 years or older is meanwhile expected 
to triple during the same time frame to reach 426 million (WHO 2023a). As our soci-
eties age, the number of people living with dementia across the world is expected 
to rise from 55 million in 2019 to 139 million in 2050, according WHO (2023b). The 
costs associated with dementia are also expected to more than double from US 1.3 
trillion per year in 2019 to 2.8 trillion dollars by 2030 (WHO 2023b). Between all 
causes of dementia, Alzheimer disease (AD) is the most common cause accounting 
for an estimated 60% to 80% of cases (Brenowitz et  al. 2017). Alzheimer’s disease is 
a type of brain disease caused by damage to nerve cells (neurons). Brain’s neurons 
are essential to all human activity, including thinking, talking and walking. In Alzheimer’s 
disease, the neurons damaged first are those in parts of the brain responsible for 
memory, language and thinking (Jack et  al. 2009; Reiman et  al. 2012; Villemagne et  al. 
2013; Brenowitz et  al. 2017). When the symptoms become severe enough to interfere 
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with a person’s ability to perform everyday tasks, a person is said to have Alzheimer’s 
dementia (Bateman et  al. 2012). The vast majority of people who develop Alzheimer’s 
dementia are age 65 or older. This is called late-onset alzheimer’s dementia. Experts 
believe that Alzheimer dementia, like other common chronic diseases and conditions, 
develops as a result of multiple factors rather (age, genetics and family history) than 
a single cause (Saunders et  al. 1993; Farrer et  al. 1997; Green et  al. 2002; Hebert et  al. 
2010; Byard and Langlois 2019; NIA 2023). There are no drug treatments that can 
cure AD or any other common type of dementia. Two types of enzymes are associated 
with the disease: acetylcholinesterase (AChE) and butyrylcholinesterase (BChE). However, 
Alzheimer research is focusing on the cholinergic system and mostly on acetylcho-
linesterase (AChE) inhibitors. Medicines have been developed for Alzheimer’s disease 
that can temporarily alleviate symptoms, or slow down their progression, in some 
people. This medication is classified as acetylcholinesterase inhibitors (often shortened 
to just ‘cholinesterase inhibitors) and NMDA receptor antagonists. The enzyme acetyl-
cholinesterase (AChE) catalyses the hydrolysis of the ester bond of acetylcholine (ACh) 
to terminate the impulse transmitted action of ACh through cholinergic synapses 
(Fratiglioni et  al. 1993). Although the basic reason of Alzheimer’s disease (AD) is not 
clear so far, AD is firmly associated with impairment in cholinergic transmission. A 
number of AChE inhibitors have been considered as candidates for the symptomatic 
treatment of AD as the most useful relieving strategy (Stryer 1995). Principal role of 
acetylcholinesterase (AChE) is the termination of nerve impulse transmission at the 
cholinergic synapses by rapid hydrolysis of acetylcholine (ACh). Inhibition of AChE 
serves as a strategy for the treatment of Alzheimer’s disease (AD), senile dementia, 
ataxia, myasthenia gravis and Parkinson’s disease (Anonymous 2000; Brenner 2000; 
Howes et  al. 2003). There are a few synthetic medicines, e.g. tacrine, donepezil, and 
the natural product based rivastigmine for treatment of cognitive dysfunction and 
memory loss associated with AD (Rahman and Choudhary 2001). These compounds 
have been reported to have severe adverse effects including gastrointestinal distur-
bances and problems associated with bioavailability (Schulz 2003; Oh et  al. 2004), 
which necessitates the interest in finding better AChE inhibitors from natural resources. 
In this work, we report the isolation of compounds from the methylene chloride 
(DCM) extract of Ganoderma applanatum (Pers.) Pat (Ganodermataceae), with some 
of their acetylated derivative and the evaluation of their antiradical scavenging activity 
and antiacethylcholinesterase potential and a molecular docking study. G. applanatum 
(Pers.) Pat., belong to the family Ganodermataceae, class Basidiomycota. It has stipe 
and its perennial and bracket form fruiting body are hard, greyish brown to red brown, 
and with a woody-textured and concentric or irregular striations on its upper side. 
Its underside has white spores soon turns brown by any rubbing or scratching. It 
broadly distributed and has been reported on the woods and trees several plants 
worldwide (Elkind 2010). The fungus has been reported to possess several activities 
among with anticancer, antioxidant, hepatoprotector, antibacterial, and antimalarial 
activities (Ma et  al. 2011; Shamameh et  al. 2019; Khalilova et  al. 2022; Katarzyna  et  al. 
2023). Previous mycochemical evaluation of G. applanantum led to the isolation of 
triterpenes, steroids, and polysaccarides (Dilip et  al. 2006; Basnet et  al. 2017; Hoang 
et  al. 2018; Hai-Guo et  al. 2021; Xing-Rong et  al. 2022;   Monika et al. 2014). The 
current study involved the isolation of secondary metabolites from methylene chloride 
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extract of G. applanatum (Pers.) Pat, the evaluation of the antioxidant and anti-AChE 
activity of the extract and compounds; and provide insights into the mechanism of 
such interactions by a virtual screening through molecular docking.

2.  Results and discussion

2.1.  Results of the phytochemical study

The phytochemical evaluation of the DCM extract of Ganoderma applanatum (Pers.) 
Pat., yield to the isolation of five compounds identified by the mean of 1 & 2D NMR 
and MS data as a (1:1) mixture of ergosterol (1) (Venditti et  al. 2017) and stellasterol 
(2) (Ge et  al. 2017), palmitic acid (3) (Moradali et  al. 2006), ganodermanondiol (4) 
(Vega-Mendoza et al., 2015), lucidumol B (5) (Min et  al. 1998) and lupeol (6) (Mahamat 
et  al. 2021; Sakava et  al. 2024). Ergosterol (1) and stellasterol (2) in mixture along 
with ganodermanondiol (4) have been acetylated leading to their corresponding 
acetylated derivatives: 3-O-acetylergosterol (7) and 3-O-acetylstellasterol (8) as a mix-
ture, and 24-acetylganodermanondiol (9) (Figure 1).

2.2.  Results of biological activities

2.2.1.  Total polyphenol amount result
The DCM, EtOAc and n-BuOH extracts were evaluated for their amount in polyphenol 
using the method describe by Hatami et  al. (2014). The results obtained (Supplemental 
Table S1) showed that amongst all the tested samples, DCM extract demonstrated 
the higher amount in polyphenol with a value of 133.9512 mg EAG/g EX, followed 
by the EtOAc with 91.7286 mg EAG/g EX.

2.2.2.  DPPH antiradical scavenging activity
The DCM extract, the mixture of ergosterol (1) and stellasterol (2), ganodermanondiol 
(4) and their acetylated derivatives were evaluated for their antiradical potential using 

Figure 1.  Isolated and hemisynthetic compounds from G. applanatum.

https://doi.org/10.1080/14786419.2025.2491113
https://doi.org/10.1080/14786419.2025.2491113
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the method describe by Daouda et  al. (2017). The results obtained are shown in Table 
2. According to Path Canada (1994), the antiradicalar potential of extracts and com-
pounds are classified as follow: very good when 0 < IC50<0.01 mg/mL, good when 
0.01 < IC50<0.05 mg/mL, moderate when 0.05 < IC50<0.1 mg/mL, weak when 
0.25 < IC50<0.5 mg/mL and very weak when IC50<0.5 mg/mL. Amongst all the tested 
samples DCM extract demonstrated a very good antiradical potential with an IC50 of 
0.0021 mg/mL very near of the IC50 of the ascorbic acid used as reference. Concerning 
the obtained and evaluated compounds from this extract, the mixture (1 + 2), and 
compound (4) showed a moderate antiradical potential with IC50 of 0.0770 mg/mL 
and 0.0997 mg/mL respectively. The two acetylated derivatives (7 + 8) and 9 showed 
weak antiradical potential with IC50 of 0.1987 mg/mL and 0.2375 mg/mL, respectively 
confirming as mentioned by some authors that the acetylation reaction reduces the 
antiradical potential of samples.

2.2.3.  Inhibition of acetylcholinesterase power
The DCM extract, two isolated compounds and one acetylated derivative were eval-
uated for their power to inhibit acetylcholinesterase using spectrophotometric method 
reported by Ferreira (Ferreira et  al. 2020) with some modification. The results obtained 
are showed in Supplemental Table S3. According to Vinutha et  al. (2007), extracts and 
compounds are considered as good inhibitor of AChE when the inhibition percentage 
is higher than 50%, moderate when the inhibition percentage is between 30 and 
50%, and weak when the inhibition percentage is less than 30%. DCM extract and 
the mixture (1 + 2) showed a very good inhibition power of AChE of 89% at 2 mg/mL.  
Compound (4) was the less active sample. As for the antiradical scavenging activity, 
the acetylation reaction has reduced the potential, the acetylated compound from 
the mixture (1 + 2) showed an AChE inhibition power of 69% at a concentration of 
1 mg/mL. The DCM extract can be considered as a good inhibitor of AChE and could 
be target for the production of phytomedecine. Due to the fact that combination 
therapy is more encouraged by WHO, the mixture of ergosterol (1) and stellasterol 
(2) could also be targeted for its in vivo antialzheimer potential.

2.3.  Result of the molecular docking study

A virtual screening through molecular docking was perform to evaluate the binding 
affinities of the isolated and semi-synthetic compounds against an enzymatic target. 
The crystal structure of acetylcholinesterase from Torpedo californica (TcAChE) with 
PDB code 3i6m was used as the target macromolecule. The co-crystallized ligands 
(L0) served as reference and galantamine was used as control drug of the proposed 
inhibitors for 3i6m as it is a known acetylcholinesterase inhibitor. The docking scores 
indicate that several compounds exhibit strong binding affinities to both targets 
compared to the co-crystallized ligands and reference compounds (Supplemental 
Table S4). The co-crystallized ligand (L0) showed the highest affinity (−12.1 kcal/mol) 
with the target 3i6m, followed by several compounds like 3-acetylergosterol (−11.8 kcal/
mol) and ergosterol (−11.9 kcal/mol), which engaged in significant pi-sigma interactions 
crucial for binding stability. The presence of multiple types of interactions (e.g. 

https://doi.org/10.1080/14786419.2025.2491113
https://doi.org/10.1080/14786419.2025.2491113
https://doi.org/10.1080/14786419.2025.2491113
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conventional hydrogen bonds, pi-alkyl) across different ligands suggests that these 
compounds may effectively compete with the co-crystallized ligand for the active site 
(Figure 2).

3.  Experimental

3.1.  General methods

The melting points of the isolated compounds were measured using an Electrothermal 
IA9000 Series digital melting point apparatus (Bibby Scientific, Great Britain). NMR data 
were acquired using AVANCE II 500 and NEO 600 (Bruker) spectrometer, employing 
tetramethylsilane (TMS) as the standard for 1H and 13C NMR; IR spectra were obtained 
using FT-IR Spectrum 100 of Perkin Elmer spectrometer and UV spectra were obtained using  
UV/Vis Lambda 35 of Perkin Elmer spectrometer. Mass spectrometry was conducted 
using QTOF-MS-LD+ equipment. Column chromatography (CC) was carried out using 
silica gel (Merck, particle size 230–400 mesh) as the adsorbent, while thin-layer chro-
matography (TLC) was performed on silica gel pre-coated aluminium sheets (Merck KGaA).

3.2.  Plant material

Whole medicinal fungus Ganoderma applanatum (Pers.) Pat (Ganodermataceae) was 
collected in Dang, Adamawa region of Cameroon and authenticated by Dr Fawa, a 
botanist at the Faculty of Science-University of Ngaoundere. The ITS sequences of  
G. applanatum is deposited in GenBank under the number JN008873.

3.3.  Extraction and isolation

After treatments of G. applanatum, 0.93 kg of powder was extracted by simple mac-
eration using 15 L of methanol for 72 h. The filtrate was concentrated using a 
Bioevopeak REV-200B rotavapor. The extraction was repeated 3 times. At the end, 
106 g of crude methanolic extract was obtained. During this extraction the compound 
mixture (1 + 2, 10.3 g) was obtained has a white solid. This extract has been dissolved 

Figure 2.  2D And 3D representations of 3i6m-ergosterol interaction.
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in 500 mL of water. The obtained solution has been introduced in a conical flask and 
2 L of DCM added. After a liquid-liquid extraction 53 g of the DCM fraction was 
obtained. The water residual solution has been treated successively with EtOAc and 
n-BuOH to obtain 16 g of the EtOAc fraction and 14 g of n-BuOH fraction.

47 g of G. applanatum DCM extract was then subjected to column chromatography 
of silica gel (Merck, 230–400 mesh) and eluated using a gradient of hexane, hexane-DCM 
and DCM-MeOH. TLC was used to regroup fraction with same profile together. At 
hexane-DCM (9: 1) solvent system compound 3 (white powder, 8 mg) was obtained, 
at hexane-DCM (1:1) solvent system compound 4 (124.5 mg), white powder was 
obtained. Compounds 5 (white powder, 6.5 mg) and 6 (white powder, 5 mg) were 
obtained after the treatment of 9.5 g of fractions obtained at hexane-DCM (1:1) by 
column chromatography on silica gel and Sephadex LH-20.

3.3.1.  Data of hemisynthetic derivatives
3.3.1.1. 3-acetylergosterol (7).  C30H46O2, MS, calc: 438.3.1HNMR (CDCl3, 600 MHz); δH: 
4.65 (1H, m, H-3), 1.80 (3H, s, H-30); 13 C NMR (150 MHz, CDCl3) δC: 37.9 (C-1), 28.1 
(C-2), 72.8 (C-3), 37.9 (C-4), 138.6 (C-5), 120.2 (C-6), 116.3 (C-7), 141.5 (C-8), 46.0 (C-9), 
36.6 (C-10), 21.1 (C-11), 39.0 (C-12), 43.3 (C-13), 54.5 (C-14), 23.0 (C-15), 28.3 (C-16), 
55.7 (C-17), 12.1 (C-18), 17.6 (C-19), 40.4 (C-20), 21.1 (C-21), 135.6 (C-22), 132.0 (C-23), 
40.5 (C-24), 33.1 (C-25), 19.7 (C-26), 20.0 (C-27), 116.2 (C-28), 170.6 (C-29), 21.2 (C-30).

3.3.1.2. 3-acetylstellasterol (8).  C30H48O2, MS, calc: 440.4,1H NMR (CDCl3, 600 MHz); δH: 
4.63 (1H, m, H-3), 2.2 (3H, s, H-30), 13 CNMR (150 MHz, CDCl3); δC: 37.9 (C-1), 28.3  
(C-2), 73.5 (C-3), 37.9 (C-4), 40.5 (C-5), 129.5 (C-6), 117.3 (C-7), 139.5 (C-8), 42.8 (C-9), 
37.1 (C-10), 21.1 (C-11), 39.0 (C-12), 43.3 (C-13), 55.0 (C-14), 23.0 (C-15), 29.5 (C-16), 
55.9 (C-17), 12.1 (C-18), 17.6 (C-19), 40.5 (C-20), 21.4 (C-21), 135.6 (C-22), 132.0 (C-23), 
40.5 (C-24). 33.1 (C-25), 19.9 (C-26), 19.6 (C-27), 117.6 (C-28), 170.6 (C-29), 21,4 (C-30).

3.3.1.3. 24-acetylganodermanondiol (9):.  C30H48O3, white powder, MS, LR-ESI-TOF: 456. 
1HNMR (CDCl3, 600 MHz); δH: 1.34 (2H, m, H-1), 5.41 (1H, d, J = 6.3 Hz, H-7), 5.53 (1H, 
d, J = 6,5 Hz, H-11), 0.60 (3H, s, H-18), 1,11 (3H, s, H-19), 0.92 (1H, d, J = 6.0 Hz, H-21), 
4.8 (1H, dd, J = 12 Hz, H-24), 1.15 (3H, s, H-26), 1.27 (3H, s, H-27), 0.92 (3H, s, H-28), 
1.11 (3H, s, H-29), 1.15 (3H, s, H-30), 2.21 (3H, s, H-1′). 13CNMR (CDCl3, 150 MHz); δC: 
36.6 (C-1), 34.9 (C-2), 216.9 (C-3), 47.5 (C-4), 50.3 (C-5), 23.7 (C-6), 119.9 (C-7), 142.9 
(C-8), 144.5 (C-9), 37.8 (C-10), 117.3 (C-11), 37.2 (C-12), 43.7 (C-13), 50.7 (C-14), 28.7 
(C-15), 28.7 (C-16), 51.0 (C-17), 15.7 (C-18), 22.1 (C-19), 36.5 (C-20), 18.6 (C-21), 31.5 
(C-22), 33.5 (C-23), 79.6 (C-24), 73.3 (C-25), 25.5 (C-26), 25.4 (C-27), 23.2 (C-28), 26.6 
(C-29), 22.5 (C-30), 22.1 (C-1′), 171.3 (C-2′).

3.4.  Biological activities

3.4.1.  Total phenolic content
Total phenol content was assessed using the Folin and Ciocalteu (FC) method decribe 
by Hatami et  al. (2014) with some modifications. The concentrations (0.02–0.15 mg/mL) 
of standard (gallic acid) and plant extract (0.02–0.15 mg/mL) were prepared with the 
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reaction mixture containing 100 μL of gallic acid or extract, 500 μL of FC reagent, and 
400 μL of 7.5% Na2CO3. The mixture was then incubated at room temperature for 10 min 
and the absorbance was read at 730 nm using a spectrophotometer. The concentration 
of total phenol compounds in gallic acid equivalent was determined from the calibration 
curve of gallic acid and expressed in mg gallic acid equivalent (GAE)/g of plant extract. 
The total phenolic contents in all samples, was calculated using the formula:

	 C cV m= / 	

Where, C = total phenolic content mg GAE/g dry extract, c = concentration of 
gallic acid obtained from calibration curve in mg/mL, V = volume of extract in mL, 
m = mass of extract in gram.

3.4.2.  DPPH antiradical scavenging evaluation
The in vitro radical-scavenging activity of extracts as well as isolated compounds was 
performed according to Daouda et  al. (2017) with slight modifications. Briefly, different 
concentrations (62.5–500) μg/mL of extracts/compounds and of the ascorbic acid were 
prepared. After preparation of samples, 0.1 mL of each sample solution was mixed 
with 1.9 mL of methanolic DPPH solution (10 mg/L) in test-tubes. The resulting solution 
was incubated for 30 min at room temperature before the optical density (OD) was 
measured at 517 nm. The percentage radical scavenging activity was calculated from 
the following formula:

	 % / .Scavenging DPPH A A A 1[ ]= ( )  ×0 1 0
00− 	

Where A0 was the absorbance of the negative control (methanolic DPPH solution) 
and A1 was the absorbance in the presence of the samples. IC50 value was determined 
from the graph obtained using standard vitamin C by using the “y=mx+c” formula 
from the slope of the graph. All the analyses were carried out in triplicate.

3.4.3.  In vitro inhibition of AchE
The acetylcholinesterase (AChE) inhibition was performed using spectrophotometric 
method reported by Ferreira (Ferreira et  al. 2020) with some modification. The tank 
used as a blank to control for the nonenzymatic hydrolysis of acetylcholine contained 
a mixture of 500 μL of 3 mM DTNB solution (in 0.1 M potassium phosphate pH 8), 
100 μL of 15 mM ACh (in water), 275 μL of 0.1 M potassium phosphate pH 8, and 100 μL 
of extract solutions (50 mg/mL, 100 mg/mL, 200 mg/mL, and 300 mg/mL). In the reaction 
tank, 275 μL of buffer was replaced by AChE solution 0.16 U/mL. The resulting solutions 
were placed in a spectrophotometer. The thiocholine formed during the hydrolysis of 
acetylcholine reacts rapidly with DTNB and a yellow compound is formed. The reaction 
was monitored for 5 min at 405 nm and the absorbance registered every minute. 
Velocities of reaction were calculated; enzyme activity was calculated as a percentage 
of the velocities compared to that of the assay using buffer solution instead of inhibitor 
(extracts). The assays were performed in triplicate. The reaction velocity (v) equals (Vmax 
[A])/(Km + [A]) as described by the Michaelis-Menten equation where Vmax is the 
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maximal velocity, [A] is the substrate concentration, and Km is the Michaelis constant, 
or the substrate concentration at half maximal velocity. The activity was express in 
μmol of acetylthiocholine iodide hydrolysed/g of tissu/minute.

3.4.4.  Molecular docking study
3.4.4.1. Preparation of ligands.  The 3D molecular structures of isolated compounds 
were generated using Chem3D 15.0 running a windows workstation with an Intel(R) 
Core (TM) i5-3340M processor. The 3D structures were then saved in .pdb format. 
They were imported to the workspace and preparation was done for docking studies.

3.4.4.2. Preparation of enzymes. To perform docking of compounds, the target proteins 
was selected based on their function. 3D structures were obtained from protein data 
bank (http://www.rcsb.org) in .pdb format. The AutoDockTools (ADT) was used to 
prepare the ligand and receptor structures, add appropriate Gasteiger and Kollman 
charges, identify and modify ligand rotatable bonds. The potential binding sites of 
target were calculated using the Lamarckian GA (4.2) algorithm implemented in 
Autodock4. The population size, maximum number of evaluation (medium) and 
maximum number of generations were set at 150, 27,000 and 2,500,000 respectively. 
The search space of the simulation exploited in the docking studies was studied as 
a subset region of the active site. The water molecules were removed from the enzyme 
to decrease interactions between functional group of ligands and water molecules.

AutoDock program performs the research and evaluation of the different ligand 
configurations. It is possible to use several techniques to obtain the configurations 
(by simulated annealing, genetic algorithm or by Lamarckian genetic algorithm). A 
grid-based method was used to enhance the quick evaluation of the binding energy 
of conformations of the complexes formed. The grid boxes were centred using coor-
dinates of a virtual centre of mass atom for the enzymes. For each protein, the grid 
box was determined respectively in x, y and z dimension according to amino acids 
which formed active site. The affinity of the docked complexes was described using 
binding energy based on a semi empirical force field.

3.5.  Statistical analysis

GraphPad Prism software version 5.00 was used for data analysis. Each experiment 
was repeated at least thrice. Data from 3 or more groups with one variable were 
analysed by ANOVA followed by Dunnett’s post-hoc test for multiple comparison. 
Statistical significance was set at p value < 0.05.

4.  Conclusion

Four pure compounds along with a mixture have been isolated and identified from 
methylene chloride (DCM) extract of Ganoderma applanatum (Pers.) Pat (Ganodermataceae). 
The mixture of 3-acetyl-ergosterol (7) and 3-acetylstellasterol (8) along with 24-acetyl-gan-
odermanondiol (9) were obtained from the acetylation reaction of the mixture of 
ergosterol (1) and stellasterol (2), along with ganodermanondiol (4). These acetylated 

http://www.rcsb.org
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derivatives are reported here for the first time. DCM extract exhibited the highest total 
phenolic content with a very good DPPH antiradical scavenging potential. The same 
extract showed a very good acetylcholinesterase inhibition power. Amongst all the 
tested compounds, compound the mixture of ergosterol (1) and stellasterol (2), showed 
a good antiradical scavenging activity with a very good acetylcholinesterase inhibition 
power. The results obtained demonstrated that the acetylation has reduced the anti-
radical scavenging potential. Molecular docking study has identified several promising 
compounds with favourable docking scores against the 3i6m enzymatic target. The 
results suggest that some of these compounds may serve as effective inhibitors or 
modulators of enzyme activity compared to the reference ligands Galantamine and 
Dacomitinib. Future work should focus on experimental validation of these findings to 
confirm their inhibitory effects and elucidate their mechanisms of action in biological 
systems, paving the way for potential therapeutic applications.

Acknowledgements

The authors are grateful to the International Foundation for Science (IFS) which partially sup-
ported this work through the grant number I1-F-6564-1 obtained by Dr. Yaya Gbaweng. Authors 
also thanks the bioprofiling platform supported by the European Regional Development Fund 
and the Walloon Region, Belgium.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was partially supported by the International Foundation for Science (IFS) through the 
grant number I1-F-6564-1 to Dr. Yaya Gbaweng Abel Joël.

ORCID

Roméo Toko Feunaing  http://orcid.org/0009-0003-8690-9660
Joël Abel Gbaweng Yaya  http://orcid.org/0000-0003-4666-2627
Jean Noël Nyemb  http://orcid.org/0000-0001-5069-6737
Hervé Landry Ketsemen  http://orcid.org/0009-0007-1874-690X
Céline Henoumont  http://orcid.org/0000-0002-3280-2441
Antoine Kavaye Kandeda  http://orcid.org/0000-0003-4358-6593
Alessandro Venditti  http://orcid.org/0000-0003-1492-6739
Sophie Laurent  http://orcid.org/0000-0002-2589-3250

References

Anonymous. 2000. Compendium of pharmaceuticals and specialties. 25th ed. Toronto, Canada: 
Canadian Pharmacists Association.

Basnet BB, Liu L, Bao L, Liu H. 2017. Current and future perspective on antimicrobial and 
anti–parasitic activities of Ganoderma sp: an update. Mycology. 8(2):111–124. doi:10.1080/2
1501203.2017.1324529.

http://orcid.org/0009-0003-8690-9660
http://orcid.org/0000-0003-4666-2627
http://orcid.org/0000-0001-5069-6737
http://orcid.org/0009-0007-1874-690X
http://orcid.org/0000-0002-3280-2441
http://orcid.org/0000-0003-4358-6593
http://orcid.org/0000-0003-1492-6739
http://orcid.org/0000-0002-2589-3250
https://doi.org/10.1080/21501203.2017.1324529
https://doi.org/10.1080/21501203.2017.1324529


Natural Product Research 11

Bateman RJ, Xiong C, Benzinger TLS, Fagan AM, Goate A, Fox NC, Marcus DS, Cairns NJ, Xie X, 
Blazey TM, et  al. 2012. Clinical and biomarker changes in dominantly inherited Alzheimer’s 
disease. N Engl J Med. 367(9):795–804. doi:10.1056/NEJMoa1202753.

Brenner GM. 2000. Pharmacology. Philadelphia: W.B. Saunders Company.
Brenowitz WD, Hubbard RA, Keene CD, Hawes SE, Longstreth WTJr, Woltjer RL, Kukull WA. 2017. 

Mixed neuropathologies and estimated rates of clinical progression in a large autopsy  
sample. Alzheimer’s Dementia. 13(6):654–662. doi:10.1016/j.jalz.2016.09.015.

Byard RW, Langlois NEI. 2019. Wandering dementia: a syndrome with forensic implications.  
J Forensic Sci. 64(2):443–445. doi:10.1111/1556-4029.13885.

Daouda N, Mbaye DM, Gassama A, Lavaud C, Pilard SD. 2017. Determination structurale de 
triterpenoides isloés des feuilles de Combretum glutinosim Perr. (Combretaceae). Int J Biol 
Chem Sci. 11:488–498.

Dilip SE, Sonia A, Van DS, Lalith SRG, Ravi LC, Wijesundera L, Anthony LJC, John W, Murray 
HGM. 2006. Lanostane triterpenoids from the Sri Lankan Basidiomycete Ganoderma appla-
natum. J Nat Prod. 69(8):1245–1248. doi:10.1021/np0602214.

Elkind MSV. 2010. Infectious burden: a new risk factor and treatment target for atherosclerosis. 
Infect Disord Drug Targets. 10:84–90.

Farrer LA, Cupples LA, Haines JL, Hyman B, Kukull WA, Mayeux R, Myers RH, Pericak-Vance MA, 
Risch N, van Duijn CM, et  al. 1997. Effects of age, sex, and ethnicity on the association 
between apolipoprotein E genotype and Alzheimer disease: a meta-analysis. JAMA. 
278(16):1349–1356. doi:10.1001/jama.1997.03550160069041.

Ferreira J, Santos S, Pereira H. 2020. In vitro screening for acetylcholinesterase inhibition and anti-
oxidant activity of Quercus suber Cork and corkback extracts. Evi-Bas Com Alt Med. 9:220–234.

Fratiglioni L, Ahlbom A, Viitanen M, Winblad B. 1993. Risk factors for late-onset Alzheimer’s disease: 
a population-based, casecontrol study. Ann Neurol. 33(3):258–266. doi:10.1002/ana.410330306.

Ge F-H, Duan M-H, Li J, Shi Q-L. 2017. Ganoderin A, a novel 9,11-secosterol from Ganoderma  
lucidum spores oil. J Asian Nat Prod Res. 19(12):1252–1257. doi:10.1080/10286020.2017.13
13834.

Green RC, Cupples LA, Go R, Benke KS, Edeki T, Griffith PA, Williams M, Hipps Y, Graff-Radford 
N, Bachman D, et  al. 2002. Risk of dementia among white and African American relatives of 
patients with Alzheimer disease. JAMA. 287(3):329–336. doi:10.1001/jama.287.3.329.

Hai-Guo S, Qian W, Lin Z, Xing-Rong P, Wen-Yong X, Ming-Hua Q. 2021. functional triterpenoids 
from medical fungi Ganoderma applanatum: a continnuous search for antiadipogeneic agents. 
Biorg Chem. 112:104977.

Hatami T, Emami SA, Miraghaee SS, Mojarrab, MJI. 2014. Total phenolic contents and antioxidant 
activities of different extracts and fractions from the aerial parts of Artemisia biennis Willd. 
Ir J Pharmaceut Res. 13:551.

Hebert LE, Bienias JL, Aggarwal NT, Wilson RS, Bennett DA, Shah RC, Evans DA. 2010. Change in risk 
of Alzheimer disease over time. Neurology. 75(9):786–791.,. doi:10.1212/WNL.0b013e3181f0754f.

Hoang VT, Nguyen TT, Tuan NN, Doan MD, Tran DT. 2018. The triterpenoid and steroid from the 
fruiting body of Ganoderma applanatum (Pers.) Pat. In Vietnam. Viet J Sci Technol. 56:5050–5556.

Howes MJR, Perry NSL, Houghton PJ. 2003. Plants with traditional uses and activities, relevant 
to the management of Alzheimer’s disease and other cognitive disorders. Phytother Res. 
17(1):1–18. doi:10.1002/ptr.1280.

Jack CR, Lowe VJ, Weigand SD, Wiste HJ, Senjem ML, Knopman DS, Shiung MM, Gunter JL, 
Boeve BF, Kemp BJ, et  al. 2009. Serial PiB and MRI in normal, mild cognitive impairment and 
Alzheimer’s disease: implications for sequence of pathological events in Alzheimer’s disease. 
Brain. 132(Pt 5):1355–1365. doi:10.1093/brain/awp062.

Katarzyna SZ, Balik M, Szczepkowski A, Trepa M, Zengin G, Kała K, Muszyńska B. 2023. A review 
of chemical composition and bioactivity studies of the most promising species of Ganoderma 
spp. Diversity. 15(8):882. doi:10.3390/d15080882.

Khalilova GA, Turaev AS, Mulkhitdinov BI, Khaitmetova SB, Normakhamatov NS. 2022. Cytotoxic 
effects and antitumor activity of polysaccharides isolated from the fruiting body of Ganoderma 
lucidum basidial mushroom. Pharm Chem J. 56(8):1045–1048. doi:10.1007/s11094-022-02750-8.

https://doi.org/10.1056/NEJMoa1202753
https://doi.org/10.1016/j.jalz.2016.09.015
https://doi.org/10.1111/1556-4029.13885
https://doi.org/10.1021/np0602214
https://doi.org/10.1001/jama.1997.03550160069041
https://doi.org/10.1002/ana.410330306
https://doi.org/10.1080/10286020.2017.1313834
https://doi.org/10.1080/10286020.2017.1313834
https://doi.org/10.1001/jama.287.3.329
https://doi.org/10.1212/WNL.0b013e3181f0754f
https://doi.org/10.1002/ptr.1280
https://doi.org/10.1093/brain/awp062
https://doi.org/10.3390/d15080882
https://doi.org/10.1007/s11094-022-02750-8


12 R. T. FEUNAING ET AL.

Ma J, Liu C, Chen Y, Jiang J, Qin Z. 2011. Cellular and molecular mechanisms of the Ganoderma 
applanatum extracts induces apoptosis on SGC–7901 gastric cancer cells. Cell Biochem Funct. 
29(3):175–182. doi:10.1002/cbf.1735.

Mahamat A, Nyemb JN, Gade IS, Talla E, Laurent S, Mbafor JT. 2021. Leptadeniamide, a new 
ceramide from Leptadenia hastata Pers. (Decne) (Asclepiadeceae) and antimicrobial activity. 
Intern J Chem Scie. 5(2):01–05.

Min B, Nakamura N, Miyashiro H, Bae K, Hattori M. 1998. Triterpenes from the spores of 
Ganoderma lucidum and their inhibitory activity against HIV-1 protease. Chem Pharm Bull 
(Tokyo). 46(10):1607–1612. doi:10.1248/cpb.46.1607.

Monika OJ, Magdalena J, Magdalena MD, Adriana B, Tomasz PR, Grzegorz J, Jerzy W, Martyna 
KS. 2014. Exopolysaccharide from Ganoderma applanatum as a promising bioactive compound 
with cytostatic and antibacterial properties. BioMed Res Int. 743812:10p. doi:10.1155/2014/743812.

Moradali M-F, Mostafavi H, Hejaroude G-A, Tehrani AS, Abbasi M, Ghods S. 2006. Investigation 
of potential antibacterial properties of methanol extracts from fungus Ganoderma applana-
tum. Chemotherapy. 52(5):241–244. doi:10.1159/000094866.

NIA (National Institute on Aging). 2023. [accessed 2023 Dec 15]. https://www.nia.nih.gov/health/
what-causes-alzheimers-disease.

Oh MH, Houghton PJ, Whang WK, Cho JH. 2004. Screening of Korean herbal medicines used 
to improve cognitive function for anti-cholinesterase activity. Phytomedicine. 11(6):544–548. 
doi:10.1016/j.phymed.2004.03.001.

Path Canada. 1994. Field test methods for the determination of iron in fortified foods. Health 
Bridje. 1–8p. https://hdl.handle.net/10625/29582.

Rahman AU, Choudhary MI. 2001. Bioactive natural products as a potential source of new 
pharmacophores a theory of memory. Pure Appl Chem. 73(3):555–560. doi:10.1351/
pac200173030555.

Reiman EM, Quiroz YT, Fleisher AS, Chen K, Velez-Pardo C, Jimenez-Del-Rio M, Fagan AM, Shah 
AR, Alvarez S, Arbelaez A, et  al. 2012. Brain imaging and fluid biomarker analysis in young 
adults at genetic risk for autosomal dominant Alzheimer’s disease in the presenilin 1 E280A 
kindred: a case-control study. Lancet Neurol. 11(12):1048–1056. 2012; doi:10.1016/
S1474-4422(12)70228-4.

Sakava P, Nyemb JN, Matchawe C, Kumcho MP, Tagatsing MF, Nsawir BJ, Talla E, Atchadé ADT, 
Laurent S, Henoumont C. 2024. Chemical constituents and antibacterial activities of 
Cameroonian dark brown propolis against potential biofilm-forming bacteria. Nat Prod Res. 
doi:10.1080/14786419.2024.2437024.

Saunders AM, Strittmatter WJ, Schmechel D, George-Hyslop PH, Pericak-Vance MA, Joo SH, Rosi 
BL, Gusella JF, Crapper-MacLachlan DR, Alberts MJ, et  al. 1993. Association of apolipoprotein 
E allele epsilon 4 with late-onset familial and sporadic Alzheimer’s disease. Neurology. 
43(8):1467–1472. doi:10.1212/wnl.43.8.1467.

Schulz V. 2003. Ginkgo extract or cholinesterase inhibitors in patients with dementia: what 
clinical trial and guidelines fail to consider. Phytomedicine. 10 Suppl 4:74–79. doi:10.107
8/1433-187x-00302.

Shamameh M, Syamak FG, Mohammad RA, Atousa V. 2019. Antioxidant Activity and Some 
Biochemical Properties of Ganoderma applanatum (Pers.) Pat. from Iran. Adv Res Mic Met 
Tech. 2:61–69.

Stryer L. 1995. Biochemistry. 4th ed. San Francisco (CA): WH Freeman. 1017p.
Vega-Mendoza M, West H, Sorace A, Bak TH. 2015. The impact of late, non-balanced bilingualism on 

cognitive performance. Cognition. 137:40–46. doi: 10.1016/j.cognition.2014.12.008.25596355
Venditti A, Frezza C, Sciubba F, Serafini M, Bianco A. 2017. Primary and secondary metabolites 

of an European edible mushroom and its nutraceutical value: Suillus bellinii (Inzenga) Kuntze. 
Nat Prod Res. 31(16):1910–1919. doi:10.1080/14786419.2016.1267731.

Villemagne VL, Burnham S, Bourgeat P, Brown B, Ellis KA, Salvado O, Szoeke C, Macaulay SL, 
Martins R, Maruff P, et  al. 2013. Amyloid β deposition, neurodegeneration, and cognitive 
decline in sporadic Alzheimer’s disease: a prospective cohort study. Lancet Neurol. 12(4):357–
367. doi:10.1016/S1474-4422(13)70044-9.

https://doi.org/10.1002/cbf.1735
https://doi.org/10.1248/cpb.46.1607
https://doi.org/10.1155/2014/743812
https://doi.org/10.1159/000094866
https://www.nia.nih.gov/health/what-causes-alzheimers-disease
https://www.nia.nih.gov/health/what-causes-alzheimers-disease
https://doi.org/10.1016/j.phymed.2004.03.001
https://hdl.handle.net/10625/29582
https://doi.org/10.1351/pac200173030555
https://doi.org/10.1351/pac200173030555
https://doi.org/10.1016/S1474-4422(12)70228-4
https://doi.org/10.1016/S1474-4422(12)70228-4
https://doi.org/10.1080/14786419.2024.2437024
https://doi.org/10.1212/wnl.43.8.1467
https://doi.org/10.1078/1433-187x-00302
https://doi.org/10.1078/1433-187x-00302
https://doi.org/10.1016/j.cognition.2014.12.008.25596355
https://doi.org/10.1080/14786419.2016.1267731
https://doi.org/10.1016/S1474-4422(13)70044-9


Natural Product Research 13

Vinutha B, Prashanth D, Salma K, Sreeja SL, Pratiti D, Padmaja R, Radhika S, Amit A, Venkateshwarlu 
K, Deepak M. 2007. Screening of selected Indian medicinal plants for acetylcholinesterase 
inhibitory activity. J Ethnopharmacol. 109(2):359–363. doi:10.1016/j.jep.2006.06.014.

WHO. 2023a. Ageing and health. [accessed 2023 Jul 31]. https://www.who.int/news-room/
fact-sheets/detail/ageing-and-health.

WHO. 2023b. Dementia. [accessed 2023 Jul 31]. https://www.who.int/news-room/facts-in-pictures/
detail/dementia.

Xing-Rong P, Qian W, Hai-Guo S, Lin Z, Wen-Yong X, Ming-Hua Q. 2022. Triterpenoides 
anti-acidogènes de type lanostane issus du champignon comestible et médecinal Ganoderma 
applanatum. J Fungi. 8:331.

https://doi.org/10.1016/j.jep.2006.06.014
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/facts-in-pictures/detail/dementia
https://www.who.int/news-room/facts-in-pictures/detail/dementia

	Antiradical and anti-acethylcholinesterase constituents from the methylene chloride extract of Ganoderma applanatum (Pers.) Pat (Ganodermataceae) and molecular docking study
	ABSTRACT
	1. Introduction
	2. Results and discussion
	2.1. Results of the phytochemical study
	2.2. Results of biological activities
	2.2.1. Total polyphenol amount result
	2.2.2. DPPH antiradical scavenging activity
	2.2.3. Inhibition of acetylcholinesterase power

	2.3. Result of the molecular docking study

	3. Experimental
	3.1. General methods
	3.2. Plant material
	3.3. Extraction and isolation
	3.3.1. Data of hemisynthetic derivatives

	3.4. Biological activities
	3.4.1. Total phenolic content
	3.4.2. DPPH antiradical scavenging evaluation
	3.4.3. In vitro inhibition of AchE
	3.4.4. Molecular docking study

	3.5. Statistical analysis

	4. Conclusion
	Acknowledgements
	Disclosure statement
	Funding
	ORCID
	References


