
Multi-Target Actions of Flavonoid Derivatives from Mesua ferrea Linn  
Flower against Alzheimer’s disease Pathogenesis

Kusawadee Plekratoke1   ,   Pornthip Waiwut2   , Chavi Yenjai3   , Orawan Monthakantirat4    ,  
Pitchayakarn Takomthong4    ,  Natsajee Nualkaew4    , Suresh Awale5    , Yaowared Chulikhit4    ,   
Supawadee Daodee4    , Charinya Khamphukdee4   and Chantana Boonyarat4

1Biomedical Science Program, Graduate School, Khon Kaen University, Khon Kaen, 2Faculty of Pharmaceutical Sciences, 
Ubon Ratchathani University, Ubon Ratchathani, 3Department of Chemistry, Faculty of Science, Khon Kaen University,  
4Faculty of Pharmaceutical Sciences, Khon Kaen University, Khon Kaen, Thailand, 5Natural Drug Discovery Lab,  
Institute of Natural Medicine, University of Toyama, Toyama, Japan

 ABSTRACT

OBJECTIVE Kaempferol-3-O-rhamnoside (compound 1) and quercetin- 
3-O-rhamnoside (compound 2), two flavonoids isolated from Mesua 
ferrea L. flowers, were examined for their activities related Alzheimer’s  
disease (AD) pathogenesis including antioxidant, acetylcholinesterase 
(AChE) inhibition, anti-beta amyloid (Aβ) aggregation and neuropro-
tection.

METHODS The two flavonoids were isolated from M. ferrea L. flowers 
using the column chromatography technique. Both compounds were 
evaluated for their effects on AD pathogenesis, including antioxidant 
action by ABTS assay, AChE inhibition by Ellman’s method, and anti- 
Aβ aggregation by thioflavin T (ThT) assay and neuroprotection by cell 
base assay.  To explain the mechanism of AChE inhibition and anti-Aβ 
aggregation, binding interactions between the test compounds and 
AChE and Aβ were studied in-silico.

RESULTS Compounds 1 and 2 showed an ability to scavenge ABTS radi-
cals, with IC50 values of 424.57±2.97 and 308.67±9.90 µM, respectively,  
and to inhibit AChE function with IC50 values of 769.23±6.23 and 
520.64±5.94, respectively.  ThT assay indicated that both compounds 
inhibited Aβ aggregation with IC50 values of 406.43±9.95 and 300.69 
±1.18 µM, respectively. The neuroprotection study revealed that the 
two flavonoids could reduce human neuroblastoma (SH-SY5Y) cell 
death induced by H2O2. The in-silico study showed that both compounds 
bound AChE at catalytic anionic and peripheral anionic sites. In addition,  
the test compounds prevented Aβ aggregation by interacting at the 
central hydrophobic core, the C-terminal hydrophobic region, and the 
important residues of Ile41.

CONCLUSIONS Together, the results showed that kaempferol-3-O- 
rhamnoside and quercetin-3-O- rhamnoside exhibit multiple mech-
anisms of action that are involved in the pathogenesis of AD including 
antioxidant, AChE inhibition, anti-Aβ aggregation, and neuroprotection.  
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INTRODUCTION
The most common kind of dementia is 

Alzheimer’s disease (AD), also known as senile  
dementia. The prevalence of AD gradually  
increases with age, reaching a maximum inci-
dence rate of 50% in people over the age of 85 (1). 
The World Health Organization reported that 
AD affected more than 58 million individuals 
worldwide in 2021.  According to estimates, 
there will be 88 million AD patients worldwide 
in 2050. The cost of treating and caring for 
AD patients worldwide was $957.56 billion in 
2015, and it is estimated to rise to $2.54 trillion 
in 2030 and $9.12 trillion in 2050 (2, 3). The 
pathogenesis of AD has been found to be asso-
ciated with many pathways, including aggre-
gation of Aβ (4), formation of neurofibrillary 
tangles (5), lack of cholinergic neurotransmis-
sion (6), neuroinflammation (7), and oxidative 
stress (8). Currently, only five drugs (rivastig-
mine, galantamine, donepezil, memantine, 
and Namzaric®) have been approved by United 
States Food and Drug Administration (FDA) for 
the treatment of AD (9).  However, these drugs, 
which are single target drugs, only help with 
palliative care; they have no effect on curing 
or preventing AD. Thus, compounds that can hit 
multiple targets linked to AD are still required.

Flavonoids, a major class of hydroxylated  
polyphenolic compounds found in vascular 
plants, have numerous benefits as food and 
medication.  Flavonoids have the basic struc-
ture C6-C3-C6.  Based on the position of ring B  
that ring C is connected to and the degree of ring 
C unsaturation, flavonoids can be classified 
into several subclasses such as flavanols, flava-
nones, flavones, flavanonols, isoflavones, and 
anthocyanidins (10). Currently, over 9,000  
compounds with a flavonoid skeleton have been  
identified, some of which are coupled with 
sugars like glucose, xylose, arabinose, glucu-
ronic acid and rhamnoside (11, 12).  Flavonoids 
have been found to exhibit numerous biological 
activities and anti-AD effects including anti-
oxidant, anti-AChE, anti-Aβ and anti-inflam-
matory (13). 

A plant of the Calophyllaceae family called 
Mesua ferrea L. is widely scattered in tropical 
region like India, Thailand, and China. Several  
studies revealed that the extract of M. ferrea 

L. flower showed biological activities related 
to AD such as anti-inflammation (14), antioxi- 
dant (15), anti-Aβ aggregation, and AChE inhi- 
bitory action (16).  A review of the literature 
found that kaempferol-3-O-rhamnoside, and 
quercetin-3-O-rhamnoside are the major com- 
pounds isolated from the flower of M. ferrea L. 
(17). Both kaempferol-3-O-rhamnoside, and 
quercetin-3-O-rhamnoside have various biologi- 
cal activities, e.g., anti-cancer (18), anti-diabetic  
(19), and antiviral (20). However, there are no 
reports of flavonol rhamnoside as being anti- 
AD.  The objectives of this study were to isolate 
the flavonoid rhamnosides from M. ferrea L. 
flower and to assess their activities associated  
with AD including antioxidant, AChE function, 
Aβ aggregation, and neuroprotection. To clarify 
the mechanism of AChE inhibition and anti-Aβ 
aggregation, binding interactions between the 
flavonoid rhamnosides and AChE or Aβ were 
also studied in-silico. 	

METHODS
Materials

The powder of M. ferrea L. flower was obtained 
from Chao Phya Abhaibhubejhr Hospital, Pra-
chinburi Province, Thailand. It was identified 
by Benjawan Leenin, leader of the Traditional 
Knowledge Center, Chao Phya Abhaibhubejhr 
Hospital Foundation. The herbarium voucher 
specimen of M. ferrea L. was deposited at the 
museum of Chao Phya Abhaibhubejhr Hospital  
with voucher number YPJ013. The reference 
compounds, i.e. trolox, tacrine, curcumin, 
N-acetyl cysteine (NAC) and other chemicals  
like 2,2’-azino-bis (3-ethylbenzthiazoline-6- 
sulphonic acid) (ABTS), acetylcholinesterase 
from Electrophorus electricus (electric eel), and 
Dulbecco’s modified Eagle medium nutrient 
mixture F-12 (DMEM/F12), were purchased 
from Sigma-Aldrich (SM Chemical supplies Co.,  
Ltd., Bangkok, Thailand).  Aβ1-42 was ordered from 
Abcam (Prima Scientific Co., Ltd., Bangkok, 
Thailand). 

Extraction and isolation of flavonoids from 
M. ferrea L. flower extract

The powder of M. ferrea L. flower (3 kg) was 
extracted successively using hexane (3 × 4 L), 
EtOAc (3 × 4 L) and MeOH (3 × 4 L) at room 
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temperature. All the extracts were then evap-
orated using a rotary evaporator at 40-50 °C 
to obtain crude hexane (103 g), EtOAc (162 g), 
and MeOH (178 g) extracts. The MeOH extract 
was subjected to silica gel column chromatog-
raphy (CC) and eluted with CH2Cl2 and MeOH 
using a gradient system to provide fractions 
F1-F9.  Fraction F6 (15 g) was purified by silica 
gel CC, eluted with a gradient system of CH2Cl2:  
MeOH (85:15→0:100, v/v) to give eight fractions,  
F6.1-F6.8. Fraction F6.5 (3.2 g) was separated by CC  
using CH2Cl2: MeOH (95:5→0:100, v/v) to obtain  
nine subfractions, F6.5.1-F6.5.9. Subfraction F6.5.8 
was subjected to preparative thin-layer chro-
matography (PTLC) using CH2Cl2: MeOH (85:15) 
as the developing solvent to obtain compound 1 
(229.1 mg).  Fraction F7 (13.3 g) was isolated by 
CC using silica gel, eluted with CH2Cl2: MeOH 
(85:15→0:100, v/v) to obtain eight fractions, F7.1-

7.8. Fraction F7.5 was subjected to reversed phase 
silica gel CC, eluted with a gradient system of 
H2O2, i.e., MeOH (2:1→1:1→0:1), to obtain five 
fractions, F7.1-F7.5. Fraction F7.3 was subjected to 
Sephadex LH-20 CC and was eluted with 100% 
MeOH to obtain compound 2 (292.5 mg).

Identification of isolated compounds
For chemical structure elucidation, IR, 1H 

NMR, 13C NMR, and MS, which are based on 
spectroscopic data, were used. IR spectra of the 
compounds 1 and 2 were recorded as KBr disks, 
using a Perkin Elmer Spectrum One FT-IR  
spectrophotometer.  The 1H NMR and 13C NMR 
spectra were recorded on a Varian Mercury plus 
spectrometer (Bruker, Model: Ascend-400) 
operating at 400 MHz and 100 MHz, respective-
ly, using TMS as an internal standard. Liquid 
chromatography-high resolution electrospray 
ionization mass spectrometry (LC-HRESIMS) 
was used to accurately determine the mass of 
the isolated compounds.

	  
In vitro analysis

Antioxidant activity by ABTS assay
The effect of flavonoid rhamnosides on anti- 

oxidant activity was investigated using ABTS 
assay as described by Rajurkar et al. (21). Radical 
ABTS (ABTS•+) was generated by the oxidation 
of ABTS with potassium persulfate (K2S2O8).  A 
mixture of 7 mM ABTS and 2.45 mM K2S2O8 (1:1; 

v/v) was incubated in the dark for 12-16 h and 
kept at room temperature.  A total of 150 µL of 
reaction mixture containing 100 µL of ABTS•+ 

and 50 µL of a sample was added to a 96-well 
plate. The plate was incubated for 30 min-
utes at room temperature in the dark and the 
absorbance of the samples was detected at a 
wavelength of 700 nm. The results are reported 
as IC50 values. Trolox was used as the reference 
standard.

Acetylcholinesterase activity by Ellman’s method
The Ellman’s method was used to measure 

AChE activity using a microplate reader.   The 
AChE enzyme hydrolyses the substrate acetylth-
iocholine (ATCI) resulting in the product thio-
choline. Thiocholine interacts with 5,5′-dith-
iobis-(2-nitrobenzoic acid) (DTNB) to provide 
2-nitrobenzoate-5-mercaptothiocholine and 
5-thio-2-nitrobenzoate, which can be measured 
at 405 nm.  For the experiment, 25 μL of 1 mM 
ATCI, 125 μL of 1 mM DTNB, 25μL of the sample, 
and 50 μL of 0.2 U/mL AChE from an electric 
eel (type VI-S) were added to the 96-wells. The 
absorbance was measured at 405 nm every 30 s  
for 5 minutes using a microplate reader. The 
results are expressed as IC50 values (22). Tacrine 
was used as the reference compound.

Aβ aggregation activity by Thioflavin T assay
The Thioflavin T (ThT) assay was used to 

evaluate the Aβ aggregates. Aβ1-42 was dis-solved 
in pH 7.4 phosphate-buffered saline (PBS) and 
kept at -20 °C until use.  To evaluate the effects 
on Aβ aggregation, 2 µL of the sample at various 
concentrations dissolved in DMSO was incu-
bated with 18 µL of 10 µM Aβ1-42 at 37 °C for 48 
h in the dark.  After 48 h, 180 µL of 5 µM ThT in 
a glycine/NaOH solution (pH 8) were added to 
the plate. Then, the fluorescence was measured 
after 5 minutes using a microplate reader with 
excitation at 446 nm and emission at 490 nm 
(23). Curcumin was used as a reference stand-
ard.

Neuroprotective analysis
The SH-SY5Y cells were cultured in a medi-

um of DMEM/F12 supplemented with 10% FBS 
in a humidified 5% CO2 incubator at 37 °C. To 
differentiate neural cells, the cells were cul-
tured in a 75 cm2 cell culture flask for 24 h. Then 
the cells were differentiated with 10 µM retinoic 
acid (RA) in 1% FBS in a culture medium for 6 
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days.  Every three days, the media that con-
tained RA were replaced (24). Before testing, 
the differentiated SH-SY5Y cells were cultured 
in 96-well plates at a concentration of 5 x 105 
cells/mL and incubated for 48 h.  After 48 h, the 
cells were pretreated either with the samples 
or the reference compound (n-acetylcysteine; 
NAC) for 2 h.  For oxidative stress induction, cells 
were treated with 100 µl of 250 µM H2O2 for 2 h. 
Then the cells were stained with 100 µL of 0.5 
mg/mL MTT for 2 h and identified using micro- 
plate reader at a wavelength of 550 nm (25).

In-silico binding interaction studies
The interaction between the targets and 

flavonoid rhamnosides was determined using  
molecular docking studies.  AChE structure was 
obtained from the protein data bank (PDB: 
code: 2CEK).  For the 3D optimization of the test 
compounds, Chem3D 15.1 was used.  The Auto-
Dock 4.2.6 program was used for the docking 
study. After the docking process, BIOVIA Dis 
covery Studio 2017 was used to analyze the  
interactions. For the Aβ fibril study, X-ray 
crystallography with PDB code 2BEG was used 
to create the template.  The Autodock 4.2.6 pro-
gram was used to perform the docking which was 
repeated for 100 runs using the Lamarckian 
genetic algorithm. The maximum number of 
generations and the energy evaluation of deter- 
mination were set at 27,000 and 1,000,000,  
respectively.  BIOVIA Discovery Studio 2017 was 
used to analyze the interactions (26).

Statistical analyses
For in vitro, the data are reported as means 

±SD (n = 3-5).  Statistical significance was deter-
mined by one-way analysis of variance (ANOVA). 
A p <0.05 was considered as statistically signi- 
ficant. The data were analyzed using IBM SPSS 
statistics 19.0 software.

RESULTS
Characterization of isolated compounds from 
M. ferrea L.

The MeOH extract of M. ferrea L. flower was 
isolated by column chromatography to obtain 
two flavonol rhamnoside compounds, kaemp-
ferol 3-O-rhamnoside (compound 1) and 
quercetin 3-O-rhamnoside (compound 2). For 
chemical structure elucidation, the spectrum 

data of compounds 1 and 2 were obtained from 
IR, 1H NMR, 13C NMR, and HRESIMS. 

Compound 1. Kaempferol 3-O-rhamnoside, 
a yellow powder; IR Vmax 3391, 2978, 1656, 1361, 
1177, and 839 cm-1.  1H NMR (CD3OD, 400 MHz, 
δH) δ 7.76 (2H, dd, J = 8.8 Hz, H-2′ and H-6′), 
6.92 (2H, dd, J = 8.4 Hz, H-3′ and H-5′), 6.34 
(1H, d, J = 1.6 Hz, H-8), 6.17 (1H, d, J = 1.6 Hz, 
H-6), 5.36 (1H, d, J = 1.6 Hz, H-1″), 4.21 (1H, d, 
J = 1.2 Hz, H-2″), 3.70 (1H, dd, J = 3.2, 8.8 Hz, 
H-3″), 3.30 (2H, m, H-4″ and H-5″), and 0.91 
(3H, d, J = 5.6 Hz, CH3-6″). 13C NMR (CD3OD, 
100 MHz, δC) 178.06 (C-4), 165.71 (C-7), 161.77 
(C-5), 160.18 (C-2), 157.72 (C-4′), 157.25 (C-9), 
134.70 (C-3), 130.42 (C-2′ and C-6′), 121.18 (C-
1′), 115.13 (C-3′ and C-5′), 104.17 (C-10), 102.07 
(C-1″), 98.77 (C-6), 93.62 (C-8), 71.78 (C-4″), 
70.70 (C- 2″), 70.60 (C-3″), 70.50 (C-5″), 16.10 
(CH3-6″). HRESIMS: m/z 455.0951 [M+Na]+.

Compound 2. Quercetin 3-O-rhamnoside, a 
yellow powder; IR Vmax 3391, 2932, 1655, 1359, 
1173, 814 cm-1. 1H NMR (CD3OD, 400 MHz, δH) 
δ 7.32 (1H, d, J = 2.0 Hz, H-2′), 7.30 (1H, dd, J = 
8.0, 2.0 Hz, H-6′), 6.91 (1H, d, J = 8.4 Hz, H-5′), 
6.38 (1H, d, J = 2.0 Hz, H-8), 6.20 (1H, d, J = 1.8 
Hz, H-6), 5.35 (1H, d, J = 1.6 Hz, H-1″), 4.22 
(1H, dd, J = 3.2, 1.6 Hz, H-2″), 3.75 (1H, dd, J = 
9.2, 3.2 Hz, H-3″), 3.43 (1H, dd, J = 5.9, 9.6 Hz, 
H-5″), 3.34 (1H, dd, J = 5.9, 9.6 Hz, H-4″), 0.94 
(3H, d, J = 5.6 Hz, CH3-6″). 13C NMR (CD3OD, 
100 MHz, δC) 178.20 (C-4), 164.62 (C-7), 161.82 
(C-5), 157.91 (C-2), 157.12 (C-9), 148.39 (C-4′), 
145.04 (C-3′), 134.84 (C-3), 121.56 (C-1′), 121.44 
(C-6′), 115.51 (C-5′), 114.95 (C-2′), 104.47 (C-
10), 102.09 (C-1″), 98.44 (C-6), 93.32 (C-8), 
71.85 (C-4″), 70.71 (C-2″), 70.62 (C-3″), 70.50 
(C-5″), 16.10 (C-6″). HRESIMS: m/z 449.1079 
[M+H]+.

Compound 1 was a yellow amorphous pow-
der. The IR spectrum showed the presence 
of the OH and carbonyl functional groups at 
3,391 cm-1 and at 1656 cm-1, respectively. C-H 
stretching vibrations appeared at 2,978 cm-1,  
C=C stretching at 1,361 cm-1, asymmetric C-O-C 
stretching at 1,171 cm-1, and C-H bending at 839 
cm-1. The protons at positions C-6 and C-8 of 
ring A of the flavonol skeleton were predicted  
by the two aromatic hydrogen signals with 
‘meta coupling’ at δ 6.34 ppm (1H, d, J = 1.6 Hz) 
and 6.17 (1H, d, J = 1.6 Hz) which appeared in 
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the 1H NMR spectra. Compound 1 was predicted 
to contain OH groups at C-5 and C-7 of ring 
A.  The protons at positions C-2′, C-3′, C-5′, 
and C-6′ were assumed to be responsible for 
two signals with “ortho coupling” in ring B at 
δ 7.76 ppm (2H, dd, J = 8.8 Hz) and 6.92 ppm 
(2H, dd, J = 8.4 Hz). The compound was antic-
ipated to be a flavonol rhamnoside based on 
the existence of an anomeric proton signal at 
δ 5.36 ppm (1H, d, J = 1.6 Hz) and the absence 
of a specific signal for olefinic hydrogen at C-3.  
A sugar moiety was present as evidenced by 
the formation of an anomeric carbon signal at 
102.07 ppm in the 13C NMR spectrum. The loca-
tion of the sugar moiety was determined to be 
in the C-3 OH group based on the correlation 
between the anomeric proton signal (5.37 ppm) 
and the anomeric carbon signal (102.07 ppm) 
which were identified by analyzing the HMBC 
spectral data.  The sugar moiety was identified 
as rhamnose by the methyl signal seen at 0.91 
ppm (3H, s) in the 1H NMR spectrum and at 
16.10 ppm in the 13C NMR spectrum. The peak 
at m/z 455.0951 [M+Na]+ was identified by the 
HRESIMS data as having the chemical formula 
C21H20O10 (calculated for C21H20O10Na, 455.0954 
m/z). From the data, the isolated compound 
was identified as kaempferol-3-O-rhamno-
side (Figure 1). We confirmed compound 1 to 
be kaempferol 3-O-rhamnoside by comparing 
the spectrum data of the isolated chemical with 
prior studies (27). 

Compound 2 appeared as a yellow, amor-
phous powder. The spectrum data of compound 
2 were similar to that of compound 1. The IR 
data showed that the absorption at 3,391, 
2,932, 1,655, 1,359, 1,173, and 814 cm-1 were  

vibrations of the OH group, C-H stretching, the 
carbonyl functional group, the C=C olefin ring, 
C-O-C stretching, and C-H bending, respec-
tively. Five aromatic proton signals at δ 7.32 
ppm (1H, d, J = 2.0 Hz), 7.30 ppm (1H, dd, J = 
8.0, 2.0 Hz), 6.91 ppm (1H, d, J = 8.4 Hz), 6.38 
ppm (1H, d, J = 2.0 Hz), and 6.20 ppm (1H, d, J 
= 1.8 Hz) were observed in the 1H NMR spec-
tra and were anticipated to be from the protons 
at C6, C8, C-2′, C-5′, and C6′.  In ring A of the 
flavonol skeleton, two meta-coupled aromat-
ic protons at δ 6.20 and 6.38 ppm (J = 2.0 Hz) 
indicated proton substitutions. Two aromatic 
proton signals with meta-coupling appeared at 
δ 7.32 ppm (d, J = 2.0 Hz) and 7.30 ppm (dd, J = 
2.0 Hz), confirming three proton substitutions 
in ring B.  The ortho coupling between the pro-
ton at δ 6.91 ppm and the proton at δ 7.30 ppm 
had a coupling constant of J = 8.0 Hz. The 13C 
NMR spectrum contained 21 carbons, including  
6 rhamnosyl carbon signals, (16.10, 102.09, 
70.71, 70.62, 71.85, and 70.50 ppm). From the 
peak at m/z 449.1079 [M+H]+ (calculated for 
C21H20O11H, 449.1083 m/z), the chemical for-
mula was determined to be C21H20O11. We iden-
tified compound 2 as quercetin-3-O-rhamnoside 
(Figure 1) by comparing the spectrum data of the 
isolated compound with relevant literature (27). 

      
In vitro analysis 

Antioxidant activity of the test compounds 
was measured by ABTS assay. The results in-
dicated that both compounds 1 and 2 showed 
an ability to scavenge ABTS radicals with IC50 

values of 424.57±2.97 and 308.67±9.90 µM, 
respectively. Compound 2 scavenged ABTS 
radicals better than compound 1.  For AChE  

Figure 1. Structures of flavonoid rhamnosides: kaempferol-3-O- rhamnoside (compound 1) and quercetin-3-O-rham-
noside (compound 2).
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inhibition, compound 1 showed an ability to  
inhibit AChE activity with IC50 769.23±6.23 µM, 
while compound 2 could inhibit AChE func-
tion with an IC50 value of 520.64 ±5.94 µM.  The 
investigation of the effect on Aβ aggregation 
showed that both compounds have an ability 
to inhibit Aβ aggregation with an IC50 values 
of 406.43±9.95 µM (compound 1) and 300.69 
±1.18 µM (compound 2). In summary, in vitro 
examination found that compound 2 showed 
better antioxidant activity as well as greater 
AChE and Aβ aggregation inhibition than com-
pound 1. The results are presented in Table 1.

Flavonol compounds protect SH-SY5Y cells 
against H2O2-induced neurotoxicity

The neuroprotective effect against H2O2 
toxicity of the flavonol compounds was de-
termined in SH-SY5Y neuroblastoma cells. 
Before performing the neuroprotective as-
say, compounds 1 and 2 were tested for cyto-
toxicity against SHSY-5Y cells. The cells were 

treated with the test compounds at concen-
trations of 0.1, 1, 10, and 100 μM for 2 hours. 
The results showed that both test compounds 
were non-toxic to SHSY-5Y cells at concentra-
tions up to 100 μM. Compounds 1 and 2 at the 
non-toxic concentrations of 0.1-100 µM were 
used in further neuroprotective effect inves-
tigation. In the neuroprotective assay, both 
compounds 1 and 2 showed neuroprotective 
effects against H2O2-induced neurotoxicity 
(Figure 2). Pretreatment of the cells with com-
pound 1 at a concentration of 100 μM signifi-
cantly reduced the cell viability loss induced by 
H2O2. Compound 2 greatly decreased the loss 
of cell viability induced by H2O2 at doses of 10 
and 100 µM.  The results obtained from the an-
tioxidant assay indicate that both compounds 
exhibit antioxidant activity, indicating that 
the protective action against the H2O2 of com-
pounds 1 and 2 might be enhanced by the anti-
oxidant action.

Table 1. The activities related to AD of the flavonol compounds.

Test compounds

IC50 (µM)

Antioxidant AChE  
inhibition

Anti-Aβ  
aggregation

Compound 1 
Compound 2 
Trolox 
Tacrine 
Curcumin 

424.57±2.97a

308.67±9.90b

64.83±0.77c

ND
ND

769.23±6.23a

520.64±5.94b 
ND

0.40±1.3c

ND

406.43±9.95a

300.69±1.18b

ND
ND

5.00±2.35c

Values expressed as mean ± SD (n = 3); a,b,c different letters in the same column are 
significantly different (p < 0.05).
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Figure 2. Effect of the flavonol compounds on H2O2-induced cell damage in SH-SY5Y cells: (A) compound 1; (B) 
compound 2. Data are means±SD (n=3) and *p < 0.05, **p < 0.01 compared to the H2O2-treated group
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In-silico binding interaction studies
Molecular docking studies of AChE inhibition
The binding interactions between flavonol 

rhamnosides and AChE were examined to fur-
ther define the underlying mechanism utilizing 
the Autodock 4.2.6 and Discovery studio pro-
grams. Compounds 1 and 2 bound to AChE with 
binding energy values of -11.65 and -14.40 KJ/
mol, respectively. The compound 1 occupied in 
middle gorge of the AChE active site by locating  
ring B in the peripheral anionic site (PAS)  
region and the rhamnoside structure in the 
catalytic active site (CAS).  Rings A and C, which 
are the core structure of flavonoids, interacted 
with Trp84 via π–π stacking. Ring B formed a 
π–π stacking interaction with Tyr334 in the 
PAS regions. The OH group at position 3 of 
rhamnoside interacted with Ser220 and His440 
in the CAS via hydrogen bonding.  The OH group 
at position 5 of ring A interacted with His440 
in the CAS via a hydrogen bond. The binding 
modes and interaction diagrams of compound 
1 bound to AChE are presented in Figure 3A. The 
orientation of compound 2 is the same as com-
pound 1, with ring A located in CAS and ring B 
in regions of the AChE site.  The benzene rings 
(A) and a heterocycle pyrene ring (C) formed 
hydrophobic π–π stacking interaction with 
Trp84 of PAS residue. The hydroxy group at 
position 3 of rhamnoside interacted with ami-

no acid residues Ser220 and His440 via hydro-
gen bonding inside the active pocket of AChE. 
In addition, His440 showed hydrogen bonding 
with the hydroxy group of ring A at position 5. 
The OH group at position 3 of ring B exhibit-
ed hydrogen bonding interaction with Ser122. 
Figure 3B shows the binding interactions that 
occurred between compound 2 and surround-
ing amino acid residues that are located at the 
active sites. 

Molecular docking studies of Aβ inhibition
Two flavonol rhamnosides were investigat-

ed for binding interactions between flavonol 
rhamnoside and Aβ1-42. The interactions were 
determined using the Autodock 4.2.6 program. 
Compounds 1 and 2 bound to Aβ1-42 with bind-
ing energy values of -6.54 and -8.36 KJ/mol, 
respectively. The core structure of compound 
1 interacted with amino acid residue Val40 via 
π-stacked by hydrophobic interaction in the 
C-terminal hydrophobic region. In addition, 
the OH group at position 4 of ring B formed a 
hydrogen interaction with Ile41. Substitution 
with OH groups at positions 5 and 7 of ring B 
interacted with amino acid residue Leu17 in 
the central hydrophobic region. Thus, the core 
structure of compound 1 is located to the cen-
tral hydrophobic core region and the C-termi-
nal hydrophobic region of Aβ1-42, which is re-
sponsible for promoting fibril formation and 

Figure 3. Binding interaction diagram of flavonol compounds:  compound 1 (A), compound 2 (B) bound to AChE

A B

Interactions
Van der Waals
Conventional Hydrogen Bond
Pi-Anion

Pi-donor Hydrogen bond
Pi-Pi Stacked
Pi-Alkyl
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initiating nucleation. In addition, substitution 
with OH groups at positions 3 and 4 of rhamno-
side interacted with amino acid residue Gly37 
and Val39 via hydrogen bonding (Figure 4A). 
The binding orientation of compound 2 was 
the same as compound 1. The benzene rings 
(A) and a heterocycle pyrene ring (C) formed a 
hydrophobic π- sigma interaction with Val40 
of the C-terminal hydrophobic region. The OH 
group at positions 5 and 7 of ring A interacted  
with Leu17 and Ile41 via hydrogen bonding. 
Ring B formed a π–π stacking interaction with 
Phe19.  Amino acid residue Gly37 showed hydro-
gen bonding with the hydroxy group at positions 
3 and 4 of ring B.  The OH group at positions 
2 and 3 of rhamnoside formed with Leu17 and 
Phe19, respectively, via hydrogen bonding in 
the central hydrophobic region (Figure 4B). 
These results indicate that these amino acids 
play a significant role in the networks of intra- 
and inter-molecular contacts that preserve the 
stability of fibrils through hydrogen bonding 
and hydrophobic interactions.

	
DISCUSSION

One of the direct causes of AD is oxidative 
stress. Overwhelming evidence suggests that 
oxidative stress is a factor in the development  
of AD and that it affects the brain tissue of 
patients.  It is believed that oxidative stress, 
which is characterized by an imbalance in the 

creation of radical reactive oxygen species 
(ROS) and antioxidative defense, has a signifi-
cant impact on age-related neurodegeneration 
and cognitive decline (28).  Therefore, anti-
oxidants might be useful for the prevention of 
oxidative stress in the AD brain. In this study, 
both flavonol compounds showed antioxidant 
activity in ABTS assay. The ability of compound 
2 to scavenge ABTS radicals was higher than 
compound 1. These results revealed the impor-
tance of the OH group on position 3 of ring B 
of the flavonol skeleton as being important 
sites for scavenging free radicals. Normally, 
free hydroxyls on the flavonoid nucleus donate 
electrons, which results in the creation of less 
reactive aroxyl radicals (29).  For this reason, 
it has been suggested that compound 2, which 
has two OH on ring B, is a stronger antioxidant 
than compound 1. Thus, it could be anticipated  
that the quantity of OH groups on ring B of the 
flavonol skeleton would affect the free radical  
scavenging ability. This is in accordance with 
previous research that found associations  
between the amounts of hydroxy groups on 
aromatic rings and their capacity to scavenge 
free radicals (30).

AD has been found to be associated with a 
decrease in the amount of acetylcholine in the 
brain, resulting in a cholinergic deficit.  Acetyl-
choline is rapidly hydrolyzed by AChE at the 
cholinergic synapses, resulting in stopping 

Figure 4. Binding interaction diagram of flavonol compounds:  compound 1 (A), compound 2 (B) bound to Aβ1-42
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the transmission of nerve signals (31). Thus, 
it appears that inhibiting AChE function is an 
effective treatment approach to lessen, at least 
temporarily, the cognitive loss in AD. In the 
present study, the inhibitory activities of flavo-
nol compounds against AChE were investigated 
by in vitro and molecular docking studies. In 
the in vitro study, both compounds showed an 
ability to inhibit acetylcholinesterase function. 
The degree of inhibition activity was found to 
vary depending on whether the structures of 
compound 2 provided stronger inhibition than 
compound 1.  We confirmed that the OH group 
at the C-3 position in the structure of com-
pound 2 increased AChE inhibitory activity and 
that it was essential for the occurrence of that 
activity. Similar results have been reported 
for quercetin and luteolin, with additional OH 
groups on the C-3 position of ring B showing 
activity higher than kaempferol and apigenin, 
respectively (32).  According to the docking study,  
both flavonol rhamnosides concurrently occupy  
CAS and PAS of AChE.  Interacting with His400 
and Ser200 in CAS, the OH group of the rham-
noside structure plays a crucial role in the 
suppression of AChE activity. As a result, the 
flavonol rhamnoside attaches to the CAS of 
AChE and prevents ACh from being hydrolyzed. 
Moreover, the core structure of flavonoid could 
bind to the PAS via π–π stacking with Tyr334 
and Trp84, initiating the Aβ aggregation pro-
cess.

The accumulation of toxic Aβ plaques in the  
brain is the key hallmark of AD pathogenesis.  
Therefore, the primary goal of numerous treat- 
ment approaches that are being developed or 
are undergoing clinical trials is to prevent or  
reduce the formation of Aβ plaques.  Aβ1-40 and 
Aβ1-42 are the major elements of senile plaques 
(33, 34). According to several studies, Aβ1-42 
plays a significant role in the genesis of AD. 
According to previous research on transgenic  
mice and in vitro studies, Aβ1-40 may produce 
amyloid plaques more slowly than Aβ1-42 (35). 
Therefore, in order to evaluate the Aβ aggre-
gation, we used Aβ1-42. The cross-β structure 
of Aβ1-42 fibrils consists of unstructured amino 
acid residues 1-17 at the N-termini, whereas 
amino acid residues 18-42 form the β-turn-β 
fold. There are two parallel β-turn regions, 

amino acid residues 17-21 and 29-35.  These two 
β-strands are linked by a loop region where a 
salt bridge between Asp23 and Lys28 is created, 
supporting turn formation. The β-sheet struc-
ture is stabilized by two molecular interactions 
including that Phe19 packs against Gly38 and 
that Ala42 contacts the side chain of Met35.  
It has previously been determined that amino 
acid residues 17-21 in the central hydrophobic 
region and amino acid residues 39-42 in the 
C-terminal hydrophobic segment serve as the 
nucleation sites of Aβ aggregation. The steric 
zipper effect of these regions causes dimer for 
mation and eventually greater aggregation.  
Interchain interactions are observed along with 
hydrogen bonds between the backbone of amino  
acid residues Val18-Val39, Asp23-Leu34, Lys28- 
Val36, Glu22-Met35, Val36-Ile41, and Phe20-
Gly37.  Additionally, it has been demonstrated 
that the addition of the amino acids Ile41 and 
Ala42 has a major impact on the development 
of AD. The production of paranuclei depends 
on amino acid Ile41, whereas the assembly of 
bigger oligomers requires Ala42 (36, 37). The 
central hydrophobic segment, the hydropho-
bic C-terminal, and the turn segment are vital  
areas of Aβ1-42 that may enhance conforma-
tional shift, initiate nucleation, and encourage 
fibril formation. Compounds that have a po-
tential to interact with these binding regions 
may be potent inhibitors of Aβ aggregation. In 
this study, both in vitro and in-silico methods 
were used to investigate the regulatory impact 
and mechanism of action of flavonol rhamno-
side on Aβ1-42 aggregation. In the in vitro study, 
we investigated the effects of two flavonol 
rhamnosides on the inhibition of Aβ aggrega-
tion using the ThT assay. The results showed 
that compound 2 could inhibit the aggregation 
of Aβ1-42 more potently than compound 1. Com-
pound 2 has many hydroxyls OH groups, which 
are crucial for inhibiting fibril growth by esta- 
blishing hydrogen bonds through hydrophobic  
interactions between β-sheet structures and 
aromatic rings.  By increasing the electron 
density in the aromatic rings, the hydroxyl OH 
group may improve the binding of compound 2 
to the amino acid residue of β-sheet structures. 
The anti-amyloidogenic activity of the mole-
cule increases with the number of OH groups 
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present in the structure (38). The results of 
the in-silico study showed the core structure 
of both compounds could form hydrophobic 
interactions with Val40 via π-stacked in the 
C-terminal hydrophobic region. For compound 
1, substitution with OH group at position 4 of 
ring B formed a hydrogen bond only with Ile41, 
while compound 2 substitution with OH groups 
at positions 5 and 7 of ring A and at positions 
3 and 4 of ring B enhanced hydrogen bonding 
with Leu17, Gly37 and Ile41.  These amino acids 
play a significant role in the networks of intra- 
and intermolecular contacts that preserve the 
stability of fibrils through hydrogen bonding 
and hydrophobic interactions. The in-silico  
results indicate that the critical regions re-
sponsible for Aβ fibrillation and nucleation, the 
central hydrophobic segment and C-terminal 
hydrophobic area, as well as the residues at 
positions 41, may interact with flavonol rham-
noside to disrupt fibril stability.

Oxidative stress has been linked to AD, 
a neurodegenerative illness. An increase in 
the oxidation of brain lipids, carbohydrates,  
proteins, and DNA is characteristic of neuro- 
degenerative disorders. Since the brain is a 
metabolically active organ, its levels of ROS 
are higher than those of other organs. The cell 
types most susceptible to free radical damage  
are neurons (39).  Overproduction of ROS can 
result in cell death by damaging oxidative 
macromolecules. Oxidative stress has been 
linked to the onset and progression of neuro-
degenerative diseases, especially Alzheimer’s 
disease (40). Therefore, reducing oxidative 
stress is one of the best ways to treat these 
diseases. Hydrogen peroxide (H2O2) acts as an 
inducer of oxidative stress damage by raising 
ROS levels and inducing cell death.  H2O2 can 
also penetrate cell membranes and generate  
oxygen-derived free radicals. Thus, the Fenton 
reaction allows H2O2 to be transformed into 
hydroxyl radicals (•OH) in the presence of ferrous 
ions (Fe2+) (41).  For that reason, H2O2 was used 
to induce cell damage via oxidative stress. In 
this study, pretreatment of SH-SY5Y cells with 
compounds 1 and 2 greatly improved the survival 
of cells exposed to H2O2. The antioxidant abilities 
of both compounds could possibly explain their 
neuroprotective effects.

Overall, the results showed that two flavonol 
rhamnosides isolated from M. ferrea L. flower, 
kaempferol 3-O-rhamnoside and quercetin 
3-O-rhamnoside, have multimode action re-
lated to the AD pathogenesis cascade, including 
antioxidants, anti-acetylcholinesterase, and 
anti-Aβ aggregation. In addition, both flavonol  
rhamnosides showed an ability to protect 
against neuronal cell damage induced by oxida-
tive stress.

CONCLUSION
Two flavonoids isolated from M. ferrea L. 

flower, namely kaempferol-3-O-rhamnoside 
(1), quercetin-3-O-rhamnoside (2), were inves- 
tigated for their activities involved with AD 
pathogenesis including antioxidant activity,  
AChE inhibition, anti-Aβ aggregation, and neuro- 
protection. Both compounds showed multi-
functional activities targeting oxidation, AChE 
function and Aβ aggregation. The binding in-
teractions between flavonol rhamnosides and 
AChE or Aβ1-42 peptide were also examined in- 
silico to clarify the mechanism of action. The 
results demonstrated that both compounds 
could bind to AChE at both the CAS and the 
PAS, thus preventing the hydrolysis of ACh  
and Aβ aggregation. In-silico results revealed 
that both compounds might inhibit Aβ1-42  
aggregation by interacting with the residues 
of Ile41, the central hydrophobic core, and the 
C-terminal hydrophobic region of Aβ1-42which 
are the important regions responsible for Aβ 
nucleation and fibrillation. Flavonoid rhamno-
sides were found to be multi-target agents that 
have the potential to prevent AD pathogenesis. 
Further studies to elucidate the mechanisms 
of action and the investigation in animal AD 
models, an important step in the search for 
new drug candidates, should be undertaken.
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