
Agr. Nat. Resour. 57 (2023) 729-738

Research article

Morinda scabrida Craib: An unexplored species with antibacterial 
potential and inhibition of acetylcholine esterase and α-glucosidase
Sorachai Sae-lima, Thamrongjet Puttamukb, Sutida Maneeanakekulb, Sasithorn Buppatanoa,  
Wanchai Pluempanupata, Pitak Chuawonga,*
a	 Department of Chemistry and Center of Excellence for Innovation in Chemistry, Faculty of Science, Special Research Unit for 

Advanced Magnetic Resonance (AMR), Kasetsart University, Bangkok 10900, Thailand
b	 School of Agriculture and Cooperatives, Sukhothai Thammathirat Open University, Nonthaburi 11120, Thailand

*	Corresponding author.
	 E-mail address: Pitak.C@ku.ac.th (P. Chuawong)

	 online 2452-316X print 2468-1458/Copyright © 2023. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/),  
	 production and hosting by Kasetsart University Research and Development Institute on behalf of Kasetsart University.

	 https://doi.org/10.34044/j.anres.2023.57.4.17

AGRICULTURE AND
NATURAL RESOURCES

Journal homepage: http://anres.kasetsart.org 

Article history:
Received 23 July 2023
Revised 31 July 2023
Accepted 4 August 2023
Available online 31 August 2023

Keywords:
α-Glucosidase,
Acetylcholilne esterase,
Antibacterial,
Gallic acid derivatives,
Morinda scabrida Craib

AbstractArticle Info

Importance of the work: The bioactivity levels of pure compounds isolated from the plant 
Morinda scabrida Craib have not been investigated.
Objectives: To explore the bioactivity of active compounds isolated from Morinda scabrida 
Craib, an unexplored species of the Morinda plant. 
Materials & Methods: The roots of Morinda scabrida Craib were processed and subjected 
to maceration, chromatographic separation and structural elucidation using spectroscopic 
techniques. Five pure compounds were obtained and tested for their antibacterial activity 
and inhibitory effects against acetylcholine esterase and α-glucosidase. Molecular docking 
simulations further illustrated the binding modes to their biomolecular targets.
Results: Gallic acid and four ester derivatives were obtained from the root extract of Morinda 
scabrida Craib. Among these five compounds, M05 (octyl gallate) had antibacterial activity 
against Gram-positive and Gram-negative bacteria. In addition, M05 (100 µM) showed 
71% inhibition against α-glucosidase at 100 µM. Furthermore, all isolated compounds 
(M01–M05) exhibited inhibitory effects (57–65% inhibition) against acetylcholine esterase 
at 100 µM. Finally, the molecular docking simulations elucidated the binding energies of all 
isolated compounds toward acetylcholine esterase and α-glucosidase and the best-docked 
conformation of the most active compound (M05) in the active sites of these two enzyme 
targets was illustrated, showing the key intermolecular interactions responsible for ligand 
binding.
Main finding: This was the first report on the antibacterial, anti-acetylcholine esterase and 
anti-α-glucosidase activities of five chemical constituents isolated from Morinda scabrida 
Craib. The results demonstrated the medicinal potential of M. scabrida Craib, which could be 
developed further for use as a traditional medicine. 
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Introduction 

	 Morinda citrifolia (noni), a plant belonging to the Morinda 
genus, has a long history of traditional medicinal use for over 
two thousand years (Wang et al., 2002). The Morinda genus is 
composed of approximately 40 distinct species, with 9 of them 
being native to Thailand (Kesonbuaa, 2013). Other research 
has isolated numerous groups of compounds from various 
Morinda species, encompassing benzoids, flavones, fatty 
acids, flavonols, iridoid monoterpenes, quinoids, steroids and 
triterpenes (Assi et al., 2017).
	 Beyond their chemical diversity, Morinda plants have been 
associated with various biological activities, making them 
particularly noteworthy in medicinal contexts. These activities 
include antibacterial (Natheer et al., 2012; Wang et al., 2016; 
Torres et al., 2017; De La Cruz-Sanchez et al., 2019; Zhai 
et al., 2019) and antifungal (Wang et al., 2002; Jainkittivong 
et al., 2009; Assi et al., 2017; Torres et al., 2017) properties, 
contributing to their potential to combat microbial infections. 
Additionally, Morinda plants have exhibited anti-inflammatory 
effects (Torres et al., 2017), hinting at their potential use in 
reducing inflammation-related conditions. In addition, their 
antiprotozoal activity signifies possible applications against 
protozoan infections (Kwofie et al., 2016). Most importantly, 
their anticancer properties have sparked interest in exploring 
their role in cancer therapy (Furusawa et al., 2003; Brown, 
2012; Sharma et al., 2016; Li et al., 2019; Latifah et al., 2021; 
Chee et al., 2022; Li et al., 2022). As a result of the vast array 
of medicinally relevant compounds and biological activities 
exhibited by Morinda plants, they are regarded as rich sources 
of natural products with substantial therapeutic potential. 
Researchers continue to dedicate efforts to further explore the 
beneficial properties of Morinda plants in therapeutics.
	 Morinda scabrida Craib was initially discovered in Thailand 
in 1932 (Craib, 1932). Subsequently, in 2013, the key to the 
species was officially published (Kesonbuaa, 2013). Despite 
its long history, the chemical constituents and bioactivity of 
M. scabrida Craib have not been elucidated, prompting the 
current study to investigate its bioactive compounds. The 
primary objectives involved identifying bioactive chemicals 
within this plant and exploring their potential effects on three 
biological activities: antibacterial activity, anti-acetylcholine 
esterase activity and anti-α-glucosidase activity. The last two 
are particularly relevant to Alzheimer’s disease and diabetes 
mellitus (Amenta et al., 2001; Chatterjee and Davies, 2015; 
Dirir et al., 2022).

Materials and Methods

Processing, extraction and purification of plant material

	 The roots of M. scabrida Craib were collected from a 
site (14°40′5.2″N 98°35′43.9″E) in Tongpaphum district, 
Kanchanaburi province. Species identification was examined 
by consulting the previous report (Kesonbuaa, 2013) and 
voucher specimens collected in the Forest Herbarium-BKF 
(BKF.No.196975). Then, the newly collected plant materials 
were ground into small pieces and air-dried at 45°C for 3 d 
in a hot-air oven. Subsequently, 1 kg of the dried M. scabrida 
Craib roots were subjected to successive macerations with 
3 L of methanol (MeOH) for 2 d to obtain 39.2 g of viscous 
methanolic extracts after the removal of the solvent under 
vacuum. Subsequently, the crude extracts were suspended in 
200 mL of water and sequentially partitioned using 200 mL of 
ethyl acetate (EtOAc) thrice. The combined organic layers were 
evaporated to dryness to yield 3 g of the crude extracts, which 
were subjected to a series of chromatographic separations and 
recrystallization with dichloromethane (DCM) to provide five 
pure compounds (M01–M05). The spectroscopic analysis 
identified them to be gallic acid (M01), methyl gallate (M02), 
ethyl gallate (M03), propyl gallate (M04) and octyl gallate (M05).

	 Gallic acid (M01): white solid (100 mg), 1H NMR (400 
MHz, DMSO-d6): δ 6.92 (s, 2H). 13C NMR (100 MHz, 
DMSO-d6): δ 167.9, 146.0, 138.6, 121.1, 109.5. HRMS (ESI-
TOF) m/z: [M+Na]+ calcd for C7H6NaO5: 193.0119; found: 
193.0107

	 Methyl gallate (M02): white solid (90 mg), 1H NMR (400 
MHz, DMSO-d6): δ 6.94 (s, 2H), 3.74 (s, 3H). 13C NMR 
(100 MHz, DMSO-d6): δ 166.4, 145.6, 138.5, 119.4, 108.6, 
51.7. HRMS (ESI-TOF) m/z: [M+Na]+ calcd for C8H8NaO5: 
207.0284; found: 207.0264

	 Ethyl gallate (M03): white solid (50 mg), 1H NMR (400 
MHz, DMSO-d6): δ 6.94 (s, 2H), 4.20 (q, J = 7.1 Hz, 2H), 1.26 
(t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, DMSO-d6): δ 165.9, 
145.6, 138.4, 119.6, 108.5, 60.1, 14.3. HRMS (ESI-TOF) m/z: 
[M+Na]+ calcd for C9H10NaO5: 221.0441; found: 221.0420.

	 Propyl gallate (M04): white solid (60 mg), 1H NMR (400 
MHz, DMSO-d6): δ 6.95 (s, 2H), 4.11 (t, J = 6.6 Hz, 2H), 
1.66 (q, J = 7.1 Hz, 2H), 0.94 (t, J = 7.4 Hz, 3H). 13C NMR 
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(100 MHz, DMSO-d6): δ 166.0, 145.6, 138.4, 119.6, 108.5, 
65.5, 21.8, 10.5. HRMS (ESI-TOF) m/z: [M+Na]+ calcd for 
C10H12NaO5: 235.0604; found: 235.0577.

	 Octyl gallate (M05): white solid (59 mg), 1H NMR (400 
MHz, DMSO-d6): δ 6.94 (s, 2H), 4.14 (t, J = 6.5 Hz, 2H), 1.64 
(p, J = 6.5 Hz, 2H), 1.29 (m, 12H), 0.85 (t, J = 7.0 Hz, 3H). 
13C NMR (100 MHz, DMSO-d6): δ 165.9, 145.6, 138.4, 119.6, 
108.5, 64.0, 31.3, 28.69, 28.68, 28.3, 25.6, 22.1, 14.0. HRMS 
(ESI-TOF) m/z: [M+Na]+ calcd for C15H22NaO5: 305.1371; 
found: 305.1359.

Antibacterial evaluation

	 The antibacterial activity levels of M01–M05 were assessed 
against four human pathogens: Bacillus subtilis (ATCC 6633), 
Staphylococcus aureus (ATCC 25923), Escherichia coli 
(DMST 4212) and Pseudomonas aeruginosa (DMST 4739) 
using a disc diffusion method. The inoculation level was 1 × 
106–1 × 107 colony forming units (CFU). Stock solutions of 
M01–M05 were prepared at 10 mg/mL. Penicillin (6 µg/mL) 
and ciprofloxacin (10 µg/mL) were used as positive controls 
for Gram-positive (B. subtilis and S. aureus) and Gram-
negative (E. coli and P. aeruginosa) bacteria, respectively. 
Dimethyl sulfoxide (DMSO) was used as a negative control 
and to prepare test compound and positive control stocks. 
Samples (each 20 µL) of the stock solution were loaded on 
a disc in each experiment. The inhibition zone diameter was 
measured after 24 hr incubation at 37°C. 

Acetylcholine esterase inhibition

	 A colorimetric assay was utilized to determine the AChE 
activity with slight modifications (Ellman et al., 1961). Briefly, 
the experiment was carried out using 96-well microtiter plates. 
Each reaction was conducted in 100 mM phosphate buffer 
saline (PBS) pH 8.0 containing 40 mU/mL acetylcholine 
esterase (EC 3.1.1.7, type VI-S from Electrophorus electricus), 
120 µM 5,5′-dithiobis(2-nitrobenzoic acid) and in the presence 
or absence of the test compound (100 µM final concentration). 
The reactions were incubated for 10 min at 37°C. Then, 
acetylthiocholine was added to the final concentration of 
120 µM (200 µL total reaction volume) and the reaction was 
further incubated for 20 min at 37°C. The absorbance was 
measured at a wavelength of 412 nm using a microplate reader 
(MPR; SparkTM 10M). Tacrine (0.5 µM) was used as a positive 
control. The experiments were conducted in triplicate and the 

percentage inhibition was calculated using Equation 1:

	 Inhibition (%) =  × 100	 (1)

	 where As is the absorbance of the reaction with the test 
compound and Ab is the absorbance of the reaction without the 
test compound.

α-Glucosidase inhibition

	 Inhibition of α-glucosidase was monitored according to 
the reported protocol (Pluempanupat et al., 2007). In brief, the 
assays were conducted in a 100 µL reaction mixture containing 
50 mM PBS pH 6.8, 40 mU/mL α-glucosidase (EC 3.2.1.20, 
type I from Saccharomyces cerevisiae), 200 mM 4-nitrophenyl-
α-D-glucopyranoside (PNPG) and in the presence or absence 
of the test compound (100 µM final concentration). After 15 
min, the reaction was quenched by adding 50 µL of 400 mM 
Na2CO3. Subsequently, the absorbance was measured at 400 
nm using a microplate reader (MPR; SparkTM 10M). Acarbose 
(1.6 mM) was used as a positive control. The experiments were 
done thrice and the percentage inhibition was calculated using 
Equation 1.

Molecular docking simulations

	 The 3D structures of M01–M05 were obtained from the 
DFT calculations using the M062X method with the 6-31g(d,p) 
basis set implemented in the Gaussian09W package (Frisch 
et al., 2009). The 3D structures of tacrine and acarbose were 
obtained from the crystal structures 4BDS (Nachon et al., 
2013) and 5NN8 (Roig-Zamboni et al., 2017), respectively. 
The protein crystal structures of acetylcholine esterase (PDB: 
4EY7; from Cheung et al., 2012) and α-glucosidase (3A4A; 
from Yamamoto et al., 2010) were acquired from the Protein 
Data Bank (https://www.rcsb.org/). The ligands and the 
proteins were prepared using the AutoDockTools 1.5.6 package 
(Sanner, 1999). Water molecules and small molecules were 
removed from the protein structures and the Gasteiger charges 
were assigned to generate the PDBQT files. The grid box 
dimensions were 20 Å × 20 Å × 20 Å and centered at the 
active site of the enzyme. Then, the AutoDock Vina program 
(Eberhardt et al., 2021; Trott and Olson, 2010) was executed 
and the results were analyzed using the AutoDockTool 1.5.6 
software. Then, the best-docked conformations were visualized 
using the Discovery Studio Visualizer V21.1.0.20298 package 
(BIOVIA, 2020).
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Results and Discussion

Identification of Morinda scabrida Craib

	 Morinda scabrida Craib was first reported in Thailand 
in 1932 (Craib, 1932). However, the key to the species was 
officially reported in 2013 (Kesonbuaa, 2013) as follows: M. 
scabrida Craib is a bushy plant growing 1–2 m tall. Its stem 
is straight and has peeling bark with rough or fissured ridges 
covered in brown scales. The crown is rounded, and the leaves 
are alternate, arranged in opposite pairs, with parallel or oblique 
margins. They are 4–9 cm wide and 15–32 cm long, tapering 
to a sharp point or having a pointed tail. The base of the leaf 
is clasping and the leaf margin is wavy. The leaf blade is thin, 
with brownish hairs approximately 0.2 mm long covering the 
upper surface densely along the midrib. The lower surface 
has scattered, brownish hairs about 0.5 mm long. The leaf has 
6–10 secondary veins on each side, and the tips of the veins are 
joined together. The leaf stalk is 0.5–1 cm long and covered in 
dense hairs. The leaf auricle is triangular, 0.7–1 cm wide and 
0.8–1 cm long, with a tapering and sharp tip. The auricle has 
scattered hairs. The inflorescence is densely packed in compact 
spikes. The small flowers are borne on secondary inflorescence 
axes at the tip of the main inflorescence. The flower stalk is 
0.5–0.7 cm long and covered in hairs. The flower is perfect and 
has a tubular calyx, approximately 1.5–2 mm long, with cut or 
fringed tips. The flower stalk has short, stiff hair and is concave 

inside. The outer petals of the flower are purplish-pink, while 
the fully bloomed flower is white. The corolla tube is tubular, 
approximately 2–3 cm long, with five spreading lobes 5 mm 
wide and 7–9 mm long. The outside of the corolla lobes is 
covered in hairs, while the inside is smooth. The male flowers 
have five stamens attached to the corolla tube near the base of 
the lobes. The stamen filaments are 1 mm long and attached 
to the back of the corolla tube. They have oblong appendages 
3–4 mm long, breaking away easily. The female flowers have 
a single pistil attached to the corolla tube. The pistil stalk is 
15–18 mm long, and the stigma is divided into two branches 
that are 3 mm long. The ovary is swollen and immersed in 
the hollow corolla tube. The fruit is a rounded, 3–8 cm long, 
greenish-dark structure. The fruit contains 11–20 fused fruits, 
covered in short hairs, and turns black when ripe. The brown-
colored seeds are ribbed, approximately 3–7 mm wide and  
4–6 mm long. Fig. 1A shows the flowers and stem of the plant and 
Fig. 1B shows M. scabrida Craib for the specimen comparison.

Compound extraction, purification and characterization

	 After processing into small pieces and drying, the roots 
of M. scabrida Craib were subjected to maceration, followed 
by partition extraction using an aqueous-EtOAc mixture. 
Then, the organic-soluble crude mixture (3 g) was subjected 
to column chromatography using a gradient of MeOH/DCM 
as eluents to provide six fractions (F1–F6), as illustrated in 
Scheme 1. 

Fig. 1	 Components of Morinda scabrida Craib: (A) flowers and stem; (B) 
plant specimen for comparison

Scheme 1	 Purification of EtOAc crude extract from the roots of Morinda 
scabrida Craib
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Fig. 2	 Chemical structures of M01–M05

Table 1	 Antibacterial activity of M01–M05
Compound Zone diameter (mm)

B. subtilis
ATCC 6633

S. aureus
ATCC 25923

E. coli
DMST 4212

P. aeruginosa
DMST 4739

M01 0.00 0.00 0.00 0.00
M02 0.00 0.00 17.72 0.00
M03 0.00 0.00 21.60 0.00
M04 0.00 0.00 24.82 0.00
M05 19.04 22.22 21.58 9.92
Penicillin* (Gram-positive) 9.60 23.56 - -
Ciprofloxacin** (Gram-negative) - - 33.84 26.32
DMSO*** 0.00 0.00 0.00 0.00

* = positive control (Gram-positive); ** = positive control (Gram-negative); *** = negative control

	 Fract ion F1 was further  purif ied using column 
chromatography with a hexane-to-DCM ration of 1:1 as an 
eluent to produce M02 (90 mg) as a white solid. Fraction 
F2 was further purified using column chromatography with  
a gradient elution of EtOAc in DCM. All fractions were collected 
and combined based on their thin layer chromatography 
characteristics to give five sub-fractions (F2A–F2E). 
Subsequently, F2B was chromatographed with 2% EtOAc/
DCM to yield 50 mg of M03 as a white solid. Fraction F2E 
was chromatographed with a gradient system of EtOAc/DCM 
to produce 60 mg of M04 as a white solid. Fraction F5 was 
further purified using column chromatography with a gradient 
of EtOAc/DCM to produce 59 mg of M05 as a white solid. 
Finally, Fraction F6 was chromatographed with a gradient of 
EtOAc/DCM to yield 90 mg of M01 as a white solid.
	 The isolated pure compounds were subjected to 1H and 
13C NMR and high-resolution mass spectroscopic analysis.  
In addition, the results were compared to reported spectra 
(Mehla et al., 2011; Chaudhuri et al., 2015; Lopez-Martinez  
et al., 2015; Savi et al., 2005) and the compounds were 
identified as gallic acid (M01), methyl gallate (M02), ethyl 
gallate (M03), propyl gallate (M04) and octyl gallate (M05). 
Their chemical structures are illustrated in Fig. 2.

Antibacterial activity

	 Gallic acid and its esters (M01–M05) were subjected to 
antibacterial screening using the disc diffusion method. Both 
Gram-positive (B. subtilis and S. aureus) and Gram-negative 
(E. coli and P. aeruginosa) bacteria were tested and the results 
are illustrated in Table 1. 
	 Gallic acid is present in many plants and fruits and has been 
demonstrated to have several health benefits and bioactivities, 
such as antioxidation, anti-inflammatory, anticancer, and 

antibacterial activities (Borges et al., 2013; Badhani et al., 2015; 
Lu et al., 2016; Bai et al., 2021). Its medicinal importance has 
led to several applications, such as the development of gallic 
acid-anchored, phthalocyanine-doped, silica nanoparticles for 
use as antibiofilm materials (Magadla et al., 2023). In addition, 
alkyl esters of gallic acid exhibit antimicrobial activities 
against human pathogens (Wang et al., 2021). In particular, 
octyl gallate (M05) has been used as an antioxidant with 
antibacterial potency in the food industry (Santativongchai  
et al., 2022). In the current study, gallic acid (M01) did not exhibit 
a clear zone under the experimental conditions. However, alkyl 
gallate with higher alkyl carbon, such as octyl gallate (M05), 
exhibited clear zones with both Gram-positive and Gram-
negative bacteria. Presumably, having a bigger hydrophobic 
moiety attached to the gallic acid core structure enhanced cell 
permeability, therefore enhancing the antibacterial effects. 
The current results affirmed the importance of M. scabrida 
Craib as a medicinally valuable plant, whose extracts could be 
developed to be used as antibacterial agents.
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Acetylcholine esterase inhibition

	 Acetylcholine esterase plays a crucial role in several human 
diseases, especially Alzheimer’s disease, which involves 
impairment of cholinergic neurotransmission (Herholz, 2008). 
Although the mechanism of Alzheimer’s disease is complex, 
the cholinergic hypothesis appears to be well-accepted (Bartus 
et al., 1982) and supported by the demonstration of decreased 
acetylcholine biosynthetic enzyme in the cerebral cortex 
of Alzheimer’s patients (Amenta et al., 2001). Therefore, 
inhibition of acetylcholine esterase could benefit the treatment 
of Alzheimer’s disease. 
	 M01–M05 effectively inhibited acetylcholine esterase, 
as illustrated in Fig. 3. The degree of inhibition was similar 
to the positive control (tacrine), although at a much higher 
concentration (100 µM) compared to tacrine (0.5 µM). Although 
there are no published reports on anti-acetylcholine esterase 
activity from alkyl gallate derivatives, epigallocatechin gallate, 
a glycosyl ester of gallic acid found abundantly in green tea 
extract, improved the cognitive function of aged rat brain 
(Srividhya et al., 2012). In addition, epigallocatechin gallate 
is regarded as a promising candidate for Parkinson’s disease 
treatment (Wang et al., 2022). Therefore, varying the alcohol 
moiety of the gallate ester could ultimately yield more potent 
inhibitors against acetylcholine esterase, with such efforts 
ongoing in the laboratory of the current authors.

α-Glucosidase inhibition

	 Diabetes mellitus, a metabolic disorder, is characterized by 
unusually high levels of blood glucose (Alrefai et al., 2002). 
The manifestations of diabetes mellitus have resulted in health 
problems worldwide. A peptide hormone, insulin, is responsible 
for normal glucose homeostasis; however, inadequate insulin 
production or insulin resistance lead to hyperglycemia, a 
condition described as abnormally high levels of blood glucose 
(Wilcox, 2005). One of the methods to combat such conditions 
is to reduce the blood glucose level by reducing glucose 
absorption through the inhibition of the enzyme α-glucosidase 
that is responsible for the liberation of glucose molecules from 
more complex carbohydrates (Chatterjee and Davies, 2015; 
Dirir et al., 2022). Therefore, inhibition of α-glucosidase is 
regarded as one of the strategies to fight diabetes mellitus.
	 Medicinal plants are rich sources of biologically active 
compounds with inhibitory activity against α-glucosidase 
(Wangkiri et al., 2021). In particular, gallic acid (Oboh et al., 
2016; Choudhary et al., 2020; Xue et al., 2020; Kokila et al., 
2022), theaflavin-3-gallate (Li et al., 2021) and epigallocatechin 
gallate ( Li et al., 2007; Xu et al., 2019; Guan et al., 2023) 
exhibited anti α-glucosidase activity. Consequently, it is 
anticipated that M01–M05 would exhibit inhibitory activity 
against α-glucosidase. Satisfyingly, M01–M04 demonstrated 
modest inhibitory activity against α-glucosidase, while octyl 
gallate (M05) had a promising inhibitory effect, as illustrated 
in Fig. 4. In this case, the alkyl chain length of the natural 

Fig. 3	 Percentage inhibition of M01–M05 against acetylcholine esterase, 
where concentrations of M01–M05 were all 100 µM, tacrine (0.5 µM) was 
used as positive control, all experiments were performed in triplicate and 
error bars indicate SD (n = 3)

Fig. 4	 Percentage inhibition of M01–M05 against α-glucosidase, where 
concentrations of M01–M05 were all 100 µM, acarbose (1.6 mM) was 
used as positive control, all experiments were performed in triplicate and 
error bars indicate SD (n = 3)
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compounds affects the inhibitory activity of the compound. 
Specifically, alkyl groups with three carbons or less (M02–
M04) provide a similar inhibitory effect to gallic acid (M01). 
However, the inhibition substantially increases with the eight-
carbon alkyl chain (M05). Undoubtedly, the alcohol moiety 
of the gallate esters plays a crucial role in α-glucosidase 
inhibition. Current efforts are underway by the current authors 
to chemically diversify such a moiety to achieve a higher 
inhibitory effect, with the results to be reported in due course.

Molecular docking simulations

	 Molecular docking simulations were used to elucidate 
the binding mode of gallic acid (M01) and its esters (M02–
M05) to the active sites of the acetylcholine esterase and 
α-glucosidase enzymes. First, the structures of M01–M05 were 
optimized and docked into the active sites of the two enzymes 
(See Materials and Methods above for details). Notably, 
only the interactions between M05, the most effective ligand 
in this study, are illustrated for clarity. M05 interacts with 
acetylcholine esterase via conventional hydrogen bonding 

(Gly120 and Glu202), π-π stacking (Trp86) and a set of weaker 
contacts, van der Walls and π-alkyl interactions, as shown in 
Fig. 5 (See Supplementary Data for details). Furthermore, 
M05 had the lowest (best) binding energy (-8.1 kcal/mol) 
toward the acetylcholine esterase enzyme. However, the 
experimental data demonstrated similar inhibitory potency 
among the M01–M05 compounds. Presumably, the 
discrepancies between the in vitro inhibition study and the in 
silico results arose because the enzyme sources were 
different. Acetylcholine esterase from Electrophorus 
electricus was used in the in vitro experiments. In contrast, 
the crystal structure of the human enzyme was used in the 
in silico study, due to the unavailability of a high-resolution 
enzyme structure from Electrophorus electricus. Therefore, 
some discrepancies could be anticipated.
 The interactions between M01–M05 and the α-glucosidase 
enzyme were further examined to better understand the 
binding modes of these compounds. Fortunately, the crystal 
structure of α-glucosidase comes from the same organism as 
that utilized in our in vitro assays. Therefore, reasonable 
correlations between the experimental and computational 
simulation data could be expected. As illustrated in Fig. 6, 
M05 binds α-glucosidase 

Fig. 5	 Best-docked conformation of M05 on active site of acetylcholine 
esterase (PDB: 4EY7) 

Fig. 6	 Best-docked conformation of M05 on active site of α-glucosidase 
(3A4A)

https://li01.tci-thaijo.org/index.php/anres/article/view/261152/177168
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through several intermolecular forces, including conventional 
hydrogen bonding (Asp352 and Gln353), the π-cation (Arg315) 
and weaker interactions, such as van der Waals, π-sigma and 
π-alkyl interactions (See Supplementary Data for details).  
In addition, M05 had the lowest binding energy (-7.0 kcal/ 
mol) compared to the other compounds (M01–M04).  
These results indicated the importance of the alkyl moiety of 
the gallate esters on active site binding. Although the inhibition 
results demonstrated a similar inhibitory effect among M01–
M03 and an abrupt increase for M04, the molecular docking 
simulations suggested a gradual increase in binding affinity 
as the alkyl chain grows larger. It is yet to be seen whether  
a longer alkyl chain will demonstrate stronger binding affinity 
in silico and higher inhibitory efficiency in vitro.
 In summary, the root extracts from Morinda scabrida Craib, 
an unexplored species first reported in Thailand, were purified 
to homogeneity. Five compounds (gallic acid and its four esters) 
were identified spectroscopically and tested for antibacterial, 
anti-acetylcholine esterase and anti-α-glucosidase activities. 
All isolated compounds had levels of anti-acetylcholine 
esterase activity, while octyl gallate had notable anti-α-
glucosidase activity. Molecular docking simulations were 
conducted to further suggest binding interactions between 
the isolated compounds and the two molecular targets.  
The results were in good agreement with the experimental data 
in the case of α-glucosidase but showed slight discrepancies 
for acetylcholine esterase, presumably due to difference in the 
enzyme sources. The current results emphasized the medicinal 
significance of M. scabrida Craib, suggesting its potential as a 
traditional medicine due to its diverse bioactivities.

Conflict of Interest

The authors declare that there are no conflicts of interest.

Acknowledgements 

	 This work was supported by the Kasetsart University 
Research and Development Institute (KURDI), Bangkok, 
Thailand (FF(KU)8.65) and the Faculty of Science, Kasetsart 
University. The first author was supported by a scholarship 
from Mahidol Wittayanusorn School. Financial support was 
also received from the Center of Excellence for Innovation 
in Chemistry (PERCH-CIC), Ministry of Higher Education, 
Science, Research and Innovation.

References 

Craib, W.G. 1932. Contributions to the flora of Siam: Additamentum 
XXXVI. Bulletin of Miscellaneous Information (Royal Botanic
Gardens, Kew) 1932: 425–437.

Assi, R.A., Darwis, Y., Abdulbaqi, I.M., khan, A.A., Vuanghao, L., Laghari, 
M.H. 2017. Morinda citrifolia (Noni): A comprehensive review on its
industrial uses, pharmacological activities, and clinical trials. Arab. J.
Chem. 10: 691–707. doi.org/10.1016/j.arabjc.2015.06.018

Alrefai, H., Allababidi, H., Levy, S., Levy, J. 2002. The endocrine 
system in diabetes mellitus. Endocrine 18: 105–119. doi.org/10.1385/
ENDO:18:2:105

Amenta, F., Parnetti, L., Gallai, V., Wallin, A. 2001. Treatment of cognitive 
dysfunction associated with Alzheimer’s disease with cholinergic 
precursors. Ineffective treatments or inappropriate approaches?  
Mech. Ageing Dev. 122: 2025–2040. doi.org/10.1016/S0047-
6374(01)00310-4

Badhani, B., Sharma, N., Kakkar, R. 2015. Gallic acid: A versatile 
antioxidant with promising therapeutic and industrial applications. 
RSC Adv. 5: 27540–27557.

Bai, J., Zhang, Y., Tang, C., et al. 2021. Gallic acid: Pharmacological 
activities and molecular mechanisms involved in inflammation-related 
diseases. Biomed. Pharmacother. 133: 110985. doi.org/10.1016/j.
biopha.2020.110985

Bartus, R.T., Dean, R.L., 3rd, Beer, B., Lippa, A.S. 1982. The cholinergic 
hypothesis of geriatric memory dysfunction. Science 217: 408–414. 
doi: 10.1126/science.7046051

BIOVIA. 2020. Discovery systems. In: Discovery Studio Visualizer. 
v21.1.0.20298 Dassault Systèmes. San Diego, CA, USA.

Borges, A., Ferreira, C., Saavedra, M.J., Simoes, M. 2013. Antibacterial 
activity and mode of action of ferulic and gallic acids against pathogenic 
bacteria. Microb. Drug Resist. 19: 256–265. doi.org/10.1089/
mdr.2012.0244

Brown, A.C. 2012. Anticancer activity of Morinda citrifolia (Noni) fruit: 
A review. Phytother. Res. 26: 1427–1440. doi.org/10.1002/ptr.4595

Chatterjee, S., Davies, M.J. 2015. Current management of diabetes 
mellitus and future directions in care. Postgrad. Med. J. 91: 612–621. 
doi.org/10.1136/postgradmedj-2014-133200

Chaudhuri, D., Ghate, N.B., Singh, S.S., Mandal, N. 2015. Methyl 
gallate isolated from Spondias pinnata exhibits anticancer activity 
against human glioblastoma by induction of apoptosis and sustained 
extracellular signal-regulated kinase 1/2 activation. Pharmacogn. Mag. 
11: 269–276. doi: 10.4103/0973-1296.153078

Chee, C.W., Zamakshshari, N.H., Lee, V.S., Abdullah, I., Othman, R., 
Lee, Y.K., Mohd Hashim, N., Nor Rashid, N. 2022. Morindone 
from Morinda citrifolia as a potential antiproliferative agent against 
colorectal cancer cell lines. PLoS One 17: e0270970. doi.org/10.1371/
journal.pone.0270970

Cheung, J., Rudolph, M.J., Burshteyn, F., Cassidy, M.S., Gary, 
E.N., Love, J., Franklin, M.C., Height, J.J. 2012. Structures of
human acetylcholinesterase in complex with pharmacologically
important ligands. J. Med. Chem. 55: 10282–10286. doi.org/10.1021/
jm300871x

https://li01.tci-thaijo.org/index.php/anres/article/view/261152/177168


737S. Sae-lim et al. / Agr. Nat. Resour. 57 (2023) 729-738

Choudhary, D.K., Chaturvedi, N., Singh, A., Mishra, A. 2020. 
Characterization, inhibitory activity and mechanism of polyphenols 
from faba bean (gallic-acid and catechin) on α-glucosidase:  
Insights from molecular docking and simulation study. Prep.  
Biochem. Biotechnol. 50: 123–132. doi.org/10.1080/10826068.2019
.1679171

De La Cruz-Sanchez, N.G., Gomez-Rivera, A., Alvarez-Fitz, P.,  
Ventura-Zapata, E., Perez-Garcia, M.D., Aviles-Flores, M., Gutierrez-
Roman, A.S., Gonzalez-Cortazar, M. 2019. Antibacterial activity 
of Morinda citrifolia Linneo seeds against methicillin-resistant 
Staphylococcus spp. Microb. Pathog. 128: 347–353. doi.org/10.1016/j.
micpath.2019.01.030

Dirir, A.M., Daou, M., Yousef, A.F., Yousef, L.F. 2022. A review of 
α-glucosidase inhibitors from plants as potential candidates for the 
treatment of type-2 diabetes. Phytochem. Rev. 21: 1049–1079. doi.
org/10.1007/s11101-021-09773-1

Eberhardt, J., Santos-Martins, D., Tillack, A.F., Forli, S. 2021. AutoDock 
Vina 1.2.0: New docking methods, expanded force field, and python 
bindings. J. Chem. Inf. Model. 61: 3891–3898. doi.org/10.1021/acs.
jcim.1c00203

Ellman, G.L., Courtney, K.D., Andres, V., Jr., Feather-Stone, R.M. 1961. 
A new and rapid colorimetric determination of acetylcholinesterase 
activity. Biochem. Pharmacol. 7: 88–95. doi.org/10.1016/0006-
2952(61)90145-9

Frisch, M.J., Trucks, G., Schlegel, H.B., Scuseria, G.E., Robb, Cheeseman, 
J.R., Scalmani, G., Barone, V., Mennucci, B., Petersson, G.A. 2009.
Gaussian 09W, revision A. 02. Gaussian Inc, Wallingford, CT, USA.

Furusawa, E., Hirazumi, A., Story, S., Jensen, J. 2003. Antitumour 
potential of a polysaccharide-rich substance from the fruit juice of 
Morinda citrifolia (Noni) on sarcoma 180 ascites tumour in mice. 
Phytother. Res. 17: 1158–1164. doi.org/10.1002/ptr.1307

Guan, Q., Tang, L., Zhang, L., Huang, L., Xu, M., Wang, Y., Zhang, M.  
2023. Molecular insights into the α-glucosidase inhibition 
and antiglycation properties affected by galloyl moiety in 
(-)-epigallocatechin-3-gallate. J. Sci. Food Agric. doi.org/ 10.1002/
jsfa.12818 [Online version]

Herholz, K. 2008. Acetylcholine esterase activity in mild cognitive 
impairment and Alzheimer’s disease. Eur. J. Nucl. Med. Mol. Imaging 
35: S25–29. doi.org/10.1007/s00259-007-0699-4

Jainkittivong, A., Butsarakamruha, T., Langlais, R.P. 2009. Antifungal 
activity of Morinda citrifolia fruit extract against Candida albicans. 
Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 108: 394–398. 
doi.org/10.1016/j.tripleo.2009.05.044

Kesonbuaa, W., Chantaranothai, P. 2013. The genus Morinda 
(Rubiaceae) in Thailand. ScienceAsia 39: 331–339. doi: 10.2306/
scienceasia1513-1874.2013.39.331

Kokila, N.R., Mahesh, B., Ramu, R., Mruthunjaya, K., Bettadaiah, B.K., 
Madhyastha, H. 2022. Inhibitory effect of gallic acid from Thunbergia 
mysorensis against α-glucosidase, α-amylase, aldose reductase and 
their interaction: Inhibition kinetics and molecular simulations. J. 
Biomol. Struct. Dyn. 19: 1–17. doi.org/10.1080/07391102.2022. 
2156923

Kwofie,  K.D.,  Tung, N.H.,  Suzuki-Ohashi,  M., et  al .  2016. 
Antitrypanosomal activities and mechanisms of action of novel 
tetracyclic iridoids from Morinda lucida Benth. Antimicrob. Agents 
Chemother. 60: 3283–3290. doi.org/10.1128/aac.01916-15

Latifah, S.Y., Gopalsamy, B., Abdul Rahim, R., Manaf Ali, A., Haji Lajis, 
N. 2021. Anticancer potential of damnacanthal and nordamnacanthal
from Morinda elliptica roots on T-lymphoblastic leukemia cells.
Molecules 26: 1554–1574. doi.org/10.3390/molecules26061554

Li, C., Su, X., Li, F., Fu, J., Wang, H., Li, B., Chen, R., Kang, J. 
2019. Cytotoxic quinones from the aerial parts of Morinda 
umbellata L. Phytochemistry 167: 112096. doi.org/10.1016/j.
phytochem.2019.112096

Li, S., Yin, L., Yi, J., Zhang, L.M., Yang, L. 2021. Insight into interaction 
mechanism between theaflavin-3-gallate and α-glucosidase using 
spectroscopy and molecular docking analysis. J. Food Biochem. 45: 
e13550. doi.org/10.1111/jfbc.13550

Li, T., Liu, J., Zhang, X., Ji, G. 2007. Antidiabetic activity of lipophilic 
(-)-epigallocatechin-3-gallate derivative under its role of α-glucosidase 
inhibition. Biomed. Pharmacother. 61: 91–96. doi.org/10.1016/j.
biopha.2006.11.002 

Li, R., Li, H., Lan, J., et al. 2022. Damnacanthal isolated from Morinda 
species inhibited ovarian cancer cell proliferation and migration 
through activating autophagy. Phytomedicine 100: 154084. doi.
org/10.1016/j.phymed.2022.154084

Lopez-Martinez, L.M., Santacruz-Ortega, H., Navarro, R.E.,  
Sotelo-Mundo, R.R., Gonzalez-Aguilar, G.A. 2015. A 1H NMR 
investigation of the interaction between phenolic acids found  
in mango (Manguifera indica cv Ataulfo) and Papaya (Carica  
papaya cv Maradol) and 1,1-diphenyl-2-picrylhydrazyl (DPPH) 
free radicals. PLoS One 10: e0140242. doi.org/10.1371/journal.
pone.0140242

Lu, J., Wang, Z., Ren, M., Huang, G., Fang, B., Bu, X., Liu, Y., Guan, S. 
2016. Antibacterial effect of gallic acid against Aeromonas hydrophila 
and Aeromonas sobria through damaging membrane integrity. Curr. 
Pharm. Biotechnol. 17: 1153–1158. doi: 10.2174/138920101766616
1022235759

Magadla, A., Openda, Y.I., Mpeta, L.S., Nyokong, T. 2023. Evaluation of 
the antibacterial activity of gallic acid anchored phthalocyanine-doped 
silica nanoparticles towards Escherichia coli and Staphylococcus 
aureus biofilms and planktonic cells. Photodiagnosis Photodyn. Ther. 
42: 103520. doi.org/10.1016/j.pdpdt.2023.103520

Mehla, K., Balwani, S., Kulshreshtha, A., Nandi, D., Jaisankar, P.,  
Ghosh, B. 2011. Ethyl gallate isolated from Pistacia integerrima 
Linn. inhibits cell adhesion molecules by blocking AP-1 transcription 
factor. J. Ethnopharmacol. 137: 1345–1352. doi.org/10.1016/j.
jep.2011.07.068

Nachon, F., Carletti, E., Ronco, C., Trovaslet, M., Nicolet, Y., Jean, 
L., Renard, P.Y. 2013. Crystal structures of human cholinesterases 
in complex with huprine W and tacrine: elements of specificity for 
anti-Alzheimer’s drugs targeting acetyl- and butyryl-cholinesterase. 
Biochem. J. 453: 393–399. doi.org/10.1042/BJ20130013

Natheer, S.E., Sekar, C., Amutharaj, P., Syed Abdul Rahman, M., Feroz 
Khan, K. 2012. Evaluation of antibacterial activity of Morinda 
citrifolia, Vitex trifolia and Chromolaena odorata. Afr. J. Pharm. 
Pharmacol. 6: 783-788. doi.org/10.5897/AJPP11.435

Oboh, G., Ogunsuyi, O.B., Ogunbadejo, M.D., Adefegha, S.A. 2016. 
Influence of gallic acid on α-amylase and α-glucosidase inhibitory 
properties of acarbose. J. Food Drug Anal. 24: 627–634. doi.
org/10.1016/j.jfda.2016.03.003



738 S. Sae-lim et al. / Agr. Nat. Resour. 57 (2023) 729-738

Pluempanupat, W., Adisakwattana, S., Yibchok-Anun, S., Chavasiri, W. 
2007. Synthesis of N-phenylphthalimide derivatives as α-glucosidase 
inhibitors. Arch. Pharm. Res. 30: 1501–1506. doi.org/10.1007/
BF02977317

Roig-Zamboni, V., Cobucci-Ponzano, B., Iacono, R., et al. 2017. Structure 
of human lysosomal acid α-glucosidase-a guide for the treatment of 
Pompe disease. Nat. Commun. 8: 1111. doi.org/10.1038/s41467-017-
01263-3

Sanner, M.F. 1999. Python: A programming language for software 
integration and development. J. Mol. Graph. Model. 17: 57–61.

Santativongchai, P., Tulayakul, P., Ji, Y., Jeon, B. 2022. Synergistic 
potentiation of antimicrobial and antibiofilm activities of penicillin and 
bacitracin by octyl gallate, a food-grade antioxidant, in Staphylococcus 
epidermidis. Antibiotics 11: 1775. doi.org/10.3390/antibiotics11121775

Savi, L.A., Leal, P.C., Vieira, T.O., et al. 2005. Evaluation of anti-herpetic 
and antioxidant activities, and cytotoxic and genotoxic effects of 
synthetic alkyl-esters of gallic acid. Arzneimittelforschung 55: 66–75. 
doi: 10.1055/s-0031-1296825

Sharma, K., Pachauri, S.D., Khandelwal, K., et al. 2016. Anticancer effects 
of extracts from the fruit of Morinda citrifolia (Noni) in breast cancer 
cell lines. Drug Res. 66: 141–147. doi: 10.1055/s-0035-1555804 

Srividhya, R., Gayathri, R., Kalaiselvi, P. 2012. Impact of epigallo 
catechin-3-gallate on acetylcholine-acetylcholine esterase cycle in 
aged rat brain. Neurochem. Int. 60: 517–522. doi.org/10.1016/j.
neuint.2012.02.005

Torres, M.A.O., de Fatima Braga Magalhaes, I., Mondego-Oliveira, R., de 
Sa, J.C., Rocha, A.L., Abreu-Silva, A.L. 2017. One plant, many uses: 
A review of the pharmacological applications of Morinda citrifolia. 
Phytother. Res. 31: 971–979. doi.org/10.1002/ptr.5817

Trott, O., Olson, A.J. 2010. AutoDock Vina: Improving the speed 
and accuracy of docking with a new scoring function, efficient 
optimization, and multithreading. J. Comput. Chem. 31: 455–461. doi.
org/10.1002/jcc.21334

Wang, J., Qin, X., Chen, Z., et al. 2016. Two new anthraquinones with 
antiviral activities from the barks of Morinda citrifolia (Noni). 
Phytochem. Lett. 15: 13–15. doi.org/10.1016/j.phytol.2015.11.006

Wang, M.Y., West, B.J., Jensen, C.J., Nowicki, D., Su, C., Palu, A.K., 
Anderson, G. 2002. Morinda citrifolia (Noni): A literature review and 
recent advances in Noni research. Acta Pharmacol. Sin. 23: 1127–1141.

Wang, X., Li, C., Yun, F., Jiang, X., Yu, L. 2021. Preparation and 
evaluation of gallate ester derivatives used as promising antioxidant 
and antibacterial inhibitors. Chem. Biodivers. 18: e2000913. doi.
org/10.1002/cbdv.202000913

Wang, Y., Wu, S., Li, Q., et al. 2022. Epigallocatechin-3-gallate: A 
phytochemical as a promising drug candidate for the treatment of 
Parkinson’s disease. Front. Pharmacol. 13: 977521. doi.org/10.3389/
fphar.2022.977521

Wangkiri, N., Sarnsri, T., Thongkanjana, T., Sae-tan, S. 2021. Antioxidant 
potentials and inhibitory activities against α-amylase and α-glucosidase, 
and glucose uptake activity in insulin-resistance HepG2 cells of some 
medicinal plants. Agr. Nat. Resour. 55: 98–104. doi.org/10.34044/j.
anres.2021.55.1.13

Wilcox, G. 2005. Insulin and insulin resistance. Clin. Biochem. Rev.  
26 2: 19–39.

Xu, L., Li, W., Chen, Z., Guo, Q., Wang, C., Santhanam, R.K., Chen, 
H. 2019. Inhibitory effect of epigallocatechin-3-O-gallate on
α-glucosidase and its hypoglycemic effect via targeting PI3K/AKT
signaling pathway in L6 skeletal muscle cells. Int. J. Biol. Macromol.
125: 605–611. doi.org/10.1016/j.ijbiomac.2018.12.064

Xue, N., He, B., Jia, Y., Yang, C., Wang, J., Li, M. 2020. The mechanism 
of binding with the α-glucosidase in vitro and the evaluation on 
hypoglycemic effect in vivo: Cocrystals involving synergism of 
gallic acid and conformer. Eur. J. Pharm. Biopharm. 156: 64–74. doi.
org/10.1016/j.ejpb.2020.08.024

Yamamoto, K., Miyake, H., Kusunoki, M., Osaki, S. 2010. Crystal 
structures of isomaltase from Saccharomyces cerevisiae and in 
complex with its competitive inhibitor maltose. FEBS J. 277: 4205–
4214. doi.org/10.1111/j.1742-4658.2010.07810.x

Zhai, H.J., Yu, J.H., Zhang, Q., Liu, H.S., Zhang, J.S., Song, X.Q., Zhang, 
Y., Zhang, H. 2019. Cytotoxic and antibacterial triterpenoids from the 
roots of Morinda officinalis var. officinalis. Fitoterapia 133: 56–61. 
doi.org/10.1016/j.fitote.2018.12.011


	Morinda scabrida Craib: An unexplored species with antibacterial potential and inhibition of acetylcholine esterase and α-glucosidase
	Abstract
	Introduction
	Materials and Methods
	Processing, extraction and purification of plant material
	Antibacterial evaluation
	Acetylcholine esterase inhibition
	α-Glucosidase inhibition
	Molecular docking simulations

	Results and Discussion
	Identification of Morinda scabrida Craib
	Compound extraction, purification and characterization
	Antibacterial activity
	Acetylcholine esterase inhibition
	α-Glucosidase inhibition
	Molecular docking simulations

	Conflict of Interest
	Acknowledgements
	References




