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Abstract

Dillenia ovata Wall. ex Hook. f. et Thomson (DOWHT)—an indigenous medicinal
plant collected in the Central Highland of Vietnam—has been utilized by medical
folks for ages. However, almost related scientific evidence still has not been clari-
fied. This study aimed to report the phytochemical profiles and novel potent bio-
functions of DOWHT. The testing bioactivities of different parts used of DOWHT
indicated this herbal demonstrated moderated inhibition against a-amylase and
a-glucosidase, while it showed potent anti-oxidant and anti-acetylcholinesterase
(AChE). Of these, the inhibition against the key enzymes targeting anti-diabetes and
Alzheimer’s disease was notably reported for the first time. The phytochemical pro-
files of all the parts used of DOWHT were investigated via GC-MS and UHPLC
analysis. Totally, 46 compounds, including 30 volatiles (compounds 1-30) and 16
phenolics (compounds 31-46), were newly identified from DOWHT extracts. In this
work, various volatiles and phenolics were newly found in this herbal species. In the
docking study, some major phenolics including Epigallocatechin gallate (34), Epi-
catechin gallate (36), Vitexin (37), and Apigetrin (41) possess DS values (— 12.5 to
— 13.3 kcal/mol) better than Berberine chloride (— 12.1 kcal/mol). Moreover, almost
tested metabolites comply with the drug-likeness properties of Lipkin’s rules predic-
tion and nontoxicity via the ADMET test. The results suggest the herb DOWHT
may be a potential source for drug discovery and these in silico results may be good
reference information for further in vitro and in vivo experiments.
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Introduction

Medicinal plants and their isolated compounds have been considered the best choice
for controlling diseases and health enhancement to replace chemical agents show-
ing numerous negative side effects for users. Various potent medicinal benefits of
plant extracts and their isolated compounds have been investigated for their potent
medicinal benefits via in vitro and in vivo studies [1-5]. The vast array of studies
indicated that alkaloids, flavonoids, tannins, and phenolics are major components of
plants [2, 6], and some plant species contain unique saponins [7]. However, among
the estimated 250,000-400,000 plant species, only 6% have been studied for biologi-
cal activity, and about 15% have been investigated for phytochemicals. This shows a
need for phyto-pharmacological evaluation of herbal drugs [7].

Vietnam is a tropical country with a great biodiverse currently ranked sixteenth
place in the world. More than 10,000 reported plant species were identified from
Vietnam, of these around 4,000 herbal species have been cost-effective used by
medical folks [8], and it is estimated that 75% of Vietnamese people use traditional
medicine as their primary source of treatment for common health problems [8].
However, lots of herbals are being used by folks with little or nonscientific evidence.
Thus, studies based on biological effects and phytochemical profiles for further
investigation in various animal models, and pre-clinical and clinical research are in
need.

Dillenia species have been used as traditional medicines in South and Southeast
Asian countries for the management of various diseases (arthritis, dysentery, diabe-
tes, blennorrhagia, hepatitis, gastrointestinal disorders, inflammation, hemorrhoids,
wounds, and leishmanial ulcers) [9, 10]. The modern pharmacological investigations
revealed that the extracts from genus Dillenia demonstrated potential biological
activities: anti-oxidant, anti-microbial, anti-hemorrhagic, anti-inflammatory, anti-
ulcer, immunological, anti-cancer, etc. [9, 10]. Notably, almost all parts of Dillenia
plants, including leaves, fruit, stem bark, root, and also their Latex, are traditionally
utilized for therapeutic purposes [10].

Dillenia ovata Wall. ex Hook. f. et Thomson (DOWHT) is a medicinal plant
belonging to the genus Dillenia. DOWHT has also been utilized by medical folks
for ages [9-11]. However, very few studies concerning the investigation of medical
effects, chemical profiles as well as the molecular mechanism action of bioactive
compounds were identified from DOWHT [12-15]. Notably, up to date, no reports
on biological and phytochemicals of DOWHT growing in the Central Highland
of Vietnam have been announced. This study accessed medical effects, including
anti-oxidant activity, anti-diabetes, and anti-Alzheimer. The chemical profiles of
the extracts of some parts used of DOWHT were investigated. The interaction and
potential drug development of the bioactive compounds identified from DOWHT
were also conducted using computational study in this work. The designation and
works conducted in this report are summarized in Fig. 1.
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Fig. 1 The designation and works conducted in this report

Experimental section
Materials

The samples of Dillenia ovata Wall. ex Hook.f. et Thomson, including leaves, trunk
heartwood, trunk bark, branch, and fruit of the medicinal plant, were collected in
Yok Don National Park, Dak Lak Province, Vietnam, in 2022. This medicinal plant
was identified by a botanist (Thi Huong Tran), and the voucher specimen DOWHT-
YD-85 (Dillenia ovata Wall. ex Hook. f. et Thomson—Yok Don—Sample 85) was
deposited at the Natural Products Lab of Institute of Biotechnology and Environ-
ment, Tay Nguyen University. The dry template was stored at Institute of Biotech-
nology and Environment, Tay Nguyen University, Buon Ma Thuot, Vietnam. The
images of Dillenia ovata Wall. ex Hook.f. et Thomson (DOWHT) at natural condi-
tions and the dry template are shown in the supplementary section (Figure S1, Fig-
ure S2). Porcine pancreatic (type VI-B) a-amylase was bought from Sigma-Aldrich,
USA. Rat o-glucosidase, acetylcholinesterase, and 2-diphenyl-1-picrylhydrazyl
(DPPH) were purchased from Sigma Chemical Co., USA. Acarbose was obtained
from Sigma-Aldrich (St. Louis City, MO, USA). The solvents, reagents, and other
commonly used chemicals were of the highest grade available.

Method preparation of methanol (MeOH) extracts from different parts used
of DOWHT using ultrasound-assisted extraction method

The ultrasound-assisted extraction (UAE) method: The preparation of MeOH
extracts from different parts used of DOWHT was done according to the method
presented in our previous report [16]. The powder of different parts (2 g) including
leaves, trunk heartwood, branch, trunk bark, and fruit was soaked in 20 mL of meth-
anol for 2 min and then sonicated for 20 min at 25 kHz with a micro-tipped probe
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(diameter 10 mm) immersed 1 cm into above 20 mL of methanol extract (Vietsonic,
VS28H, Vietnam). The extracts were centrifuged at 10,000x g for 15 min, and
the supernatants were filtered through a Whatman filter paper. The residues were
extracted twice, as mentioned above. Then the extracts were combined, and metha-
nol was added to make a volume of 100 mL in a volumetric flask. The samples were
stored at 0-4°C until further use.

Biological assays

Anti-oxidant activity was evaluated using the DPPH radical scavenging assay and
ABTS assay previously described in detail by Nguyen et al. [17]. The mixtures in a
96-well plate of 100 uLL samples (in various concentrations) or distilled water (blank
sample) with 25 uL. DPPH 0.75 mM (soluted in methanol) were kept for 30 min in
the dark and measurement of the optical density at a wavelength of 517 nm. For
ABTS radical-scavenging activity assay, tested samples were soluted in various con-
centrations and mixed with pre-diluting ABTS solution (reaching an optical density
of 0.7). Kept the mixture for 10 min at room temperature and measured absorption
at a wavelength of 734 nm. Trolox, a commercial anti-oxidant compound, was also
tested for anti-oxidant effect for comparison. All tests were conducted in triplicate.
The control sample using a commercial compound (Trolox) was tested at the same
condition for comparison purposes. The anti-oxidant ability was measured via for-
mulation: inhibitory activity (%) =(A-B)/A x 100%. Of those: A is the optical den-
sity of a blank sample and B is the optical density of tested samples. The ICs, value
(half-maximal inhibitory concentration of samples) was determined via a standard
equation constructed by inhibitory activity (%) and respective concentration of the
tested sample.

In vitro anti-diabetic effect was accessed using anti-a-glucosidase and anti-o-
amylase assays presented by Nguyen et al. [16] and Nguyen TH et al. [18], respec-
tively. A mixture of 50 pL sample solution, 50 pL a-glucosidase solution, and
100 pL potassium phosphate buffer was incubated for 20 min at 37 °C. Then added
50 pL p-nitrophenyl glucopyranoside and kept for 40 min at 37 °C. The optical den-
sity was measured at a wavelength of 410 nm. For anti-a-amylase assay, 50 pL. sam-
ple (at different concentrations) was mixed with 150 pL a-amylase solution (0.25
U/mL) and kept for 10 min at 37 °C. Then, added 200 pL soluble starch 0.25% and
measured optical density at 540 nm after being kept for 20 min at 37 °C. The con-
trol sample using a commercial compound (acarbose) was tested at the same condi-
tion for comparison purposes. The inhibitory activity (%) and ICs, value also were
defined the same as above.

The anti-Alzheimer ability was evaluated via inhibition of acetylcholinesterase—
one of the key enzymes related to Alzheimer’s disease, and the assay was presented
in the previous work [19]. Kept a mixture of 120 pL. phosphate buffer, 60 pL tested
sample, and 60 pL enzymatic solution (0.5 mM) for 15 min at 25 °C in a 96-well
plate. Then, added 30 pL 5, 5'-dithiobis-2-nitrobenzoic acid (0.003 M) and 40 pL
acetylthiocholine iodide (0.002 M) and kept the mixture for 10 min at 25 °C. Meas-
urement of the absorbance is at the wavelength of 415 nm. The control sample using
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a commercial compound (Berberine chloride) was tested at the same condition for
comparison purposes. The inhibitory activity (%) and ICs, value also were defined
the same as above.

GC-MS analysis

The herbal extracts were soluted in MeOH and then using the QUEChERS method
of solid-phase extraction to purify. GC (Thermo Trace GC Ultra, USA) and
ITQ900 (Thermo, USA) were conducted for analysis. A TG-SQC capillary col-
umn (30 mx0.25 mmx0.25 pm) was used for the GC-MS equipment. Helium
(99.999%)—a carrier gas —was used at a flow rate of 1 mL/min. The sample solu-
tion (1pL) with a split ratio of 10:1 was injected into the system. The ion-source
temperature and the injector temperature were set at 230 °C and 250 °C, respec-
tively. The oven temperature program was set increasingly from 70 °C (isothermal
for 2 min) up to 280 °C with a velocity of 15 °C/min. MS data were collected at
70 eV in a scanning interval time of 0.5 s, and fragments from 50 to 650 Da. The
compounds were identified via reference with reported compounds from the Mass
Spectra Library (NIST 17.L and Wiley).

UHPLC analysis

The extract samples were dissolved in MeOH at a concentration of 10 mg/mL and
filtered by a 0.45-pm PVDF membrane filter (Millipore Sigma, USA). The volume
of 2 pL of the sample was injected into UHPLC (Thermo Ultimate 3000) system.
The component in the sample was separated by a column (Hypersil GOLD aQ, 3 pm,
150 2.1 mm) which was kept at a temperature of 30 °C. A mobile phase includ-
ing methanol (MeOH) and water along with 0.1% phosphoric acid was applied,
and the program was set following as 5% MeOH (0.0-0.5 min), 5-30% MeOH
(0.5-8.0 min), 30-45% MeOH (8.0-13 min), 45-65% MeOH (13.0-18.0 min),
65-95% MeOH (18.0-22.0 min), 95-5% MeOH (22.0-23.0 min). The flow rate was
used at 0.2 mL/min, and the constituents were detected at 265 nm [20].

Virtual studies
Docking study

A docking study was carried out by using Molecular Operating Environment soft-
ware (MOE-2015.10) to predict the active compound concerning inhibition against
the respective enzyme targeting. The protocol was performed according to steps pre-
sented in the former reports [18, 21-24].

Enzyme structure preparation: The acetylcholinesterase structure data were
obtained from RCSB Protein Data Bank. Their 3D structures and the most active
sites on each enzyme were prepared by MOE-2015.10 software. All of it was con-
ducted at the same virtual pH of 7.
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Ligand structures preparation: The inhibitor structures (ligands) from the herbal
extracts were constructed using ChemBioOffice 2018 software and MOE software.
The parameter condition was set up at Force field MMFF94x; R-Field 1: 80; cell
shape 90, 90, 90; and gradient 0.01 RMS kcal.mol~'A~%; virtual pH 7; cutoff, Rigid
water molecules, space group pl, cell size: 10, 10, 10.

Docking ligands into enzymes and the collection of output data: The ligands
were docked into the active site of enzymes by MOE software. Some output data are
harvested to analyze including RMSD (root-mean-square deviation), DS (docking
score), linkage types, the linkages distances, and compositions of amino acids.

The five Lipkin’s rules and pharmacokinetic properties prediction

The five Lipkin’s rules were conducted by the online software accessed at (http://
www.scfbioiitd.res.in/software/drugdesign/lipinski.jsp (accessed on June 10, 2023)).
Some pharmacokinetic properties were analyzed via ADMET assay by a web tool
SwissADME. The output data of pharmacokinetic parameters (Water solubility,
CaCO2 permeability, Intestinal absorption, Skin permeability, P-glycoprotein sub-
strate, P-glycoprotein I inhibitor, P-glycoprotein II inhibitor, VDss of human, Frac-
tion unbound, BBB permeability, CNS permeability, CYP2D6 substrate, CYP3A4
substrate, CYP1A2 inhibition, CYP2C19 inhibitor, CYP2C9 inhibitor, CYP2D6
inhibitor, CYP3A4 inhibitor, Total clearance, Renal OCT?2 substrate, AMES toxic-
ity, Max. tolerated dose, hERG I inhibitor, hERG II inhibitor, Oral rat acute toxicity,
Oral rat chronic toxicity, Hepatotoxicity, Skin sensitization, T.Pyriformis toxicity,
Minnow toxicity) have been detailed in a previous report [25] and used as a public
reference accessed online at (http://biosig.unimelb.edu.au/pkcsm/theory (accessed
on June 10, 2023)).

Statistical analysis

Experimental results were conducted with triplicates and statistically processed
on IBM SPSS Statistics Version 25. The data represent for the mean of 3 repli-
cates + standard deviation with significance p <0.05.

Results and Discussion
Biological activities evaluation of extracts from different parts used of DOWHT

For investigating the medical effects of DOWHT, some parts used of this herbal,
including leaves, trunk heartwood, trunk bark, branch, and fruit, were extracted with
MeOH and the extracts were tested for anti-oxidant, anti-diabetes, and anti-Alzhei-
mer activities. The bioactivities of these extracts were presented under ICs, values
(half-maximal inhibitory concentration of samples) in Table 1.

Free radicals may attack all types of cells in the body and lead to oxidant stress
which is a vital reason cause to other serious diseases [26]. The elimination of DPPH
(a free radical) and ABTS cation radicals are popular methods for anti-oxidant
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Table 1 The bioactivities of different parts of DOWHT

No Part used Anti-oxidant (pg/mL) Anti-diabetes (pg/mL) Anti-Alzheimer (pg/

mL)
Anti-DPPH  Anti-ABTS  aGl aAl AChEI

1 Leaves 18.9+£0.3° 1.03+0.06% 187.3+04° 34.5+04% 0.11+0.01¢

2 Trunk heartwood 48.1+04° 4.67+0.39° 2759+0.5° 102.9+04° 0.11+0.01¢

3 Branch 10.0+0.38 0.8+001°  935+05"  267+04° 0.40+0.01°

4 Trunk bark 224+03% 13+001¢ 1944409 49.1+04° 0.71+0.01°

5 Fruit 271.1£0.6 20.60+0.4° 537.4+0.6° 379.9+1.4% 0.11+0.005¢

6  Trolox 60.0+0.3°> 33.2+0.3%

7  Acarbose 1249.9+0.3* 5.6+0.2f

8  Berberine chloride 301.02+0.15%

9 Pr>F <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

10 P 0.05 0.05 0.05 0.05 0.05

11 CV% 1.13 3.30 1.32 0.25 5.10

12 LSD 0.64 0.46 0.96 1.15 0.11

aGI: o-glucosidase inhibition; aAl: a-amylase inhibition; AChEI: acetylcholinesterase inhibition; CV:
coefficient of variation; LSD: least significant difference; a,b,c.d,e,f: values in the same column with the
different letters are significantly different

ability measurement. Thus, the anti-oxidant activity was tested via assessment of
the DPPH and ABTS radical scavenging ability in this study. Based on the results in
Table 1, the extracts of DOWHT showed high ABTS and DPPH radical scavenging
ability with the low ICs, values in the range of 0.8-20.6 pg/mL and 10.0-271.1 pg/
mL, respectively. Among them, three parts including branch, leaves, and trunk bark
showed good effects on both DPPH and ABTS activities. The ICs, values for DPPH
and ABTS are respective of 10.0 pg/mL and 0.8 pg/mL for branch; 18.9 pg/mL and
1.0 pg/mL for leaves; 22.4 pg/mL and 1.3 pg/mL for trunk bark. The fruit presents
the weakest activity with ICs,, values of 271.1 pg/mL and 20.6 pg/mL, respectively.
Trolox, a commercial anti-oxidant compound, was also tested for anti-oxidant effect,
showing moderate ABTS and DPPH radical scavenging ability with ICs, values of
60 pg/mL and 33.2 pg/mL, respectively. Thus, in the comparison, almost the extracts
of DOWHT demonstrated more potential anti-oxidant effect than that of Trolox. In
addition, DOWHT’s bark part was reported in another research for anti-oxidant abil-
ity via DPPH assay with a good inhibition of 2—-10 pg/mL [15]; as such, DOWHT
may be suggested as rich sources for anti-oxidant compounds.

Anti-diabetes activity was tested via inhibition on two main types of enzymes
related to increasing blood sugar including a-glucosidase [27] and a-amylase
[28]. These samples possess moderate enzymes inhibition activity, and the inhi-
bition of a-amylase activity (ICs, values of 26.7-379.9 pg/mL) seems higher
compared to a-glucosidase (ICs, values of 93.5-537.4 pg/mL). The branch dem-
onstrated the best effect (IC5,=26.7-93.5 pg/mL) and the following are leaves
(IC5y=34.5-187.4 pg/mL) and trunk bark (IC5,=49.1-194.4 pg/mL), while
fruit also showed the weakest activity (IC5,=379.9-537.4 pg/mL). Acarbose,
an anti-diabetic compound, was also tested inhibition against a-glucosidase and
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a-amylase and showed ICs, values of 1250 pg/mL and 5.6 pg/mL, respectively.
Thus, the DOWHT extracts showed potential effects, comparable to or higher
than acarbose.

Alzheimer’s inhibition was tested via resistance of acetylcholinesterase (AchE)—
a key enzyme that causes decreased choline neurotransmitters [29]. The extracts of
DOWHT showed potent inhibition for AChE with low ICs, values under 0.7 pg/mL.
Comparison of different parts, three parts including leaves, trunk heartwood, and
fruit, possesses the same high effect with ICs, values of 0.1 pg/mL. The branch part
also presented good activity with an ICs, value of 0.4 pg/mL. The ICs, of trunk bark
reached 0.7 pg/mL. Berberine chloride, a commercial AchE inhibitor, was tested for
comparison and showed a weaker effect (ICs, values of 301 pg/mL) than that of
DOWHT extracts.

In general, extracts of DOWHT herb showed good medical effects on tested bio-
activities compared to control compounds; this may be due to the extract of this
herb possessing abundant bioactive compounds belonging to popular groups such
as phenolic compounds, alkaloids, saponins, tannins, coumarins, polypeptides, car-
diac glycosides, resins, flavonoids, and terpenoids [13, 15]. Of those, anti-diabetes
and anti-Alzheimer activities of DOWHT extracts were notably reported for the first
time in this work. Up to date, the studies on elucidating the bioactivities of differ-
ent parts used of this herb have few reported; as such, this is also a unique point of
this work. Notably, this herb’s leaf extract was recorded as nontoxicity for normal
human cells [12]; thus, DOWHT is a potential herb to keep researching further. In
the bioactivity comparison of herbal parts together, the fruit showed weak activity in
almost tests (except for AChE inhibition). Branch extract presented the most potent
effects on almost tested bioactivities. Leaves and trunk bark also showed high inhi-
bition, and they are also common parts that were used in research [30—34]. While
the branch part is rarely used in research, it also seems potential in fact exploitation
and application. The branch part can harvest significant amounts annually without
cutting trees. Thus, it is also a promising part to discover for further studies.

Natural phenolic compounds from herbs have recorded a lot of potential bio-
activities for promising applications in medicine [35, 36]. In fact, some of these
components were used in functional food for human health promotion [35]. Based
on these potential applications, the demand to discover new natural phenolic com-
pounds from medicinal plants is still being carried on. Dillenia species were also
reported for many bioactivities in medicine, even showing potential effects in pre-
clinical research [37]. Notably, the activities of DOWHT have only been tested for
anti-bacterial, anti-fungal activity, and anti-oxidant [14].

Some reports also evaluated bioactivities for different parts of medicinal plants.
The anti-oxidant effect of Zanthoxylum armatum’s parts was conducted [38]. The
results showed that fruit inhibited the best and following is bark, and seed with ICj,
values of 45.6, 67.8, and 86.75 pg/mL, respectively. The different parts of Euphor-
bia neriifolia Linn. herb were tested for anti-oxidant activity by some assays such
as DPPH, FRAP, and H,0, assays [39]. Of those, in MeOH extract, the leaves part
showed the best effects in FRAP and H,0, tests with the lowest ICs, values of
153.4 pg/mL and 2.0 pg/mL, respectively. The latex part presented the highest activ-
ity in the DPPH test with an ICy, value of 1.0 pg/mL. Each herb will have different
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potential parts used. In this study, the branch part of DOWHT is considered a poten-
tial part used and promising for use in further research.

Chemical profiles and the contents of major phenolic compounds from herbal
DOWHT

In this study, the volatile compounds in different parts of herbal DOWHT were
detected via GC-MS analysis (results in Table 2). In total, 30 volatile compounds
(1-30) were detected in five different parts of this herb. Compounds were arranged,
respectively, in order of the detected peak based on the recorded retention time.
There are differences in composition of volatile constituents and their content in
each part of the herb. Almost volatile compounds (20 compounds) are concentrated
on the DOWHT’s leaves relative contents around 0.6-20.6%. In this part, six major
volatiles were first identified with high content, including 4-Pregnen-20-&-ol-3-
one (6.1%), trans-a-bergamotene (6.6%), shizukanolide (5.6%), tetradecanoic acid,
methyl ester (20.6%), octadecanoic acid (9.0%), sebacic acid, 2-(2-chlorophenoxy)
ethyl pentyl ester (7.1%). No volatile compounds were found on the trunk bark and
fruit parts. In total, 15 volatile compounds in total 30 compounds appear in the trunk
heartwood of DOWHT with relative percent contents in the range of 2.8—-13.3%. The
branch part has 13 compounds with a content in the range of 3.3-14.7%. The chemi-
cal structures of these volatile compounds are shown in Fig. 2, and the GC-MS pro-
files are presented in supplementary section (Figure S3-S5).

The phenolic compounds and their content were also determined by the UHPLC
method. The result is presented in Table 3. The data show that all parts of herbal
DOWHT are rich in phenolic compounds with high content. Sixteen phenolic com-
pounds (31-46) were detected in DOWHT extracts, and almost compounds belonged
to the flavonoid group; only three compounds are polyphenols including gallic acid
(31), chlorogenic acid (33), and salicylic acid (38). Of those, salicylic acid (38) is a
phenolic compound accounting for the highest content in almost parts of this herb
up to 19,937.3 pg/g. In five of the herbal parts used, the branch and fruit possess
rich phenolic compounds; the range of respective contents is low at 5.7-482.6 pg/g
and 21.2-2466.2 pg/g. In contrast, the leaves part only has nine per total of sixteen
phenolic compounds, but it Is a high range of content around 110.6-15,237.1 pg/g.
In all parts, trunk heartwood and trunk bark are potential parts for exploitation that
possess abundant phenolic compounds with high contents of 10.7-19,937.3 ug/g
and 68.8-13,536.7 pg/g, respectively. The chemical structures of these phenolics are
shown in Fig. 3, and the UHPLC fingerprinting is presented in the supplementary
section (Figure S6-S11).

Among species belonging to Dillenia family, few studies related to the phyto-
chemical of DOWHT have been reported [12—15]. Research by Thooptianrat et al.
[12] analyzed the phytochemical profile in the leaves of various Dillenia species via
the GC-MS method. This work used hexane solvent for extraction and in the extract
of DOWHT detected some different compounds compared to our research (using
methanol solvent) including oleamide (36.9%), squalene (3.5%), p-sitosterol (5.0%),
vitamin E (18.5%), quinone methide (4.7%), palmitic acid (4.6%), stigmasterol
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Fig.2 The chemical structures of volatile compounds were identified from the DOWHT extracts by GC—
MS analysis

(2.0%), palmitamide (3.4%), eicosane (1.4%), stearic acid (2.2%), butylated hydrox-
ytoluene (0.8%), 2,4-di-tert-butylphenol (2.3%), unknown compounds (14.1%).
Besides, differences in varieties, climatic conditions, and soils also lead to these
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Fig.3 The chemical structures of phenolic compounds were identified from the DOWHT extracts by
UHPLC analysis

differences in phytochemicals. Some research tested qualitative some phytochemi-
cal compounds in ethanol bark extract of DOWHT and confirmed that this herbal
part contains phenolic compounds, alkaloids, saponins, tannins, coumarins, poly-
peptides, cardiac glycosides, resins, flavonoids, and terpenoids [13, 15]. Based on
the literature, the phytochemical information on DOWHT still is very limited. Nota-
bly, the phytochemical compounds in this work were detected from DOWHT for
the first time. Moreover, normally research only focuses on the exploitation of one
part of the herb. Thus, this study has been conducted to identify the chemical profile
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including the volatile and phenolic compounds and their relative contents in differ-
ent parts of this medicinal plant. This information has provided useful scientific data
to orient further experimental studies.

Potential energy binding and interaction of bioactive compounds toward enzyme
acetylcholinesterase targeting anti-Alzheimer via docking study

In this part, a virtual study was conducted for acetylcholinesterase due to this
enzyme target which was inhibited the most potent. In docking performance, the
inhibitor (ligand) may interact with various sites on the enzyme (named binding
site), and the most active binding site was chosen for investigation in detail. Based
on the output data of MOE using the site finder function, 25 binding sites were
found and binding suite 1 (BS1) was suggested as the most active BS. This BS con-
tains 39 residues. The 3D structure of BS1 and its residues are shown in Fig. 4.
Among forty-six compounds identified from herbal DOWHT, nine phenolic com-
pounds (31, 34, 36, 37, 38, 39, 41, 43, and 44) appear in all parts of DOWHT, six vola-
tile compounds (21-27, 29) with high content in the leaves part (where almost volatiles
were detected), and berberine chloride—a commercial AchE inhibitor—was used for
docking into the BS1 of AchE. The results are presented in Table 4. The effective inter-
action was displayed via some parameters such as RMSD (root-mean-square deviation),
DS (docking score), linkage types, the linkages distances, and compositions of amino
acids. The DS value of the ligand and respective target enzyme is under —3.20 kcal/
mol, and it is lower showing a greater enzyme-binding ability [40]. In fifteen com-
pounds, some phenolics such as Epigallocatechin gallate (34), Epicatechin gallate (36),

39 amino acids containing
in the binding site:
GLN69 TYR70 VAL71
ASP72 GLN74 SERS81
TRP84 ASN85 PRO86
TYR116 GLY117 GLY118
GLY119 TYRI21 SER122
GLY123 SER124 LEU127
TYR130 GLU199 SER200
TRP233 TRP279 LEU282
PHE284 ASP285 SER286
ILE287 PHE288 ARG289
@y PHE290 PHE330 PHE331
\b\ TYR334 GLY335 HIS440
== GLY441 TYR442 ILE444

@ (b)

Fig.4 The 3D structure of BS1 on AChE a the 39 amino acids contained in the binding site b
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Vitexin (37), and Apigetrin (41) possess DS values better than the commercial inhibi-
tor (Berberine chloride) with DS values in a range of — 12.5 to — 13.3 kcal/mol. The
remaining compounds have DS values of — 6.2 to — 12.1 kcal/mol. The RMSD value
lower than 2.0 A is widely accepted, and if it is over 3.0 A that was predicted negligible
enzyme inhibition ability [41]. All tested phenolics and volatiles possess the RMSD
within the standard range with values of 0.7-1.9 A. The number of linkages with the
enzyme denotes closer interaction of the inhibitor with the enzyme target. The interac-
tion of AChE’s amino acids with ligands is detailed in Table 4 and Fig. 5. The commer-
cial control inhibitor only possesses three linkages with AchE (1 H-donor, 1 H-accep-
tor, 1 H-pi). The phenolic Epicatechin gallate (36) interacts with AChE by the most
linkages (seven bonds) including four H-donor bonds with respective amino acids as
His440, Glu199, Tyr70, Asn85; one H-pi bond with Phe330; and two pi-pi bonds with
Trp84 and Tyr334. Following, quercetin (43) with five linkages includes three H-donor
bonds with respective amino acids Ser122, Glul199, Typ70, and two pi-pi bonds with
two Trp84. There are four phenolics (34, 37, 39, 41) possessing four linkages with
the target enzyme, of those, compound 34 with four H-donor bonds; compound 37
showing four bonds of two H-donor, one H-acceptor, one H-pi; compound 39 has one
H-donor, one H-acceptor, two pi-H bonds; compound 41 displays three H-donor bonds
and one H-acceptor bond. Phenolic 44 has three linkages (H-donor, H-acceptor, and
pi-H) with respective amino acids of AChE including Glu199, His440, and Gly118.
The remaining compounds (21, 24, 25, 26, 29, 31, and 38) only bind with this enzyme
by one or two linkages.

For further understanding of the more potent inhibitory effect of Epigallocatechin
gallate (34), Epicatechin gallate (36), Vitexin (37), and Apigetrin (41) than Berber-
ine chloride, their frontier molecular orbitals were further investigated. As shown in
Fig. 6, all these compounds possess an insulation-to-semiconduction energy gap value
in the accepted range (3.2 eV<EG<9 eV), indicating that they have good intermo-
lecular binding capability toward targeting protein [42]. However, compounds (34, 36,
37, and 41) demonstrated more inhibitory effect (DS values of — 12.5 to — 13.3 kcal/
mol) than Berberine chloride (DS value of — 12.1 kcal/mol). Inside into the interac-
tions of these ligands toward AChE, these compounds (34, 36, 37, and 41) were found
to interact with AChE via creating more interactions (4—7 linkages) than Berberine
chloride (3 linkages). In addition, almost the linkages of compounds 34, 36, 37, and
41 are H-donors. Thus, the data of the highest occupied molecular orbital (HOMO)
related to the inhibitory effect were also examined. The compound processed a higher
Eromo value indicating it had a better inhibitory activity [43]. As shown in Fig. 6, all
the compounds 34, 36, 37, and 41 had higher E};,,, values in the range of — 6.17.07 to
— 5.66 eV than that of Berberine chloride with Ey,,,, value of — 8.65 eV. In general,
these results and the docking study (DS values) are in agreement.

The prediction of drug-likeness properties and pharmacokinetic properties
of some potential inhibitors of herbal DOWHT

The prediction of drug-likeness properties was performed using Lipkin’s rules
if it satisfies at least two in five rules [44]. Five rules include (rule 1)—molecular
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mass <500 Da; (rule 2)—LogP value (high lipophilicity) <5; (rule 3)—hydrogen
bond donors <5; (rule 4)—hydrogen bond acceptors < 10; (rule 5)—molar refractiv-
ity in range of 40—130. Based on the results shown in Table 5, all fifteen compounds
complied with Lipkin’s rules that suggestion of they possess drug-likeness proper-
ties. Of those, seven compounds including five volatiles (21, 24, 25, 26, and 27) and
two phenolics (43 and 44) satisfy all rules of this test same as the control compound.
Only compound 34 fits with three rules, while the remaining compounds (29, 31, 36,
37, 38, 39, and 41) all comply with four in five rules.

The ability for drug development will be limited by unexpected pharmacoki-
netic properties. Currently, pharmacokinetic properties (absorption, distribution,
metabolism, excretion) and toxicity are presentive for efficacy and safety in drug
discovery and development that can be predicted via the ADMET test [45]. The
ADMET results of fifteen compounds are presented in Tables 6 and 7. Phenolics
show good water solubility, while volatiles possess moderate water solubility. The
capacity of CaCO, permeability of all volatiles is significant, and among phenolics,
only compound 5 complies with this property. All compounds have good intesti-
nal absorption, and almost, all can have skin permeability (except volatiles 24 and
26). Besides, only phenolics (34, 36, 37, 39, 41, 43, and 44) are P-glycoprotein sub-
strates. Phenolics (34, 36, 37, 39, 43, and 44) present a high volume of distribution
in the human body (VDss). Phenolics (34, 36, 37, 39, 41, 43, and 44) and vola-
tiles (24, 26, and 27) indicate unbound (free) drugs. All phenolics cannot cross the
blood-brain barrier (BBB) and have noneffect on the nervous system (except com-
pound 44), however, almost volatiles can impact the nervous system, and volatiles
24-26 can pass over BBB. Although phenolics do not be substrates of cytochrome
P450 enzyme systems, but almost these compounds also do not inhibit this enzyme
system, in which all volatiles are considered as the CYP3A4 substrate. Almost com-
pounds have a good half-life with relatively low total clearance. Almost phenolics
do not be the substrate of OCT2, except compound 25. All compounds showed no
AMES toxicity, and only compounds 21, 29, 34, and 36 are hERG II inhibitors. The
oral rat acute toxicity expressed as LD50 and dosing >2 mol/kg is considered safe;
of those, only volatiles 24—27 have doses under 2 mol/kg.

In general, drug-likeness and pharmacokinetic properties of some metabolites
from DOWHT herb were predicted to suggest this herb may be a potential source for
drug discovery. These in silico results may be good reference information for further
in vitro and in vivo experiments.

Conclusions

The extracts of herbal Dillenia ovata Wall. ex Hook. f. et Thomson (DOWHT)
were found potent anti-oxidant, anti-anti-acetylcholinesterase, and moderate inhibi-
tion against a-amylase and a-glucosidase. Of these, the inhibition against the key
enzymes targeting anti-Alzheimer’s and anti-diabetes disease was the new records in
this work. The phytochemical profiles of all the parts used of DOWHT were inves-
tigated using GC-MS and UHPLC analysis, and various volatile and phenolic were
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Fig.5 The interaction of ligands with the binding site of acetylcholinesterase

found for the first time in this herb. Further, the virtual study was applied to search
inside the interaction and energy binding of major bioactive compounds toward the
targeting enzyme AChE. The docking study indicated that some major phenolics,
including Epigallocatechin gallate (34), Epicatechin gallate (36), Vitexin (37), and
Apigetrin (41), showed better energy binding (DS values in the range of 12.5 to
— 13.3 kcal/mol) than Berberine chloride (DS value of — 12.1 kcal/mol). Based on
Lipkin’s rules of five and ADMET prediction, almost the identified compounds from
DOWHT showed drug-likeness properties and none toxic for human use. These
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Fig.5 (continued)

44-AChE

results suggest that DOWHT may be a promising natural source of anti-oxidant,

anti-Alzheimer’s and anti-diabetes drugs.
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est occupied molecular orbital; LUMO: lowest unoccupied molecular orbital; DFT: density functional
theory

Table 5 Prediction of development into drugs via five Lipkin’s rules of metabolites from DOWHT

Compound Mass (Da) Hydrogen Hydrogen LogP Molar refractivity
bond bond accep-
donor tors
4-Pregnen-20-&-ol-3-one (21) 316 1 2 4.515 91.88
Trans-a-Bergamotene (24) 204 0 0 4.725 66.74
Shizukanolide (25) 230 0 2 2.851 64.148
Tetradecanoic acid, methyl ester 242 0 2 4.860 73.09
(26)
Octadecanoic acid (27) 283 0 4.998 84.55
Sebacic acid, 2-(2-chlorophenoxy) 406 0 5 5.771 115.05
ethyl pentyl ester (29)

Gallic acid (31) 169 3 5 —0.833 35.77
Epigallocatechin gallate (34) 458 8 11 2.233 108.92
Epicatechin gallate (36) 442 7 10 2.528 107.26
Vitexin (37) 432 7 10 —0.066 103.53
Salicylic acid (38) 137 1 3 —0.244 3244
Isovitexin (39) 432 7 10 —0.066 103.53
Apigetrin (41) 432 6 10 —0.107 103.54
Quercetin (43) 302 5 7 2.011 74.05
Luteolin (44) 286 4 6 2.125 7248
Berberine chloride 337 0 4 2.733 93.03
Lipkin’s rules <500 <5 <10 <5 40-130
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Table 6 The prediction of pharmacokinetic properties and toxicity of volatiles via ADMET simulation

Properties Compounds

Control 21 24 25 26 27 29
Absorption
Water solubility -3973 —5.174 -5968 -3.906 -6.109 —5.973 -5.956
CaCO, permeability® 1734 1715 1395  1.628  1.602 1556 143
Intestinal absorption (human)®  97.147 98.096 96.229 98.295 93.022 91.317  90.655
Skin permeability™® —2.576 —=2921 —1.677 —2.647 —2244 —-2726 —2.691
P-glycoprotein substrate®™ Yes No No No No No No
P-glycoprotein I inhibitor® No Yes No No No No Yes
P-glycoprotein II inhibitor™ Yes No No No No No Yes
Distribution
VDss (human)(® 0.58 0293 0861 0517 0311 —0.528 0.106
Fraction unbound (human)© 0262  0.001 0149 0288 0.142 0051 0
BBB permeability” 0.198  0.004 0.86 0.638  0.711 —-0.195 —0.029
CNS permeability® —1.543 —2.11 —1.988 —2262 —1788 —1.707 —2.713
Metabolism
CYP2D6 substrate®™ No No No No No No No
CYP3A4 substrate® Yes Yes Yes Yes Yes Yes Yes
CYP1A2 inhibitor® Yes No No Yes Yes Yes No
CYP2C19 inhibitor® No No No Yes No No Yes
CYP2C9 inhibitor® No No No No No No No
CYP2D6 inhibitor® Yes No No No No No No
CYP3A4 inhibitor® No No No No No No Yes
Excretion
Total clearance® 1.27 0671 1176 0461 1793  1.832 0515
Renal OCT2 substrate® No No No Yes No No No
Toxicity
AMES toxicity® Yes No No No No No No
Max. tolerated dose (human)™®  0.144  —0.634 0.084  —0.007 0.257  —0.791 0.954
hERG I inhibitor® No No No No No No No
hERG II inhibitor® No Yes No No No No Yes
Oral rat acute toxicity (LD50)M) 2571 2.018  1.68 1589  1.636 1406  2.249
Oral rat chronic toxicity? 1.89 2 1367 1869  2.851 333 1.366
Hepatotoxicity® Yes Yes No No No No No
Skin sensitzation® No No Yes Yes Yes Yes No
T.Pyriformis toxicity®® 0354 099 1562  0.878 2208  0.65 0.624
Minnow toxicity™® -0.277 -0.067 -0.103 0.673  —0.891 -1.565 —2.078

Unit: D log mol.L™!; @ log Papp (107 cm.s™"); @ %; @ log Kp; ® Yes/No; © log Lkg™!; @ log BB; ®
log PS; @ log mL.min~' kg™!; 4 Jog mg kg '.day™"; D mol.kg™!; 12 log mg.kg™!_bw.day™'; @ log
pg. L7l @ 1og mM

@ Springer



Phytochemical profiles and novel biofunctions of Dillenia...

ON ON ON ON ON ON ON SR ON ON (©ONqUI Y EJAD
ON ON ON ON ON ON ON ON ON SOA (TONqIUI 9dcdAD
LN ON ON ON ON ON ON ON ON ON (©1ONqIuI 6DTdAD
ON ON ON ON ON ON ON ON ON ON (©1ONqUUI 61DCdAD
BN RN ON ON ON ON ON ON ON RN (©ONAUUI TV IdAD
ON ON ON ON ON ON ON ON ON SOX ()PVBISANS YV EAAD
ON ON ON ON ON ON ON ON ON ON (5)¥eNsqns 9acdAD
ws1oqoId W
1sTCC— 90 € — ILE— YoLE— 1ce—- e E— evLe— 96— YLE— evs Il — @fqeawrad SND
L06'0— 860°[ — I6c'l— SLET— 7ee€0— o6yl — Ly8'T— ¥81°C— wri- 861°0 wfquowiied ggg
891°0 90C°0 81C0 10 £95°0 weo 8S1°0 S1T0 L19°0 970 (9)(UBLINY) PUNOqUN UONORL]
€SIl 6SC°1 weo 6¢C’1 LS T— 1L0°T 799°0 9080 S8 1 — 860 @(ueuny) ssqA
uonnqriusiq
ON ON ON ON ON ON SO SOX ON SO (¢'ONqryut [T uro)oxdodk[s-4
ON ON ON ON ON ON ON ON ON ON (oronquyur | urejo1dooA[3-4
SOX. SOX SOX. SOX ON SOX. SOX SOX. ON SOX (orensqns u1301dodk[S-q
SELC— SELT— SELC— SELC— €L — SELC— SeELT— SELC— SELC— 9LSCT— mfquowtiad unyg
€r'18 0CT'LL 09°'LE LY9 88'¢8 69°9% 6079 LELY Le'ey LY1'L6 ((uewny) uondiosqe [eunsajug
960°0 6CC0— €€°0 819°0— IST'T 966'0— YoT T — 61— 1800— veL'l @fmqeawrad (o0E)
¥60°¢- 6t — 655 C— CI8C— 808°I — Sy8C— I16'C— Y68°C— 9¢C— €L6'E— @ANqnios 1erem
uondiosqy

124 (97 Iy 6¢ 8¢ LE 9¢ 123 53 [onuo)
spunodwo)) sonredoig

uonemnuwis LHNQYV ©la sarjouayd jo K1orxo) pue sontadoid onouryooeurreyd jo uonoipaid oy, 7 ajqel

pringer

As



M. D. Doan et al.

INW SO[ () &, 131 BO[ o) ¢, _Aep'mq ™ _SySw Sof () ¢, _8Y

owr (< _Kep Sy Sw 5oy (i ¢ _8_urwrw 307 ) ‘Sd SO[ (g) ‘G SO[ () £, _89"T 5O (4 ON/SOK (g) A3 B0 4 £% (o) *(;_swd ;) ddeg 50 () :,_TT0W 307 () U
691°¢ IcLe LOS'S 81°C [ L68V 919 EILL 881°¢ LLTO— (pANOTXO0) MOUUTIA
92¢0 88C°0 §8C°0 §8¢0 €900 $8C°0 G8¢0 G8¢°0 $8C°0 75€°0 (enAMOIX0) SIULIOFLIAY' 1,

ON ON ON ON ON ON ON ON ON ON ()UOLBZ)ISUSS U
ON ON ON ON ON ON ON ON ON SOX (oforxojoredoy
60v'C ¢19c 65¢Y LES £8Y'C SE9'v LLL'T §90°¢ 90°¢ 68’1 (@nAVIDTX0) OTUOIYD JEX [BIQ
SSY'C ILv'C $65°C 866°C 80T $65°C 866°C se 81CT 1LSC an(0SAD Kd1xo) anoe Jex [eI0
ON ON ON ON ON ON SIA SIA ON ON (@toNquut I O¥AY
ON ON ON ON ON ON ON ON ON ON (1ONqIUI [ HYAY
6670 66v°0 SIS0 6v9°0 190 LSS0 6v¥'0 ¥¥°0 0L0 77170 (op(UBLINY) 3SOP PARIDO0} “XBIA
ON ON ON ON ON ON ON ON ON SIA (9fI1X01 SHINY
&noixof
ON ON ON ON ON ON ON ON ON ON (9)P7BISqNS 7ID0 [BuSy
S6v'0 LO¥'0 LYS0 (4240 L09°0 224V 691'0— 600 8160 LTl (6)°°UBIBIIO [BI0],
U011249X7]

144 (94 84 6¢ 8¢ LE 9¢ Ye 13 [onuo)
spunodwo)) sontadoig

(ponunuoo) £ s|qey

pringer

As



Phytochemical profiles and novel biofunctions of Dillenia...

and S.-L.W. validated the study; T.K.P.P., AD.N, T.T.N.,, T.H.N., Q.V.N,, and M.D.D. were involved
in formal analysis; T.K.P.P., T.Q.P.,, and M.D.D. investigated the study; V.B.N and M.D.D. helped in
resources; M.D.D. curated the data; V.B.N helped in supervision and writing—original draft preparation;
V.B.N, A.D.N, M.D.D., and S.-L.W. performed writing—review and editing; M.D.D. and V.B.N admin-
istrated the project.

Funding This research was funded by a grant from Tay Nguyen University, Vietnam (T2022-95CBTD),
and supported in part by the Ministry of Science and Technology, Vietnam (NNDT/TW/22/13); National
Science and Technology Council, Taiwan (NSTC 111-2320-B-032-001; NSTC 111-2923-B-032-001).

Declarations

Conflict of interest The authors declare no conflict of interest.

References

1. J.W. Heinecke, Curr. Opin. Lipidol. 8, 268-274 (1997). https://doi.org/10.1097/00041433-19971
0000-00005
2. V. Duraipandiyan, M. Ayyanar, S. Ignacimuthu, BMC Complement Altern. Med 6, 35 (2006).
https://doi.org/10.1186/1472-6882-6-35
3. S.N. Nichenametla, T.G. Taruscio, D.L. Barney, J.H. Exon, Crit. Rev. Food Sci. Nutr. 46, 161-183
(2006). https://doi.org/10.1080/10408390591000541
4. J.Lampe, Am. J. Clin. Nutr. 70, 475S-490S (1999). https://doi.org/10.1093/ajcn/70.3.475s
5. V.B. Nguyen, S.L. Wang, T.H. Nguyen, M.T. Nguyen, C.T. Doan, T.N. Tran, Z.H. Lin, Q.V.
Nguyen, Y.H. Kuo, A.D. Nguyen, Molecules 23(8), 1928 (2018). https://doi.org/10.3390/molec
ules23081928
6. V.B. Nguyen, S.L. Wang, A.D. Nguyen, T.P.K. Vo, L.J. Zhang, Q.V. Nguyen, Y.H. Kuo, Res. Chem.
Intermed. 44, 1411-1424 (2018). https://doi.org/10.1007/s11164-017-3175-1
7. B.R. Goyal, R.K. Goyal, A.A. Mehta, Phcog Rev 1, 143-150 (2007)
8. D.N.V. Nguyen, T. Nguyen, An overview of the use of plants and animals in traditional medicine
systems in Viet Nam. (TRAFFIC Southeast Asia, 2008), pp. 1-96
9. P.P. Dy, Dictionary of plants used in Cambodia. (Dy Phon Pauline, 2000), pp. 1-915
10. T.K.Lim, In fruits, Vol 2. By T. K. Lim (Springer, Dordrecht, 2012), pp. 410-420
11. C.W. Sabandar, J. Jalil, N. Ahmat, N.A. Aladdin, Phytochemistry 134, 6-25 (2017). https://doi.org/
10.1016/j.phytochem.2016.11.010
12. T. Thooptianrat, A. Chaveerach, R. Sudmoon, T. Tanee, T. Liehr, N. Babayan, J. Food Biochem.
41(3), 12363 (2017). https://doi.org/10.1111/jfbc.12363
13. S. Soeurn, P. Srey, P. Lay, S.L. Heng, C. Sovan, S. Chea, S. Keo, Asian J. Pharm. 2(2), 11-19 (2018)
14. L.S.H. Erin, PP. Mun, N.S. Ling, O.C. Ping, S.X. Jie, N.S. Ying, L. Tyiyng, A.S. Buru, M.R.
Pichika, Int. J. Pharm. Pharm. Sci. 5(3), 471-474 (2013)
15. S. Keo, S. Leang, C. Ny, S. Lim, K. Chean, H. Ung, J. Maneenet, Y. Chulikhit, S. Chea, Drug Des
Int Prop Int J 1(2), 1-7 (2018). https://doi.org/10.32474/DDIP1J.2018.01.000109
16. V.B. Nguyen, S.L. Wang, Process. Biochem. 65, 228-232 (2018). https://doi.org/10.1016/j.procbio.
2017.11.016
17. V.B. Nguyen, T.H. Nguyen, C.T. Doan, T.N. Tran, A.D. Nguyen, Y.H. Kuo, S.L. Wang, Molecules
23, 1124 (2018). https://doi.org/10.3390/molecules23051124
18. T.H. Nguyen, S.L. Wang, A.D. Nguyen, M.D. Doan, T.N. Tran, C.T. Doan, V.B. Nguyen, Mar.
Drugs 20, 283 (2022). https://doi.org/10.3390/md20050283
19. V.B. Nguyen, S.L. Wang, A.D. Nguyen, Z.H. Lin, C.T. Doan, T.N. Tran, H.T. Huang, Y.H. Kuo,
Molecules 24, 120 (2019). https://doi.org/10.3390/molecules24010120
20. V.B. Nguyen, S.L. Wang, T.Q. Phan, M.D. Doan, T.K.P. Phan, T.K.T. Phan, T.H.T. Pham, A.D.
Nguyen, Life 13, 1281 (2023). https://doi.org/10.3390/1ife13061281
21. V.B. Nguyen, S.L. Wang, A.D. Nguyen, T.Q. Phan, K. Techato, S. Pradit, Fishes 6, 30 (2021).
https://doi.org/10.3390/fishes6030030

@ Springer


https://doi.org/10.1097/00041433-199710000-00005
https://doi.org/10.1097/00041433-199710000-00005
https://doi.org/10.1186/1472-6882-6-35
https://doi.org/10.1080/10408390591000541
https://doi.org/10.1093/ajcn/70.3.475s
https://doi.org/10.3390/molecules23081928
https://doi.org/10.3390/molecules23081928
https://doi.org/10.1007/s11164-017-3175-1
https://doi.org/10.1016/j.phytochem.2016.11.010
https://doi.org/10.1016/j.phytochem.2016.11.010
https://doi.org/10.1111/jfbc.12363
https://doi.org/10.32474/DDIPIJ.2018.01.000109
https://doi.org/10.1016/j.procbio.2017.11.016
https://doi.org/10.1016/j.procbio.2017.11.016
https://doi.org/10.3390/molecules23051124
https://doi.org/10.3390/md20050283
https://doi.org/10.3390/molecules24010120
https://doi.org/10.3390/life13061281
https://doi.org/10.3390/fishes6030030

M. D. Doan et al.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

T.L. Tran, K. Techato, V.B. Nguyen, S.L. Wang, A.D. Nguyen, T.Q. Phan, M.D. Doan, K. Phoung-
thong, Molecules 26, 6270 (2021). https://doi.org/10.3390/molecules26206270

T.H.T. Trinh, S.L. Wang, V.B. Nguyen, T.Q. Phan, M.D. Doan, T.P.H. Tran, T.H. Nguyen, T.A.H.
Le, T.Q. Ton, A.D. Nguyen, Agronomy 12, 2300 (2022). https://doi.org/10.3390/agronomy12
102300

V.B. Nguyen, S.L. Wang, T.Q. Phan, T.H.T. Pham, H.T. Huang, C.C. Liaw, A.D. Nguyen, Pharma-
ceuticals 16, 756 (2023). https://doi.org/10.3390/ph16050756

D.E. Pires, T.L. Blundell, D.B. Ascher, ] Med Chem 58, 4066-4072 (2015). https://doi.org/10.1021/
acs.jmedchem.5b00104

V. Lobo, A. Patil, A. Phatak, N. Chandra, Pharmacogn Rev. 4(8), 118-126 (2010). https://doi.org/
10.4103/0973-7847.70902

H. Kashtoh, K.H. BaekH, Plants 11, 2722 (2022). https://doi.org/10.3390/plants 11202722

N. Kaur, V. Kumar, S.K. Nayak, P. Wadhwa, P. Kaur, S.K. Sahu, Chem Biol Drug Des 98(4), 539—
560 (2021). https://doi.org/10.1111/cbdd.13909

T.H. Nguyen, S.L. Wang, V.B. Nguyen, Pharmaceuticals 16, 580 (2023). https://doi.org/10.3390/
ph16040580

V.B. Nguyen, S.L. Wang, A.D. Nguyen, Z.H. Lin, C.T. Doan, T.N. Tran, H.T. Huang, Y.H. Kuo,
Molecules 24(1), 120 (2019). https://doi.org/10.3390/molecules24010120

B.L. Rodriguez, V.J.I. Hernandez, S.A. Vasquez, J. Blancas, S.J.A. Huelsz, S. Cristians, M.A. Ball-
esté, R.A. Manzanares, L. M. Cavazos, B.M.A. Rosa, P.E. Herrera, M.B. Almanza, A.G. Pérez, T.
Ticktin, R. Bye, Sustainability 13, 2860 (2021). https://doi.org/10.3390/su13052860

K. Coulibaly, G.N. Zirihi, G.N. Kouadio, K.R. Oussou, M. Dosso, Afr. Health Sci. 14(3), 753-756
(2014). https://doi.org/10.4314/ahs.v14i3.35

C. Tanase, A. Nicolescu, A. Nisca, R. Stefdnescu, M. Babotd, A.D. Mare, C.N. Ciurea, A. Man,
Plants 11, 2357 (2022). https://doi.org/10.3390/plants 11182357

A. Nabatanzi, N. Lall, J.D. Kabasa, Plants 9(6), 753 (2020). https://doi.org/10.3390/plants9060753
W. Sun, M.H. Shahrajabian, Molecules 28, 1845 (2023). https://doi.org/10.3390/molecules280418
45

Y. Zhang, P. Cai, G. Cheng, Y. Zhang, Nat. Prod. Commun. (2022). https://doi.org/10.1177/19345
78X211069721

L.S. Yazan, N. Armania, Pharm. Biol. 52(7), 890-897 (2014). https://doi.org/10.3109/13880209.
2013.872672

P. Nirmala, J.P. Kumar, R.P. Prasad, R. Sangeeta, Sci. World J. 2020, 1-7 (2020). https://doi.org/10.
1155/2020/8780704

P. Chaudhary, P. Janmeda, J. Appl. Biol. Biotech. 10(02), 133-145 (2022). https://doi.org/10.7324/
JABB.2022.100217

B.T.M. Chandra, S.S. Rajesh, B.V. Bhaskar, S. Devi, A. Rammohan, T. Sivaraman, W. Rajendra,
RSC Adv. 7, 18277-18292 (2017). https://doi.org/10.1039/c6ra27872h

Y. Ding, Y. Fang, J. Moreno, J. Ramanujam, M. Jarrell, M. Brylinski, Comput. Biol. Chem. 64,
403-413 (2016). https://doi.org/10.1016/j.compbiolchem.2016.08.007

B. Rosenberg, Nature 193, 364-365 (1962). https://doi.org/10.1038/193364a0

M. Hagar, H.A. Ahmed, G. Aljohani, O.A. Alhaddad, Int J Mol Sci 21(11), 3922 (2020). https://doi.
org/10.3390/ijms21113922

C.A. Lipinski, F. Lombardo, B.W.P. Dominy, J. Feeney. Adv. Drug Deliv. Rev. 46(1-3), 3-26
(2001). https://doi.org/10.1016/j.addr.2012.09.019

B. Chandrasekaran, S.N. Abed, O. Al-Attraqchi, K. Kuche, R.K. Tekade, in Advances in Phar-
maceutical Product Development and Research, Vol. 2, Ist ed. By R. K. Tekade (Academic
Press, 2019), pp.731-755, doi: https://doi.org/10.1016/B978-0-12-814421-3.00021-X

V.B. Nguyen, Q.V. Nguyen, A.D. Nguyen, S.L. Wang, Res. Chem. Intermed. 43, 259-269 (2017).
https://doi.org/10.1007/s11164-016-2619-3

V.B. Nguyen, Q.V. Nguyen, A.D. Nguyen, S.L. Wang, Res. Chem. Intermed. 43, 3599-3612 (2017).
https://doi.org/10.1007/s11164-016-2434-x

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted

@ Springer


https://doi.org/10.3390/molecules26206270
https://doi.org/10.3390/agronomy12102300
https://doi.org/10.3390/agronomy12102300
https://doi.org/10.3390/ph16050756
https://doi.org/10.1021/acs.jmedchem.5b00104
https://doi.org/10.1021/acs.jmedchem.5b00104
https://doi.org/10.4103/0973-7847.70902
https://doi.org/10.4103/0973-7847.70902
https://doi.org/10.3390/plants11202722
https://doi.org/10.1111/cbdd.13909
https://doi.org/10.3390/ph16040580
https://doi.org/10.3390/ph16040580
https://doi.org/10.3390/molecules24010120
https://doi.org/10.3390/su13052860
https://doi.org/10.4314/ahs.v14i3.35
https://doi.org/10.3390/plants11182357
https://doi.org/10.3390/plants9060753
https://doi.org/10.3390/molecules28041845
https://doi.org/10.3390/molecules28041845
https://doi.org/10.1177/1934578X211069721
https://doi.org/10.1177/1934578X211069721
https://doi.org/10.3109/13880209.2013.872672
https://doi.org/10.3109/13880209.2013.872672
https://doi.org/10.1155/2020/8780704
https://doi.org/10.1155/2020/8780704
https://doi.org/10.7324/JABB.2022.100217
https://doi.org/10.7324/JABB.2022.100217
https://doi.org/10.1039/c6ra27872h
https://doi.org/10.1016/j.compbiolchem.2016.08.007
https://doi.org/10.1038/193364a0
https://doi.org/10.3390/ijms21113922
https://doi.org/10.3390/ijms21113922
https://doi.org/10.1016/j.addr.2012.09.019
https://doi.org/10.1016/B978-0-12-814421-3.00021-X
https://doi.org/10.1007/s11164-016-2619-3
https://doi.org/10.1007/s11164-016-2434-x

Phytochemical profiles and novel biofunctions of Dillenia...

manuscript version of this article is solely governed by the terms of such publishing agreement and
applicable law.

Authors and Affiliations

Manh Dung Doan' - San-Lang Wang?3 - Van Bon Nguyen' -
Thi Kim Phung Phan*® - Tu Quy Phan® - Tan Thanh Nguyen’ -
Thi Huyen Nguyen' - Quang Vinh Nguyen' - Anh Dzung Nguyen'

P4 San-Lang Wang
sabulo@mail.tku.edu.tw

P4 Van Bon Nguyen
nvbon@ttn.edu.vn

< Anh Dzung Nguyen
nadzung @ttn.edu.vn

Manh Dung Doan
dmdung @ttn.edu.vn

Thi Kim Phung Phan
ptkphung @ttn.edu.vn

Tu Quy Phan

phantuquy @ttn.edu.vn

Institute of Biotechnology and Environment, Tay Nguyen University, Buon Ma Thuot 630000,
Vietnam

Department of Chemistry, Tamkang University, New Taipei City 25137, Taiwan

Life Science Development Center, Tamkang University, New Taipei City 25137, Taiwan
Faculty of Medicine and Pharmacy, Tay Nguyen University, Buon Ma Thuot 630000, Vietnam

Faculty of Pharmacy, University of Medicine and Pharmacy at Ho Chi Minh City,
Ho Chi Minh City 700000, Vietnam

Department of Science and Technology, Tay Nguyen University, Buon Ma Thuot 630000,
Vietnam

School of Chemistry Biology and Environment, Vinh University, Vinh City, Nghe An 43100,
Vietnam

@ Springer



	Phytochemical profiles and novel biofunctions of Dillenia ovata Wall. ex Hook.f. et Thomson: A Vietnamese indigenous medicinal plant
	Abstract
	Introduction
	Experimental section
	Materials
	Method preparation of methanol (MeOH) extracts from different parts used of DOWHT using ultrasound-assisted extraction method
	Biological assays
	GC–MS analysis
	UHPLC analysis
	Virtual studies
	Docking study
	The five Lipkin’s rules and pharmacokinetic properties prediction
	Statistical analysis


	Results and Discussion
	Biological activities evaluation of extracts from different parts used of DOWHT
	Chemical profiles and the contents of major phenolic compounds from herbal DOWHT
	Potential energy binding and interaction of bioactive compounds toward enzyme acetylcholinesterase targeting anti-Alzheimer via docking study
	The prediction of drug-likeness properties and pharmacokinetic properties of some potential inhibitors of herbal DOWHT

	Conclusions
	Anchor 20
	Acknowledgements 
	References


