
Academic Editor: Stefania Lamponi

Received: 18 March 2025

Revised: 17 April 2025

Accepted: 17 April 2025

Published: 22 April 2025

Citation: Thuong, S.D.; Anh, M.T.H.;

Phuong, N.V.; Mau, C.H.; Quan, N.H.;

Cong, N.T.; Thanh, L.N. Chemical

Constituents and α-Glucosidase

Inhibitory Activities of the Leaves of

Embelia parviflora—In Vitro and In

Silico Studies. Life 2025, 15, 680.

https://doi.org/10.3390/life15050680

Copyright: © 2025 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license

(https://creativecommons.org/

licenses/by/4.0/).

Article

Chemical Constituents and α-Glucosidase Inhibitory Activities
of the Leaves of Embelia parviflora—In Vitro and
In Silico Studies
Sy Danh Thuong 1,* , Mai Thi Hoang Anh 1, Nguyen Van Phuong 2, Chu Hoang Mau 1 , Nguyen Huu Quan 1 ,
Nguyen Thanh Cong 3 and Le Nguyen Thanh 4,*

1 Faculty of Biology, Thai Nguyen University of Education, Thai Nguyen University,
Thai Nguyen 250000, Vietnam

2 Department of Pharmacognosy, Faculty of Pharmacognosy and Traditional Medicine,
Hanoi University of Pharmacy, Hanoi 10000, Vietnam

3 Department of Pharmacy, Dai Nam University, Hanoi 10000, Vietnam
4 National Institute of Medicinal Materials, Ministry of Health, Hanoi 10000, Vietnam
* Correspondence: thuongsd@tnue.edu.vn (S.D.T.); lethanh@imbc.vast.vn (L.N.T.)

Abstract: Phytochemical investigation of the methanol extract of Embelia parviflora Wall.
Ex A. DC. leaves (Primulaceae family) led to the isolation of sixteen compounds including
three sterols (1–3), one triterpene (4), four flavonoids (5–8), four megastigmanes (9–12),
three phenolic compounds (13–15), and one furan derivative (16). Their chemical structures
were determined based on ESI-MS and NMR spectral data. This is the first chemical study
of E. parviflora. Compounds 3, 8–13, and 16 were found in the Embelia genus for the first
time. Compounds 9–11, 13, and 16 represent the first isolation from the Primulaceae family.
In the α-glucosidase activity assay, MeOH extract, compounds 4 and 5 strongly inhibited
enzyme α-glucosidase activity. A molecular docking study revealed that compounds 4 and
5 showed different interactions with enzyme α-glucosidase.

Keywords: Embelia parviflora; triterpene; flavonoid; megastigmane; phenolic; α-glucosidase

1. Introduction
Embelia Burm. f. belongs to a genus of tropical climber plants. It was previously placed

in the Myrsinaceae family but is currently classified under the Primulaceae family [1]. This
genus comprises around 100 species [1], many of which have been widely used in tradi-
tional medicine systems such as Ayurveda, Siddha, and Chinese medicine for centuries.
Dried berries from this genus possess various biological activities, including antibacterial,
antidiabetic, anthelmintic, and carminative properties [2]. Phytochemical investigations
have identified diverse compounds in Embelia species, including triterpenoids, alkaloids,
flavonoids, steroids, alkylresorcinols, and phenolics [3–14]. Pharmacological studies, which
focused on Embelia ribes and embelin, the main compound in the fruits of E. ribes, further
indicate that the E. ribes extract and isolated compounds exhibit many different biological
effects, such as antidiabetic [15–21], anti-obesity [21,22], antipsychotic [23,24], neuroprotec-
tive [25–27], antioxidant, antimicrobial, and antiviral effects [28–30]. In addition, E. ruminata
and E. schimperi extracts showed antioxidant, anticancer, and anthelmictic activities [31,32].

In Vietnam, fifteen Embelia species have been documented, but only Embelia ribes stems
and leaves were investigated for the chemical constituents and α-glucosidase inhibitory
activity [8,9]. Embelia parviflora Wall. Ex A. DC. is a climbing shrub sparsely distributed in
the forests of Malaysia, India, China, and Vietnam. It has been traditionally used to promote
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circulation, alleviate pain, and treat gynecological disorders such as irregular menstruation
and amenorrhea [33]. In the northern parts of Vietnam, E. parviflora is known as ‘Thien
Ly Huong’ and has been used as a traditional medicine for the treatment of diabetes,
inflammation, oral and throat troubles, and skin diseases [34]. To date, research on the
phytochemical constituents and biological activities of E. parviflora remains limited. The
essential oil composition of E. parviflora has been analyzed, revealing 11 constituents in the
root (77.67% of total volatile oil), 36 in the stems (92.88%), and 74 in the leaves (85.11%) [35].
Notably, E. parviflora has exhibited antioxidant [36] and anti-inflammatory [36] activities,
as well as potential hematopoietic effects [37]. In our screening results, the MeOH extract
showed 84% inhibition of α-glucosidase enzyme activity at the concentration of 256 µg/mL.
Further research is needed to fully elucidate its phytochemical profile and pharmacological
properties. As part of our continuing search for bioactive compounds from Embelia species,
we report here the isolation and structural elucidation of sixteen compounds from the
leaves of E. parviflora collected in Bac Kan province, Vietnam. These include three sterols
(1–3), one triterpene (4), four flavonoids (5–8), four megastigmane derivatives (9–12), three
phenolic compounds (13–15), and one furan derivative (16). Their chemical structures
were determined based on ESI-MS and NMR spectroscopic data. The MeOH extract
and isolated compounds were evaluated for their α-glucosidase inhibitory activity. The
interactions of active compounds with α-glucosidase enzyme were studied by molecular
docking approach.

2. Materials and Methods
2.1. Plant Materials

The leaf samples were collected from the Bac Kan province, Vietnam, in 2021. The
plant was taxonomically identified as Embelia parviflora Wall. Ex A. DC. by Assoc. Prof.
Dr. Sy Danh Thuong, Thai Nguyen University of Education, Thai Nguyen University.
A voucher specimen (Thuong18102021.01) has been deposited at the Herbarium of the
Department of Biology, Thai Nguyen University of Education, Thai Nguyen University.

2.2. General Experimental Procedures

All chemical solvents (analytical grade) were obtained from a reputable chemical
supplier and used as received without additional purification. Enzyme α-glucosidase
from Saccharomyces cerevisiae (E.C. 232-604-7) and p-nitrophenyl-α-D-glucopyranoside were
purchased from Sigma Aldrich (St. Louis, MO, USA). Dimethyl sulfoxide and acarbose
were obtained from Merck (Darmstadt, Germany). For column chromatography (CC), the
following materials were employed: silica gel (Merck, 230–400 mesh, Darmstadt, Germany),
Sephadex® LH-20 (Sigma Aldrich), MCI, and Diaion HP-20 resins (Mitsubishi Chemical,
Tokyo, Japan). Thin-layer chromatography (TLC) was performed using precoated alu-
minum silica gel plates (Merck 60 F254, Darmstadt, Germany), and spots were visualized
by spraying with 10% aqueous sulfuric acid followed by heating. Nuclear magnetic res-
onance (NMR) spectra, including 1H, 13C, HSQC, and HMBC, were recorded on either
a Bruker AVANCE 500 MHz or a Bruker AVANCE NEO 600 MHz spectrometer (Bruker,
Billerica, MA, USA) at the Institute of Chemistry, the Vietnam Academy of Science and
Technology, with tetramethylsilane (TMS) as the internal standard. Electrospray ioniza-
tion mass spectrometry (ESI-MS) data were acquired using an Agilent 1260 series single
quadrupole LC/MS system (Agilent Technologies, Palo Alto, CA, USA).

2.3. Extraction and Isolation

The dried leaves of E. parviflora (3.6 kg) were marcerated with MeOH (4 × 20 L for 24 h)
at room temperature. The MeOH solvents were removed using a vacuum. The crude extract
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(280 g) was suspended with distilled water (1 L) and extracted consecutively with n-hexane
and EtOAc to give n-hexane (46 g), EtOAc residue (96 g), and water layer, respectively. The
water fraction (140 g) was applied to Diaion HP-20 CC and eluted with a solvent mixture
of MeOH/water (0/100, 50/50, and 100/0, v/v) to yield a MeOH fraction (25 g).

The n-hexane residue (45 g) was subjected to silica gel CC (225 g, column 8 cm size) and
eluted with a gradient of n-hexane/EtOAc (100/1–0/100, v/v) to yield 6 fractions (H1–H6).
Compound 1 (β-sitosterol) was obtained from fraction H4 (230 mg) by crystallization.

The EtOAc extract (95 g) was chromatographed using silica gel CC (300 g, column
10 cm size) and eluted with a gradient of n-hexane/EtOAc (100/1–0/100, v/v) to yield
9 fractions (E1–E9). Fraction E4 (2.09 g) was subjected to silica gel CC (40 g, column 3 cm
size) and eluted with n-hexane/EtOAc (9:1, v/v) to afford 7 fractions E4.1–E4.7. Fraction
E4.2 (35 mg) was further purified by silica gel CC (7 g, column 1.5 cm size) and eluted with
n-hexane/acetone (9:1, v/v) to give compound 4 (4.3 mg).

Fraction E6 (2.0 g) was fractionated by Sephadex® LH-20 CC (90 g, column 2.5 cm
size) and eluted with MeOH/CH2Cl2 (9:1, v/v) to yield 10 fractions E6.1–E6.10. Fraction
E6.5 (135 mg) was purified by silica gel CC (27 g, column 2.0 cm size) and eluted with
n-hexane/acetone (8:2, v/v) to give compound 5 (5.4 mg). Fraction E6.2 (1.3 g) was purified
by Sephadex® LH-20 CC (90 g, column 2.5 cm size) eluted with MeOH to yield 7 fractions
E6.2.1–E6.2.7. Fraction E6.2.5 (116 mg) was purified by silica gel CC (25 g, column 2.0 cm
size) and eluted with n-hexane/EtOAc (8:2, v/v) to give compound 3 (6.1 mg). Compound
14 (2.1 mg) was obtained from fraction E.6.2.2 (66 mg) by crystallization.

Fraction E9 (12.1 g) was chromatographed on silica gel CC (180 g, column 5 cm
size) eluted with CH2Cl2/MeOH (10:1–0/1, v/v) to give 9 fractions E9.1–E9.9. Fraction
E9.4 (22 mg) was further purified by silica gel CC (7 g, column 1.5 cm size) and eluted
with n-hexane/EtOAc (7:3, v/v) to give compound 15 (2.2 mg). Compound 2 (5 mg) was
obtained from fraction E9.7 (76 mg) by crystallization in CH2Cl2. Fraction E9.9 (1.7 g) was
fractionated by MCI gel CC (120 g, column 3 cm size) and eluted with MeOH/H2O (1:1,
v/v) to give compound 6 (10.2 mg) and seven fractions E.9.9.1–E.9.9.7. Fraction E9.7.5
(24 mg) was purified by Sephadex® LH-20 CC (20 g, column 1.5 cm size), using MeOH as
the mobile phase to afford compound 7 (12.2 mg).

The MeOH fraction (25 g) was applied to silica gel CC (150 g, column 6 cm size) and
eluted with CH2Cl2/MeOH (10:1–0/1, v/v) to give 14, fractions W1–W14. Fraction W3
(180 mg) was purified by MCI gel CC (40 g, column 2 cm size) and eluted with MeOH/H2O
(1:1, v/v) to obtain compound 16 (15.1 mg) and 9 fractions, W3.1–W3.9. Fraction W3.7
(41.5 mg) was purified by preparative HPLC and eluted with MeOH/water (40%) to yield
compound 9 (4.2 mg). Fraction W3.9 (6.5 mg) was purified by preparative HPLC and eluted
with MeOH/water (40%) to give compound 13 (2.1 mg). Fraction W4 (280 mg) was purified
by MCI gel CC (60 g, column 2 cm size) and eluted with MeOH/H2O (1:2–1:0, v/v) to yield
9 fractions, W4.1–W4.9. Fraction W4.3 (22 mg) was purified by silica gel CC (7 g, column
1.5 cm size) and eluted with n-hexane/acetone (4:1, v/v) to give compound 10 (2.5 mg).
Fraction W4.9 (22 mg) was purified by silica gel CC (10 g, column 1.5 cm size) and eluted
with n-hexane/acetone (2:1, v/v) to yield compound 12 (2.5 mg). Fraction W12 (180 mg)
was purified by reversed-phase CC (70 g, column 2.5 cm size) and eluted with MeOH/H2O
(1:2–2:1, v/v) to afford 5 fractions, W12.1–W12.5. Fraction W12.1 (41.5 mg) was purified
by preparative HPLC and eluted with acetonitrile/water (1:4, v/v) to yield compound 11
(4.2 mg). Fraction W12.3 (200 mg) was fractionated by silica gel CC (40 g, column 2 cm size)
and eluted with CH2Cl2/MeOH/water (5:1:0.05, v/v/v) and then Sephadex® LH-20 CC
(50 g, column 2 cm size), using MeOH as the mobile phase to give compound 8 (10.2 mg).
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2.4. Assay of α-Glucosidase Enzyme Inhibition

The in vitro assay of α-glucosidase enzyme inhibition of the E. parviflora MeOH extract
and tested compounds was conducted following the methodology outlined in our earlier
study [38]. Briefly, solutions of MeOH extract and isolated compounds at 256 µg/mL,
64 µg/mL, 16 µg/mL, 4 µg/mL, and 1 µg/mL concentrations were prepared using DMSO
(Merck). The compound solution (2 µL) and 0.2 U/mL α-glucosidase enzyme solution
(25 µL) in 120 µL phosphate buffer were mixed. After 5 min preincubation, a solution
of 2.5 mM p-nitrophenyl α-D-glucopyranoside (25 µL) prepared in phosphate buffer was
added. The reaction mixture was incubated at 37 ◦C for 30 min and was stopped by adding
0.2 M of Na2CO3 (100 µL). Enzymatic activity (the absorbance of the released p-nitrophenol)
was quantified by measuring at 410 nm using a Biotek reader. The % inhibition was
calculated using the following equation:

Inhibition (%) = [1 − (Asample/Acontrol)] × 100

The IC50 value was defined as the concentration of compound that inhibited
50% of α-glucosidase enzyme activity and was calculated by using the program Table
Curve. Acarbose, a well-known α-glucosidase inhibitor, served as the positive control in
this experiment.

2.5. Molecular Docking

In this study, molecular docking was performed to investigate the mechanisms of inter-
action between potential compounds identified from the in vitro assay and α-glucosidase,
following a well-established protocol [39]. Since the crystal structure of α-glucosidase from
Saccharomyces cerevisiae is unavailable, a homology model was obtained from isomaltase
in the RCSB Protein Data Bank (https://www.rcsb.org, accessed on 15 February 2025)
(PDB ID: 3AJ7) as a template. In the next step, water molecules were removed, followed
by adding hydrogen atoms and assigning partial charges. Ligand structures were down-
loaded from PubChem and converted into pdbqt format using Autodock Tool 1.5.6. After
that, molecular docking was conducted using Autodock Vina, with a grid box size of
25 × 25 × 25 Å3. The grid center was set at x = 20.226, y = −8.148, and z = 17.909 for 5–7,
while for compound 4, it was adjusted to x = 20.315, y = −26.388, and z = 27.802. The
positive control used in this study is acarbose, and docking results were analyzed using
BIOVIA Discovery Studio Visualizer 4.5.

2.6. Statistical Analysis

The biological experiments were performed in triplicate. The IC50 values are presented
as the mean ± standard deviation (S.D) using the program Statistica 10.

3. Results and Discussion
3.1. Chemical Constituents and Chemotaxonomy Significance

Combined chromatographic separation of the n-hexane, ethyl acetate, and water
fractions from the MeOH extract of E. parviflora leaves afforded sixteen known compounds
(1–16) (Figure 1) including three sterols (1–3), one triterpene (4), four flavonoids (5–8),
four megastigmanes (9–12), three phenolic compounds (13–15), and one furano derivative
(16). The chemical structures of the isolated compounds were identified as β-sistosterol
(1) [40], daucosterol (2) [41], 3-O-(6′-O-palmitoyl)-β-D-glucopyranosyl stigmasterol (3) [42],
ursolic acid (4) [43], kaempferol (5) [44], kaempferin (6) [45], quercitrin (7) [46], quercetin-
3-rhamnoside-3′-glucoside (8) [47], (6R,9R)-9-hydroxy-4,7-megastigmadien-3-one (9) [48],
grasshopper ketone (10) [49], (6R,7E,9R)-9-hydroxy-4,7-megastigmadien-3-one-9-O-β-D-

https://www.rcsb.org
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apiofuranosyl(1->6)-β-D-glucopyranoside (11) [50], vomifoliol (12) [51], methyl trans-p-
coumarate (13) [52], vanillic acid (14) [53], syringic acid (15) [54], and sotolone (16) [55,56]
by the comparison of the NMR spectral data (Supplementary Materials) with those in the
literature [40–56]. Interestingly, several pairs of an aglycone and its glycosides were found
in our chemical study, such as compounds 1 and 2, compounds 5 and 6, and compounds
9 and 11. In addition, two flavonoid glycosides, 7 and 8, have the same quercetin skeleton.
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Figure 1. The chemical structure of isolated compounds 1–16 from the leaves of E. parviflora.

To the best of our knowledge, this is the first phytochemical study of E. parviflora
leaves. Sterols 1 and 2 are common compounds found in many plants, while compound
3 was isolated from a few plant families like Primulaceae [42,57] and Pontederiaceae [58]
(Tables 1 and 2). Sitosterol (1) and daucosterol (2) have been identified in leaf extracts
of E. ribes and E. rowlandii, respectively [5]. In addition, ursolic acid (4), kaempferol (5),
kaempferin (6), and quercitrin (7) have been isolated from E. ribes leaves [9]. Two phenolic
acids, 14–15, have been reported in the leaves of E. laeta [11] (Table 1).
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Table 1. The distribution of compounds 1–2, 4–7, and 14–15 in the Embelia plants.

Compounds Name Plants Parts References

1 β-Sistosterol E. ribes leaves [3]
2 Daucosterol E. rowlandii leaves [5]

E. ribes leaves [3]
4 Ursolic acid E. ribes leaves [9]
5 Kaempferol E. ribes leaves [9]
6 Kaempferin E. ribes leaves [9]
7 Quercitrin E. ribes leaves [9]
14 Vanillic acid E. laeta leaves [11]
15 Syringic acid E. laeta leaves [11]

Table 2. The partial distribution of compounds 3, 8–13, and 16.

Compounds Species Family References

3-O-(6′-O-Palmitoyl)-β-D-glucopyranosyl stigmasterol (3)
Myrsine pellucida Primulaceae [42]
Labisia pumila Primulaceae [57]
Monochoria vaginalis Pontederiaceae [58]

Quercetin-3-rhamnoside-3′-glucoside (8) Myrsine seguinii Primulaceae [47]

(6R,9R)-9-Hydroxy-4,7-megastigmadien-3-one (9)

Peperomia heyneana Piperaceae [59]
Nelumbo nucifera Nelumbonaceae [60]
Valeriana officinalis var. latifolia Caprifoliaceae [61]
Manglietia aromatica Magnoliaceae [62]
Tradescantia albiflora Commelinaceae [63]

Grasshopper ketone (10)

Nelumbo nucifera Nelumbonaceae [60]
Marsdenia tenacissima Apocynaceae [64]
Anisomeles indica Lamiaceae [65]
Humulus japonicus Cannabaceae [66]
Chenopodium album Chenopodiaceae [67]

(6R,7E,9R)-9-Hydroxy-4,7-megastigmadien-3-one,
9-O-β-D-Apiofuranosyl(1->6)-β-D-glucopyranoside (11)

Eriobotrya japonica Rosaceae [68]
Alangium premnifolium Cornaceae [69]
Cydonia vulgaris Rosaceae [70]
Wrightia antidysenterica Apocynaceae [71]

Vomifoliol (12)

Maesa membranacea Primulaceae [72]
Physalis minima Solanaceae [73]
Syzygium cerasiforme Myrtaceae [74]
Rhizophora apiculata Rhizophoraceae [75]
Palicourea adusta Rubiaceae [76]
Euphorbia heterophylla Euphorbiaceae [77]
Silene firma Caryophyllaceae [78]
Epilobium angustifolium Onagraceae [79]
Eucalyptus globulus Myrtaceae [80]
Eucommia ulmoides Eucommiaceae [81]

Methyl trans-p-coumarate (13)

Zanthoxylum nitidum Rutaceae [82]
Boehmeria virgata Urticaceae [83]
Clausena lansium Rutaceae [84]
Eugenia dysenterica Myrtaceae [85]
Idesia polycarpa Salicaceae [86]
Stereospermum
acuminatissimum Bignoniaceae [87]

Goniothalamus laoticus Annonaceae [88]
Calocedrus formosana Cupressaceae [89]
Tupistra chinensis Liliaceae [90]
Annona cherimola Annonaceae [91]
Hibiscus sabdariffa Malvaceae [92]

Sotolone (16) Quararibea funebris Bombacaceae [55]
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In our study, compounds 3, 8–13, and 16 represent the first isolation of these com-
pounds from the Embelia genus. The partial distribution in plants of compounds 3, 8–13,
and 16 is presented in Table 2. Compounds 3, 8, and 12 were previously isolated from
the Primulaceae family [42,47,57,72]. Compounds 9–11, 13, and 16 were found in the
Primulaceae family for the first time.

As shown in Table 2, compounds 12 and 13 were distributed in many plant families,
such as Annonaceae, Bignoniaceae, Celastraceae, Caryophyllaceae, Euphorbiaceae, Myr-
taceae, Onagraceae, Rhizophoraceae, Rutaceae, Rubiaceae, Solanaceae, etc. The occurrences
of megastimanes 9–11 in plants are quite limited. They were identified from Apocynaceae,
Caprifoliaceae, Commelinaceae, Cornaceae, Cannabaceae, Chenopodiaceae, Lamiaceae,
Magnoliaceae, Nelumbonaceae, Rosaceae, and Piperaceae families. As mentioned earlier,
sterol 3 was isolated from the Primulaceae and Pontederiaceae families. Notably, com-
pounds 8 and 16 were only discovered from Myrsine seguinii (Primulaceae) and Quararibea
funebris (Bombacaceae), respectively. Our phytochemical study enriches our understanding
of the chemical constituents of Embelia species and further provides a basis for the chemical
taxonomic research of E. parviflora. Compounds 3, 8–13, and 16 might be regarded as
potential fingerprint markers for E. parviflora plant.

3.2. α-Glucosidase Inhibitory Activity

The antidiabetic activity of Embelia species, especially E. ribes, has been extensively
studied. In Vietnam, the α-glucosidase inhibitory activity of E. ribes stems and leaves have
been reported [8,9]. Therefore, in our investigation, the α-glucosidase inhibitory activity
of the methanol (MeOH) extract of E. parviflora and its isolated compounds was assessed.
Acarbose, a widely recognized α-glucosidase inhibitor, served as the positive control,
demonstrating an IC50 value of 198.5 ± 6.25 µg/mL. The MeOH extract showed strong
inhibition of α-glucosidase activity with an IC50 of 12.80 ± 0.62 µg/mL. Compounds 4 and 5
showed strong inhibition with IC50 values of 1.40 ± 0.06 µg/mL and 1.75 ± 0.08 µg/mL,
respectively, whereas compounds 6 and 7 exhibited moderate activity, with IC50 values of
162.13 ± 3.28 µg/mL and 168.01 ± 4.15 µg/mL, respectively.

This is the first report of the α-glucosidase inhibitory activity of compounds 3, 8–11,
and 16, but unfortunately, these isolated compounds were inactive (Table 3). Our bio-
logical results were quite similar to the results of previous reports. β-Sistosterol (1) and
daucosterol (2) were documented to have weak anti-α-glucosidase activity, with IC50

values of 283.67 µg/mL and 247.35 µg/mL, which are close to our results [93]. Ding
et al. have reported that ursolic acid (4) showed an enzyme inhibitory effect with an
IC50 value of 16.9 µM (7.7 µg/mL) in a non-competitive manner [94]. In Peng’s study,
kaempferol (5) showed strong activity against glucosidase with an IC50 value of 11.6 µM
(3.32 µg/mL) [95]. Similar to our results, vomifoliol (12) was also found inactive in the
biological assay [96].

Table 3. α-Glucosidase inhibitory activity of the MeOH extract of E. parviflora and isolated compounds.

No. Compounds IC50 (µg/mL) No. Compounds IC50 (µg/mL)

1 1 >256 9 9 >256
2 2 >256 10 10 >256
3 3 >256 11 11 >256
4 4 1.40 ± 0.06 12 12 >256
5 5 1.75 ± 0.08 13 13 >256
6 6 162.13 ± 3.28 14 16 >256
7 7 168.01 ± 4.15 15 MeOH extract 12.80 ± 0.62
8 8 >256 16 Acarbose 198.5 ± 6.25
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However, different inhibitory effects have also been found in the literature. In the
investigation of Dang’s group [9], compounds 5–7 showed moderate inhibitory activity,
with IC50 values of 84.9, 94.7, and 26.5 µM, respectively. Compound 13 was reported to
exhibit the inhibition of α-glucosidase, with an IC50 value of 54.15 µM [97]. Perhaps the
different assay conditions have led to different results in terms of the activity.

Overall, our biological results suggest that the MeOH extract of E. parviflora and several
isolated compounds, i.e., compounds 4–7, can be used as a source for the development of
natural antidiabetic agents.

3.3. Molecular Docking

To further investigate their interactions with the protein, molecular docking was
performed. Previous research indicated that flavonoids, such as kaempferol, inhibited α-
glucosidase through a competitive mechanism by binding to the enzyme’s active site [95,98].
In contrast, triterpenoids like ursolic acid achieve their inhibitory effect via interactions
with the allosteric site [94,99]. Therefore, in this study, compounds 5–7 were docked into the
enzyme’s active site, while 4 was docked into the allosteric site. The results are summarized
in Table 4.

Table 4. Molecular docking results between potential compounds and α-glucosidase.

Compound
Binding Energy (kcal/mol)

Interacted Residues
Active Site Allosteric Site

4 N.D * −9.2 Arg175, Ser179, Asn411
5 −7.9 N.D * Glu304, Arg312, Arg439, Asp408, Phe157
6 −9.3 N.D * Lys155, Asp349, Phe157, Arg312, His239
7 −9.1 N.D * Arg312, Glu304,

Acarbose −6.7 N.D * Glu304, His279, Pro309, Phe300, Arg312, Glu276,
Gln350, Asp349, Tyr313, Asp408, Phe157

* N.D: not determined.

The results showed that the positive control, acarbose, exhibited good affinity for
the enzyme, with a binding energy of −6.7 kcal/mol, corresponding to an IC50 value of
198.5 ± 6.25 µg/mL. Notably, compound 4 demonstrated strong binding to the allosteric
site of α-glucosidase, with a binding energy of −9.2 kcal/mol. This finding aligns well
with the low IC50 value of ursolic acid (4) determined from the in vitro assay (1.40 µg/mL).
Our results also indicated that ursolic acid (4) strongly interacts with α-glucosidase via
hydrogen bonding and Van der Waals interactions with residues Arg175, Ser179, and
Asn411 (Figure 2). Interestingly, these interactions are consistent with previous studies
on the mode of binding of ursolic acid to enzymes. Ding et al. reported that ursolic
acid exhibits potent α-glucosidase inhibitory activity through interactions with multiple
enzyme residues, including Ser179 and Asn411, where hydrogen bonding plays a crucial
role in its effect [94]. Similarly, a study by Elmira F. Khusnutdinova et al. on betulinic
acid, a compound structurally similar to ursolic acid, found that hydrogen bonding with
Arg175 and Ser179 is essential for the α-glucosidase inhibitory activities of this class of
compounds [100].

Regarding compound 5, the results showed that this compound could strongly bind
to α-glucosidase, with a binding affinity of −7.9 kcal/mol. This result was consistent
with a study by Xi Peng et al., in which the binding energy between kaempferol and the
α-glucosidase was determined as −7.12 kcal/mol [95]. Further analysis revealed that 5
interacted with the enzyme through hydrogen bonds formed between its C4′-OH, C3-OH,
and C5-OH groups and the residues Arg312, Asp408, and Arg439 (Figure 3).
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This observation aligned well with a previous study by Nana Li et al., which demon-
strated that the C4′-OH, C5′-OH, and C3-OH groups played a crucial role in the interaction
between flavonoids and α-glucosidase enzyme [101]. In contrast, while compounds 6 and 7
exhibited strong binding affinities of −9.3 and −9.1 kcal/mol, respectively, their in vitro
inhibitory activity was not as potent as that of kaempferol. This may be due to their larger
molecular size, which likely hinders their access to the enzyme’s active site compared to
the aglycone form. As a result, their inhibitory effect is weaker [95]. Additionally, the
glycosylation of the C3-OH group may prevent these compounds from forming critical
hydrogen bonds with the enzyme. Accordingly, despite their high binding affinity, their
interactions may be less significant for α-glucosidase inhibitory activities than those of
kaempferol (5) [101].

4. Conclusions
Sixteen compounds including β-sistosterol (1), daucosterol (2), 3-O-(6′-O-palmitoyl)-

β-D-glucopyranosyl stigmasterol (3), ursolic acid (4), kaempferol (5), kaempferin (6),
quercitrin (7), quercetin-3-rhamnoside-3′-glucoside (8), (6R,9R)-9-hydroxy-4,7-megastigmad
ien-3-one (9), grasshopper ketone (10), (6R,7E,9R)-9-hydroxy-4,7-megastigmadien-3-one-9-
O-β-D-apiofuranosyl(1->6)-β-D-glucopyranoside (11), vomifoliol (12), methyl p-coumarate
(13), vanillic acid (14), syringic acid (15), and sotolone (16) were isolated from the leaves
of E. parviflora. This is the first phytochemical investigation of E. parviflora. Compounds 3,
8–13, and 16 were first reported in the Embelia genus. Compounds 9–11, 13, and 16 have not
been previously discovered in the Primulaceae family. In the biological assay, the MeOH
extract of E. parviflora leaves and isolated compounds 4 and 5 showed strong inhibition of
enzyme α-glucosidase activity with IC50 values of 12.80 ± 0.62 µg/mL, 1.40 ± 0.06 µg/mL,
and 1.75 ± 0.08 µg/mL, respectively. Molecular docking studies revealed that compounds
4 and 5 had different binding modes to enzyme α-glucosidase. Triterpene (4) interacts
with an allosteric site of the enzyme with a binding energy of −9.2 kcal/mol, whereas
flavonoid (5) binds to an active site of α-glucosidase enzyme with a binding affinity of
−7.9 kcal/mol. The strong α-glucosidase inhibitory activity of compounds 4 and 5 made
the most significant contribution to the antidiabetic activity of E. parviflora leaves.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/life15050680/s1, Physical and Spectroscopic Data of Compounds 1–16;
Figure S1. 1H-NMR spectrum of compound 1; Figure S2. 1H-NMR spectrum of compound 2; Figure S3.
13C-NMR spectrum of compound 2; Figure S4. 1H-NMR spectrum of compound 3; Figure S5. 13C-
NMR spectrum of compound 3; Figure S6. 1H-NMR spectrum of compound 4; Figure S7. 13C-NMR
spectrum of compound 4; Figure S8. 1H-NMR spectrum of compound 5; Figure S9. 13C-NMR
spectrum of compound 5; Figure S10. 1H-NMR spectrum of compound 6; Figure S11. 13C-NMR
spectrum of compound 6; Figure S12. 1H-NMR spectrum of compound 7; Figure S13. 13C-NMR
spectrum of compound 7; Figure S14. 1H-NMR spectrum of compound 8; Figure S15. 13C-NMR
spectrum of compound 8; Figure S16. HSQC spectrum of compound 8; Figure S17. HMBC spectrum
of compound 8; Figure S18. 1H-NMR spectrum of compound 9; Figure S19. 13C-NMR spectrum
of compound 9; Figure S20. 1H-NMR spectrum of compound 10; Figure S21. 13C-NMR spectrum
of compound 10; Figure S22. 1H-NMR spectrum of compound 11; Figure S23. 13C-NMR spectrum
of compound 11; Figure S24. HSQC spectrum of compound 11; Figure S25. HMBC spectrum of
compound 11; Figure S26. 1H-NMR spectrum of compound 12; Figure S27. 1H-NMR spectrum of
compound 13; Figure S28. 13C-NMR spectrum of compound 13; Figure S29. 1H-NMR spectrum of
compound 14; Figure S30. 13C-NMR spectrum of compound 14; Figure S31. 1H-NMR spectrum of
compound 15; Figure S32. 13C-NMR spectrum of compound 15; Figure S33. 1H-NMR spectrum of
compound 16; Figure S34. 13C-NMR spectrum of compound 16; Figure S35. HSQC spectrum of
compound 16; Figure S36. HMBC spectrum of compound 16.
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