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Abstract: Alpha-glucosidase inhibitory activity has been commonly used for the evaluation of antidiabetic
property in vitro. The aim of this study is to investigate and characterize Dalbergia tonkinensis as a
potential source of antidiabetic compounds. The screening of the active parts used, such as trunk bark,
heartwood, and the leaves of Dalbergia tonkinensis indicated that all these extracted parts used with
methanol demonstrated potent α-glucosidase inhibitory activity. The in vitro antidiabetic property of
Dalbergia tonkinensis was notably recorded for the first time and showed activity (EC50 = 0.17–0.78 mg/mL)
comparable to those of reported potent herbal extracts (EC50 = 0.25–4.0 mg/mL) and higher activity
than that of acarbose, a commercial antidiabetic drug (EC50 = 1.21 mg/mL). The stability tests revealed
that the heartwood of Dalbergia tonkinensis extract (HDT) possesses high pH stability with relative
activity in the range of 80–98%. Further bioassay-guided purification led to the isolation of 2 active
compounds identified as sativanone and formononetin from the ethyl acetate fraction and water
fraction of HDT, respectively. These α-glucosidase inhibitors (aGIs) show promising inhibition against
various types of α-glucosidases. Remarkably, these inhibitors were determined as new mammalian
aGIs, showing good effect on rat α-glucosidase. The results suggest that Dalbergia tonkinensis is a
potent source of aGIs and suggest promise in being developed as functional food with antidiabetic
efficacy. The results of this study also enrich our knowledge concerning current biological activity
and constituents of Dalbergia tonkinensis species.
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1. Introduction

Diabetes mellitus (DM), a major global health problem, has been quickly increasing, and has
reduced the life quality of people worldwide [1]. In 2013, the number of people living with DM was
reported to be 382 million; of these, 90% were affected by Type 2 diabetes and the estimated number of
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DM cases will reach 592 million by 2035 [2]. People affected by DM were reported to be at high risk of
various diseases, including kidney failure, cardiovascular disease, depression, frailty, premature death,
cognitive decline, and other diseases [1]. This disease has also been recognized as a major cause
of death, accounting for around 8.4% of total global deaths in 2013 [3]. Therefore, this issue is of
great interest to researchers worldwide. Several therapies for type 2 diabetes have been investigated.
Of these, the use of aGIs is considered to be an effective therapy for this global disease [4].

aGIs have been obtained from several sources, including chemical synthesis [5,6], herbs [7–9],
or microbial conversion of fishery by-products [10–13], nutrient broth [14,15], and fermented
soybeans [16–18]. Of these, herbal aGIs have received much attention for investigation due to their
nature and safety in type 2 diabetes management [7,8].

Vietnam, a tropical country has been considered as the sixteenth most biodiverse country with
more than 10,000 plant species. Of these, about 4000 species have been used as medicinal sources [19].
Therefore, there have been an increased interest in the screening and isolation of bioactive compounds
from herbs in recent years [7–9,20–22]; however, very few new records of antidiabetic herbs and
compounds have been reported from this biodiverse area [7,21]. Thus, the discovery of natural
products with beneficial properties from Vietnam has been received with great interest.

Dalbergia species are distributed in tropical and sub-tropical areas with more than 300 recognized
species [23,24]. This genus has been reported to possess numerous novel bioactivities, including:
anti-cancer, antimicrobial, anti-inflammatory, analgesic, anti-diarrheal, cardiovascular, spermicidal,
and antipyretic activities [24]. In particular, Dalbergia odorifera species has been extensively investigated
for its numerous chemical constituents and various reported biological activities, including α-glucosidase
inhibition [25]. In contrast, Dalbergia tonkinensis species, a medium-size floral species with a height
of 5–13 m and widely distributed in Vietnam [26], and found in Hainan Island of China [27] has been
poorly studied regarding its biological activities and chemical constituents. Some previous studies have
reported on the isolation and identification of various constituents from Dalbergia tonkinensis heartwood,
as well as its antimicrobial activity [26,28,29]. However, based on recent reviews, there has been no
report so far on the α-glucosidase inhibitory activity of this herb and its antidiabetic compounds.

In this study, Dalbergia tonkinensis was collected in the Dak Lak Province, Vietnam and its
heartwood was found to possess potent α-glucosidase inhibitory activity. Thus, this part was used in
conducting subsequent experiments on the isolation and identification of its active compounds. In the
current study, the specific inhibitory activity of isolated inhibitors was also tested for characterization
of their potential use in the management of type 2 diabetes.

2. Results and Discussion

2.1. New Records of Dalbergia tonkinensis Extracts as Potential Sources of aGIs

Dalbergia species has been considered as a valuable source of bioactive products, and the
heartwood of these herbs has been used in traditional Chinese medicines for the treatment of several
diseases, such as heart failure, myocardial fibrosis, myocardial infarction, myocarditis, and coronary
failure [24,25,30]. To evaluate Dalbergia tonkinensis as a source of antidiabetic drugs, the heartwood of
Dalbergia tonkinensis (HDT) was extracted with methanol; its inhibition against α-glucosidase was then
tested. The activity was calculated and expressed as EC50 value, which was defined as the concentration
of the sample (inhibitor) that inhibits 50% of enzymatic activity. Therefore, the lowest value that an
inhibitor gets, the greatest inhibitory activity it possesses. As shown in Table 1, HDT demonstrated
much stronger activity than that of acarbose, an antidiabetic drug with the EC50 values of 0.17 mg/mL
and 1.21 mg/mL, respectively. Recently, some herbs collected in Dak Lak Province were reported
as potential sources of aGIs [7–9,22]. Based on the summary presented in Table 1, HDT also showed
promising activity (EC50 = 0.17 mg/mL) compared to other reported herbs (EC50 = 0.25–4 mg/mL).
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Table 1. α-glucosidase inhibition of some potential extract of medicinal plants collected in Dak Lak.

No. Scientific Name of Medicinal Plants Part Used EC50 (mg/mL) References

1 Dalbergia tonkinensis Heartwood 0.17 ± 0.013 This study
Acabose (positive control) 1.21 ± 0.103

2 Terminalia alata Trunk bark ≥4 Nguyen et al., 2016 [8]
3 Terminalia bellirica Trunk bark 0.41 ± 0.03 Nguyen et al., 2016 [8]
4 Terminalia corticosa Trunk bark 1.42 ± 0.02 Nguyen et al., 2016 [8]
5 Euonymus laxiflorus Champ. Trunk bark 0.360 ± 0.03 Nguyen et al., 2017 [9]
6 Euonymus laxiflorus Champ. Leaves 0.67 Nguyen et al., 2017 [7]
7 Cinnamomum cassia J. S. Presl. Trunk bark 1.08 Nguyen et al., 2017 [7]
8 Terminalia bellirica Leaves 0.66 Nguyen et al., 2017 [7]
9 Psidium littorale Raddi Leaves 0.25 ± 0.01 Nguyen et al., 2018 [22]

All the samples were extracted with methanol as the method described in the material and method section;
their inhibition against α-glucosidase was tested and expressed as EC50 value.

To determine which part used is the most active, the heartwood, trunk bark, and leaves of
Dalbergia tonkinensis were collected and extracted with methanol; their activity was then tested.
As shown in Figure 1A, all the parts used of Dalbergia tonkinensis show stronger activity (98–100%) than
that of positive control (62%). These results highlighted the promising in vitro antidiabetic property of
the extracts from the heartwood, trunk bark and leaves of Dalbergia tonkinensis. To clarify the results,
the activity was also expressed as EC50 value. The heartwood extract demonstrated the strongest
activity among the Dalbergia tonkinensis parts used due to its smallest EC50 value of 0.17 mg/mL;
therefore, it was used in conducting subsequent experiments, including stability tests and purification.
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EC50 values (B); results are means ± SD of multi tests (n = 3). 
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Figure 1. The inhibition of different Dalbergia tonkinensis parts used and expressed as aGI % (A) and
EC50 values (B); results are means ± SD of multi tests (n = 3).

2.2. The Stability of HDT against Different pH Treatments

It has been reported that a potential aGI should be stable under a wide range of pH readings,
since the gastrointestinal tract is often acidic [7,10,14]. Thus, the pH stability of HDT was considered
for testing in this study. As shown in Figure 2, the HDT showed its high pH stability with relative
activity in the range of 80–98% after being treated with a large range of pH: 2–13. In the comparison,
pH stability of HDT was higher than that of the methanol extract of Euonymus laxiflorus Champ
possessing relative activity of 48–55% at pH 4–8 [7], comparable to that of fermented nutrient broth
(78–98%) [14], and lower than that of fermented squid pens (89–150%) [10]. These results suggest that
HDT may be a good candidate for aGIs due to its potent activity and high pH stability.
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Figure 2. The pH stability of HDT. The sample was treated in the range of pH 2–13 at 37 °C for 30 min. 

The α-glucosidase inhibitory activity was then tested and expressed as relative activity (%). Yeast 

α-glucosidase was used for the enzymatic inhibition assay. Results are means ± SD of multi tests (n = 
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30 min. The α-glucosidase inhibitory activity was then tested and expressed as relative activity (%).
Yeast α-glucosidase was used for the enzymatic inhibition assay. Results are means ± SD of multi tests
(n = 3).

2.3. Isolation and Identification of Active Compounds from MeOH Extract of HDT

Various techniques, including solvent partition, silica open column chromatography (OPCC)
and preparative TLC, coupled with a bioassay were used to isolate the active compounds from the
heartwood of Dalbergia tonkinensis. The general process of these experiments is illustrated in Figure 3.

2.3.1. Primary Partitioned Separation of MeOH Extract of HDT

The MeOH extract of HDT was successively partitioned with n-hexane, dichloromethane,
ethyl acetate and water to obtain 4 fractions. The yield and activity of HDT and its fractions are
recorded in Table 2. HDT-3 partitioned by ethyl acetate demonstrated the strongest activity due to its
greatest inhibition (%) and lowest EC50 value of 95% and 0.069 mg/mL, respectively. Thus, this fraction
was chosen for the isolation of active compounds. The water fraction (HDT-4) showed acceptable
activity. Since it had the good profile of TLC separation, it was also considered for subsequent
experiments of purification.

Table 2. α-glucosidase inhibition of HDT and its fractions after partition.

Samples Yield (g) α-Glucosidase Inhibition

EC50 (mg/mL) Inhibition (%) *

HDT (crude MeOH extract) 60.3 0.172 ± 0.011 98 ± 3.2
HDT-1 (Hexane Fr.) 1.6 1.712 ± 0.210 73 ± 4.1
HDT-2 (Dichloromethane Fr.) 27.2 0.124 ± 0.003 90 ± 2.5
HDT-3 (Ethyl acetate Fr.) 11.1 0.069 ± 0.001 95 ± 3.7
HDT-4 (Water Fr.) 12.0 0.513 ± 0.051 82 ± 2.3

Acarbose (positive control) 1.357 ± 0.03 62 ± 1.8

*: the inhibition of acarbose and fractions were detected at their concentration range of 0.1–5 mg/mL; results are
means ± SD of multi tests (n = 3).
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Figure 3. Flowchart for the isolation and identification of active inhibitors from the heartwood of
Dalbergia tonkinensis (HDT); Fr. (fraction).

2.3.2. Sub-fractionation of HDT-3 and HDT-4, and Identification of Active Compounds

The most active fraction (HDT-3) was separated by a silica open column to obtain 12 sub-fractions.
The activity of these sub-fractions was tested and expressed as %. As shown in Figure 4A, HDT-3.1
showed the best activity (98%) while the others demonstrated weak inhibition (2–36%) at the same
tested concentration of 0.1 mg/mL. Further separation of HDT-3.1 was applied to the most active
sub-fraction (HDT-3.1.2), showing inhibition of 99% (Figure 4B).
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Figure 4. Inhibitory activity (%) of sub-fractions of HDT-3 (A) and HDT-4 (C) after separation by
silica opened column (first time). aGI (%) of components of HDT-31 (B) and HDT-4.3 (D) after further
separation by silica open column (second time). aGI (%) of isolated compounds and acarbose (E).
Results are means ± SD of multi tests (n = 3).

HDT-4 fraction was also separated by a silica open column: 8 sub-fractions were obtained,
their activity detected and then recorded in Figure 4C. The sub-fraction (HDT-4.3) exhibited
good activity and as such was further separated via the same column. As shown in Figure 4D,
the sub-fraction (HDT-4.3.3) possessed highest activity (98.5%) among 6 sub-fractions of HDT-4.3.

For the two potent sub-fractions: HDT-3.1.2 and HDT-4.3.3, isolation of the active compounds by
TLC was conducted. This final step of purification yielded 2 compounds: compound 1 (purified from
HDT-3.1.2) and compound 2 (purified from HDT-4.3.3). These 2 active compounds were identified
as sativanone (1) [31,32] and formononetin (2) [33,34], based on the analysis of NMR data and the
comparison with reported compounds. Notably, sativanone (1) and formononetin (2) demonstrated
much stronger activity than that of the positive control with the maximum activity and EC50 values of
90%, 0.23 mg/mL, 98 %, 0.059 mg/mL, and 62%, 1.321 mg/mL, respectively (Figure 4E).

Sativanone was reported to be distributed from the Restharrow root [35] and the heartwood
of Dalbergia odorifera and showed several bioactivities including antibacterial activity against
Ralstonia solanacearum [30] and anti-senescent and antioxidant effects [36]. This compound was also
reported to possibly possess yeast α-glucosidase inhibition by using ultra-filtration liquid chromatography/
mass spectrometry (UF-LC/MS) [37]. In this study, we strongly reconfirmed sativanone as a potent inhibitor
by isolating sativanone and then testing its inhibition against yeast α-glucosidase.

Formononetinis is a soy isoflavonoid that was isolated from several medicinal plants,
including Astragalus mongholicus (Bunge), Trifolium pretense L. (red clover), Butea monosperma [33],
Euchresta formosana [34], root and heartwood of Dalbergia odorifera [25]. Formononetin has also
been reported to demonstrate some beneficial activities of yeast α-glucosidase inhibition, as well
as antibacterial, antioxidant, anti-inflammatory, and cytotoxicity activities [25], to exhibit estrogenic
properties and to promote angiogenesis [38].

The result highlighted that these efficient antidiabetic compounds were newly isolated from
Dalbergia tonkinensis species and pre-confirmed Dalbergia tonkinensis’ value to be developed as a
health food due to its containing several bioactive compounds possessing vast beneficial bioactivities.
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In addition, the result of this study also enriches the current poor novel biological activities and
chemical constituents of Dalbergia tonkinensis species.

2.4. Specific Inhibitory Activity of the Purified Compounds

Specific inhibition of the purified compounds was detected to characterize them as active
antidiabetic drugs; a total of 4 enzymatic sources, including α-glucosidases from rat, yeast, bacterium,
and rice were conducted to test the inhibition. The activity was expressed as EC50 value and
presented in Table 3. The result indicated that sativanone showed efficient inhibition against bacterial
α-glucosidase, and good inhibition against α-glucosidases from yeast and rat but had a weak
effect on rice α-glucosidase. Formononetin also showed weak inhibition against rice α-glucosidase,
good inhibition against rat α-glucosidase, and a very efficient effect on α-glucosidases from yeast
and bacterium. Acarbose has the same ability of inhibition against rat and bacterial α-glucosidases as
sativanone and formononetin, but very weak inhibition against yeast α-glucosidase, while showing an
efficient effect on rice α-glucosidase.

Table 3. Specific inhibitory activity of Sativanone, Formononetin, and Acarbose.

No. Enzyme Source
Inhibition Expressed as EC50 (mg/mL)

Sativanone Formononetin Acarbose

1 Yeast α-glucosidase 0.23 ± 0.012 0.06 ± 0.002 1.321 ± 0.048
2 Rat α-glucosidase 0.37 ± 0.022 0.23 ± 0.037 0.121 ± 0.001
3 Bacterial α-glucosidase 0.07 ± 0.001 0.03 ± 0.002 0.001 ± 0.000
4 Rice α-glucosidase 0.81 ± 0.023 0.98 ± 0.029 0.031 ± 0.005

All tests were performed in triplicate; results are means ± SD of multi tests (n = 3).

Yeast α-glucosidase has been used as the target enzyme in the screening of in vitro antidiabetic
effect in many reports. However, α-glucosidase from rat was suggested as the better enzymatic source
for evaluation of potent inhibitors since this enzyme is closer to that of human [14]. In this study,
both sativanone and formononetin demonstrated much stronger inhibition against yeast α-glucosidase
than did acarbose, and showed their effects on rat α-glucosidase comparable to that of acarbose.
Thus, these two isolated compounds may be potential candidates for aGIs. In particular, the inhibitory
activity of sativanone and formononetin against rat α-glucosidase was newly investigated in the
current study, based on our current references review. Therefore, they were determined as new
mammalian aGIs.

2.5. The Rat α-Glucosidase Inhibitory Activity of Crude Extracts, Fractions, Sub-Fractions and Isolated
Compounds from Dalbergia Tonkinensis

All the parts used extracts (the heartwood, trunk bark, and leaves) of Dalbergia tonkinensis,
the fractions, sub-fractions, and purified compounds separated from HDT, as well as acarbose,
were tested their inhibition against α-glucosidase from rat. The results were expressed as EC50

and max inhibition then summarized in Table 4.
Among the 3 parts used extracts, HDT also demonstrated strongest inhibitory activity due to

its smallest EC50 and greatest inhibition values of 1.72 µg/mL, and 61%, respectively. The activity
was gradually increased via steps of partial purification. The 2 purified compounds showed their
much stronger activity than that of the crude sample (HDT) and its fractions (HDT-3, HDT-4),
and sub-fractions (HDT-3.1, HDT-3.1.2, HDT-4.3, and HDT-4.3.3). Based on Duncan’s multiple range
test, these are no significant difference among the EC50 values of 2 isolated inhibitors (sativanone and
formononetin) and that of acarbose as their EC50 values were ranged at fg, fg, and g level, respectively.
In additional, they showed their same potency max inhibition (91–94%), and all their max inhibition
values were ranked at the same level (a). Therefore, sativanone and formononetin were characterized
as potent rat aGIs such as acarbose, a commercial antidiabetic drug.
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Table 4. Rat α-glucosidase inhibitory activity of crude extracts, fractions, sub-fractions, and isolated
compounds from Dalbergia tonkinensis extract.

Components
Rat α-glucosidase Inhibitory Activity

EC50 (mg/mL) Max Inhibition (%)

Heartwood Extract (HDT) 1.72 ± 0.116 b 61 ± 3.46 e

Trunk bark extract 2.91 ± 0.289 a 51 ± 4.62 f

Leaves extract 2.78 ± 0.173 a 54 ± 4.60 f

HDT-3 1.31 ± 0.057 c 68 ± 5.77 d

HDT-3.1 1.13 ± 0.058 cd 75 ± 5.20 c

HDT-3.1.2 0.92 ± 0.023 d 77 ± 5.18 c

Sativanone 0.357 ± 0.006 fg 91 ± 4.61 a

HDT-4 1.43 ± 0.115 bc 67 ± 2.89 d

HDT-4.3 0.87 ± 0.035 de 78 ± 4.61 c

HDT-4.3.3 0.55 ± 0.012 ef 84 ± 4.62 b

Formononetin 0.251 ± 0.006 fg 94 ± 5.11 a

Acarbose 0.119 ± 0.005 g 93 ± 2.5 a

Coefficient of variation 12.50026 1.853018

The samples and acarbose were tested at their concentration range of 0.05–3.2 mg/mL; results are means ± SD of
multi tests (n = 3); the means of EC50 and max inhibition values with the different letter in the same column are
significantly different in comparison based on Duncan’s multiple range test (alpha = 0.01) using SAS version 9.4,
Statistical Analysis Software analysis.

3. Materials and Methods

3.1. Chemicals and Reagents

Rice α-glucosidase (Type 4) was purchased from Sigma Aldrich, St. Louis City, MO, USA.
Saccharomyces cerevisiae (yeast), B. stearothermophilus α-glucosidases and acarbose were obtained
from Sigma Chemical Co., St. Louis City, MO, USA. Rat α-glucosidase was provided by Sigma Aldrich,
Singapore. p-nitrophenyl glucopyranoside (pNPG) was purchased from Sigma Aldrich, 3050 Spruce
Street, St. Louis, MO, USA. 1H-NMR (500 MHz) and 13C-NMR (125 MHz) were measured on a Bruker
Avance 500 MHz spectrometer. Column chromatography was carried out on silica gel (Si 60 F254,
40–63 mesh, Merck, St. Louis, MO, USA). All solvents were redistilled before use. Pre-coated TLC
plates (Si 60 F254) were used for analytical purposes. Compounds were visualized under UV radiation
(254, 365 nm) and by spraying plates with 10% H2SO4, followed by heating with a heat gun.

3.2. Plant Materials

Trunk bark, leaves and heartwood of Dalbergia tonkinensis (over ten years old) was collected
in Buon Ma Thuot City, Daklak Province, Vietnam in 2016. The plant was identified by botanist
Dr. Nguyen Quoc Binh, Vietnam National Museum of Nature, VAST, Hanoi, Vietnam, using the Checklist
of plant species of Vietnam [39]. A voucher specimen (C-612) was deposited in the Department of
Bioactive Products, Institute of Natural Products Chemistry, VAST, Hanoi, Vietnam.

3.3. Purification Procedures and Identification of Major α-Glucosidase Inhibitors

Dried powdered heartwood (1.2 kg) of Dalbergia tonkinensis was extracted at 60 ◦C with
methanol (5 × 3.0 L) under reflux, filtered, and then concentrated under decreased pressure yielding
a black crude methanol residue (60.3 g). The suspension of the methanol residue in hot water was
successively partitioned with n-hexane, dichloromethane, and ethyl acetate to obtain n-hexane (1.6 g,
HDT-1), dichloromethane (27.2 g, HDT-2), ethyl acetate (11.1 g, HDT-3) and water (12.0 g, HDT-4)
fractions, respectively.
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The fraction HDT-3 (2.6 g) was chromatographed on a normal silica gel (40–63 mesh) chromatography
column (CC) using a gradient of n-hexane and acetone (99/1 to 0/1, v/v) as eluent to afford
12 sub-fractions (3.1–3.12). The sub-fraction 3.1 (500 mg) was rechromatographed on a normal silica gel
CC using a gradient of chloroform-acetone (30/2 to 20/3, v/v) as eluent to produce 8 sub-fractions
(3.1.1–3.1.8). The sub-fraction 3.1.2 (200 mg) was further separated by preparative TLC and eluting
with chloroform-ethyl acetate (11/3, v/v) to obtain compound 1 (10.0 mg).

The fraction HDT-4 (3.7 g) was chromatographed on a normal silica gel (40–63 mesh) chromatography
column (CC) using a gradient of chloroform-ethyl acetate (3/1 to 0/1, v/v) as eluent to afford
8 sub-fractions (4.1–4.8). The sub-fraction 4.3 (800 mg) was rechromatographed on a normal silica
gel CC using a gradient of chloroform-acetone (12/1 to 0/1, v/v) as eluent to produce 6 sub-fractions
(4.3.1–4.3.6). Compound 2 (8.0 mg) was obtained from the sub-fraction 4.3.3 (110 mg) by a normal
silica gel CC, eluting with chloroform-acetone (8/2).

Sativanone (1) was obtained as white amorphous powder; 1H-NMR (500 MHz, Acetone-d6)
δH: 9.40 (1H, br s, 7-OH), 7.77 (1H, d, J = 9.0 Hz, H-5), 7.01 (1H, d, J = 8.5 Hz, H-6′), 6.59 (1H, d,
J = 2.5 Hz, H-8), 6.58 (1H, dd, J = 9.0, 2.5 Hz, H-6), 6.48 (1H, dd, J = 8.5, 2.5 Hz, H-5′), 6.40 (1H, d,
J = 2.5 Hz, H-3′), 4.56 (1H, t, J = 11.0 Hz, Ha-2), 4.45 (1H, dd, J = 11.0, 5.5 Hz, Hb-2), 4.18 (1H, dd,
J = 11.0, 5.5 Hz, H-3), 3.79 (3H, s, 2′-OCH3), 3.78 (3H, s, 4′-OCH3). 13C-NMR (125 MHz, Acetone-d6) δC:
190.7 (s, C-4), 164.5 (s, C-7), 164.3 (s, C-8a), 161.1 (s, C-4′), 159.1 (s, C-2′), 131.2 (d, C-6′), 129.7 (d, C-5),
117.0 (s, C-1′), 110.8 (d, C-6), 105.3 (d, C-5′), 103.1 (d, C-3′), 99.2 (d, C-8), 71.4 (t, C-2), 55.6 (q, 4′-OCH3),
55.2 (q, 2′-OCH3), 47.6 (d, C-3).

Formononetin (2) was obtained as white amorphous powder; 1H-NMR (500 MHz, Methanol-d4)
δH: 8.17 (1H, s, H-2), 8.08 (1H, d, J = 8.5 Hz, H-5), 7.49 (2H, d, J = 8.5 Hz, H-2′, H-6′), 7.01 (2H, d,
J = 8.5 Hz, H-3′, H-5′), 6.97 (1H, dd, J = 8.5, 2.0 Hz, H-6), 6.88 (1H, d, J = 2.0 Hz, H-8), 3.85 (3H, s,
4′-OCH3); 13C-NMR (125 MHz, Methanol-d4): 178.1 (s, C-4), 164.9 (s, C-7), 161.1 (s, C- C-4′), 159.8 (s,
C-8a), 154.8 (d, C-2), 131.4 (d, C-2′, C-6′), 128.5 (d, C-5), 125.7 (s, C-3), 125.6 (s, C-1′), 118.1 (s, C-4a),
116.6 (d, C-6), 114.9 (d, C-3′, C-5′), 103.3 (d, C-8), 55.7 (q, 4′-OCH3).

3.4. Enzymatic Inhibitory Assays

The inhibitory activity against α-glucosidases was done according to the assay described by
Nguyen, et al. 2018 [15]. The mixture of 50 µL of the sample, 50 µL of the α-glucosidase solution
and 100 µL potassium phosphate buffer was pre-incubated at 37 ◦C for 20 min for the combination
of inhibitors with enzymes. 50 µL of substrate (pNPG) was added into the mixture to start the
reaction. This reaction step was maintained at 37 ◦C for 30 min for the detection of inhibition against
α-glucosidases from rice, yeast, and bacteria, and for 60 min when rat α-glucosidases was used
instead. Thereafter, the mixture solution’s optical density was detected at 405 nm (the wavelength).
The following formula was used to calculate the α-glucosidase inhibitory activity:

aGI (%) = (A − B)/A × 100%, (1)

where aGI is α-glucosidase inhibitory activity, A and B are the optical density of the reaction mixture
without sample (inhibitor) and the reaction mixture presenting sample, respectively, at the wavelength
405nm. The concentration of inhibitor that inhibits 50% of activity of α-glucosidase under the assay
conditions was defined as the EC50 value. Potassium phosphate buffer (0.1 mol/L, pH 7) was used for
the preparation of the enzymes, substrate, and sample solutions. The rat α-glucosidase solution was
prepared according to the previous report [14]. Bacterial, yeast and rice glucosidases were tested at the
concentrations of 1.0, 0.25, and 0.1 U/mL, respectively.

4. Conclusions

The methanol extracts of all the parts of Dalbergia tonkinensis used, including heartwood,
trunk bark, and leaves, were found to be potential sources of α-glucosidase inhibitors (aGIs),
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showing more efficient inhibitory activity than that of acarbose. The 2 active inhibitors were
successfully isolated and identified from the heartwood of Dalbergia tonkinensis. Notably, these active
compounds, sativanone and formononetin demonstrated much stronger activity than that of acarbose.
The specific inhibitory activity tests showed that sativanone and formononetin also have good
effects on mammalian α-glucosidase; this property of these inhibitors was newly investigated in
this study. The results highlight that Dalbergia tonkinensis is a valuable source of aGIs and could be
developed as a health food due to it containing several compounds possessing various beneficial
bioactivities. These results also enrich the current poor understanding of the novel biological activities
and constituents of Dalbergia tonkinensis species. However, the mechanism of enzyme inhibition of
the active compounds described here is still unknown, as such it will be important to investigate in
further studies.

Author Contributions: Conceived the study: S.L.W., N.M.C., V.B.N., N.T.N. Designed the study: V.B.N., S.L.W.,
N.M.C. Performed the experiments: V.B.N., N.T.N., T.H.N. Contributed reagents/materials/analysis tools: S.L.W.,
N.M.C., V.B.N., P.D.N.N. Analyzed data: V.B.N., S.L.W., N.M.C., T.H.N., N.T.N., P.D.N.N, D.H.N. Wrote the paper:
V.B.N., S.L.W., N.M.C.

Funding: This work was supported in part by a grant from the Ministry of Science and Technology, Taiwan
(MOST 106-2320-B-032-001-MY3), Ministry of Education, Taiwan (TKU 0657010), and Vietnam National Foundation
for Science and Technology Development (NAFOSTED) under grant No. 104.01-2015.49.

Acknowledgments: We express great thanks to Anh Dzung Nguyen (Institute of Biotechnology & Environment,
Tay Nguyen University, 567 Le Duan Str., Buon Ma Thuot, Vietnam) for the kind provision of some analysis tools
for this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Gerstein, H.C.; Miller, M.E.; Byington, R.P.; Goff, D.C., Jr.; Bigger, J.T.; Buse, J.B.; Cushman, W.C.; Genuth, S.;
Ismail-Beigi, F.; Grimm, R.H., Jr. Effects of intensive glucose lowering in type 2 diabetes. N. Engl. J. Med.
2008, 358, 2545–2559. [PubMed]

2. Ley, S.H.; Hamdy, O.; Mohan, V.; Hu, F.B. Prevention and management of type 2 diabetes: Dietary components
and nutritional strategies. Lancet 2014, 383, 1999–2007. [CrossRef]

3. Aguiree, F.; Brown, A.; Cho, N.H.; Dahlquist, G.; Dodd, S.; Dunning, T.; Patterson, C. IDF Diabetes Atlas, 6th ed.;
International Diabetes Federation: Basel, Switzerland, 2014.

4. DeMelo, E.B.; Gomes, A.; Carvalha, I. α-and β-Glucosidase inhibitors: Chemical structure and biological
activity. J. Tetrahedr. 2006, 62, 10277–10302.

5. Wang, G.; Peng, Z.; Wang, J.; Li, X.; Li, J. Synthesis, in vitro evaluation and molecular docking studies of
novel triazine-triazole derivatives as potential α-glucosidase inhibitors. Eur. J. Med. Chem. 2017, 125, 423–429.
[CrossRef] [PubMed]

6. Ghani, U. Re-exploring promising a-glucosidase inhibitors for potential development into oral anti-diabetic
drugs: Finding needle in the haystack. Eur. J. Med. Chem. 2015, 103, 133–162. [CrossRef] [PubMed]

7. Nguyen, V.B.; Nguyen, Q.V.; Nguyen, A.D.; Wang, S.L. Screening and evaluation of α-glucosidase inhibitors
from indigenous medicinal plants in Dak Lak Province, Vietnam. Res. Chem. Intermed. 2017. [CrossRef]

8. Nguyen, Q.V.; Nguyen, V.B.; Eun, J.B.; Wang, S.L.; Nguyen, D.H.; Tran, T.N.; Nguyen, A.D. Anti-oxidant
and antidiabetic effect of some medicinal plants belong to Terminalia species collected in Dak Lak Province,
Vietnam. Res. Chem. Intermed. 2016, 42, 5859–5871. [CrossRef]

9. Nguyen, Q.V.; Nguyen, N.H.; Wang, S.L.; Nguyen, V.B.; Nguyen, A.D. Free radical scavenging and antidiabetic
activities of Euonymus laxiflorus Champ extract. Res. Chem. Intermed. 2017, 43, 5615–5624. [CrossRef]

10. Nguyen, V.B.; Nguyen, A.D.; Wang, S.L. Utilization of fishery processing by-product squid pens for
α-glucosidase inhibitors production by Paenibacillus sp. Mar. Drugs 2017, 15, 274. [CrossRef] [PubMed]

11. Nguyen, V.B.; Wang, S.L. Reclamation of marine chitinous materials for the production of α-glucosdase
inhibitors via microbial conversion. Mar. Drugs 2017, 15, 350. [CrossRef] [PubMed]

12. Wang, S.L.; Su, Y.C.; Nguyen, V.B.; Nguyen, A.D. Reclamation of shrimp heads for the production of
α-glucosidase inhibitors by Staphylococcus sp. TKU043. Res. Chem. Intermed. 2018. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/18539917
http://dx.doi.org/10.1016/S0140-6736(14)60613-9
http://dx.doi.org/10.1016/j.ejmech.2016.09.067
http://www.ncbi.nlm.nih.gov/pubmed/27689725
http://dx.doi.org/10.1016/j.ejmech.2015.08.043
http://www.ncbi.nlm.nih.gov/pubmed/26344912
http://dx.doi.org/10.1007/s11164-016-2434-x
http://dx.doi.org/10.1007/s11164-015-2409-3
http://dx.doi.org/10.1007/s11164-017-2951-2
http://dx.doi.org/10.3390/md15090274
http://www.ncbi.nlm.nih.gov/pubmed/28867763
http://dx.doi.org/10.3390/md15110350
http://www.ncbi.nlm.nih.gov/pubmed/29112160
http://dx.doi.org/10.1007/s11164-018-3345-9


Molecules 2018, 23, 1589 11 of 12

13. Hsu, C.H.; Nguyen, V.B.; Nguyen, A.D.; Wang, S.L. Conversion of shrimp heads to α-glucosidase inhibitors
via co-culture of Bacillus mycoides TKU040 and Rhizobium sp. TKU041. Res. Chem. Intermed. 2018. [CrossRef]

14. Nguyen, V.B.; Nguyen, A.D.; Kuo, Y.H.; Wang, S.L. Biosynthesis of α– glucosidase inhibitors by a newly
isolated bacterium, Paenibacillus sp. TKU042 and its effect on reducing plasma glucose in mouse model.
Int. J. Mol. Sci. 2017, 18, 700. [CrossRef] [PubMed]

15. Nguyen, V.B.; Wang, S.L. New novel α-glucosdase inhibitors produced by microbial conversion. Process. Biochem.
2018, 65, 228–232. [CrossRef]

16. Nam, H.; Jung, H.; Karuppasamy, S.; Park, Y.S.; Cho, Y.S.; Lee, J.Y.; Seong, S.; Suh, J.G. Anti-diabetic effect
of the soybean extract fermented by Bacillus subtilis MORI in db/db mice. Food Sci. Biotechnol. 2012, 21,
1669–1676. [CrossRef]

17. Fujita, H.; Yamagami, T.; Ohshima, K. Efficacy and safety of Touchi extract, an a-glucosidase inhibitor derived
from fermented soybeans, in non-insulin-dependent diabetic mellitus. J. Nutr. Biochem. 2001, 12, 351–356.

18. McCue, P.; Kwon, Y.I.; Shetty, K. Anti-diabetic and antihypertensive potential of sprouted and solid-state
bioprocessed soybean. Asian Pac. J. Clin. Nutr. 2005, 14, 145–152.

19. Nguyen, D.N.V.; Nguyen, T. An Overview of the Use of Plants and Animals in Traditional Medicine Systems in
Viet Nam; TRAFFIC Southeast Asia, Greater Mekong Programme: Ha Noi, Vietnam, 2008.

20. Nguyen, V.B.; Nguyen, Q.V.; Nguyen, A.D.; Wang, S.L. Porcine pancreatic α-amylase inhibitors from
Euonymus laxiflorus Champ. Res. Chem. Intermed. 2017, 43, 259–269. [CrossRef]

21. Nguyen, V.B.; Wang, S.L.; Nguyen, A.D.; Vo, T.P.K.; Zhang, L.J.; Nguyen, Q.V.; Kuo, Y.H. Isolation and
identification of novel α-amylase inhibitors from Euonymus laxiflorus Champ. Res. Chem. Intermed. 2018.
[CrossRef]

22. Nguyen, Q.V.; Wang, S.L.; Nguyen, A.D. In vitro a-glucosidase and a-amylase inhibition, and in vivo
anti-hyperglycemic effects of Psidium littorale Raddi leaf extract. Res. Chem. Intermed. 2018, 44, 1745–1753.
[CrossRef]

23. The Plant List. Available online: http://www.theplantlist.org/tpl1.1/search?q=dalbergia (accessed on
29 July 2017).

24. Vasudeva, N.; Vats, M.; Sharma, S.K.; Sardana, S. Chemistry and biological activities of the genus Dalbergia—A
review. Pharmacogn. Rev. 2009, 3, 307–309.

25. Ninh, T.S. A Review on the medicinal plant Dalbergia odorifera species: Phytochemistry and biological activity.
Evid. Based Complement. Alternat Med. 2017. [CrossRef] [PubMed]

26. Nguyen, M.C.; Ninh, T.S.; Ngu, T.N.; Do, H.N.; To, D.C. Daltonkins A and B, two new carboxyethylflavanones
from the heartwood of Dalbergia tonkinensis. Bull. Korean Chem. Soc. 2017, 38, 1511–1514.

27. Dalbergia Tonkinensis. Available online: https://en.wikipedia.org/wiki/Dalbergia_tonkinensis (accessed on
5 May 2018).

28. Ninh, T.S.; Kenichi, H.; Nguyen, M.C.; Yoshiyasu, F. Two new carboxyethylflavanones from the heartwood
of Dalbergia tonkinensis and their antimicrobial activities. Nat. Prod. Commun. 2017, 12, 1721–1723.

29. Ninh, T.S.; Masataka, O.; Naoki, H.; Daiki, Y.; Yu, K.; Fumi, T.; Kenichi, H.; Nguyen, M.C.; Yoshiyasu, F.
Antimicrobial activity of the constituents of Dalbergia tonkinensis and structural-bioactive highlights.
Nat. Prod. Commun. 2018, 13, 157–161.

30. Sugiyama, A.; Zhu, B.M.; Takahara, A.; Satoh, Y.; Hashimoto, K. Cardiac effects of salvia miltiorrhiza/
dalbergia odorifera mixture, an intravenously applicable Chinese medicine widely used for patients with
ischemic heart disease in China. Circ. J. 2002, 66, 182–184. [CrossRef] [PubMed]

31. Robert, D.; Michael, P.C.; Ramulu, A.; Bryan, F.H.; Marta, M.; Samus, F.; Patrick, J.G. A stereoselective switch:
Enantiodivergent approach to the synthesis of isoflavanones. Chem. Eur. J. 2014, 47, 15354–15359.

32. Zhao, X.; Mei, W.; Gong, M.; Zuo, W.; Bai, H.; Dai, H. Antibacterial activity of the flavonoids from
Dabergia oddorifera on Ralstonia solanacearum. Molecules 2011, 16, 9775–9782. [CrossRef] [PubMed]

33. Srivastava, A.; Mishra, R.; Kumar, S.; Dev, K.; Tandon, P.; Maurya, R. Molecular structure, spectral
investigation (1H-NMR, 13C-NMR, UV-Visible, FT-IR, FT-Raman), NBO, intramolecular hydrogen bonding,
chemical reactivity and first hyperpolarizability analysis of formononetin [7-hyroxy-3(4-methoxyphenyl)
chromone]: A quantum chemical study. J. Mol. Struct. 2015, 1084, 55–73.

34. Lo, W.L.; Chang, F.R.; Hsieh, T.J.; Wu, Y.C. The constituents of Euchresta formosana. J. Chin. Chem. Soc. 2002, 49,
421–426. [CrossRef]

http://dx.doi.org/10.1007/s11164-018-3266-7
http://dx.doi.org/10.3390/ijms18040700
http://www.ncbi.nlm.nih.gov/pubmed/28346347
http://dx.doi.org/10.1016/j.procbio.2017.11.016
http://dx.doi.org/10.1007/s10068-012-0222-y
http://dx.doi.org/10.1007/s11164-016-2619-3
http://dx.doi.org/10.1007/s11164-017-3175-1
http://dx.doi.org/10.1007/s11164-017-3195-x
http://www.theplantlist.org/tpl1.1/search?q=dalbergia 
http://dx.doi.org/10.1155/2017/7142370
http://www.ncbi.nlm.nih.gov/pubmed/29348771
https://en.wikipedia.org/wiki/Dalbergia_tonkinensis
http://dx.doi.org/10.1253/circj.66.182
http://www.ncbi.nlm.nih.gov/pubmed/11999645
http://dx.doi.org/10.3390/molecules16129775
http://www.ncbi.nlm.nih.gov/pubmed/22117168
http://dx.doi.org/10.1002/jccs.200200066


Molecules 2018, 23, 1589 12 of 12

35. Gampe, N.; Darcsi, A.; Lohner, S.; Béni, S.; Kursinszki, L. Characterization and identification of isoflavonoid
glycosides in the root of Spiny restharrow (Ononis spinosa L.) by HPLC-QTOF-MS, HPLC-MS/MS and NMR.
J. Pharm. Biomed. Anal. 2016, 10, 74–81. [CrossRef] [PubMed]

36. Ham, S.A.; Hwang, J.S.; Kang, E.S.; Yoo, T.; Lim, H.H.; Lee, W.J.; Paek, K.S.; Seo, H.G. Ethanol extract
of Dalbergia odorifera protects skin keratinocytes against ultraviolet B-induced photoaging by suppressing
production of reactive oxygen species. Biosci. Biotechnol. Biochem. 2015, 79, 760–766. [CrossRef] [PubMed]

37. Zhao, C.; Liu, Y.; Cong, D.; Zhang, H.; Yu, J.; Jiang, Y.; Cui, X.; Sun, J. Screening and determination for
potential α-glucosidase inhibitory constituents from Dalbergia odorifera T. Chen using ultrafiltration-LC/ESI-MSn.
Biomed. Chromatogr. 2013, 27, 1621–1629. [CrossRef] [PubMed]

38. Li, S.; Dang, Y.; Zhou, X.; Huang, B.; Huang, X.; Zhang, Z.; Kwan, Y.W.; Chan, S.W.; Leung, G.P.; Lee, S.M.;
et al. Formononetin promotes angiogenesis through the estrogen receptor alpha-enhanced ROCK pathway.
Sci. Rep. 2015, 16, 16815. [CrossRef] [PubMed]

39. Nguyen, T.B. Checklist of Plant Species of Vietnam; Agriculture Publishing House: Hanoi, Vietnam, 2003.

Sample Availability: Samples of the HDT as well as fractions and sub-fractions are available from the authors.

© 2018 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 (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jpba.2016.01.058
http://www.ncbi.nlm.nih.gov/pubmed/26874257
http://dx.doi.org/10.1080/09168451.2014.993916
http://www.ncbi.nlm.nih.gov/pubmed/25560618
http://dx.doi.org/10.1002/bmc.2970
http://www.ncbi.nlm.nih.gov/pubmed/23813551
http://dx.doi.org/10.1038/srep16815
http://www.ncbi.nlm.nih.gov/pubmed/26568398
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussion 
	New Records of Dalbergia tonkinensis Extracts as Potential Sources of aGIs 
	The Stability of HDT against Different pH Treatments 
	Isolation and Identification of Active Compounds from MeOH Extract of HDT 
	Primary Partitioned Separation of MeOH Extract of HDT 
	Sub-fractionation of HDT-3 and HDT-4, and Identification of Active Compounds 

	Specific Inhibitory Activity of the Purified Compounds 
	The Rat -Glucosidase Inhibitory Activity of Crude Extracts, Fractions, Sub-Fractions and Isolated Compounds from Dalbergia Tonkinensis 

	Materials and Methods 
	Chemicals and Reagents 
	Plant Materials 
	Purification Procedures and Identification of Major -Glucosidase Inhibitors 
	Enzymatic Inhibitory Assays 

	Conclusions 
	References

