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Abstract: Angelica keiskei sap is used as a blood-sugar reducer in Indonesia, however its molecular
mechanism has not yet been explored. 4-hydroxyderricin (4-HD) is one of the major components
extracted from A. keiskei sap. The aim of this work was to isolate 4-HD from the sap of A. keiskei
planted in Lombok, Indonesia, and to study in silico and in vitro mechanisms against dipeptidyl
peptidase-IV (DPP-IV). The dried sap was submitted to liquid–liquid extraction using solvents with
different polarity. Further purification processing was conducted using gradient elution column
chromatography. The isolated compound was a yellowish powder, m/z 339.2215 [M + H]+, which
was confirmed as 4-HD. Sitagliptin, a DPP-IV inhibitor, was employed as the positive control for
both the in silico and in vitro studies. It was indicated that 4-HD interacts with Glu206 and Phe357,
important amino acid residues in the DPP-IV binding pocket. These interactions are similar to that of
sitagliptin. The affinity of 4-HD (inhibition constant (Ki) = 3.99 µM) to DPP-IV is lower than that
of sitagliptin (inhibition constant (Ki) = 0.17 µM). Furthermore, in vitro study showed that 4-HD
inhibits DPP-IV (IC50 = 81.44 µM) weaker than for sitagliptin (IC50 = 0.87 µM). We concluded that
4- HD might have potential in inhibiting DPP-IV. However, by considering the polar interaction of
sitagliptin with DPP-IV, a further structure modification of 4-HD, e.g., by introducing a polar moiety
such as a hydroxyl group, might be needed to obtain stronger activity as a DPP-IV inhibitor.

Keywords: Angelica keiskei sap; blood-sugar reducer; chalcones; 4-hydroxyderricin

1. Introduction

Diabetes mellitus (DM) is considered as a serious health problem due to its increasing prevalence
in most developing countries [1], therefore new antidiabetic drugs and therapies are always of interest
to be explored [2]. DM is a chronic condition when the beta-cells in the pancreas’ Langerhans islets are
not able to produce sufficient insulin and eventually elevates the blood sugar level [3]. More than one
million Indonesians were diagnosed with DM in 2018 [4], whereas 451 million (age 18–99 years) have
been reported to suffer the same problem globally [1,3]. Type 2 DM (T2DM) is characterized by insulin
insensitivity, inhibition of insulin production, and eventually, pancreatic beta-cell failure. This leads to
a decrease in glucose transport into the liver, muscle cells, and fat cells [5].
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Treating T2DM by regulating incretin, a group of metabolic hormones such as glucagon-like
peptide-1 (GLP-1), maintains glucose homeostasis by stimulating the biosynthesis insulin or insulin
release. Subsequently, it inhibits the release of glucagon. This condition slows down gastric emptying,
and reduces appetite [6,7]. GLP-1 is released from the intestine in response to carbohydrate intake
from food. Although GIP activity is impaired in those with T2DM, GLP-1 insulinotropic effects are
preserved, and thus GLP-1 represents a potentially beneficial therapeutic option. DPP-IV inhibitors
prevent the breakdown of endogenous GLP-1 as well as glucose-dependent insulinotropic peptide
(GIP) [8]. Therefore, DPP-IV inhibitors are believed to prolong the half-life of incretins (GLP-1 and
GIP) and are associated with increased insulin release and reduced glucagon release [9]

However, similarly to GIP, GLP-1 is rapidly inactivated by DPP-IV in vivo [10]. DPP-IV inhibitors
represent an innovative approach for the treatment of T2DM. These inhibitors, e.g., sitagliptin, are
attached in the DPP-IV binding pocket via hydrogen bonding with Glu205, Glu206, and Tyr662 [9] and
prevent the breaking down of GLP-1 [11]. As a result, GLP-1 remains active for a longer time, thus it
increases the insulin production and holds back the glucagon production, both of which help to reduce
the blood glucose level. A controlled blood glucose may reduce the risk of potentially life-threatening
complications, i.e., heart disease, kidney problems, nerve damage, and visual impairment [12]. Unlike
many other T2DM therapies, DPP-IV inhibitors do not cause weight gain. This is an advantage as
body weight can be a challenge to manage [13,14].

Chalcones have been found to be potent as inhibitors of DPP-IV, which is an effective target
on glucose homeostasis [15–17]. The root and the stem of Angelica keiskei (ashitaba) of the Apiaceae
family, contain yellow sap [18], in which two major chalcones (4-hydroxyderricin or 4-HD and
xanthoangelol) [19,20] are produced. According to Luo [21], the ashitaba extract and xanthoangelol
(IC50 = 11.54 µM) indicated excellent activity in inhibiting alpha-glucosidase; however, a moderate
inhibition was shown by 4-HD (IC50 = 33.76 µM) [21]. Ashitaba extract could lower cholesterol, glucose,
and increase insulin levels in C57BL/6 strain mice and prevent adiposity through modulating lipid
metabolism [16,17,19,20,22]. Our work aimed to explore the inhibitory activity of 4-HD against DPP-IV
through in silico and in vitro studies.

2. Materials and Methods

2.1. Materials

2.1.1. Plant Material

The yellow sap of Angelica keiskei was collected from Mount Rinjani, Lombok, Indonesia. Taxonomic
determination (No. 401/I1.CO@.2/PL/2019) was conducted by a certified botanist at the Herbarium
Bandungense, Bandung Institute of Technology (ITB). The yellow sap (1 L) was freeze-dried.

2.1.2. Chemicals

Human DPP-IV (Sigma-Aldrich, Cat. No. D4943, Saint Louis, MI, USA), Gly-Pro-p-Nitroanilide
Hydrochloride (GPPN) (Sigma-Aldrich, Cat. No. G0513), Tris-HCl Buffer (Sigma-Aldrich, Cat. No.
T3253), and other chemicals were purchased from Merck (Saint Louis, MI, USA). Sitagliptin standard
was purchased from PT. Kimia Farma Tbk, Indonesia.

2.2. Extraction and Isolation

The yellow sap powder (10 g) was extracted with ethanol (1:1 w/v), followed by the evaporation
of the solvent. The viscous extract was fractionated by liquid–liquid extraction three times by using
three solvents, i.e., n-hexane (yielded 0.43 g), ethyl acetate (yielded 5.86 g), and a combination of
ethanol-water (7:3 v/v) (yielded 2.90 g). The resulting fractions were evaporated to a certain volume for
the isolation process. The isolation was conducted on the ethyl acetate fraction (2 g) by using column
chromatography (2.0 × 45 cm) packed with 32.33 g of kieselgel 60 (Merck), and was gradient eluted
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using a combination of n-hexane-acetone (100:0→ 0:100 v/v) to give F1–F6 fractions. Furthermore, the
F3 (300 mg) fraction was passed onto a 1.2 × 35 cm column packed with 6 g of kieselgel 60 (Merck).
A combination of n-hexane-acetone (100:0→ 0:100 v/v) was used as the eluent, yielding 75.5 mg of
isolated compound 1. This isolated compound, which was obtained from twice partitioning on a
column, was confirmed by its structure as 4-HD (Figure 1a).
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Figure 1. 2D structure of 4-hydroxyderricin (4-HD) (a) and sitagliptin (b).

Compound Characterization. (4-HD) Compound 1, which forms as a yellowish powder, with purity
84.91% at retention 5.36 min by Liquid Chromatography (AquityTM Ultra Performance LC, RP18
1.7 µm, 2.1 × 100 mm column, with mobile phase A, water–0.1% formic acid v/v and mobile phase
B, methanol (70:30→ 40:60 v/v), flow rate 0.2 mL/minute), shows a maximum at 364 nm using UV
spectrophotometry (Agilent 845x UV-Visible system). Mass spectra (XevoTM QTOF MS, ionization
mode ES+) resulted [M + H]+ m/z = 339.2215. The 13C-NMR (Agilent, 125 MHz) and 1H-NMR
(Agilent, 500 MHz) data shown in Table 1 was compared to that of Kim and co-workers [23]. The
isolated compound was dissolved in 600 µL deuterated acetone (CD3)2CO in a 5 mm diameter NMR
tube, and two dimensional (2D) NMR was performed with heteronuclear single quantum coherence
(1H,13C gHSQC) and heteronuclear multiple bond correlation (gHMBC), and confirms C21H22O4 for 4-
hydroxyderricin reference (Table 1). The 1H-NMR (500 MHz, (CD3)2CO):1.63 (3H,s, 4′′-CH3); 3.36
(1H,D, J = 7.2 Hz,1′′-H); 1.77 (3H, s, 5′′-CH3); 3.95 (3H, s, 4′-OCH3); 6.67 (1H,d, J = 9.1 Hz, 5′-CH);
6.93 (2H, d, J = 8.6 Hz, 3,5-H); 7.73 (1H, d, J = 15.4 Hz, α); 7.80 (2H, d, J = 8.6 Hz, 2.6-H); 5.21 (1H,
t, J = 7.3 Hz, 2′′-H); 8.13 (1H,d, J = 9.1 Hz, 6′-H); 7.84 (1H,d, J = 15.4 Hz, β); 13.76 (1H, s, 2′-OH).
The 13C- NMR (125 MHZ, (CD3)2CO)): 17.88 (4′′-C); 22.27 (1′′-C); 25.89 (5′′-C; 56.32 (4′-C); 103.19
(5′-C); 116.79 (3,5-C); 117.60 (α-C); 118.38 (2,6-C); 123.16 (2′′-C); 130.76 (6′C); 145.35 (β-C); 193.46 (C=O).
The gHSQCAD spectra (Figure 2) exhibited the presence of two methyl groups, one methylene, one
methoxy (δ 56.32). The absence correlation of seven signal carbon (δ 127.59, 131.84, 161.06, 163.38,
163.79, 164.14, 164.18) to proton spectra indicated the presence of three quaternary carbons. In addition
the signals at δ 5.19, 5.21, 5.22 are recognizable for a prenyl group, and the signal at δ 193.46 is known
as the carbonyl group in chalcone.
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Table 1. 1H and 13C NMR data of 4-hydroxyderricin from A. keiskei.

4-HD [23] (solvent CDCl3)

δ C (ppm) δ H (ppm) CH (HSQC) Position

- 1.60 (3H,s,4′′-CH3) 4′′

- 3.31 (1H, d, J = 7.0 Hz,1′′-H) 1′′

- 1.71 (3H, s, 5′′-CH3) 5′′

- 3.82 (3H, s, 4-OCH3) 4′

- 6.41 (1H, d, J = 9.0 Hz, 5′-H) 5′

- 6.79 (2H, d, J = 8.5 Hz, 3,5-H) 3,5
- 7.36 (1H, d, J = 15.4 Hz, α) α

- 7.70 (2H, d, J = 9.4 Hz, 2,6-H) 2,6
- 5.30 (1H, t, J = 7.0 Hz, 2′′-H) 2′′

- 7.70 (1H, d, J = 9.4 Hz, 6′-H) 6′

- 7.72 (1H, d, J = 15.4 Hz, β) β

- 13.38 (1H, s, 2′-OH) 2′

Compound 1 (4-HD) (solvent (CD3)2CO)

δ C (ppm) δ H (ppm) CH (HSQC) Position

17.88 1.63 (3H,s, -CH3) 4′′

22.27 3.36 (1H,d, J = 7.2 Hz, 1′′-H) 1′′

25.89 1.77 (3H,s, -5′′-CH3) 5′′

56.32 3.95 (3H,s, 4′-OCH3) 4′

103.19 6.67 (1H,d, J = 9.1 Hz, 5′-H) 5′

116.79 6.93 (2H,d, J = 8.6 Hz, 3,5-H) 3,5
117.60 7.73 (1H,d, J = 15.4 Hz, α) α

118.38 7.80 (2H,d, J = 8.6 Hz, 2,6-H) 2,6
123.16 5.21 (1H,t, J = 7.3 Hz, 2′′-H) 2′′

127.59 - - -
130.76 8.13 (1H,d, J = 9.1 Hz, 6′-H) 6′

131.84 - - 3′′

145.35 7.84 (1H,d, J = 15.4 Hz, β) β

- 13.76 (1H,s, 2′-OH) 2′

161.06 - - -
163.38 - - -
163.79 - - -
164.14 - - -
164.18 - - -
193.46 - (C=O) -Sci. Pharm. 2019, 87, x FOR PEER REVIEW 4 of 10 
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2.3. In Silico Study

2.3.1. Protein Preparation

The 3D X-ray crystallographic data of DPP-IV (PDB code: 1X70, resolution 2.1 Å in the complex with
sitagliptin, crystallized by Kim [9] was downloaded from the online Protein Data Bank (www.rcsb.org).
Water molecules, ligands, and other hetero atoms were removed from the protein molecule along with
the unused chain, using Swiss-Pdb Viewer v4.0.4 (Swiss Institute of Bioinformatics, downloaded from
www.expasy.org). The addition of hydrogen atoms and Kollman charges to the protein was performed
using AutoDockVina (Molecular Graphics Laboratory, Scripps Research Institute, downloaded from
http://autodock.scripps.edu). The binding modes of DPP-IV with sitagliptin were studied using
Ligand Explorer Viewer v.4.1.0 (Research Col laboratory for Structural Bioinformatics, embedded on
http://www.pdb.org/pdb/explore).

2.3.2. Ligand Preparation

All ligands were geometry-optimized using ChemBioDraw Ultra 12.0 free trial (downloaded
from www.cambridgesoft.com) by employing MM2 and AM1 at default settings. The ligands were
calculated for their log P, mass, and volume; and were saved in PDB file format for further processing.

2.3.3. Validation of the Docking Simulation

Sitagliptin was separated from DPP-IV, and validation was performed by re-docking the
extracted-sitagliptin into its origin location for 50× using Linux script command. This step was
continued by calculating the standard deviation (SD) of the binding energy and Ki. The re-docked
sitagliptin was then superimposed with the extracted-sitagliptin and the root mean square deviation
(RMSD) of the structures was measured.

2.3.4. Molecular Docking Simulation

Docking simulation of 4-HD was repeated 50× using Linux script command for AutoDockVina [24]
embedded in MGL Tools v.1.5.6 at position x 41.1841; y 51.045; z 35.6287. These coordinates range
within 7 Å distance centered to the ligand position, respectively, and were calculated by employing
bind module in PLANTS 1.2. The default parameters of the automatic settings were used to set the
genetic algorithm parameters. The docked conformation which had the highest docking score (Ei) was
selected to analyze the binding mode [25]. Sitagliptin was used as the reference and the structure is
represented in Figure 1b.

2.4. In Vitro Study

Dipeptidyl Peptidase-IV (DPP-IV) Assay

The assay was conducted according to the method proposed by ref. [26] with slight modification,
in 96 microwell plates. Samples (@ 35 µL) in various concentrations (2.5; 1.25; 0.625; and 0.325 µg/mL)
dissolved in 50 mM Tris HCl buffer (pH 7.5), were put into the wells and 15 µL of DPP-IV (0.05 units/mL)
solution were added. The mixtures were incubated for 10 min in 37 ◦C. After incubation, a 50 µL of
Gly-Pro-p-Nitroanilide Hydrochloride (0.2 mM in Tris HCl buffer pH 7.5) substrate was added and the
mixtures were shaken and incubated for 30 min at 37 ◦C. Acetic acid 25% in water (v/v) (25 µL) was
added to the mixture to stop the enzymatic reaction. Sitagliptin (0.2; 0.4; 0.8; 1.6; and 3.2 µg/mL in a
50 mM Tris HCl buffer pH 7.5) was used as the reference.

The substrate, a chromogenic Gly-Pro-p-Nitroanilide Hydrochloride was cleaved by DPP-IV, and
released p-nitroaniline (pNA), a yellow colored product was recorded using a Multiscan (Nanoquant,
Infinite M2000 Pro, TECAN) at 405 nm. The procedure was performed in three replications. One unit
of enzyme activity was defined as the amount of enzyme that catalyzes the release of 1 µmoL of pNA

www.rcsb.org
www.expasy.org
http://autodock.scripps.edu
http://www.pdb.org/pdb/explore
www.cambridgesoft.com
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from the substrate/min in the experimental conditions. All data was expressed as mean ± SD. The
percentage of inhibition was calculated using the following formula:

% Inhibition =
Abs. negative control−Abs. inhibitor

Abs. negative control
× 100

3. Results and Discussion

Our work showed that 4-HD, an alkylated-chalcone, was found to be abundant in the ethyl acetate
fraction of A. keiskei sap. Comparing our work to that of Li and colleagues [27], who determined the
distribution of 4-HD in different parts of A. keiskei planted in China, the stems were the best source of
this particular chalcone (149.16 µg/g) [27]. In the biosynthesis of flavonoids, chalcones which possess
an open C-ring, i.e., isomers of dihydroflavones, represent the key precursors. These compounds are
also responsible for the plant’s color [15,28]. The presence of a double bond in conjugation with the
carbonyl (C=O) functionality of chalcones is believed to be responsible for their biological activities, as
removal of this functionality make them inactive [29,30]. Carbonyl is a relatively strong dipole which
allows its oxygen to act as an H-bond acceptor (HBA). This pharmacophoric feature of chalcones as
HBAs has been proven for antileishmanial activity [31].

Geometry optimization of both sitagliptin and 4-HD, which was performed using MM2 and AM1,
resulted in minimization energy respectively −210.71 for sitagliptin and −90.14 for 4-HD. Both ligands
showed similar volume (1010.5 Å for sitagliptin and 1012.5 Å for 4-HD). However, 4-HD is more
hydrophobic (log P 4.275) than sitagliptin (log P 1.286). A crystal structure of DPP-IV was employed in
this work (2.1 Å resolution, crystallized by Kim [9]). PoseView image in Figure 3a (in 2D) and Figure 3b
(in 3D) showed that sitagliptin interacts with Glu205, Glu206, and Tyr662 via four HBs. This drug also
interacts with Phe357 and Tyr662 via two aromatic or π–π stackings. The last is a lipophilic interaction.
Sitagliptin was separated from its complex with DPP-IV, and validation was performed by re-docking
the extracted-sitagliptin into its origin location (x 41.1841; y 51.045; z 35.6287) for 50× using Linux script
command. The re-docked sitagliptin was then superimposed with the extracted-sitagliptin extracted
from the enzyme. The molecular docking simulation was categorized as valid (RMSD value = 1.013)
and is represented in Figure 4a.
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Re-docking simulation confirmed that the binding mode of extracted-sitagliptin is similar to that
of its origin. The extracted-sitagliptin builds two HBs with polar amino acid residues in the DPP-IV’s
binding pocket: Glu205 and Glu206. Meanwhile, two aromatic stackings with Phe357 and Tyr662 (the
docking score –9.24 kcal/mol; Ki = 0.172 µM) are observed in Figure 4b, whereas the origin sitagliptin
builds two HBs with DPP-IV amino acid residues (1 × 70). The docking reveals that 4-HD (docking
score −7.42 kcal/mol; inhibition constant 3.99 µM) interacts with DPP-IV via one HB with Glu206 (the
hydroxyl group of 4-HD is an HBD) and an aromatic stacking with Phe357 (binding energy −7.8 kcal),
as observed in Figure 5.
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DPP-IV inhibitors, in the N-terminus of the substrate peptide, form salt bridges with Glu205 and
Glu206 in the S2 subsite, two important amino acid residues which play a vital role in their inhibitory
activity. The amino group of sitagliptin forms four HBs, e.g., one HB with the hydroxyl group of Tyr662
and three HBs with the carboxylate oxygens of two glutamate residues (Glu205 and Glu206) [9,32]. As
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predicted, our work reveals that 4-HD also interacts with Glu206, an important amino residue in the
N-terminus. This interaction might play a role in its inhibitory activity.

In vitro assay indicated that 4-HD inhibits DPP-IV (IC50 = 81.44 µM). However, its inhibitory
activity is weaker than that of sitagliptin (IC50 = 0.87 µM). Our in vitro result is in line with the in silico
prediction; 4-HD could attach to the DPP-IV binding pocket and indicates similar interaction with that
of sitagliptin, a known DPP-IV inhibitor, which was employed as the standard.

It can be summarized that 4-HD could inhibit DPP-IV activity via hydrogen bonding with Glu206,
an important amino residue in the N-terminus, and with aromatic stacking with Phe357. 4-HD might also
exert its antihyperglycemic activity via several mechanisms: (a) It could stimulate the glucose uptake
in 3T3-L1 adipocytes, and this activity of 4-HD was stronger than that of xanthoangelol [18]; (b) It could
stimulate the phosphorylation of 5′-AMPK and its downstream target acetyl-CoA carboxylase [17].

4. Conclusions

A chalcone compound, 4-hydroxyderricin (4-HD), was successfully isolated from the ethyl acetate
fraction of the yellow sap of Angelica keiskei collected from Mount Rinjani, Lombok, Indonesia. In silico
study revealed that 4-HD may interact with important amino acid residues in the DPP-IV binding
pocket via one hydrogen bond (HB) with Glu206 and an aromatic stacking with Phe357. Sitagliptin, a
known DPP-IV inhibitor, builds two HBs with Glu205 and Glu206, and two aromatic stackings with
Phe357 and Tyr662. In vitro study indicated that 4-HD inhibits DPP-IV (IC50 = 81.44 µM) weaker than
for sitagliptin (IC50 = 0.87 µM). We concluded that 4-HD might have potential in inhibiting DPP-IV.
However, further structure modification of 4-HD, e.g., by introducing a polar moiety (–OH), is still
needed to obtain a stronger activity as a DPP-IV inhibitor.
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