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Abstract: Two new phenolic glucosides, pipercroside A and B (1 and 2), along with 10 known
compounds were isolated from the leaves of Piper crocatum Ruiz & Pav. Their chemical structures
were elucidated through extensive spectroscopic analyses, including 1D and 2D NMR experiments
and HR-ESI-MS analysis and comparison with previously reported data. All the isolated compounds
were assessed for soluble epoxide hydrolase (sEH) inhibitory activity. Among them, erigeside II (5)
showed inhibitory activity with an IC50 value of 58.5 µM.
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1. Introduction

The genus Piper belongs to the Piperaceae family and comprises around 700 species distributed
across both hemispheres [1]. Piper plants have possessed high commercial and medicinal significance
for thousands of years, with spices being the most valued specimens. Apart from being widely used
as common food adjuncts as flavoring, seasoning, coloring agents, and preservatives, spices are also
known to have a variety of antioxidant effects and properties [2]. In this regard, many plants are used
for therapeutic purposes as exceptional sources of phytochemicals such as phenolic compounds [3].
Moreover, phenolic compounds are the most widely distributed secondary metabolites, arising
biogenetically from either the shikimate/phenylpropanoid pathway or deriving phenylpropanoids [4],
and fulfill a broad range of physiological roles. For instance, many studies have disclosed that
a large number of phenolic compounds obtained from various species of the Piperaceae family
showed cytotoxicity and antifungal potential [5], and their applicability as an important source of
antiprotozoal/antimicrobial agents has been also suggested [6]. Indeed, the antioxidant activity of
phenolic compounds in higher plants has long been known [7]. However, to the best of our knowledge,
chemical investigations on the constituents of Piper crocatum are still scarce, and the presence of
phenolic compounds and sesquiterpenes in its extracts have not been reported. Soluble epoxide
hydrolase (sEH) is widely distributed in mammalian tissue, with potent effects on the biological
activities conducted by the cardiovascular and urinary systems [8]. It is responsible for the hydrolysis
of epoxyeicosatrienoic acids (EETs), which are endothelium-derived hyperpolarizing factors (EDHFs)
that act as regulators of vascular function [9]. The sEH can convert EETs to their corresponding
diols (dihydroxyeicosatrienoic acids, DHETs), and reduce the EETs’ effects on cardiovascular systems
through vasodilation, antimigration of vascular smooth muscle cells, and anti-inflammatory action.
Therefore, sEH was considered as a potential therapeutic target for vascular disease [10].
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2. Results and Discussion

The studies outlined above were interesting in identifying the constituents of P. crocatum
responsible for its therapeutic activity. In this work, 12 compounds were isolated from the MeOH
extract of P. crocatum (Figure 1). Their structures were elucidated through 1D and 2D NMR spectroscopy
and mass spectrometry analyses and identified as pipercroside A (1), pipercroside B (2), 2,5-dimethoxy-
3-glucopyranosylcinnamic alcohol (3) [11], cimidahurinin (4) [12], erigeside II (5) [13], syringin
(6) [14], β-phenylethyl β-D-glucoside (7) [15], methyl salicylate 2-O-β-D-glucopyranoside (8) [16],
icariside D1 (9) [17], 4-hydroxybenzoic acid β-D-glucosyl ester (10) [18], benzyl β-D-glucoside (11) [17],
and phenylmethyl 6-O-α-L-arabinofuranosyl-β-D-glucopyranoside (12) [19].
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Figure 1. Structures of compounds 1–12 isolated from cultures of P. crocatum.

Compound 1 was isolated as a colourless gum. Its molecular formula was established as C17H26O9

using HR-ESI-MS. The 1H-NMR spectrum of 1 (Table 1) exhibited a singlet assignable to a symmetrical
1,3,4,5-tetrasubstituted aromatic ring at δH 6.56 (H-2/H-6), two methoxy signals at δH 3.84 (s, 3-OCH3

and 5-OCH3), and a signal attributable to the anomeric proton of the glucosyl moiety at δH 4.80 (dd, J
= 7.6, 1.0 Hz, H-1′) was consistent with the β-configuration of the glucose. Meanwhile, the 13C-NMR
spectrum exhibited six aromatic carbons at δC 108.3 (C-2/C-6), 137.5 (C-1), 154.0 (C-3/C-5), and δC 134.7
(C-4) and signals attributable to the glucosyl moiety at δC 62.4 (C-6′), 71.2 (C-4′), 75.7 (C-2′), 77.8 (C-3′),
78.3 (C-5′), and 105.5 (C-1′). The presence of a 2-propanol moiety that gave rise to signals at δC 46.7
(C-7), 69.7 (C-8), and 23.1 (C-9) was elucidated with the help of 1H–1H correlation spectroscopy (COSY)
and heteronuclear multiple quantum correlation (HMQC) spectrum. Further, the corresponding
heteronuclear multiple bond correlation (HMBC) spectrum confirmed the planar structure through
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the following correlation peaks: H-1′ (δH 4.80)/C-4 (δC 134.7), H-7 (δH 2.64 and 2.70)/C-1 (δC 137.5),
C-2/6 (δC 108.3), and the two methoxy groups H-3/5-OCH3 (δH 3.84)/C-3/5 (δC 108.3). (Figure 2 and
Supplementary Materials) The absolute configuration of 1 was determined through optical rotation
and rotating frame nuclear overhauser effect spectroscopy (ROESY) spectrum. Thus, the ROESY
spectrum suggested a correlation between H-7a (δH 2.70) and H-8 (δH 3.96) that, along with a large
coupling constant between both protons of 7.0 Hz, permitted the establishment of the β-orientation
of H-8. Moreover, the optical rotation of 1 was found to be −64.8. By comparing with the reported
optical rotation values for (R)-3-phenylpropan-2-ol and (S)-1-phenylpropan-2-ol, which were −24.3
and +50.8, respectively [20,21], the configuration of C-8 was determined to be R. Therefore, compound
1 was established to be (8R)-8-(4-hydroxy-3,5-dimethoxy) propan-8-ol-4-O-β-D-glucopyranoside and
named pipercroside A.
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Figure 2. 1H–1H correlation spectroscopy (COSY) and key heteronuclear multiple bond correlation
(HMBC) correlations between compounds 1 and 2.

Compound 2 was also isolated as a colourless gum. Its molecular formula was established to
be C17H24O9 through HR-ESI-MS. The 1H-NMR spectrum of 2 was very similar to that of known
compound 5, except for the integration for the aromatic protons (2 has one and 5 has two aromatic
protons), indicating that the glucosyl moieties of both compounds were identical. The 13C spectrum of
2 exhibited six aromatic carbons at δC 111.2 (C-2), 123.8 (C-1), 139.2 (C-4), 142.4 (C-5), 143.8 (C-6), and
146.7 (C-3), two methoxy groups at δC 57.8 (3-OCH3) and 61.9 (5-OCH3), and allyl and glucosyl signals
that were similar to those of 5. The planar structure of 2 disclosed in Figure 1 was further validated by
the corresponding HMBC spectrum through the following cross peaks: H-7 (δH 3.33)/C-2 (δC 111.2),
C-9 (δC 115.7), C-1 (δC 123.8), C-8 (δC 138.2), C-6 (δC 143.8), H-3-OCH3 (δH 3.78)/C-3 (δC 146.7), and
H-5-OCH3 (δH 3.87)/C-3 (δC 142.4). The absence of a correlation between the carbon atoms of the
methoxy groups with H-7 suggested that the methoxy groups were substituted symmetrically as
in 5. The deshielding of C-2 (δC 111.2) could be explained by the presence of a hydroxy group at
the meta-position. Taken together, these data permitted the establishment of the structure of 2 as
1-allyl-3,5-dimethoxy-6-hydroxy-4-β-D-glucopyranoside, which was named pipercroside B.
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Table 1. 1H-(600 MHz) and 13C-NMR (150 MHz) spectroscopic data of compounds 1 and 2 (MeOD, δ,
ppm, J/Hz).

1 2

Pos. δH δC δH δC

1 - 137.5 - 123.8
2 6.56, s 108.3 6.53, s 111.2
3 - 154.0 - 146.7
4 - 134.7 - 139.2
5 - 154.0 - 142.4
6 6.56, s 108.3 - 143.8
7a 2.70, dd, 13.4, 7.0 46.7 3.33, m 35.1
7b 2.64, dd, 13.4, 6.0 -
8 3.96, q, 6.0 69.7 5.95, dd, 17.0, 10.0, 6.6 138.2
9a 1.17, d, 6.0 23.1 5.05, dd, 17.0, 2.0 115.7
9b - 5.00, dd, 10.0, 1.0
1′ 4.80, dd, 7.6, 1.0 105.5 4.99, d, 7.5 104.9
2′ 3.47, td, 7.5, 2.4 75.7 3.46, m 75.7
3′ 3.42, d, 2.8 77.8 3.41, m 77.8
4′ 3.41, d, 2.6 71.2 3.41, m 71.3
5′ 3.20, dq, 7.0, 2.5 78.3 3.21, dd, 8.1, 4.0 78.3

6′a 3.78, dd, 12.0, 2.3 62.4 3.78, dd, 12.0, 2.3 62.4
6′b 3.67, dd, 12.0, 5.1 3.66, dd, 12.0, 2.3

3-OCH3 3.84, s 56.91 3.78, s 57.8
5-OCH3 3.84, s 56.91 3.87, s 61.9

Overall, 12 phenolic compounds were isolated in this study from the MeOH extract of the leaves
of P. crocatum. Besides the new compounds, to the best of our knowledge, this paper constitutes the
first report on the isolation of compounds 3–5, 8–10, and 12 from the genus of Piper and 6, 7 and 11
from Piper crocatum.

Finally, the soluble epoxide hydrolase (sEH) inhibitory effect were investigated of the isolated
phenolic glucosides (1–12) from P. crocatum. The sEH enzyme is widely distributed in mammalian
tissue, with potent effects on the on the biological activities conducted by the cardiovascular and
urinary systems [8]. It is responsible for the hydrolysis of epoxyeicosatrienoic acids (EETs), which are
endothelium-derived hyperpolarizing factors (EDHFs) that act as regulators of vascular function [9].
Thus, sEH can convert EETs to their corresponding diols (dihydroxyeicosatrienoic acids, DHETs),
thereby reducing their effects on the cardiovascular system through vasodilation, antimigration of
vascular smooth muscle cells, and anti-inflammatory action. Therefore, sEH has been considered as a
potential therapeutic target for vascular disease [10].

The sEH inhibitory activities were determined using recombinant human sEH incubated with
PHOME, an artificial substrate for fluorescence detection (Table 2).

The results revealed that only 4, 5, 6, and 8 exhibited inhibitory effect, with 5 having the highest
sEH inhibitory activity (92.9%). Compounds 4, 6, and 8 showed weak sEH inhibitory activities of 8.8%,
17.4%, and 18.9%, respectively. Interestingly, compound 2, despite having a structure that is similar
to that of 5, exhibited no inhibitory effect, which might be due to the presence of the –OH group at
the C-6 position affecting the steric hindrance of the allyl moiety, which resulted in a decrease of the
sEH inhibitory effect. Similarly, the difference in the inhibitory effect of the isomeric compounds 3 and
6 could stem from the presence of the methoxy group at the meta-position in 3, eliminating the sEH
inhibitory effect. Although 8 and 10 can be considered similar compounds, 10 revealed no inhibitory
effect, whereas 8 exhibited low sEH inhibitory effect. This suggests that the chemical circumstance
of the ketone moiety in 8 (located at the ortho-position) and 10 (connected with the glucose moiety)
was significant for the inhibitory effect. Finally, a comparison of all the compounds indicated that the
allyl group or the double-bond moiety might contribute to the sEH inhibitory effect. The IC50 value
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found for 5 (58.5 µM) demonstrates the potential of the phenolic derivatives isolated from P. crocatum
as bioactive compounds.

Table 2. Inhibitory effects of isolated compounds 1–12.

Compounds 100 µM (%) IC50 (µM)

1 N.I c N.T a

2 N.I N.T
3 N.I N.T
4 8.8 ± 2.5 N.T
5 92.9 ± 0.5 58.5 ± 0.5
6 17.4 ± 0.6 N.T
7 N.I N.T
8 18.9 ± 1.5 N.T
9 N.I N.T

10 N.I N.T
11 N.I N.T
12 N.I N.T

AUDA b 13.3 ± 0.8

sEH activity was expressed as the percentage of control activity. Values represent means ± SD (n = 3). a N.T:
Not Tested. b 12-(3-adamantan-1-yl-ureido)-dodecanoic acid (AUDA) was used as the positive control. c N.I:
Not Inhibition.

3. Materials and Methods

3.1. General Information

Optical rotations were determined using a Jasco DIP-370 automatic polarimeter (Jasco, Tokyo,
Japan Manufacturer, City, State if USA/Canada, Country). The NMR spectra were recorded using a
BRUKER AVANCE III 600 (1H, 600 MHz; 13C, 150 MHz) (Bruker Biospin GmbH, Karlsruhe, Germany),
with tetramethylsilane (TMS) as an internal standard. Heteronuclear multiple quantum correlation
(HMQC), heteronuclear multiple bond correlation (HMBC), rotating frame nuclear overhauser effect
spectroscopy (ROESY), and 1H–1H correlation spectroscopy (COSY) spectra were recorded using a
pulsed field gradient. The HR-ESI-MS spectra were obtained by using an Aglient 1200 LC-MSD Trap
spectrometer (Agilent, Santa Clara, CA, USA). Preparative HPLC was performed using a GILSON
321 pump, 151 UV/VIS detector (Gilson, VILLIERS-LE-BEL, France), and RStech HECTOR-M C18

column (5-micron, 250 × 21.2 mm) (RS Tech Crop, Chungju, South Korea). Column chromatography
was performed using a silica gel (Kieselgel 60, 70–230, and 230–400 mesh, Merck, Darmstadt, Germany),
YMC C-18 resins, and thin layer chromatography (TLC) was performed using pre-coated silica-gel
60 F254 and RP-18 F254S plates (both 0.25 mm, Merck, Darmstadt, Germany), the spots were detected
under UV light and using 10% H2SO4.

3.2. Plant Material

Dried leaves of Piper crocatum Ruiz & Pav were collected from Cilendek Timur, Bogor, West
Java, Indonesia, in August 2016 and taxonomically identified (Identification number: 1714/IPH.1.01/
If.07/VIII/2016) by the staff at herbarium Laboratory, Research Center for Biology, Indoenesian
Institute of Sciences, Cibinong, West Java, Indonesia. A voucher specimen (BBRC-SMPLS-003) was
deposited at the Herbarium of Aretha Medika Utama, Biomolecular and Biomedical Research Center,
Bandung, West Java, Indonesia.

3.3. Extraction and Isolation

The dried leaves of P. crocatum (2.6 kg) were refluxing extracted with MeOH (5 L × 3 times).
The total extraction (400.0 g) of MeOH was suspended in deionized water and partitioned with Hexane,
and water fraction. Then the water fraction was partitioned sequentially with EtOAc and BuOH,
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yielding EtOAc (1A, 16.1 g) and BuOH (1B, 65.0 g). The EtOAc fraction was subjected to a silica gel
column chromatography with a gradient of CHCl3-MeOH-H2O (10:1:0, 9:1:0, 8:1:0, 6:1:0.1, 5:1:0.1,
4:1:0.1, 3:1:0.1, 2:1:0.1, MeOH 2.0 L for each step) to give 11 fractions (Fr. 1A-1–1A-11). Fractions 7
and 8 were combined and isolated with a gradient of MeOH-Water (1:2, 1:1 and MeOH) by MPLC
using YMC C18 column to give 8 fractions (Fr. 2A-1–2A-8). Subfraction 2A-8 was separated using a
silica gel column chromatography with a CHCl3-MeOH (20:1) elution solvent to give compound 5
(6.0 mg). Fraction 9 was isolated with a gradient of MeOH-Water (1:2, 1:1 and MeOH) by MPLC using
YMC C18 column to give one fraction, and then it was isolated by prep-HPLC to give compounds 11
(3.0 mg). The BuOH fraction was subjected to a silica gel column chromatography with a gradient
of CHCl3-MeOH-H2O (10:1:0, 9:1:0, 8:1:0, 6:1:0.1, 5:1:0.1, 4:1:0.1, 3:1:0.1, 2:1:0.1, MeOH 5.0 L for each
step) to give 11 fractions (Fr. 2B-1–2B-11). Fractions 2B-2 and 2B-3 were combined and isolated with a
gradient of MeOH-H2O (1:2, 1:1 and MeOH) by MPLC using YMC C18 column to give 12 fractions
(Fr. 1C-1–1C-12). Fraction. 1C-3 was separated using a Sephadex LH-20 column and eluted by MeOH
and its sub fraction was isolated by prep-HPLC to give compound 6 (3.0 mg). Fraction. 1C-7 was
separated using a Sephadex LH-20 column and eluted by MeOH and its sub fractions were isolated
by prep-HPLC to give compound 8 (4.9 mg). Fraction. 1C-8 was separated using a Sephadex LH-20
column and eluted by MeOH and its sub fraction was isolated by prep-HPLC to give compound 7
(3.6 mg). Fraction. 1C-9 was separated using a Sephadex LH-20 column and eluted by MeOH and
its sub fraction was isolated by prep-HPLC to give compound 2 (2.0 mg). Fractions 2B-4 and 2B-5
were combined and isolated with a gradient of MeOH-H2O (1:2, 1:1 and MeOH) by MPLC using YMC
C18 column to give 13 fractions (1D-1–1D-13). Fraction. 1D-2 was separated by a Sephadex LH-20
column and eluted by MeOH and its sub fraction was isolated by prep-HPLC to give compound
3 (15.0 mg). Fraction. 1D-3 was separated using a Sephadex LH-20 column and eluted by MeOH
and its sub fraction was isolated by prep-HPLC to give compound 1 (3.0 mg). Fraction. 1D-6 was
separated using a Sephadex LH-20 column and eluted by MeOH and its sub fraction was isolated by
prep-HPLC to give compound 9 (30.4 mg). Fractions 2B-6 and 2B-7 were combined and isolated with a
gradient of MeOH-H2O (1:2, 1:1 and MeOH) by MPLC using YMC C18 column to give 10 fractions
(1E-1–1E-10). Fraction. 1E-2 was separated using a Sephadex LH-20 column and eluted by MeOH and
its sub fraction was isolated by prep-HPLC to give compounds 4 (3.0 mg) and 10 (2.0 mg). Fraction.
1E-5 was separated using a Sephadex LH-20 column and eluted by MeOH and its sub fraction was
isolated by prep-HPLC to give compound 12 (31.2 mg).

Pipercroside A (1): Colorless gum; C17H26O9;
[
α]25

D : –64.8 (c 0.51, MeOH); 1H-NMR (MeOD,
600 MHz) and 13C-NMR data (MeOD, 150 MHz), see Table 1 HR-EI-MS m/z 397.1475 [M + Na]+ (calcd
for C17H26O9Na, 397.1443)

Pipercroside B (2): Colorless gum; C17H24O9;
[
α]25

D : –5.2 (c 0.05, MeOH); 1H-NMR (MeOD,
600 MHz) and 13C-NMR data (MeOD, 150 MHz), see Table 1 HR-EI-MS m/z 395.1318 [M + Na]+

(calcd for C17H24O9Na, 395.1281).

3.4. Soluble Epoxide Hydrolases (sEH) Activity Assay

The soluble epoxide hydrolases (sEH) inhibitory assay, Bis-Tris (B9754), and albumin (A8806)
were purchased from Sigma Aldrich (St. Louis, MO, USA). The human recombinant soluble epoxide
hydrolases (sEH, 10011669), PHOME (10009134) and 12-(3-adamantan-1-yl-ureido)-dodecanoic acid
(AUDA) (10007972) were purchased from Caymanchem (Cayman, MI, USA). The 96-well white plate
was purchased from Costar (CORNING, NY, USA). The fluorescence intensity measurement was
conducted on using a Tecan infinite F200 microplate reader (Tecan, Mannedorf, Switzerland).

The enzymatic assays were performed according to the methods modified from previous
research [10]. The 130 µL aliquot of recombinant human sEH (12.15 ng/mL) was diluted with buffer
(25 mM Bis-Tris-HCl, pH 7.0 containing 0.1 mg/mL BSA) and mixed with 20 µL of MeOH, and then
with 50 µL of 3-phenyl-cyano(6-methoxy-2-naphthalenyl) methyl ester-2-oxiraneacetic acid (PHOME,
10 µM) was added. The amount of product converted from substrate by the enzyme was measured by
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fluorescence photometry (excitation filter 330 nm, and emission filter 465 nm), as follows: Enzyme
activity (%) = [S40 − S0/C40 − C0] × 100. Where C40 and S40 are the fluorescence of control and
inhibitor after 40 min, and S0 and C0 are the fluorescence of inhibitor and control at 0 min. In this
testing, AUDA was used as a positive control.

4. Conclusions

In conclusion, for the first time 12 phenolic compounds were isolated from the leaves of Piper
crocatum Ruiz & Pav, including two new phenolic glucosides, pipercroside A and B. Their structures
were elucidated through NMR and mass spectrometry, and their sEH inhibitory activity was evaluated
to find that erigeside II (5) exhibited inhibitory activity, with an IC50 value of 58.5 µM.

Supplementary Materials: The following are available online. The NMR (1D and 2D) data of compounds 1 and 2
are available as supporting information.

Author Contributions: The list authors contributed to this work as follows: H.X.L performed the isolation,
structure elucidation of the constituents, conducted the bioassay experiments, and prepared the manuscript. S.Y.Y.
assisted the experiments; W.L contributed to the revision of this manuscript. The entire research was performed
based on the planning of Y.H.K. All authors approved the final version of the manuscript.

Funding: This research was supported by a grant [KSN1812160] awarded to Korean Institute of Oriental Medicine
by the Ministry of Education, Science and Technology (MEST), Republic of Korea.

Conflicts of Interest: The authors declare no competing financial interest.

References

1. Parmar, V.S.; Jain, S.C.; Bisht, K.S.; Jain, R.; Taneja, P.; Jha, A.; Tyagi, O.D.; Prasad, A.K.; Wengel, J.;
Olsen, C.E.; et al. Phytochemistry of the genus Piper. Phytochemistry 1997, 46, 597–673. [CrossRef]

2. Shan, B.; Cai, Y.Z.; Sun, M.; Corke, H. Antioxidant capacity of 26 spice extracts and characterization of their
phenolic constituents. J. Agric. Food Chem. 2005, 53, 7749–7759. [CrossRef] [PubMed]

3. Conde-Hernández, L.A.; Guerrero-Beltrán, J.Á. Total phenolics and antioxidant activity of Piper auritum and
Porophyllum ruderale. Food Chem. 2014, 14, 455–460. [CrossRef] [PubMed]

4. Lattanzio, V. Phenolic compounds: Introduction. In Natural Products; Ramawat, K., Mérillon, J.M., Eds.;
Springer: Berlin, Heidelberg, 2013; pp. 1543–1580.

5. Kitamura, R.O.S.; Romoff, P.; Young, M.C.M.; Kato, M.J.; Lago, J.H.G. Chromenes from Peperomia serpens
(Sw.) Loudon (Piperaceae). Phytochemistry 2006, 67, 2398–2402. [CrossRef] [PubMed]

6. Dayany da Silva, A.M.; Freitas, V.P.; Conserva, G.A.A.; Alexandre, T.R.; Purisco, S.U.; Tempone, A.G.;
Melhem, M.S.C.; Kato, M.J.; Guimarães, E.F.; Lago, J.H.G. Bioactivity-guided isolation of laevicarpin,
an antitrypanosomal and anticryptococcal lactam from Piper laevicarpu (Piperaceae). Fitoterapia 2016, 111,
24–28. [CrossRef] [PubMed]

7. Chanwitheesuk, A.; Teerawutgulrag, A.; Rakariyatham, N. Screening of antioxidant activity and antioxidant
compounds of some edible plants of Thailand. Food chem. 2005, 92, 491–497. [CrossRef]

8. Campbell, W.B.; Gebremedhin, D.; Pratt, P.F.; Harder, D.R. Identification of epoxyeicosatrienoic acids as
endothelium-derived hyperpolarizing factors. Circ. Res. 1996, 78, 415–423. [CrossRef] [PubMed]

9. Imig, J.D.; Hammock, B.D. Soluble epoxide hydrolase as a therapeutic target for cardiovascular diseases.
Nat. Rev. Drug Discov. 2009, 8, 794. [CrossRef] [PubMed]

10. Bai, M.M.; Shi, W.; Tian, J.M.; Lei, M.; Kim, J.H.; Sun, Y.N.; Kim, Y.H.; Gao, J.M. Soluble epoxide hydrolase
inhibitory and anti-inflammatory components from the leaves of Eucommia ulmoides Oliver (Duzhong).
J. Agric. Food Chem. 2015, 63, 2198–2205. [CrossRef] [PubMed]

11. Ramsewak, R.S.; Nair, M.G.; DeWitt, D.L.; Mattson, W.G.; Zasada, J. Phenolic glycosides from Dirca palustris.
J. Nat. Prod. 1999, 62, 1558–1561. [CrossRef] [PubMed]

12. Abdel-Kader, M.S.; Al-Taweel, A.M.; El-Deeb, K.S. Bioactivity guided phytochemical study of Clematis
hirsuta growing in Saudi Arabia. Nat. Prod. Sci. 2008, 14, 56.

13. Miyase, T.; Kuroyanagi, M.; Noro, T.; UENO, A.; FUKUSHIMA, S. Studies on sesquiterpenes from
Macroclinidium trilobum Makino. II. Chem. Pharm. Bull. 1985, 33, 4445–4450. [CrossRef]

http://dx.doi.org/10.1016/S0031-9422(97)00328-2
http://dx.doi.org/10.1021/jf051513y
http://www.ncbi.nlm.nih.gov/pubmed/16190627
http://dx.doi.org/10.1016/j.foodchem.2013.07.078
http://www.ncbi.nlm.nih.gov/pubmed/24001865
http://dx.doi.org/10.1016/j.phytochem.2006.08.007
http://www.ncbi.nlm.nih.gov/pubmed/16973191
http://dx.doi.org/10.1016/j.fitote.2016.04.005
http://www.ncbi.nlm.nih.gov/pubmed/27083380
http://dx.doi.org/10.1016/j.foodchem.2004.07.035
http://dx.doi.org/10.1161/01.RES.78.3.415
http://www.ncbi.nlm.nih.gov/pubmed/8593700
http://dx.doi.org/10.1038/nrd2875
http://www.ncbi.nlm.nih.gov/pubmed/19794443
http://dx.doi.org/10.1021/acs.jafc.5b00055
http://www.ncbi.nlm.nih.gov/pubmed/25679330
http://dx.doi.org/10.1021/np9903595
http://www.ncbi.nlm.nih.gov/pubmed/10579873
http://dx.doi.org/10.1248/cpb.33.4445


Molecules 2019, 24, 489 8 of 8

14. Kim, M.R.; Moon, H.T.; Lee, D.G.; Woo, E.R. A new lignan glycoside from the stem bark of Styrax japonica S.
et Z. Arch. Pharm. Res. 2007, 30, 425. [CrossRef] [PubMed]

15. Ma, S.J.; Mizutani, M.; Hiratake, J.; Hayashi, K.; Yagi, K.; Watanabe, N.; Sakata, K. Substrate specificity of
β-primeverosidase, a key enzyme in aroma formation during oolong tea and black tea manufacturing. Biosci.
Biotechnol. Biochem. 2001, 65, 2719–2729. [CrossRef] [PubMed]

16. Ushiyama, M.; Furuya, T. Glycosylation of phenolic compounds by root culture of Panax ginseng.
Phytochemistry 1989, 28, 3009–3013. [CrossRef]

17. Miyase, T.; Ueno, A.; Takizawa, N.; Kobayashi, H.; Oguchi, H. Studies on the glycosides of Epimedium
grandiflorum MORR. var. thunbergianum (MIQ.) NAKAI. II. Chem. Pharm. Bull. 1987, 35, 3713–3719.
[CrossRef]

18. Tabata, M.; Umetani, Y.; Ooya, M.; Tanaka, S. Glucosylation of phenolic compounds by plant cell cultures.
Phytochemistry 1988, 27, 809–813. [CrossRef]

19. Cho, H.K.; Suh, W.S.; Kim, K.H.; Kim, S.Y.; Lee, K.R. Phytochemical constituents of Salsola komarovii and
their effects on NGF induction. Nat. Prod. Sci. 2014, 20, 95–101.

20. Nakamura, Y.; Egami, H.; Matsumoto, K.; Uchida, T.; Katsuki, T. Aerobic oxidative kinetic resolution
of racemic alcohols with bidentate ligand-binding Ru (salen) complex as catalyst. Tetrahedron 2007, 63,
6383–6387. [CrossRef]

21. Talluri, S.K.; Sudalai, A. An organo-catalytic approach to the enantioselective synthesis of (R)-selegiline.
Tetrahedron 2007, 63, 9758–9763. [CrossRef]

Sample Availability: Samples of the compounds are available from the authors.

© 2019 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/10.1007/BF02980215
http://www.ncbi.nlm.nih.gov/pubmed/17489357
http://dx.doi.org/10.1271/bbb.65.2719
http://www.ncbi.nlm.nih.gov/pubmed/11826969
http://dx.doi.org/10.1016/0031-9422(89)80269-9
http://dx.doi.org/10.1248/cpb.35.3713
http://dx.doi.org/10.1016/0031-9422(88)84097-4
http://dx.doi.org/10.1016/j.tet.2007.03.105
http://dx.doi.org/10.1016/j.tet.2007.07.012
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussion 
	Materials and Methods 
	General Information 
	Plant Material 
	Extraction and Isolation 
	Soluble Epoxide Hydrolases (sEH) Activity Assay 

	Conclusions 
	References

