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Abstract: Dalbergia cochinchinensis has been widely used in traditional medicine because of its
flavonoids; however, the impact of the flavonoids to modulate the inflammatory response to oral cells
remains to be described. For this aim, we isolated 4,7,2′-trihydroxy-4′-methoxyisoflavanol (472T4MIF)
and 6,4′-dihydroxy-7-methoxyflavane (64D7MF) from the heartwood of D. cochinchinensis and con-
firmed the chemical structure by nuclear magnetic resonance. We show here that both flavonoids are
inhibitors of an inflammatory response of murine RAW 264.7 inflammatory macrophages stimulated
by LPS. This is indicated by interleukin (IL)1, IL6, and chemokine CCL2 production besides the
phosphorylation of p65. Consistently, in primary murine macrophages, both flavonoids decreased
the inflammatory response by lowering LPS-induced IL1 and IL6 expression. To introduce oral cells,
we have used human gingival fibroblasts and provoked the inflammatory response by exposing them
to IL1β and TNFα. Under these conditions, 472T4MIF, but not 64D7MF, reduced the expression of
chemokines CXCL1 and CXCL2. Taken together, we identified two flavonoids that can reduce the
expression of cytokines and chemokines in macrophages and fibroblastic cells.

Keywords: flavonoids; Dalbergia cochinchinensis; macrophages; fibroblasts

1. Introduction

Dalbergia cochinchinensis is a species of legumein of the family Fabaceae, which is widely
distributed in Southeast Asia, particularly in Cambodia, Lao PDR, Thailand, and Vietnam.
Its drought tolerance and nitrogen-fixing ability make D. cochinchinensis a deciduous tree
in agroforestry systems of the tropics, particularly for restoring degraded forests and
deforested sites [1]. However, Dalbergia is highly threatened as a genus globally because of
its deforestation and illegal harvesting, with D. cochinchinensis characterized as vulnerable
and engendered in the IUCN Red List of Threatened Species™. There is nevertheless a need
for research to understand the biology of D. cochinchinensis, and natural plant-derived
products have been recognized as one of the main sources for drug discovery.

The transcriptomes of D. cochinchinensis and other species were deciphered [2–4].
Moreover, the stress response of D. cochinchinensis to drought and heat was reported [1],
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and the CO2 binding capacity was assessed [5]. Volatile components in D. cochinchinensis
were also analysed [6]. Chemical constituents from the heartwood of D. cochinchinensis
were isolated [7–9], e.g., 6,4′-dihydroxy-7-methoxyflavan [9]. From a clinical perspec-
tive, occupational toxic epidermal necrolysis was associated with D. cochinchinensis [10],
and some compounds showed inhibitory activity towards 5α-dihydrotestosterone [9].The
impact of isolated compounds of D. cochinchinensis to modulate an inflammatory response
is rather unknown.

Most research has been done with D. odorifera. Lipopolysaccharide(LPS)-stimulated
RAW 264.7 cells were used to identify phytocompounds isolated from D. odorifera to show
an activity [11,12]. Additionally, latifolin, a neoflavonoid extracted from D. odorifera, is capa-
ble to protect against myocardial infarction by targeting IL6 signalling [13] and cardiotoxic-
ity including macrophage polarization [14]. 6,7,4′-Trihydroxyflavone from D. odorifera also
prevented LPS-induced bone loss in a mice model [15]. Consistently, the effect of D. odorifera
extract was confirmed by LPS intraperitoneal injection in a mouse model and in vitro with
the murine RAW 264.7 macrophage cell line [16]. 9-Hydroxy-6,7-dimethoxydalbergiquinol
and 6,4′-dihydroxy-7-methoxyflavanone isolated from the heartwood of D. odorifera prevent
osteoclast differentiation [17,18]. Sativanone from D. odorifera also inhibits nitric oxide and
tumour necrosis factor-alpha (TNFα) release from LPS-stimulated RAW 264.7 cells [19].
Nevertheless, similar research with phytochemicals isolated from D. cochinchinensis has not
been done so far.

RAW 264.7 cells, primary macrophages, and gingival fibroblasts, particularly in the
dental field [20], are widely used to test if a candidate molecule can change the expression of
cytokines and chemokines that are key mediators of an inflammatory reaction. The inflam-
matory environment in vitro is simulated by exposing macrophages to bacterial-derived
virulence factors such as LPS, which activates the Toll-like receptor-4 (TLR4)signalling. This
pathway then drives the expression of interleukin 1 (IL1), IL6, and chemokines including
chemokine (C-C motif) ligand 2 (CCL2), also referred to as monocyte chemoattractant
protein 1, all of which are involved in chronic inflammation, such as periodontitis [21]. For
instance, CCL2 exhibits a chemotactic activity for monocytes and basophils and thus is
implicated in the pathogenesis of several diseases characterized by cell infiltrates. Gingival
fibroblasts exposed to inflammatory cytokines IL1β and TNFα also serve as an in vitro
model to study how a candidate molecule lowers inflammatory reactions indicated by the
expression of chemokines CXCL1 and CXCL2 [22]. These and other chemokines attract
immune cells, especially neutrophils and hematopoietic progenitors, for instance, in the
rheumatoid arthritis [23]. The in vitro models do not simulate the complexity of an inflam-
matory reaction in vivo but are resourceful tools to identify phytochemicals with a possible
anti-inflammatory activity. These candidate molecules may then undergo preclinical testing
considering the complexity of in vivo inflammation onset and its resolution.

Here, we have identified 4,7,2′-trihydroxy-4′-methoxyisoflavanol (472T4MIF) and
6,4′-dihydroxy-7-methoxyflavane (64D7MF) to be inhibitors of an in vitro inflammatory
response with the overall aim to identify natural compounds and support their use in
herbal medicine.

2. Material and Methods
2.1. Extraction of Compounds

The isolation of the compounds was reported in detail [24,25]. In brief, the heart-
wood of D. cochinchinensis was kindly provided by Prof. Yingjian Li, Guangxi University,
Nanning, China. A voucher specimen was deposited in the Key Laboratory of Mod-
ern Preparation of TCM, Ministry of Education, Jiangxi University of Chinese Medicine.
The air-dried heartwood of D. cochinchinensis (20.0 kg) was powdered, passed through
a #40 mesh sieve, and extracted with 70% ethanol under refluxing three times, for 2 h.
After removing the solvent under reduced pressure, the residue (5.4 kg) was suspended
in water and partitioned with petroleum ether (60~90 ◦C), chloromethane, ethyl acetate,
and n-butanol, respectively.
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2.2. Isolation of 4,7,2′-Trihydroxy-4′-methoxyisoflavanol (472T4MIF)

The petroleum ether extract (381.2 g) was separated into nine fractions (Frs. 1–9) by
applying a silica gel column, eluted with petroleum ether-EtOAc (50:1 to 1:1). Fr. 7 (6.0 g)
was separated into ten fractions (Frs. 7A–7J) by applying a silica gel column, eluted with
petroleum ether- CH2Cl2 (2:1 to 1:2). Fr. 7I (201.3 mg) was purified by Sephadex LH-20 with
CH2Cl2-MeOH (1:1) to give 472T4MIF (139.8 mg). The chemical structure of 472T4MIF was
confirmed by nuclear magnetic resonance spectroscopy [26].472T4MIF was dissolved in
dimethyl sulfoxide and stored in aliquots until being used for the in vitro testing.

2.3. Isolation of 6,4′-Dihydroxy-7-methoxyflavane (64D7MF)

The chloroform extract (902.6 g) was separated into 9 fractions (Frs. 1–9) by adopting
a silica gel column and was eluted with a gradient mixture of petroleum ether-EtOAc
(50:1 to 1:1). Fr. 5 was separated over silica gel with CH2Cl2-MeOH (50:1 to 1:1) and was
purified by Sephadex LH-20 using CH2Cl2-MeOH (1:1) as an eluent to afford 64D7MF
(576.4 mg). The chemical structures of 64D7MFwere confirmed by nuclear magnetic
resonance spectroscopy [9]. They were dissolved in dimethyl sulfoxide and stored in
aliquots until being used for the in vitro testing.

2.4. Murine RAW 264.7 Cells, Primary Macrophages, and Human Gingival Fibroblasts

RAW 264.7 macrophage-like cells (ATCC; LGC Standards GmbH, Wesel, Germany)
were expanded in regular Dulbecco’s Modified Eagle Medium (DMEM) with 10% fetal calf
serum (FCS) and 1% of 10,000 units penicillin and 10 mg streptomycin/mL (PS) (Sigma,
St Louis, MO, USA), and seeded at 3 × 105/cm2 for the experiments. BALB/c mice at the
age of 6–8 weeks were purchased from Animal Research Laboratories, Himberg, Austria. The
femora and tibiae of the mice were removed after scarifying, and bone marrow cells were
collected. Bone marrow cells were seeded at 1× 106 cells/cm2 into 12-well plates and grown
for 5–7 days in DMEM supplemented with 10% FCS and 1% PS (Sigma, St Louis, MO, USA)
and with 20 ng/mL mouse macrophage colony-stimulating factor (M-CSF; ProSpec-Tany
Techno Gene Ltd., Rehovot, Israel). Human gingival fibroblasts were prepared by explant
cultures after approval of the Ethical Committee of the Medical University of Vienna (EK
Nr. 631/2007). Gingival fibroblasts were expanded in DMEM supplemented with 10% FCS
and 1% PS (Sigma, St Louis, MO, USA) and seeded at 3 × 105/cm2. All cells were cultured
under standard conditions of 37 ◦C, 5% CO2, and 95% humidity.

2.5. Cell Stimulation

Primary macrophages and RAW 264.7 cells were exposed to 20 µM 4,7,2′-trihydroxy-
4′-methoxyisoflavanol and 6,4′-dihydroxy-7-methoxyflavane for 30 min before adding
100 ng/mL LPS for 24 h. Gingival fibroblasts were exposed to both flavonoids for 30 min
before being challenged by IL1β and TNFα (both at 10 ng/mL, ProSpec) in serum-free
DMEM. After 24 h, gene expression analysis was performed, and the supernatant was
collected for immunoassays.

2.6. RT-PCR and Immunoassay

Total RNA was isolated with the ExtractMe total RNA kit (Blirt S.A., Gdańsk, Poland).
Complementary DNA was synthesized through reverse transcription of the total RNA
(LabQ, Labconsulting, Vienna, Austria), and a polymerase chain reaction was performed
with a master mix from LabQ (Labconsulting, Vienna, Austria). Amplification was mon-
itored on the CFX Connect™ Real-Time PCR Detection System (Bio-Rad Laboratories,
Hercules, CA, USA). Primer sequences are provided in Table 1. The mRNA levels were
calculated by normalization to the housekeeping gene GAPDH using the ∆∆Ct method.
For the immunoassay, the mouse IL6 kit was used (R&D Systems, Minneapolis, MN, USA).
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Table 1. The primer sequences.

mIL1β AAGGGCTGCTTCCAAACCTTTGAC ATACTGCCTGCCTGAAGCTCTTGT
mIL6 GCTACCAAACTGGATATAATCAGGA CCAGGTAGCTATGGTACTCCAGAA

mCCL2 GCTACAAGAGGATCACCAGCAG GTCTGGACCCATTCCTTCTTGG
mGAPDH AACTTTGGCATTGTCGAACG GGATGCAGGGATGATGTTCT
hCXCL1 TCCTGCATCCCCCATAGTTA CTTCAGGAACAGCCACCAGT
hCXCL2 CCCATGGTTAAGAAAATCATCG CTTCAGGAACAGCCACCAAT

hGAPDH AAGCCACATCGCTC AGACAC GCCCAATACGACCAAATCC

2.7. Western Blot

RAW 264.7 cells and gingival fibroblasts were serum-starved overnight and then prein-
cubated for 30 min with the flavonoids before being exposed for 30 min to LPS (100 ng/mL).
Cell extracts containing SDS buffer and protease inhibitors (PhosSTOP with complete;
Sigma, St. Louis, MO, USA) were separated by SDS-PAGE and transferred onto polyvinyli-
dene fluoride (PVDF) membranes (Roche Diagnostics, Mannheim, Germany). Membranes
were blocked and the binding of the first antibody raised against phosphorylated and
non-phosphorylated p65 and p38 (Cell Signaling Technology, Danvers, MA, USA), and β-
actin (Santa Cruz Biotechnology, Santa Cruz, CA, USA) was detected with the appropriate
secondary antibody linked to a peroxidase. Chemiluminescence signals were visualized
with the ChemiDoc imaging system (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

2.8. Statistical Analysis

All experiments were repeated at least three times. Data from individual experi-
ments are shown as dot-blots. For PCR, data are described as an x-fold change com-
pared to the unstimulated control. Statistical analysis was based on repeated measures of
one-way ANOVA with Greehouse–Geisser correction and Dunnett’s multiple compari-
son test. The p-values are indicated compared to the stimulated group but without the
flavonoids. Significance was set at p < 0.05. Data were analysed by the Prism 8.0e software
(GraphPad Software; San Diego, CA, USA).

3. Results
3.1. Isolation of 472T4MIF and 64D7MF

To isolate chemically defined natural compounds, we reconstituted the ethanolic ex-
tracts of the heartwood of D. cochinchinensis with petroleum ether, chloromethane, ethyl
acetate, n-butanol dichloromethane and ethyl acetate. The petroleum ether extract (381.2 g)
was further separated isolate 472T4MIF (139.8 mg, Figure 1A). The chloroform extract
(902.6 g) was separated and finally 64D7MF (576.4 mg) was isolated (Figure 1B). The chemi-
cal structures of 472T4MIF and 64D7MF were confirmed by nuclear magnetic resonance
spectroscopy. They were dissolved in dimethyl sulfoxide and stored in aliquots until being
used for the in vitro testing.

Figure 1. The structures of flavonoids. The ethanolic extract of the heartwood of D. cochinchinensis was
further separated allowing the isolation of (A) 472T4MIF and (B) 64D7MF. Their chemical structures
were confirmed by nuclear magnetic resonance spectroscopy.
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3.2. 472T4MIF and 64D7MF Do Not Affect Viability of RAW 264.7 Macrophages

To exclude the possible toxicity of 472T4MIF and 64D7MF, we grew RAW 264.7 macrophages
in the presence of the two flavonoids before provoking an inflammatory response with
LPS [27,28]. We report that there were no morphological changes of cells in phase-contrast
microscopy (Figure 2). Moreover, the conversion of a substrate into formazan crystals was
not affected by 20 µM 472T4MIF and 64D7MF alone or in the presence of LPS (data not
shown). These findings indicate that RAW 264.7 macrophages remain viable when exposed
to the indicated concentration of 472T4MIF and 64D7MF.

Figure 2. Morphology of RAW 264.7 cells exposed to 472T4MIF and 64D7MF and LPS.RAW 264.7 cells
were exposed to 20 µM of 472T4MIF or 64D7MF for 30 min before cells were treated with 100 ng/mL
LPS for 24 h. WO indicates unstimulated control. The phase-contrast images indicate the LPS supports
cell attachment but 472T4MIF and 64D7MF caused no obvious deterioration of cell morphology.

3.3. 472T4MIF and 64D7MF Have an Activity in Murine Macrophages

To identify the possible activity, we have pre-exposed RAW 264.7 and primary
macrophages to the two flavonoids before provoking an inflammatory response with
LPS [27,28]. We found that the strong LPS increasedIL1 and IL6 expression was virtually
eliminated in the presence of 20 µM 472T4MIF or 64D7MF in RAW 264.7 cells (Figure 3)
and in primary macrophages (Figure 4). Immunoassays for IL6 confirmed that 472T4MIF
and 64D7MF are capable to lower the LPS-induced production of IL6 by RAW 264.7 cells
(Figure 3D). Additionally, CCL2 was also downregulated by 472T4MIF and 64D7MF in
RAW 264.7 cells (Figure 3C). Overall, 472T4MIF was more potent compared to 64D7MF to
reduce the inflammatory response of macrophages to LPS.

3.4. 472T4MIF and 64D7MF Diminished the p65 and p38 Phosphorylation in Macrophages

To identify the underlying molecular mechanism, we tested to which extent the
flavonoids reduce the canonical p65-NFkB signalling pathway in RAW 264.7 macrophages.
Western blot showed that the exposure of RAW 264.7 macrophages to 20 µM of 472T4MIF
(Figure 5A) or 64D7MF (Figure 5B) greatly reduced the LPS-induced phosphorylation
signal of p65. To detect the underlying molecular mechanism, we tested to which extent
the flavonoids reduce the phosphorylation p38 in RAW 264.7 macrophages. Western blot
showed that the exposure of RAW 264.7 macrophages to 20 µM of 472T4MIF (Figure 6A) or
64D7MF (Figure 6B) greatly reduced the LPS-induced phosphorylation signal of p38.Taken
together, the activity of 472T4MIF and 64D7MF was associated with a significant blocking
of p65 and p38 phosphorylation in vitro.
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Figure 3. 472T4MIF and 64D7MF suppress LPS-induced expression of cytokines in RAW 264.7 cells.
RAW 264.7 cells were exposed to 20 µM of 472T4MIF or 64D7MF for 30 min before cells were treated
with 100 ng/ml LPS for 24 h. WO indicates LPS but no flavonoids. Data show the x-fold changes
in (A) IL1, (B) IL6, and (C) CCL2 expression compared to unstimulated cells (expression of control
which is 1). (D) The immunoassay shows the release of IL6 into the supernatant of the respective
cultures with unstimulated cells (UC) indicating cells without LPS. Statistical analysis was based on
repeated measures one-way ANOVA with Greenhouse–Geisser correction and Dunnett’s multiple
comparison test. We compared the LPS group to the other groups.

Figure 4. 472T4MIF and 64D7MF suppress LPS-induced expression of cytokines in primary
macrophages. Primary macrophages were exposed to 20 µM of 472T4MIF or 64D7MF for 30 min
before cells were treated with 100 ng/mL LPS for 24 h. Data show the x-fold changes in (A) IL1 and
(B) IL6 expression compared to the LPS group (WO: without). Statistical analysis was based on
repeated measures one-way ANOVA with Greenhouse–Geisser correction and Dunnett’s multiple
comparison test. The p-values are indicated compared to the stimulated group but without the
flavonoids. Significance was set at p < 0.05.
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Figure 5. 472T4MIF and 64D7MF reduced the phosphorylation of p65 in RAW 264.7 cells. RAW
264.7 cells were exposed to 20 µM of 472T4MIF or 64D7MF for 30 min before cells were treated with
LPS for 30min. Western blot analysis shows the phosphorylation of p65 of cells stimulated with LPS
but not in the untreated cells or in the presence of flavonoids.

Figure 6. 472T4MIF and 64D7MF failed to considerably reduce the phosphorylation of p38 in RAW
264.7 cells. RAW 264.7 cells were exposed to 20 µM of 472T4MIF or64D7MF for 30 min, then LPS for
30 min. Western blot analysis shows the phosphorylation of p38 of cells stimulated with LPS but not
in the untreated cells or in the presence of flavonoids.

3.5. 472T4MIF and 64D7MF Do Not Reduce the Response of Fibroblasts to IL1β and TNFa

Next, we determined if 472T4MIF and 64D7MF can lower the inflammatory response
of gingival fibroblasts exposed to IL1β and TNFα. The gingival fibroblasts showed the ex-
pected strong inflammatory reactions expressed by the increased expression of CXCL1 and
CXCL2 (Figure 7). Gingival fibroblasts responded to 472T4MIF but not to 64D7MF by
a decrease in the inflammatory chemokines CXCL1 and CXCL2 (Figure 7). Neverthe-
less, Western blot analysis showed that 472T4MIF, but not 64D7MF, slightly lowered the
p65 phosphorylation signal of gingival fibroblasts exposed to IL1β and TNFα (Figure 8).
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Figure 7. 472T4MIFcan reduce CXCL1 and CXCL2 expression in gingival fibroblasts. Gingival
fibroblasts were exposed to 20 µM of 472T4MIF or64D7MFfor 30 min before cells were treated with
10 ng/ml IL1β and TNFα for 24 h. Without (WO) indicates cells treated with IL1β and TNFα but
no flavonoids. Data show the x-fold changes in (A) CXCL1 and (B) CXCL2 expression compared
to unstimulated cells. Statistical analysis was based on repeated measures one-way ANOVA with
Greenhouse–Geisser correction and Dunnett’s multiple comparison test. The p-values are indicated
compared to the IL1β and TNFα group but without the flavonoids.

Figure 8. 472T4MIF moderately reduce the phosphorylation of p65 in gingival fibroblasts. Gingival
fibroblasts were exposed to 20 µM of 472T4MIF or 64D7MF before cells were treated with LPS for
30 min. Western blot analysis shows the phosphorylation of p65 of cells stimulated with IL1β and
TNFα but not in the untreated cells. 472T4MIF (A), but not 64D7MF (B), caused a weak reduction in
phosphorylation of p65.

4. Discussion

Herbal medicine was successful in supporting people’s health for centuries, and it is
only recently that the pharmacological compounds that account for the beneficial effects are
beginning to be identified. Complex extraction processes of plant-derived single molecules
are followed by deciphering the chemical structure. It then requires the bioassay to identify
the function of the single molecules that, depending on the purpose, can be a macrophages
assay that simulates an inflammatory response. Macrophages are suitable model systems
as they play a key role in the initiation of inflammation and its resolution in various dis-
eases [29,30]. Taking advantage of this bioassay, we could identify two flavonoids isolated
from the heartwood of D. cochinchinensis, namely 4,7,2′-trihydroxy-4′-methoxyisoflavanol
and 6,4′-dihydroxy-7-methoxyflavane to greatly suppress the LPS-induced cytokine and
CCL2 expression of murine macrophages. Moreover, 472T4MIF reduced the expression
of CXCL1 and CXCL2 in gingival fibroblasts. The importance of this research was thus
that we could add two more plant-derived molecules to the growing list of possible
anti-inflammatory molecules.
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If we relate the findings observed with D. cochinchinensis to those of others, we can build
up on the knowledge gained by D. odorifera and its phytocompounds showing activity in
a similar model, the LPS-stimulated RAW 264.7 cells [11,12,16,19]. In general, D. odorifera
species are widely used as medicinal drugs. Its approximately 175 metabolites are not only
tested for bioactivity; however, they play an important role in drug discovery programs [31,32].
Based on similar strategies, we recently showed that D.melanoxylon contains 3′-hydroxy-
4,4′-dimethoxydalbergione, 4-methoxydalbergione, and 4′-hydroxy-4-methoxydalbergione,
all of which are inhibitors of LPS-stimulated macrophages in vitro (Shao et al. submitted).
This progress in the phytochemistry and pharmacology of metabolites originating from
Dalbergia species was not only to explain the traditional use but also for drug discovery.

We further observed that 472T4MIF, but not 64D7MF, was capable to lower the
IL1β and TNFα-induced expression of CXCL1 and CXCL2 by human gingival fibrob-
last. Consistently, when using fibroblast-like synoviocytes, for instance, neohesperidin [33],
diosmetin [34], and kaempferitrin [35], all flavonoids, suppressed in vitro inflammation.
Quercetin, a natural flavanol that reduced inflammatory cytokines [36], and luteolin re-
duced COX2 expression [37] in human gingival fibroblasts. This demonstrates that fibrob-
lasts are potential targets for the activity of phytocompounds. In all studies mentioned,
the cells were exposed to LPS. We, however, used IL1β and TNFα to provoke a robust
inflammatory response in gingival fibroblasts as the 100 ng/mL LPS gave no robust in vitro
inflammatory response. The findings thus suggest that at least 472T4MIF can lower the
expression of chemokines induced by the IL1β and TNFα signalling pathway, but the
reduction in phosphorylation of p65 was not substantial and presumably only partially
dependent on NFkB signalling.

The study has limitations. First, the screening for a possible anti-inflammatory activity
remains restricted to an in vitro bioassay, therefore future studies should translate the find-
ings to a preclinical situation, including models for rheumatoid arthritis and periodontitis.
For instance, the flavonoids can be tested for their activity to reduce periodontal tissue
destruction upon placing ligatures around teeth [38]. Secondly, the molecular mechanism
that accounts responsible for the activity of 472T4MIF and 64D7MF in the macrophages
has not been identified, but it obviously involves the NFkB signalling cascade as the
phosphorylation of p65 was greatly suppressed. Surprisingly, however, we could not
identify an expression change in the heme oxygenase-1 pathway that is linked to the
activity of various phytocompounds (data not shown). For example, 4,2′,5′-trihydroxy-
4′-methoxychalcone from the heartwood of D. odorifera [39] but also latifolin [40] induced
heme oxygenase-1 expression through the nuclear translocation of nuclear factor E2-related
factor 2 in macrophages. Hence, further research is required to understand how 472T4MIF
and 64D7MF exert their activity on the molecular level including the question of how the
effects restricted to TLR mediated signalling. Third, our in vitro models do not simulate
inflammation derived from metabolic stress, and a short time exposure is not enough for
the polarization of macrophages to develop an M1-like or M2-like phenotype. Hence future
studies should consider the impact of the flavonoids on macrophage polarization and how
this is affected by metabolic stress [41]. Finally, we are aware that D. cochinchinensis is
engendered in the IUCN Red List of Threatened Species™; this research is not intended
to support the traditional use of plant extracts but to use those to refine pharmacological
drug discovery.

In summary, we showed here that 4,7,2′-trihydroxy-4′-methoxyisoflavanol and
6,4′-dihydroxy-7-methoxyflavane can be isolated from the heartwood of D. cochinchinensis,
both being inhibitors of an inflammatory response of murine macrophages exposed to LPS.
We also learned that both phytocompounds failed to reduce the expression of inflammatory
cytokines when exposed to IL1β and TNFα. These results add two new molecules to the
list of phytocompounds with an LPS-induced activity.



Molecules 2022, 27, 1321 10 of 11

Author Contributions: Conceptualization, F.S. and R.G.; methodology, F.S. and L.P.; validation,
M.B.S. and F.T.; formal analysis, F.S. and M.B.S.; resources, R.L.; data curation, F.S.; writing—original
draft preparation, F.S., L.P. and R.G.; writing—review and editing, L.P. and R.G.; supervision, L.P.
and R.G.; project administration, F.S. and R.G. All authors have read and agreed to the published
version of the manuscript.

Funding: This project was supported by the Chinese Government Scholarship (Grant No. 202008360031),
the National Natural Science Foundation of China (Grant No. 82160733, 81760094), Natural Science
Foundation of Jiangxi Province, China (Grant No. 20202BABL216072), Science and Technology Project
of Jiangxi Provincial Administration of Traditional Chinese Medicine (Grant No. 2019A025), Science
and Technology Project of Jiangxi Provincial Department of Education (Grant No. GJJ201203), Science
and Technology Planning of Jiangxi Provincial Health Commission (Grant No. 202131043), Doctoral
Research Fund of Jiangxi University of Chinese Medicine (Grant No. 2019WBZR002).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare that they have no conflict of interest.

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

References
1. Hung, T.H.; Gooda, R.; Rizzuto, G.; So, T.; Thammavong, B.; Tran, H.T.; Jalonen, R.; Boshier, D.H.; MacKay, J.J. Physiological

responses of rosewoods Dalbergia cochinchinensis and D. oliveri under drought and heat stresses. Ecol. Evol. 2020, 10,
10872–10885. [CrossRef] [PubMed]

2. Hirata, M.; Mitsuyuki, C.; Moritsuka, E.; Chhang, P.; Tagane, S.; Toyama, H.; Sokh, H.; Rueangruea, S.; Suddee, S.; Suyama, Y.; et al.
Evaluating the genetic diversity in two tropical leguminous trees, Dalbergia cochinchinensis and D. nigrescens, in lowland forests
in Cambodia and Thailand using MIG-seq. Genes Genet. Syst. 2021, 96, 41–53. [CrossRef]

3. Hung, T.H.; So, T.; Sreng, S.; Thammavong, B.; Boounithiphonh, C.; Boshier, D.H.; MacKay, J.J. Reference transcriptomes and
comparative analyses of six species in the threatened rosewood genus Dalbergia. Sci. Rep. 2020, 10, 17749. [CrossRef] [PubMed]

4. Hartvig, I.; So, T.; Changtragoon, S.; Tran, H.T.; Bouamanivong, S.; Theilade, I.; Kjaer, E.D.; Nielsen, L.R. Population genetic
structure of the endemic rosewoods Dalbergia cochinchinensis and D. oliveri at a regional scale reflects the Indochinese landscape
and life-history traits. Ecol. Evol. 2018, 8, 530–545. [CrossRef] [PubMed]

5. Tor-Ngern, P.; Leksungnoen, N. Investigating carbon dioxide absorption by urban trees in a new park of Bangkok, Thailand.
BMC Ecol. 2020, 20, 20. [CrossRef] [PubMed]

6. Xiang, Z.; Chen, X.; Zhao, Z.; Xiao, X.; Guo, P.; Song, H.; Yang, X.; Huang, M. Analysis of volatile components in Dalbergia
cochinchinensis Pierre by a comprehensive two-dimensional gas chromatography with mass spectrometry method using a solid-
state modulator. J. Sep. Sci. 2018, 41, 4315–4322. [CrossRef]

7. Liu, R.H.; Wen, X.C.; Li, Y.Y.; Zhang, P.Z.; Shao, F.; Huang, H.L.; Tang, F.R. Chemical Constituents from Dalbergia cochinchinensis.
Zhong Yao Cai=Zhongyaocai=J. Chin. Med. Mater. 2015, 38, 1868–1871.

8. Shirota, O.; Pathak, V.; Sekita, S.; Satake, M.; Nagashima, Y.; Hirayama, Y.; Hakamata, Y.; Hayashi, T. Phenolic constituents from
Dalbergia cochinchinensis. J. Nat. Prod. 2003, 66, 1128–1131. [CrossRef]

9. Pathak, V.; Shirota, O.; Sekita, S.; Hirayama, Y.; Hakamata, Y.; Hayashi, T.; Yanagawa, T.; Satake, M. Antiandrogenic phenolic
constituents from Dalbergia cochinchinensis. Phytochemistry 1997, 46, 1219–1223. [CrossRef]

10. Yang, Y.; Zhang, Z.; Lu, X.; Zhu, X.; Huang, Q.; Liang, J.; Xu, J. Occupational toxic epidermal necrolysis associated with dalbergia
cochinchinensis: A retrospective comparative study of eight cases in China. Int. J. Dermatol. 2015, 54, 1435–1441. [CrossRef]

11. Sun, K.; Su, C.; Li, W.; Gong, Z.; Sha, C.; Liu, R. Quality markers based on phytochemical analysis and anti-inflammatory
screening: An integrated strategy for the quality control of Dalbergia odorifera by UHPLC-Q-Orbitrap HRMS. Phytomedicine
2021, 84, 153511. [CrossRef]

12. Lee, C.; Lee, J.W.; Jin, Q.; Jang, D.S.; Lee, S.J.; Lee, D.; Hong, J.T.; Kim, Y.; Lee, M.K.; Hwang, B.Y. Inhibitory constituents of the
heartwood of Dalbergia odorifera on nitric oxide production in RAW 264.7 macrophages. Bioorg. Med. Chem. Lett. 2013, 23,
4263–4266. [CrossRef]

13. Lai, X.X.; Zhang, N.; Chen, L.Y.; Luo, Y.Y.; Shou, B.Y.; Xie, X.X.; Liu, R.H. Latifolin protects against myocardial infarction by
alleviating myocardial inflammatory via the HIF-1alpha/NF-kappaB/IL-6 pathway. Pharm. Biol. 2020, 58, 1156–1166. [CrossRef]

14. Zhang, N.; Shou, B.; Chen, L.; Lai, X.; Luo, Y.; Meng, X.; Liu, R. Cardioprotective Effects of Latifolin Against Doxorubicin-Induced
Cardiotoxicity by Macrophage Polarization in Mice. J. Cardiovasc. Pharmacol. 2020, 75, 564–572. [CrossRef]

15. Kim, E.N.; Kim, Y.G.; Lee, J.H.; Min, B.S.; Jeong, G.S. 6,7,4′-Trihydroxyflavone inhibits osteoclast formation and bone resorption
in vitro and in vivo. Phytother. Res. 2019, 33, 2948–2959. [CrossRef]

http://doi.org/10.1002/ece3.6744
http://www.ncbi.nlm.nih.gov/pubmed/33072302
http://doi.org/10.1266/ggs.20-00026
http://doi.org/10.1038/s41598-020-74814-2
http://www.ncbi.nlm.nih.gov/pubmed/33082403
http://doi.org/10.1002/ece3.3626
http://www.ncbi.nlm.nih.gov/pubmed/29321891
http://doi.org/10.1186/s12898-020-00289-4
http://www.ncbi.nlm.nih.gov/pubmed/32284054
http://doi.org/10.1002/jssc.201800636
http://doi.org/10.1021/np0300683
http://doi.org/10.1016/S0031-9422(97)80015-5
http://doi.org/10.1111/ijd.12784
http://doi.org/10.1016/j.phymed.2021.153511
http://doi.org/10.1016/j.bmcl.2013.04.032
http://doi.org/10.1080/13880209.2020.1840597
http://doi.org/10.1097/FJC.0000000000000827
http://doi.org/10.1002/ptr.6468


Molecules 2022, 27, 1321 11 of 11

16. Choi, H.S.; Park, J.A.; Hwang, J.S.; Ham, S.A.; Yoo, T.; Lee, W.J.; Paek, K.S.; Shin, H.C.; Lee, C.H.; Seo, H.G. A Dalbergia odorifera
extract improves the survival of endotoxemia model mice by inhibiting HMGB1 release. BMC Complement. Altern. Med. 2017,
17, 212. [CrossRef]

17. Kim, J.Y.; Kim, J.Y.; Cheon, Y.H.; Kwak, S.C.; Baek, J.M.; Kim, Y.C.; Yoon, K.H.; Oh, J.; Lee, M.S. 9-Hydroxy-6,7-dimethoxydalbergiquinol
inhibits osteoclast differentiation through down-regulation of Akt, c-Fos and NFATc1. Int. Immunopharmacol. 2014, 20,
213–220. [CrossRef]

18. Im, N.K.; Choi, J.Y.; Oh, H.; Kim, Y.C.; Jeong, G.S. 6,4′-Dihydroxy-7-methoxyflavanone inhibits osteoclast differentiation and
function. Biol. Pharm. Bull. 2013, 36, 796–801. [CrossRef]

19. Wang, J.; Jiang, W.; Wang, Y. Anti-inflammation of flavonoid compounds from Dalbergia odorifera T. Chen in lipopolysaccharide
stimulated RAW264.7 macrophages. Xi Bao Yu Fen Zi Mian Yi Xue Za Zhi=Chin. J. Cell. Mol. Immunol. 2013, 29, 681–684.

20. Panahipour, L.; Tabatabaei, A.A.; Gruber, R. Hypoallergenic infant formula lacks transforming growth factor beta activity and has
a lower anti-inflammatory activity than regular infant formula. J. Dairy Sci. 2020, 103, 6771–6781. [CrossRef]

21. Jia, L.; Han, N.; Du, J.; Guo, L.; Luo, Z.; Liu, Y. Pathogenesis of Important Virulence Factors of Porphyromonas gingivalis via
Toll-Like Receptors. Front. Cell Infect. Microbiol. 2019, 9, 262. [CrossRef] [PubMed]

22. Muller, H.D.; Cvikl, B.; Lussi, A.; Gruber, R. Chemokine expression of oral fibroblasts and epithelial cells in response to artificial
saliva. Clin. Oral. Investig. 2016, 20, 1035–1042. [CrossRef] [PubMed]

23. Miyabe, Y.; Lian, J.; Miyabe, C.; Luster, A.D. Chemokines in rheumatic diseases: Pathogenic role and therapeutic implications.
Nat. Rev. Rheumatol. 2019, 15, 731–746. [CrossRef] [PubMed]

24. Liu, R.-H.; Wen, X.-C.; Shao, F.; Zhang, P.-Z.; Huang, H.-L.; Zhang, S. Flavonoids from Heartwood of Dalbergia cochinchinensis.
Chin. Herb. Med. 2016, 8, 89–93. [CrossRef]

25. Liu, R.-h.; Wen, X.-C.; Zhang, P.-Z.; Shao, F.; Yang, Z.-H.; Huang, H.-L.; Wang, Y. Chemical constituents of isoflavonoids from
Dalbergia cochinchinensis. Chin. Tradit. Herb. Drugs 2015, 46, 2851–2855. [CrossRef]

26. Bojase, G.; Wanjala, C.C.W.; Majinda, R.R.T. Two new isoflavanoids from bolusanthus speciosus. Bull Chem. Soc. Ethiop. 2001, 15,
131–136. [CrossRef]

27. Panahipour, L.; Kochergina, E.; Laggner, M.; Zimmermann, M.; Mildner, M.; Ankersmit, H.J.; Gruber, R. Role for Lipids Secreted
by Irradiated Peripheral Blood Mononuclear Cells in Inflammatory Resolution in Vitro. Int. J. Mol. Sci. 2020, 21, 4694. [CrossRef]

28. Panahipour, L.; Kochergina, E.; Kreissl, A.; Haiden, N.; Gruber, R. Milk modulates macrophage polarization in vitro. Cytokine X
2019, 1, 100009. [CrossRef]

29. Tang, P.M.; Nikolic-Paterson, D.J.; Lan, H.Y. Macrophages: Versatile players in renal inflammation and fibrosis. Nat. Rev. Nephrol.
2019, 15, 144–158. [CrossRef]

30. Na, Y.R.; Stakenborg, M.; Seok, S.H.; Matteoli, G. Macrophages in intestinal inflammation and resolution: A potential therapeutic
target in IBD. Nat. Rev. Gastroenterol. Hepatol. 2019, 16, 531–543. [CrossRef]

31. Zhao, X.; Wang, C.; Meng, H.; Yu, Z.; Yang, M.; Wei, J. Dalbergia odorifera: A review of its traditional uses, phytochemistry,
pharmacology, and quality control. J. Ethnopharmacol. 2020, 248, 112328. [CrossRef]

32. The, S.N. A Review on the Medicinal Plant Dalbergia odorifera Species: Phytochemistry and Biological Activity. Evid.-Based
Complement. Alternat. Med. 2017, 2017, 7142370. [CrossRef]

33. Wang, X.H.; Dai, C.; Wang, J.; Liu, R.; Li, L.; Yin, Z.S. Therapeutic effect of neohesperidin on TNF-alpha-stimulated human
rheumatoid arthritis fibroblast-like synoviocytes. Chin. J. Nat. Med. 2021, 19, 741–749. [CrossRef]

34. Chen, Y.; Wang, Y.; Liu, M.; Zhou, B.; Yang, G. Diosmetin exhibits anti-proliferative and anti-inflammatory effects on TNF-
alpha-stimulated human rheumatoid arthritis fibroblast-like synoviocytes through regulating the Akt and NF-kappaB signaling
pathways. Phytother. Res. 2020, 34, 1310–1319. [CrossRef]

35. Wang, J.; Zhao, Q. Kaempferitrin inhibits proliferation, induces apoptosis, and ameliorates inflammation in human rheumatoid
arthritis fibroblast-like synoviocytes. Phytother. Res. 2019, 33, 1726–1735. [CrossRef]

36. Xiong, G.; Ji, W.; Wang, F.; Zhang, F.; Xue, P.; Cheng, M.; Sun, Y.; Wang, X.; Zhang, T. Quercetin Inhibits Inflammatory Response
Induced by LPS from Porphyromonas gingivalis in Human Gingival Fibroblasts via Suppressing NF-kappaB Signaling Pathway.
Biomed Res. Int. 2019, 2019, 6282635. [CrossRef]

37. Gutierrez-Venegas, G.; Contreras-Sanchez, A. Luteolin and fisetin inhibit the effects of lipopolysaccharide obtained from
Porphyromonas gingivalis in human gingival fibroblasts. Mol. Biol. Rep. 2013, 40, 477–485. [CrossRef]

38. Lin, P.; Niimi, H.; Ohsugi, Y.; Tsuchiya, Y.; Shimohira, T.; Komatsu, K.; Liu, A.; Shiba, T.; Aoki, A.; Iwata, T.; et al. Application
of Ligature-Induced Periodontitis in Mice to Explore the Molecular Mechanism of Periodontal Disease. Int. J. Mol. Sci. 2021,
22, 8900. [CrossRef]

39. Lee, D.S.; Li, B.; Im, N.K.; Kim, Y.C.; Jeong, G.S. 4,2′,5′-trihydroxy-4′-methoxychalcone from Dalbergia odorifera exhibits
anti-inflammatory properties by inducing heme oxygenase-1 in murine macrophages. Int. Immunopharmacol. 2013, 16,
114–121. [CrossRef]

40. Lee, D.S.; Kim, K.S.; Ko, W.; Li, B.; Keo, S.; Jeong, G.S.; Oh, H.; Kim, Y.C. The neoflavonoid latifolin isolated from MeOH
extract of Dalbergia odorifera attenuates inflammatory responses by inhibiting NF-kappaB activation via Nrf2-mediated heme
oxygenase-1 expression. Phytother. Res. 2014, 28, 1216–1223. [CrossRef]

41. Domblides, C.; Lartigue, L.; Faustin, B. Metabolic Stress in the Immune Function of T Cells, Macrophages and Dendritic Cells.
Cells 2018, 7, 68. [CrossRef]

http://doi.org/10.1186/s12906-017-1725-0
http://doi.org/10.1016/j.intimp.2014.03.001
http://doi.org/10.1248/bpb.b12-00964
http://doi.org/10.3168/jds.2019-18067
http://doi.org/10.3389/fcimb.2019.00262
http://www.ncbi.nlm.nih.gov/pubmed/31380305
http://doi.org/10.1007/s00784-015-1582-5
http://www.ncbi.nlm.nih.gov/pubmed/26342602
http://doi.org/10.1038/s41584-019-0323-6
http://www.ncbi.nlm.nih.gov/pubmed/31705045
http://doi.org/10.1016/S1674-6384(16)60014-X
http://doi.org/10.7501/j.issn.0253-2670.2015.19.006
http://doi.org/10.4314/bcse.v15i2.20958
http://doi.org/10.3390/ijms21134694
http://doi.org/10.1016/j.cytox.2019.100009
http://doi.org/10.1038/s41581-019-0110-2
http://doi.org/10.1038/s41575-019-0172-4
http://doi.org/10.1016/j.jep.2019.112328
http://doi.org/10.1155/2017/7142370
http://doi.org/10.1016/S1875-5364(21)60107-3
http://doi.org/10.1002/ptr.6596
http://doi.org/10.1002/ptr.6364
http://doi.org/10.1155/2019/6282635
http://doi.org/10.1007/s11033-012-2083-0
http://doi.org/10.3390/ijms22168900
http://doi.org/10.1016/j.intimp.2013.03.026
http://doi.org/10.1002/ptr.5119
http://doi.org/10.3390/cells7070068

	Introduction 
	Material and Methods 
	Extraction of Compounds 
	Isolation of 4,7,2'-Trihydroxy-4'-methoxyisoflavanol (472T4MIF) 
	Isolation of 6,4'-Dihydroxy-7-methoxyflavane (64D7MF) 
	Murine RAW 264.7 Cells, Primary Macrophages, and Human Gingival Fibroblasts 
	Cell Stimulation 
	RT-PCR and Immunoassay 
	Western Blot 
	Statistical Analysis 

	Results 
	Isolation of 472T4MIF and 64D7MF 
	472T4MIF and 64D7MF Do Not Affect Viability of RAW 264.7 Macrophages 
	472T4MIF and 64D7MF Have an Activity in Murine Macrophages 
	472T4MIF and 64D7MF Diminished the p65 and p38 Phosphorylation in Macrophages 
	472T4MIF and 64D7MF Do Not Reduce the Response of Fibroblasts to IL1 and TNFa 

	Discussion 
	References

