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Abstract

Objectives Periodontitis is a global health burden that underlines the demand for anti-inflammatory treatment. Dalbergia mel-
anoxylon being a rich source of flavonoids has been widely used in traditional medicine but the potential anti-inflammatory
activity of its dalbergiones remains to be shown.

Material and methods We have isolated 3'-hydroxy-4,4'-dimethoxydalbergione, 4-methoxydalbergione, and 4'-hydroxy-
4-methoxydalbergione from Dalbergia melanoxylon and tested their potential anti-inflammatory activity.

Results All dalbergiones are potent inhibitors of an LPS-induced inflammatory response of RAW 264.7 macrophages.
This is specified by IL1f and IL6 production, and the p65 nuclear translocation. Consistently, in primary macrophages, the
dalbergiones caused an M1-to-M2 polarization switch indicated by the decreased ration of IL1p and IL6 versus arginase 1
and YM1 expression. To implement oral cells, we have used gingival fibroblasts exposed to IL1p and TNFa. Consistently,
all dalbergiones reduced the expression of IL6 and IL.8 as well as the nuclear translocation of p65.

Conclusion These findings increase the accumulating knowledge on dalbergiones and extend it towards its capacity to lower
the inflammatory response of oral cells.

Clinical relevance These findings are another piece of evidence that supports the use of herbal medicine to potentially lower
inflammatory events related to dentistry.

Keywords 3’-Hydroxy-4,4’-dimethoxydalbergione - 4-Methoxydalbergione - 4’-Hydroxy-4-methoxydalbergione - Anti-
inflammatory activity - Periodontitis - RAW 264.7 macrophages - Gingival fibroblasts
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such as periimplantitis and mucositis occurring in the oral
cavity are pathological conditions that when exceeding
culminate in local tissue destruction and tooth or implant
loss [1, 2]. The major causes of chronic inflammation are
virulence factors originating from dental plaque, thus
mainly bacteria forming a biofilm [1]. It is thus of clinical
importance to remove the biofilm allowing the natural pro-
cess of resolving the inflammation and to regain a healthy
physiological tissue homeostasis [1]. However, clinical
strategies based on the mechanical removal of biofilm are
not only supported by the application of local delivery
of antibiotics and antimicrobials such as chlorhexidine
[3] and systemic antibiotics [4]. Alternative or even syn-
ergistic strategies focus towards the local application of
natural anti-inflammatory compounds such as curcumin
[5] that ideally also support the resolution of inflamma-
tion [6]. Nature developed a large spectrum of candidate
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molecules equipped with an anti-inflammatory capacity
supporting the success of the traditional herbal medicine
[7]. The WHO advocates the inclusion of herbal medicine
in primary health.

Dalbergiones are naturally occurring anti-inflammatory
compounds originating from Dalbergia melanoxylon, which
is a plant widespread in tropical and subtropical Africa
regions [8]. The generic name Dalbergia honors the Swed-
ish brothers, Nils and Carl Dalberg, who lived during the
eighteenth century. Aqueous root extract and methanol leaf
extract of D. saxatilis hold anti-inflammatory properties in
rat models [9, 10]. Moreover, ethanol extracts from D. lan-
ceolaria bark had anti-inflammatory activity in rodents [11].
Extracts are however a heterogenous mixture of components
and it requires isolation to characterize their chemical and
biological properties. Resent reviews highlight the phyto-
chemistry and link it to the biological activity of D. melan-
oxylon [12]. Today’s pharmacology research has established
that isolated components from the heartwood and bark pos-
sess wide-ranging pharmacological effects, including anti-
inflammatory activity [13]. Dalbergia, however, is highly
threatened as a genus globally because of its deforestation
and illegal harvesting and in the IUCN Red List of Threat-
ened Species™. There is yet a need for drug discovery
research to understand the biology of D. melanoxylon.

Among the compounds isolated is 3, 4-dimethoxydal-
bergione that was originally proposed to cause contact der-
matitis to exotic woods [14, 15]. Other compounds isolated
from D. louvelii including 4-methoxydalbergione (MD)
have antiplasmodial activity [16], and inhibited the release
of glucuronidase and histamine from isolated rat cells pro-
posing an anti-inflammatory activity [17]. However, there
are more compounds with a potential anti-inflammatory
activity such as 3'-hydroxy-4,4'-dimethoxydalbergione
(HDMD) and 4'-hydroxy-4-methoxydalbergione (DMD)
that have not been evaluated so far. Moreover, the role
of dalbergiones to reduce the response of cells relevant
for oral inflammatory diseases such as macrophages and
fibroblasts of the gingiva has not been tested in vitro. We
know that MD can increase heme oxygenase (HO) 1 levels
in microglial cells and thereby suppress LPS-stimulated
inflammatory response and nuclear factor-kappa B (NF-
kB) signaling [18]. Similar studies with respect to other
dalbergiones and focusing on oral inflammation have not
been performed.

Here, we provide data supporting our conclusion that not
only MD but also HDMD and DMD are potent inhibitors
of an inflammatory response of macrophages even causing
an M1-to-M2 polarization switch and gingival fibroblasts
in vitro thereby helping to identify natural anti-inflammatory
compounds and supporting their use in herbal medicine that
extends toward dentistry.
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Methods
Extraction of compounds of Dalbergia melanoxylon

The isolation of the three compounds was reported in detail
[19]. In brief, the heartwood of D. melanoxylon was purchased
from Fang Chenggang market, Guangxi Province, China in July
2014 and identified by the product quality inspection center of
Guangxi University in Guangxi Province, China. A voucher
specimen (No. Liu-20140713) was deposited in the Key Labo-
ratory of Innovation Drug and Efficient Energy Saving Pharma-
ceutical Equipment, Jiangxi University of Chinese Medicine.
The air-dried pieces of heartwood of D. melanoxylon (50.0 kg)
were powdered, passed through a #40 mesh sieve, and extracted
with 70% ethanol under refluxing three times. After removing
the solvent under reduced pressure, the residue (13.9 kg) was
suspended in water and partitioned with dichloromethane, ethyl
acetate, and n-butanol, respectively.

The dichloromethane extract (8.5 kg) was subjected to silica
gel column chromatography. A petroleum ether/EtOAc gradi-
ent yielded 22 fractions (Frs.1-16). Frs.7 (447.4 g) and was
further separated using a CH,Cl,/MeOH gradient to obtain
Frs.7.A—Frs.7.K. Frs.7.C (1.2 g) was subjected to Sepha-
dex LH-20 chromatography eluted with CH,Cl,/MeOH (1:1)
to isolate MD (16.2 mg). Frs.8 (147.4 g) was further sepa-
rated into 3 fractions (Frs.8.1-3) and subjected to a gradient
of CH,Cl,/MeOH. Frs.8.1 (120.1 mg) was further separated
by a semi-preparative HPLC eluted with ACN/H,0 (60:40) to
isolate HDMD (6.1 mg). The chemical structure of MD and
HDMD was confirmed by nuclear magnetic resonance spec-
troscopy for HDMD [20] and MD [21]. MD and HDMD were
dissolved in dimethyl sulfoxide and stored at frozen.

The ethyl acetate extract (1.8 kg) was separated into 12
fractions (Frs.1-12) by silica gel column chromatography
and eluted with a CH,Cl,/MeOH gradient. Frs.7 (15.7 g) was
separated by a CH,Cl,/MeOH gradient to obtain Frs.7.A-
Frs.7.H. The Frs.7.D (1.4 g) was then separated into 6
subfractions (Frs.7.D.1-6) by a CH,Cl,/MeOH gradient.
Frs.7.D.3 (303.8 mg) was again separated into 7 subfractions
(Frs.7.D.3.A-G) and eluted gradient with a petroleum ether/
EtOAc gradient. Frs.7.D.3.F (114.0 mg) was further separated
by a semi-preparative HPLC and eluted with MeOH/H,0O
(55:45) to isolate DMD (23.4 mg). The chemical structure
of DMD was confirmed by nuclear magnetic resonance
spectroscopy [22]. DMD was dissolved in dimethyl sulfoxide
and stored in aliquots until being used for in vitro testing.

Murine bone marrow macrophages, human gingival
fibroblasts, and cell lines

BALB/c mice at the age of 68 weeks were purchased from
Animal Research Laboratories, Himberg, Austria. The



Clinical Oral Investigations

femora and tibiae of the mice were removed after scarifying
and bone marrow cells were collected. Cells were seeded at
3x 10°cells/cm? into 12-well plates and grown for 5-7 days
in Dulbecco’s Modified Eagle Medium supplemented
with 10% fetal calf serum, 1% of 10,000 units penicillin
and 10 mg/mL streptomycin. (Sigma, St Louis, MO, USA)
and with 20 ng/mL mouse macrophage colony-stimulating
factor (M-CSF; ProSpec-Tany TechnoGene Ltd., Rehovot,
Israel). RAW 264.7 macrophage-like cells (ATCC; LGC
Standards GmbH, Wesel, Germany) were expanded in
regular DMEM growth medium without supplement. Human
gingival fibroblasts were prepared from explant culture after
approval of the Ethical Committee of the Medical University
of Vienna (EK Nr. 631/2007). All cells were cultured under
standard conditions at 37 °C, 5% CO,, and 95% humidity.

Cell stimulation

Primary macrophages and RAW 264.7 cells were exposed
to 20 uM HDMD, MD, and DMD for 30 min before adding
100 ng/mL LPS for 24 h. Gingival fibroblasts were exposed to
dalbergiones for 30 min before adding IL.1p and TNFa (both at
10 ng/mL, ProSpec-Tany TechnoGene Ltd., Rehovot, Israel) in
serum-free medium. After 24 h, gene expression analysis was
performed and the supernatant was collected for immunoassay.

RT-PCR and immunoassay

Total RNA was isolated with the ExtractMe total RNA kit
(Blirt S.A., Gdansk, Poland). Reverse transcription was per-
formed with SensiFAST c¢cDNA kit (Bioline, London, UK).
Polymerase chain reaction was done with the SensiFAST
master mix (Bioline). Amplification was monitored with the
CFX Connect™ Real-Time PCR Detection System (Bio-Rad
Laboratories, CA, USA). Primer sequences are provided in
Table 1. The mRNA levels were calculated by normalization
to the housekeeping gene GAPDH and actin using the AACt
method. For the immunoassay, the mouse and human IL6/
IL8 kit was used (R&D Systems, Minneapolis, MN, USA).

Western blot

RAW 264.7 cells and gingival fibroblasts were serum-
starved overnight and then preincubated for 10 min with
dalbergiones before being exposed for 25 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 nitrocellulose membranes (Whatman,
GE Healthcare, General Electric Company, Fairfield,
CT, USA). Membranes were blocked and the binding of
the first antibody raised against phospho-NF-kB p65 and
NF-kB p65 (#3033 and #8242; Cell Signaling Technology,
Danvers, MA, USA) and beta-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).

Immunofluorescence

The immunofluorescent analysis of p65 was performed
in RAW 264.7 cells and gingival fibroblasts plated onto
Millicell® EZ slides (Merck KGaA, Darmstadt, Ger-
many). Serum-starved cells were exposed to dalber-
giones for 10 min following the inflammatory response
provoked by LPS, IL1p, and TNFa for 60 min, respec-
tively. The cells were fixed with 4% paraformaldehyde,
blocked with 1% bovine serum albumin, and permea-
bilized with 0.3% Triton. We used rabbit anti-human
NFxB p65 (#8242; Cell Signaling Technology, Cam-
bridge, UK) at 4 °C overnight. Detection was performed
with the goat anti-rabbit Alexa 488 secondary antibody
(CS-4412, Cell Signaling Technology). Images were
captured under a fluorescent microscope with a single
filter block 455 nm (Oxion fluorescence, Euromex, Arn-
heim, Netherlands).

Table 1 The primer sequences

Primers Sequence_F Sequence_R

mIL AAGGGCTGCTTCCAAACCTTTGAC ATACTGCCTGCCTGAAGCTCTTGT
mIL6 GCTACCAAACTGGATATAATCAGGA CCAGGTAGCTATGGTACTCCAGAA
mCox2 CAGACAACATAAAACTGCGCCTT GATACACCTCTCCACCAATGACC
mArgl GAATCTGCATGGGCAACC GAATCCTGGTACATCTGGGAAC
mYml GGGCATACCTTTATCCTGAG CCACTGAAGTCATCCATGT
mGAPDH AACTTTGGCATTGTCGAACG GGATGCAGGGATGATGTTCT

hIL6 GAAAGGAGACATGTAACAAGAGT GATTTTCACCAGGCAAGTCT

hIL8 AACTTCTCCACAACCCTCTG TTGGCAGC CTTCCTGATTTC
hGAPDH AAGCCACATCGCTC AGACAC GCCCAATACGACCAAATCC
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Statistical analysis

All experiments were repeated at least three times. Data
from individual experiments are shown as dot-blots. Data
are described as x-fold change compared to unstimulated
control. Statistical analyses were based on Friedman test
for nonparametric but paired samples. Data were analyzed
by the Prism 8.0e software (GraphPad Software; San Diego,
CA, USA).

Results

Isolation of 4-methoxydalbergione (MD) and 3'-hydr
oxy-4,4'-dimethoxydalbergione (HDMD)

To isolate chemically defined natural anti-inflammatory
compounds, we reconstituted the ethanolic extracts of D.
melanoxylon heartwood with dichloromethane and ethyl
acetate. The dichloromethane solution was used to isolate
16.2 mg MD and 6.1 mg HDMD. The ethyl acetate solution

Fig. 1 The structure of dalber-
giones

provided 23.4 mg DMD. The chemical structure of the three
isolated and purified dalbergiones was confirmed by nuclear
magnetic resonance spectroscopy and is indicated in Fig. 1.
The ethanolic extracts of the heartwood of D. melanoxylon
were resuspended in dichloromethane extract and fraction-
ated by chromatography and HPLC to isolate HDMD and
MD. The ethyl acetate extracts were repeatedly subjected
to chromatography and HPLC to isolate DMD. The chemi-
cal structure was confirmed by nuclear magnetic resonance
spectroscopy.

HDMD, MD, DMD cause an M1-to-M2 shift
in macrophage polarization

First, we have done a dose—response formazan toxicity assay
with RAW 264.7 cells suggesting that 100 uM but not 20 uM
HDMD, MD and DMD is toxic (data not shown). Next and
to identify the possible anti-inflammatory activity, we have
preexposed RAW 264.7 and primary macrophages to the
three dalbergiones before provoking an M1 inflammatory
response with LPS [23, 24]. We report there that the robust
increase of the cytokines IL1 and IL6 caused by LPS is
almost completely abolished when RAW 264.7 cells (Fig. 2)
and primary macrophages (Fig. 3) were exposed to 20 uM
of HDMD, MD, and DMD. The strong anti-inflammatory
activity of the three dalbergiones was observed on the tran-
scription but also on the translation level as indicated for
IL6 (Fig. 2 and Fig. 3). Moreover, in primary macrophages,
all three dalbergiones induced the expression of Argl and

R4 YMI, both marker genes of M2 polarization (Fig. 4). These
HDMD R4=0OCH; R,=OH findings therefore have revealed the potential of HDMD,
MD R¢=H Ro=H MD and DMD to cause an M1-to-M2 shift in macrophage
DMD R4=OH Ro=H polarization.
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Fig.2 HDMD, MD, and DMD suppress LPS-induced expression
of cytokines in RAW 264.7 cells. RAW 264.7 cells were exposed
to 20 uM of HDMD, MD, and DMD for 30 min before cells were
treated with 100 ng/mL LPS for 24 h. Data show x-fold changes in
(A) IL1p and (B) IL6 expression compared to unstimulated cells. (C)
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The immunoassay shows the release of IL6 into the supernatant of the
respective cultures. N=4. Statistical analysis was based on Friedman
test, and P-values are indicated compared to the LPS group. Signifi-
cance was set at P <0.05
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Fig.3 HDMD, MD, and DMD suppress LPS-induced expression of
M1 marker cytokines in primary macrophages. Primary macrophages
were exposed to 20 uM of HDMD, MD, and DMD for 30 min before
cells were treated with 100 ng/mL LPS for 24 h. Data show the x-fold
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changes in (A) IL1p, (B) IL6, and (C) COX2 expression compared to
unstimulated cells. N=4. Statistical analysis was based on Friedman
test, and P-values are indicated compared to the LPS group. Signifi-
cance was set at P <0.05
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Fig.4 HDMD, MD, DMD can increase the expression of M2 marker genes in primary macrophages. Primary macrophages were exposed to
20 uM of HDMD, MD, and DMD for 24 h. Data show the x-fold changes in (A) Argl and (B) Ym1 expression compared to unstimulated cells.
N=4. Statistical analysis was based on Friedman test. Significance was set at P <0.05

HDMD, MD, DMD greatly diminish the p65 nuclear
translocation and phosphorylation in macrophages

To identify the underlying molecular mechanism, we have
tested to which extend the dalbergiones reduce the canonical
p65-NFKkB signaling pathway in RAW 264.7 macrophages.
Immunostaining revealed that all three dalbergiones effec-
tively hindered p65 to translocate into the nucleus (Fig. 5).
Moreover, Western blot showed that the exposure of RAW
264.7 macrophages to 20 uM of HDMD, MD, DMD greatly
reduced the LPS-induced phosphorylation signal of p65

(Fig. 6). Taken together, the potent anti-inflammatory activ-
ity of HDMD, MD, DMD is associated with a blocking of
p65-NFkB signaling in vitro.

HDMD, MD, DMD reduce the inflammatory response
of gingival fibroblasts to IL1p and TNFa

To understand if the anti-inflammatory activity is also pre-
sent in cells of the oral cavity, gingival fibroblasts were
treated with dalbergiones before exposing them to IL1f
and TNFa. As expected [24, 25] the gingival fibroblasts
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Fig.5 HDMD, MD and DMD attenuate the translocation of NFkB
from the cytoplasm into the nucleus. RAW 264.7 cells were exposed
to 20 uM of HDMD, MD, and DMD for 10 min before cells were
treated with LPS for 1 h. Immunofluorescence analysis shows the
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Fig.6 HDMD, MD and DMD reduced the phosphorylation of p65.
RAW 264.7 cells were exposed to 20 uM of HDMD, MD, and DMD
for 30 min before cells were treated with LPS for 30 min. Western
blot analysis shows the phosphorylation of p65 of cells stimulated
with LPS but not in the untreated cells or in the presence of dalber-
giones

intracellular translocation of NFkB p65 into the nucleus in cells stim-
ulated with LPS but not in the untreated cells or in the presence of
dalbergiones. The size bar represents 100 pm

showed a robust inflammatory response indicated by the
expression of IL6 and IL8 (Fig. 7). Consistent with what
we have observed with macrophages, HDMD, MD, DMD
reduced the inflammatory response of gingival fibroblasts
when exposed to IL1p and TNFa (Fig. 7). Immunostaining
showed that dalbergiones hindered p65 to translocate into
the nucleus (Fig. 8). Taken together, gingival fibroblasts are
target cells for HDMD, MD, DMD to exert their potent anti-
inflammatory activity.

HDMD, MD, DMD requires HO1 signaling to exert its
anti-inflammatory activity

To determine the involvement of HO1 signaling to medi-
ate the effects of dalbergiones in RAW264.7 macrophages
and gingival fibroblasts, SnPP, an inhibitor of HO1 sign-
aling, was introduced. Gene expression analysis showed
that HDMD, MD, DMD significantly increased the expres-
sion of HO1 in RAW 264.7 cells (Fig. 9A) and gingival
fibroblasts (Fig. 9B). SnPP at least partially reversed the
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Fig.7 HDMD, MD, and DMD suppress IL13/TNFa-induced expres-
sion of cytokines in gingival fibroblasts. Gingival fibroblasts were
exposed to 20 uM of HDMD, MD, and DMD for 30 min before cells
were treated with IL1p and TNFa for 24 h. Data show x-fold changes
in gene expression compared to unstimulated cells. The immunoas-
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say shows the release of IL8 into the supernatant of the respective
cultures. N=4. Statistical analysis was based on Friedman test, and
P values are indicated compared to the LPS group. Significance was
set at P <0.05
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IL1B+TNFa+HDMD

IL1B+TNFa+MD IL1B+TNFa+DMD

Fig.8 HDMD, MD, and DMD attenuate the translocation of
NFkB p65 from the cytoplasm into the nucleus. Gingival fibro-
blasts were exposed to 20 pM of HDMD, MD, and DMD for 10 min
before cells were treated with IL1p and TNFa for 1 h. Immunofluo-

Fig.9 HDMD, MD and DMD
increase HO1 expression and
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anti-inflammatory activity indicated by the expression of
IL1p of the three dalbergiones in RAW 264.7 cells (Fig. 9C)
and IL6 gingival fibroblasts (Fig. 9D). These observations
suggest that HDMD, MD, DMD exert only a small part of
their anti-inflammatory activity via the activation of HO1
signaling.

Discussion

Local chronic inflammation is a hallmark of oral diseases
such as periodontitis and periimplantitis that is mainly
driven by the accumulation of bacterial plaque that pro-
vides a reservoir for the respective virulence factors con-
stantly causing an innate immune response [1]. Apart from
the mechanical removal of the plaque, local delivery of

IL1R+TNFa

antibiotics and antimicrobials [3] and systemic antibiot-
ics [4] are standard treatment in periodontitis. However, it
requires the host cells to shift from their katabolic inflam-
matory stage into an anabolic resolving stage to pave the
way for the regeneration and repair of the original peri-
odontal tissue [6]. The local delivery of anti-inflammatory
and resolving substances from natural origin, previously
implemented in traditional herbal medicine has a great
potential to accomplish this therapeutic goal. Based on this
concept, we have focused on the isolation as well as the
chemical and biological characterization of dalbergiones
isolated from D. melanoxylon.

The main finding of the present research was that we could
isolate three bioactive members of the dalbergiones, namely,
HDMD, MD, and DMD, all capable to greatly diminish the
LPS and IL1B/TNFa-induced inflammatory response of
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macrophages and gingival fibroblasts, respectively, in vitro.
Moreover, the three dalbergiones caused an M1-to-M2
shift in macrophages, which is an indirect support for a
potential resolving activity [26]. Thus, the local application
of dalbergiones may support the resolution of inflammation
after removal of the dental plaque. Moreover, if we relate the
findings to those of others, our observations are in support of
MD to suppress the LPS-stimulated inflammatory response
in microglial cells involving HO1 and NF-xB signaling
[18]. No reports on HDMD and DMD are available so
far even though the number and position of substituents
in the same fundamental structure of these dalbergiones,
such as phenolic hydroxyl group supposes a structure anti-
inflammatory activity relationship.

Even though all three dalbergiones have a strong anti-
inflammatory potential, one might get the impression that
there is a subtle difference in their anti-inflammatory activi-
ties. The decreasing order of the inflammatory activity
was as follows: HDMD > DMD > MD. There is the same
structure in A ring of the three components, but a different
substituted group in B ring. It can be hypothesized that the
number and position of the methoxyl group and the phenolic
hydroxyl group were responsible for their anti-inflamma-
tion. Thus, it can be speculated that DMD showed stronger
activity than MD probably because of the phenolic hydroxyl
group in B ring. This result agreed with the previous report
showing that DMD showed stronger activity of preventing
NO production by LPS-stimulated J774.1 cells than MD,
indicating that the presence of an phenolic hydroxyl group
at 4' affects the inhibitory activity of dalbergiones [13]. Not
only that, our results indicated the presence of the meth-
oxyl group in B ring of HDMD could further increase anti-
inflammatory activity. It may be caused by the methoxyl
group changing hydrophobicity and molecular planarity
[27]. However, because of all three dalbergiones are highly
effective in suppressing an inflammatory response in vitro,
conclusions on a structure-functional relationship should not
be drawn.

The study has limitations. Even though dalbergiones
possess a robust anti-inflammatory activity in vitro, the
underlying mechanisms remain partially unclear. Good
evidence for the expected blocking of the NFkB signaling
pathway comes from immunostainings presenting
suppression of p65 nuclear translocation, and to some
extend also from Western blot analysis showing a decreased
capacity of LPS to cause phosphorylation of p65 in RAW
264.7 macrophages. However, and even though all three
dalbergiones increased HO1 expression in RAW 264.7
and gingival fibroblasts, SnPP-induced blocking of HO1
signaling only moderately reversed the anti-inflammatory
activity of HDMD, MD, and DMD in vitro. Thus, it remains
unclear to which extend the HO1 signaling pathway mediates
the anti-inflammatory activity of the three dalbergiones in

@ Springer

macrophages and gingival fibroblasts. Future studies should
use macrophages from HO1 or Nrf2 knockout mice to
address this research question.

Further studies should also extend our observation that
dalbergiones increase M2-macrophage marker genes Argl
and YM1, providing indirect evidence for the transplanting
of cells from an inflammatory towards a resolving pheno-
type, similar to what was proposed for ginsenosides [28].
However, in vitro bioassay can only partially reflect the
complex inflammatory environment in vivo, and to which
extend and by which route of application dalbergiones may
serve as resolving compounds needs to be determined. There
is, however, a reason to suggest a strong potential for the
dalbergiones as HO1 induction can drive the phenotypic
shift to M2 macrophages, also suggesting HO1 induction in
macrophages is a potential therapeutic approach to control
inflammation and by that also tissue regeneration [29]. We
have to confess that our observation on the strong M1-to-M2
shift in macrophages and the reduced inflammatory response
in the gingival fibroblasts provide a primer for a future more
translational research, for instance the local injection of the
dalbergiones at sites previously exposed to inflammatory
clues, in a ligature-induced periodontitis model [30].

Our research revealed the strong and robust anti-inflam-
matory activity of the three dalbergiones HDMD, MD,
and DMD based on established macrophage and fibroblast
in vitro bioassays. These outcomes pave the way for future
research to better understand the underlying molecular
mechanism and further to translate the findings towards
preclinical testing in a relevant model of chronic inflam-
mation such a periodontitis being aware that the therapeutic
potential of dalbergiones exceeds dentistry, similar to what
has been proposed for other compounds in herbal medicine.

Abbreviations HDMD: 3’-Hydroxy-4,4’-dimethoxydalbergione;
MD: 4-Methoxydalbergione; DMD: 4’-Hydroxy-4-methoxydalber-
gione; HO1: Heme oxygenase 1; Nrf2: Nuclear factor erythroid 2—
related factor 2; SnPP: Tin protoporphyrin IX
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