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Graphical Abstract

Anti-inflammatory, pro-proliferative and antimicrobial potential of the compounds

isolated from Daemonorops draco (Willd.) Blume
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Abstract

Ethno-pharmacological relevance: Daemonorops draco (D. draco) commonly known as
“Dragon’s blood” is one of the most used plants by Momok, Anak Dalam and Talang Mamak
tribes from Indonesia as a remedy for wound healing.

Aim of the study: This study aimed to identify the extract, fractions and compounds responsible
for the anti-inflammatory and pro-proliferative activities of the D. draco resin. Additionally,
the antimicrobial activity against two bacteria and one yeast species was analysed.

Materials and methods: Bio-guided isolation of compounds with anti-inflammatory, pro-
proliferative and antimicrobial activities from the D. draco resin was carried out by measuring:
the inhibition of NF-kB and activation of Nrf2 in THP-1, HaCaT, NIH-3T3 cells; cell
proliferation in NIH-3T3 and HaCaT cells; and the antimicrobial effect on E. coli, S. aureus
and C. albicans.

Results: Guided isolation by bioassay gave rise to the isolation and characterisation by nuclear
magnetic resonance and mass spectrometry of three compounds: 1 (Bexarotene), 2 (Taspine)
and 3 (2-hydroxy-1-naphthaldehyde isonicotinoyl hydrazone). All compounds showed NF-xB
inhibitory activity with 1Cso values of 0.10-0.13, 0.22-0.24 and 3.75-4.78 uM, respectively,
while the positive control, Celastrol, had an ICso of 7.96 uM. Likewise, all compounds showed
an activating effect of Nrf2 with ECso values of 5.34-5.43, 163.20-169.20 and 300.82-315.56
nM, respectively, while the positive control, CDDO-Me, had an ECso of 0.11 M. In addition,
concerning the pro-proliferative activity, compound 1 (ICs50=8.62-8.71 nM) showed a capacity
of 100%, compound 2 (ICs0=166-171 nM) showed a capacity of 75 %, and compound 3
(ICs50=469-486 nM) showed a capacity of 65%, while FSB 10% (positive control) had a pro-

proliferative activity of 100% in the NIH3T3 cell lines (fibroblasts) and HaCaT (keratinocytes).


https://IC50=8.62-8.71
https://300.82-315.56
https://163.20-169.20
https://5.34-5.43
https://3.75-4.78
https://0.22-0.24
https://0.10-0.13
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Finally, all the compounds showed antimicrobial activity with MIC values of 0.12-0.16, 0.31-
0.39 and 3.96-3.99 uM, respectively, in S. aureus, E. coli and C. albicans strains, while the
positive control, Ofloxacin, had a MIC of 27.65 uM.

Conclusion: This study managed to isolate, for the first time, three compounds (Bexarotene,
Taspine and 2-hydroxy-1-naphthaldehyde isonicotinoyl hydrazone) from the resin of D. draco,

with anti-inflammatory, and pro-proliferative as well as antimicrobial activities.

Keywords: Daemonorops; Dragon’s blood; wound healing; anti-inflammatory; pro-

proliferative; antimicrobial
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2-Cyano-3,12-dioxo-oleana-1,9-(11)-dien-28-oic acid methyl ester

Abbreviatures:

AcOEt: Ethyl Acetate

ARE: Antioxidant Responsive Element
ATCC: American Type Culture Collection
BOD: Bio-Oxygen Demand

CCso: Cytotoxic Concentration 50%
CDDO-Me:

CFU: Colony-Forming Unit

Close: Confidence Interval 95%

DCM: Dichloromethane

DH20: Distilled Water

DMEM: Dulbecco's Modified Eagle Medium
DMSO: Dimethyl Sulfoxide

DTT: Dithiothreitol

EGF: Epidermal Growth Factor

ELISA: Enzyme-Linked Immunosorbent Assay
EtOH: Ethanol

FBS: Fetal Bovine Serum

HEX: n-Hexane

HO-1: Heme Oxygenase 1

ICso: Inhibitory Concentration 50%
LDH: Lactate Dehydrogenase

MeOH: Methanol

MHB: Mueller-Hinton broth

MIC: Minimum Inhibitory Concentration
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NBM:

NF-«B:

Nrf2:

PBS:

QTOF:

RLUs:

ROS:

TLC:

TMS:

TNF-a:

TGF-B:

VAR

Nutrient Broth Medium

Nuclear Factor Kappa-Light-Chain-Enhancer of Activated B Cells
Nuclear Factor Erythroid 2-related Factor 2
Phosphate-Buffered Saline

Quadrupole Time-of-Flight

Relative Luminescence Units

Reactive Oxygen Species

Thin Layer Chromatography
Tetramethylsilane

Tumour Necrosis Factor-o

Transforming Growth Factor-f3

Zone of Inhibition



91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

1. Introduction

Skin is one of the most important organs for the human being since it constitutes the first
defence barrier. For this reason, it is continuously exposed to all kinds of external agents that
trigger a series of inflammatory reactions (Proksch, 2018; Kabashima et al., 2019). When an
injury (wound, abrasion, burn, cut) occurs on the skin, a healing process starts, aiming to repair
and regenerate the damaged tissues (Gonzalez et al., 2016; Zhao et al., 2016). This process can
be divided in four stages: coagulation, inflammation, proliferation and maturation (Ashrafi et
al.,2016; Sami et al., 2019).

Regarding the inflammation stage, there are reports on the role of pro-inflammatory
cytokines released by macrophages in the positive regulation of inflammatory reactions and in
the process of the pathological pain (Cavaillon, 2018). In this sense, the pro-proliferative
activity is accelerated through adequate temporal downward regulation of pro-inflammatory
cytokine levels (Opal & DePalo, 2000). Within cytokines, the NF-kB (Nuclear Factor Kappa-
Light-Chain-Enhancer of Activated B Cells) cytokine has a crucial role in the pathogenesis of
several inflammatory diseases (Lawrence, 2009).

Additionally, several works suggest the importance of Nrf2 (Nuclear Factor Erythroid 2-
related Factor 2) during processes of cell proliferation and differentiation, as well as tissue
repairing, regulating protein expression (Ambrozova et al., 2017; Hiebert & Werner, 2019).
Keratinocytes of the hyperproliferative epithelium of skin wounds were shown to strongly
express Nrf2, but expression of this gene was also described in cells of the granulation tissue
(Ambrozova et al., 2017). Nrf2 has also been shown to be activated after tissue damage and
synergised with other transcription factors such as NF-«kB, enabling the pro-proliferative
process (Eichenfield ef al., 2016).

Finally, infection is one of the significant causes of delayed wound healing (Gottrup et

al., 2013); therefore, infection control should be carefully considered for curing wounds. To
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control infection, wounds should be treated with aseptic techniques and appropriate
antimicrobial agents (Vermeulen et al., 2010). During the infection, pro-inflammatory
cytokines (e.g. TNF-a, NF-kB) are important regulators of host responses to microbial
challenges (Ziltener et al., 2016). These cytokines amplify and coordinate pro-inflammatory
signals that lead to the expression of effector molecules, thus inducing the modulation of the
diverse aspects of the innate immunity against infection (Hop et al., 2017).

In this context, the pro-proliferative process can be enabled by natural products with
medicinal properties (Fazil & Nikhat, 2020). Different studies have focused on the pro-
proliferative properties of natural products with anti-inflammatory, antimicrobial and pro-
collagen synthesis properties (Agyare et al., 2019). These medicinal properties can be
attributed to the bioactive phytochemical constituents of alkaloids, essential oils, flavonoids,
tannins, terpenoids, saponins and phenolic compounds (Georgescu et al., 2016).

Among medicinal plants with pro-proliferative, anti-inflammatory and antimicrobial
activities, the plant species called "Dragon’s blood" has been studied for its traditional use in
different cultures (Egypt, China, India, South America) (Gupta et al., 2007). Among the several
species identified as “Dragon’s blood” (species of the Croton, Dracaena, Pterocarpus and
Daemonorops genera), we will analyse in this work the Daemonorops draco species.

Daemonorops draco (Willd) Blume, belonging to the Arecaceae family, is a native
species from Indonesia, which has been traditionally used by the Momok, Anak Dalam and
Talang Mamak tribes as a remedy for treating wounds because of its anti-haemorrhagic, anti-
inflammatory and healing properties (Sulasmi, 2012a; 2012b). The D. draco species has been
reported to contain triterpenes, flavans, chalcones (Nasini & Piozzi, 1981), diterpene acids
(Piozzi et al., 1974) and biflavonoids (Merlini & Nasini, 1976). 57 compounds have been
isolated and characterised from the resin of D. draco, with 14 out of the 57 compounds showing

pharmacological activities. The chloroform, ethyl acetate and methanol extracts have been
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reported as having antimicrobial (Wahyuni ef al., 2018), antioxidant (Purwanti et al., 2019)
and anti-inflammatory (Kuo ef al., 2017) activities.

This article aims to provide a scientific basis for the traditional use of Daemonorops
draco as a remedy for wound treatment. In this sense, a bio-guided phytochemical study was
carried out to identify those D. draco compounds with anti-inflammatory potential (inhibition
of NF-xB production and Nrf2 activation) and pro-proliferative activity in NIH-3T3 and
HaCaT cells; and with antimicrobial activity in three microbial strains (Candida albicans,

Escherichia coli and Staphylococcus aureus).

2. Material and methods

2.1. Plant Material

Daemonorops draco was collected from the Baxian Mountain National Nature Reserve,
located at the southern slope of the Yanshan mountain chain, northeast of Jixian County,
Tianjin, China (40°11'56.4"N and 117°33'60.0"E), in December 2018, at an altitude of 1046.8
m. Botanical identification was confirmed by the Tianjin Natural History Museum, and a
voucher specimen was deposited (TJC 0729). The fruits were left to dry for three days at a
temperature of 25+5°C, to avoid the compounds from suffering some type of decomposition
and/or chemical modification. Subsequently, the crushing and pulverisation was carried out
using a knife and hammer mill (Greiffenberger Antriebstechnik GmbH Marktredwitz model),
to promote the powdery detachment of the fruit resin. Finally, the resin was sieved to obtain a

homogeneous powder with a particle size of 2 mm.
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2.2. General experimental procedures

First grade organic solvents were used for isolating the compounds and they were
purchased from Sigma-Aldrich. Column chromatography was performed with silica gel (20-
45 um and 40-63 um, Merck). TLC was performed using Merck Silica gel 60-F2s4 plates.
Chromatograms thus obtained were visualised by UV absorbance (254 nm) and through
heating a plate stained with a 5% phosphomolybdic acid solution in EtOH 95% (Ethanol 95%)
followed by heat application.

NMR experiments were performed on the Bruker Advance DRX 300 and 500
spectrometers operating at 300 MHz, 500 MHz ('H) or 76 MHz, and 126 MHz ('*C) with TMS
(Tetramethylsilane) as the internal standard. The deuterated solvents were CDCls-d; and
MeOD-ds. Spectra were calibrated by assignment of the residual solvent peak to du 7.26, ou
3.31 and dc 77.16, oc 49.00, for CDClz and MeOD, respectively. The complete assignment of
protons and carbons was done by analysing the correlated 'H-'H COSY, 'H-'3C HSQC and
'H-13C HMBC spectra.

Mass spectra were performed on a mass spectrometer with a QTOF (Quadrupole Time-
of-Flight) hybrid model QSTAR pulsar i analyser from the commercial company AB Sciex.
The samples were analysed using the electrospray ionisation technique in positive and negative
ion detection mode. They were introduced into the mass spectrometer by direct infusion at a

flow of 10 uL./min, using a syringe pump.

2.3.  Extraction and isolation

350 g of the dry powder of the fruits of D. draco were extracted by repeated maceration
(3 times/24 h/25°C) with 500 mL of different solvents, increasing the polarity: HEX (n-Hexane),
DCM (Dichloromethane), MeOH (Methanol) and DH2O (Distilled Water). Subsequently, the

extracts were filtered, and the respective solvents were removed by vacuum rotary evaporation
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at room temperature (25°C). As a result, four extracts of 8 g, 25 g, 19 g and 6 g, respectively,
were obtained.

Dichloromethane extract (20 g) was selected as the most active one and was fractionated
using a chromatographic column (4x40 cm) with Si-60 Silica gel (40-63 um, Merck) as a
stationary phase and a DCM/MeOH gradient (9.5:0.5—0:1) as eluent. A total of eleven fractions
(F1-F11) were obtained: F1 (0.169 g), F2 (0.038 g), F3 (0.054 g), F4 (0.084 g), F5 (0.112 g), F6
(0.074 g), F7 (0.075 g), F8 (0.039 g), F9 (0.117 g), F10 (0.233 g) and F11 (0.123 g).

Subsequently, based on the biological activity data, a second separation of F2 was carried
out by using a chromatographic column (4x40 cm) with Si-60 Silica gel (40-63 um, Merck) as a
stationary phase and a HEX/AcOEt (Ethyl Acetate) gradient (19.5:0.5—0:1). A total of eight
fractions (I-VII) were obtained: F2.I (2.3 mg), F2.1I (3.1 mg), F2.1II (4 mg), F2.IV (1.1 mg),
F2.V (3.5 mg), F2.VI (4.3 mg), F2.VII (2.5 mg), and the F2.VIII (6.7 mg) which was the
compound RDDDCM-F2.VIII (1).

On the other hand, a liquid-liquid extraction was carried out to obtain an extract rich in
alkaloids, using the methodology of Tsacheva ef al. (2004). 3.80 g of dry powder were left
stirring for 30 minutes with 100 mL of DCM and 50 mL of 6% ammonia. It was then extracted
repeatedly with DCM (3x100 mL). The organic fractions were combined and concentrated by
rotary evaporation to remove the solvent.

The alkaloid-rich dichloromethane extract (1.8 g) showed a pharmacological activity
similar to the dichloromethane extract, so it was subjected to column chromatography (3x25
cm) on silica gel (20-40 um) at medium pressure in HEX (125 mL), dioxane and MeOH (250
mL) in a gradient of increasing polarity. The fractions obtained were grouped according to the
results of the chromatographic analysis by TLC (Thin Layer Chromatography), obtaining three
fractions (F1'-F3"). Further purification of the active fractions (F1™ and F2) on silica gel

microcolumns yielded the compounds RDDDCM-ALK F1’(2) and RDDDCM-ALK F2’ (3).

10
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2.4.  Cell culture reagents and drugs

Three cell lines were used in this study: NIH-3T3 (Mouse embryo fibroblast, CRL-1658),
HaCaT (Human skin keratinocyte, PCS-200-011) and THP-1 (Human peripheral blood
monocyte, TIB-202) cells were used as a negative control to evaluate the cytotoxicity of the
samples. All cell lines were obtained from the ATCC (American Type Culture Collection). Cells
were cultured in specific media according to ATCC recommendations. The incubation condition
for all cells was at an atmosphere of 95% air and 5% CO> at 37°C.

DMEM (Dulbecco's Modified Eagle Medium, Sigma-Aldrich, St. Louis, MO, USA), FBS
(Fetal Bovine Serum, Summit Biotechnology; Ft. Collins, CO) and PBS (Phosphate-Buffered
Saline, SAFC Biosciences, Inc. Andover-Hampshire, UK) were used as culture mediums. L-
glutamine was obtained from Applichem. Penicillin and streptomycin were purchased from
Fisher Scientific (Pittsburgh, PA). For cytotoxicity and activity assays the compounds were
dissolved in DMSO (Dimethyl Sulfoxide, Merck) at a concentration of 10 mM, while extracts

and fractions were dissolved at 20 mg/mL in DMSO.

2.5.  Cytotoxicity assay

The samples were determined in a panel of two cell lines (NIH-3T3 and HaCaT) and a
control cell line (THP-1) by means of the LDH (Lactate Dehydrogenase) assay at different
concentrations (100, 50, 25, 12.5, 6.25, 3.125, 1563, 0.781, 0.391 and 0.95) in ug/mL (extracts
and fractions) or uM (compounds). The cells were seeded in 96-well plates at a density of 3x10°
cells/well and incubated overnight at 37°C in a humidified atmosphere of 5% COa.
Subsequently, the cells were treated with the extracts or compounds at different concentrations
and using DMSO as a control for 48 h. Actinomycin D (>95% Sigma-Aldrich, CAS Number
50-76-0) was used as a positive control at a concentration of 7.97 nM, showing cell death. After

48 h of treatment with the extracts or compounds, 100 ¢ L of culture supernatants were collected

11
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and incubated in the reaction mixture of the LDH kit (Innoprot Company). After 30 min, the
reaction was stopped by the addition of 1 N HCl, and the absorbance at a wavelength of 490
nm was measured using a spectrophotometric ELISA (Enzyme-Linked Immunosorbent Assay

plate reader, SpectraMax® i3, Molecular Devices).

2.6. Invitro anti-inflammatory activity

2.6.1. NF-xB inhibition assay

Cells (3x10° cells/well) were stably transfected with the KBF-Luc plasmid, which
contains three copies of NF-kB binding site (from a major histocompatibility complex
promoter), fused to a minimal simian virus 40 promoter driving the luciferase gene. Cells
were seeded the day before the assay on 96-well plate. The cells were then treated with
samples (extracts, fractions and compounds) at the same concentrations used in the viability
assays for 15 min and then they were stimulated with 30 ng/mL TNF-a. Celastrol (>98%
Sigma-Aldrich, CAS Number 34157-83-0) was used as a positive control at a concentration
of 7.41 uM. After 48 h, the cells were washed twice with PBS and lysed for 15 min in a 50
uL buffer containing 25 mM Tris-phosphate (pH 7.8), 8 mM MgCl,, 1 mM DTT
(Dithiothreitol), 1% Triton X-100 and 7% glycerol, at room temperature, using a horizontal
shaker. The luciferase activity was measured using a GloMax 96 microplate luminometer
(Promega) following the instructions of the luciferase assay kit (Promega, Madison, WI,
USA). The RLU (Relative Luminescence Units) was calculated and the results were
expressed as percentage of inhibition of NF-kB activity induced by TNF-a (100% activation).
The experiments for each concentration of the assay elements were performed in triplicate

wells.

12
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2.6.2. Nrf2 activity assay

All cells contained the Nqo1 ARE-Luc reporter plasmid. ARE (Antioxidant Responsive
Element) was activated by all members of the CNC family of factors (Nrfl, Nrf2, Nrf3 and
p45 NF-E2). The cells were cultivated in 96-well plates at the concentration of 3x10°
cells/well in a CO» incubator at 37°C. For induction of Nrf2 activation, the cells were treated
for 48 h with samples (extracts, fractions and compounds) at the same concentrations used in
the viability assays. As a positive control, the cells were treated with CDDO-Me (>98%
Sigma-Aldrich, CAS Number 218600-53-4), used at a concentration of 0.11 #M. Then the
cells were washed twice in PBS and lysed in 25 mM Tris-phosphate pH 7.8, 8 mM MgCl, 1
mM DTT, 1% Triton X-100 and 7% glycerol during 15 min at room temperature, using a
horizontal shaker. The luciferase activity was measured using a GloMax 96 microplate
luminometer (Promega), following the instructions of the luciferase assay kit (Promega,
Madison, WI, USA). The results obtained from the lysis buffer were subtracted from each
experimental value, and the specific transactivation expressed as fold induction over basal
levels (untreated cells). The experiments for each concentration of the assay items were done

in triplicate wells.

Evaluation parameters of the pro-proliferative activity

2.7.1. Real-time pro-proliferative activity assay

NIH-3T3 and HaCaT cells (3x10° cells/well) were seeded in a 96-well Essen
ImagelLock plate (Essen BioScience) and grown to confluence in a CO2 humidified incubator
in the absence of FBS. As a positive control, the cells were treated with 10% FSB (Summit
Biotechnology; Ft. Collins, CO). After 24 h, the scratch was made using the 96-pin

WoundMaker (Essen BioScience). Wound images were taken every 3 h for 48 h, and the data

13
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was analysed with the Relative Wound Density integrated metric. This is part of the IncuCyte

HD live content cell imaging system (Essen BioScience).

In-vitro antimicrobial activity

2.8.1. Microorganisms

In the present study, strains of three microorganisms were used: Gram-positive
Staphylococcus aureus (ATCC 25904); Gram-negative Escherichia coli (ATCC 25922D-5)
and Candida albicans yeast (ATCC 10231). These three microorganisms were chosen
because they are predominant opportunistic pathogens in skin infections (Petkovsek et al.,

2009; Kashem & Kaplan, 2016; Hiilpiisch ef al., 2020).

2.8.2. Agar well diffusion method

For the cultivation of the bacterial strains, NBM (Nutrient Broth Medium) was prepared
using 8% nutrient broth in double DH2O and agar-agar. It was subjected to autoclaving at 15
Ibs psi for 30 min/s. Agar plates were prepared by pouring 15 mL of NBM into petri dishes
under aseptic condition and kept at room temperature (25°C) for stabilisation. Bacterial cell
cultures were maintained in peptone saline solution by regular sub-culturing and were
incubated at 37°C for 24 h (Apaza et al., 2020).

Agar plates were inoculated by streaking 3 times the swab of bacterial strains over the
entire sterile agar surface, and rotating the agar plate at 60° for uniform distribution of the
inoculum. The plates were dried at room temperature under aseptic condition followed by
boring of 9 mm diameter wells. Serial dilutions (100, 50, 25, 12.5, 6.25, 3.12, 1.56, 0.78, 0.39
and 0.19 ug/mL) of the samples (extracts, fractions and compounds) and standard drug

Ofloxacin (27.67 uM) were prepared using DMSO as solvent. The samples (100 uL) were

14
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added in wells by using sterile micropipette. The plates were then incubated in a BOD (Bio-
Oxygen Demand) incubator at 37°C for 48 h. The zone of inhibition (ZI) of each bacterial

strain was measured in triplicate by using a calibrated digital Vernier caliper.

2.8.3. Broth microdilution method - MIC

MICs (Minimum Inhibitory Concentration) of the extracts, fractions and compounds
against the bacterial and yeast strains and samples were determined using the microdilution
method in 96 well plates (Cellstar®, Greinerbio-one, Germany) (Apaza et al., 2020). The
MHB (Mueller-Hinton broth) medium (180 xL) of the bacterial culture and the Sabouraud
medium (yeast culture) were used to fill the first experimental well. The other wells were
filled with 100 4L of medium. Subsequently, a volume of 20 uL of (extracts, fractions and
compounds) was added to the first well. Double fold serial dilution was then carried out across
the plate. Overnight batch culture of the microorganisms (10 L) was used to inoculate each
well to achieve an inoculum size of ca. 1x10° CFU (Colony-Forming Unit)/mL. The plates
were incubated for 48 h at 37°C. MICs were calculated according to Apaza et al. (2020).
DMSO at the same tested concentration was used as a negative control, while Ofloxacin
(27.67 uM) was used as positive control to assess the accuracy of the MIC method. Each MIC

determination was carried out in triplicate.

2.9. Statistical analysis

CCso (Cytotoxic Concentration 50%) and ICso (Inhibitory Concentration 50%) values
were determined by non-linear regression. All the experiments were performed in triplicate.
One-way ANOVA statistical analysis (Tukey's multiple comparisons test, p<0.05; p<0.001)
was performed to evaluate the significant differences among values. All the analyses were

performed using GraphPad Prism, version 8.4.0.
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3. Results

3.1. Extraction, isolation and characterisation of compounds

In this report, we only include a detailed characterisation of compounds 1 and 3, since

they have not been previously reported as natural compounds. For compound 2, only a brief
characterisation has been included, because it has been widely described in numerous works

as an isolated compound from different plant species (Figure 1).

Figure 1.

3.1.1. Characterisation of compound 1

4-[1-(3,5,5,8,8-Pentamethyl-5,6,7,8-tetrahydro-2-naphthalenyl)-vinyl]-benzoic acid
or Bexarotene (1) was obtained as a white solid amorphous. Its molecular formula,
C24H23Na0», was confirmed through HRESIMS [M+Na]" ion at m/z 371.2.

Nineteen signals were distinguished in the '*C NMR spectrum, with seven signals
between dc: 150-130 ppm corresponding to seven quaternary aromatic carbons. Likewise,
between oc: 129-126 ppm, three signals correspond to five aromatic carbons (=CH-). The
"H NMR spectrum showed ten signals differentiable into three systems of signals.

The first system is composed of two doublets of a proton which is coupled to the
protons H-a (du: 5.35 ppm, J=1.3 Hz) and H-B (Ju: 5.83 ppm, J=1.3 Hz) of the vinyl
substituent. Through the HSQC spectrum, it was confirmed that the H-a and H- protons
belong to the vinyl carbon (dc: 117.33 ppm). Likewise, through the HMBC spectrum, it
was confirmed that the signals of the H-a and H-f protons are coupled with the a-vinyl
carbon (Jdc: 149.28 ppm) and with the aromatic carbons C-2 (Jc: 138.06 ppm) and C-1'

(dc: 146.62 ppm).
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Regarding the second benzyl system, it was observed that the protons H-5'/H-3' (on:
8.07 ppm) are coupled with the equivalent protons H-6'/H-2' (du: 7.41 ppm). Furthermore,
from the HSQC and HMBC spectra, the H-5'/H-3" protons correspond to the C-5'/C-3'
carbons (dc: 128.23 ppm). Likewise, the H-5'/H-3' protons are coupled with the C-1'
carbons (dc: 146.62 ppm), carbonyl (dc: 171.10 ppm) and C-4' (dc: 130.45 ppm). Finally,
the C-6'/C-2' carbons (dc: 128.07 ppm) are coupled with the a-vinyl carbon (dc: 149.28
ppm).

Through the '"H-'H COSY, HSQC and HMBC spectra, we observed a methyl group
in position 3 (dc: 20.09 ppm) in the third naphthenic system, with a singlet of three protons

(on: 1.95 ppm) which are coupled with the aromatic proton H-4 (Jou: 7.08 ppm) (Figure 2).

Figure 2.

On the other hand, a methyl was observed in the position 3, which was coupled with
the aromatic carbons C-3 (dc: 132.86 ppm), C-2 (oc: 138.06 ppm) and C-6'/C-2' (dc:
128.07 ppm). In addition, it was observed that carbon C-3 couples with the aromatic proton
H-1 (én: 7.13 ppm) and with the methyl protons in position 3.

Likewise, it was observed that the aromatic protons H-1 and H-4 are coupled with
the C-8/C-5 carbons (dc: 35.35-35.37 ppm). A doublet of twelve protons was also observed
at on: 1.29 ppm, corresponding to four methoxy groups that are coupled with the C-7/C-6
carbons (dc: 34.16-34.06 ppm) and with the C-8/C-5 carbons. Finally, it was observed that
the methyl groups at positions 12-15 and the C-6/C-7 carbons correlate with the C-9 (dc:

144.58 ppm) and C-10 (oc: 142.53 ppm) carbons.
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3.1.2. Characterisation of compound 2
1-[2-(Dimethylamino)-ethyl]-3,8-dimethoxychromeno-[5,4,3-cde]-chromene-5,10-
dione or Taspine (2) was obtained as an amorphous white solid; 'H NMR (300 MHz,
CDClz-d1) on: 8.13-8.11 (1H, d, H-10), 7.23 (1H, d, H-9), 7.12 (1H, s, H-3), 4.04 (6H, s,
2-OCHz3/8-OCH3), 3.41 (2H, s, H-15'/H-15"), 2.57 (2H, m, H-16'/H-16"), 2.33 (6H, s, 17-
CH3/18-CH3); *C NMR (76 MHz, CDCl3-d)) ¢ 158.95 (C-12), 157.94 (C-6), 151.38-
151.15 (C-2/C-8), 144.15 (C-7), 137.99-136.92 (C-1/C-4), 127.07 (C-10), 119.32 (C-14),
118.58 (C-13), 116.82 (C-3), 113.83 (C-11), 111.67 (C-9), 109.32 (C-5), 60.32 (C-16),
56.71-56.65 (2-OCH3/8-OCH3), 45.18 (C-17/C-18), 32.99 (C-15); C20H19NOs. The
spectroscopic data obtained for compound 2 were corroborated with the available literature

references (Cheng et al., 2009; Altieri et al., 2013).

3.1.3. Characterisation of compound 3

N'-[(E)-(2-Hydroxy-1-naphthyl)-methylene]-isonicotinohydrazide or 2-hydroxy-1-
naphthaldehyde isonicotinoyl hydrazone (3) was obtained as an amorphous white solid.
Its molecular formula, C17H12N302, was confirmed through HRESIMS [MH] ion at m/z
290.093.

The '3C NMR spectrum showed that the imidolate carbon (C-12) appears at dc:
160.69 ppm, and the azomethine carbon (C-11) appears at dc: 151.34 ppm. The aromatic
carbons, corresponding to the naphthenic ring and to isonicotynil ring, appeared between
dc: 109-160 ppm. The '"H NMR spectrum showed a one-proton singlet at du: 9.58 ppm
assigned to the allylic proton CH=N- (H-11). Next, two two-protons multiplets appeared
at ou: 9.16-9.09 ppm and ou: 8.59-8.52 ppm that were assigned to the equivalent protons
H-15/H-16 and H-14/H-17 of the isonycotynil ring. A correlation of the C-15/C-16

carbons (dc: 145.11 ppm) with the C-14/C-17 carbons (dc: 126.47 ppm) was observed
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through the HSQC spectrum. The correlations between the protons that make up the
isonicotinyl ring, and between H-15/H-16 protons and the C-12 carbons (dc: 160.69 ppm)
and C-13 (dc: 149.56 ppm) were observed through the HMBC spectrum.

We did not identify a resonance attributable to the N-H proton and the hydroxy group
of the naphthenic ring in the 'H NMR spectrum, revealing that we are witnessing a
deprotonation. The protons of the naphthenic ring appear at du: 8.2-7.2 ppm. Using 'H-'H
COSY and HSQC spectra, the final structure was elucidated and the naphthenic protons
H-6 (dn: 7.43 ppm, m), H-1 (du: 7.60 ppm, m) and H-2 (Ju: 8.25 ppm, d, J/=8.5 Hz) were
correlated to the carbons C-6 (dc: 124.91 ppm), C-1 (dc: 129.03 ppm) and C-2 (dc: 121.34

ppm) (Figure 3).

Figure 3.

Using the HMBC spectrum, correlations between the proton H-11 and the carbons
C-10 (c: 109.29 ppm), C-5 (dc: 133.68 ppm) and C-9 (dc: 160.53 ppm) could be observed.
In addition, the presence of C-9 in a weaker field indicates that the naphthenic ring is
substituted in the ortho-position by a hydroxy group.

Finally, the complete elucidation was performed assigning the protons H-7 (du: 7.95
ppm, d, J/=9.0 Hz), H-8 (du: 7.24 ppm, dd, J/=14.9, 8.9 Hz) and H-3 (du: 7.88 ppm, dd,
J=8.2, 1.4 Hz) to the carbons C-7 (dc: 134.14 ppm), C-8 (dc: 119.99 ppm) and C-3 (dc:

129.82 ppm).

3.2. Cytotoxic activity of the extracts

Regarding the cytotoxicity of the D. draco extracts, the results showed that the aqueous

(CCs50=91.20-96.60 ug/mL), dichloromethane (CCs0=87.30-85.40 ug/mL) and alkaloid-rich
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dichloromethane (CCs0=84.70-85.80 ug/mL) extracts did not show relevant cytotoxicity
(p=0.074) when compared to the positive control (Actinomycin D, CCs50=7.95 nM) in any of

the cell lines (THP-1, NIH-3T3 and HaCaT) (Table 1).

Table 1.

3.3. Anti-inflammatory activities of the extracts

Concerning the anti-inflammatory capacity, the results showed that the dichloromethane
(IC50=60.80-58.90 ug/mL) and alkaloid-rich dichloromethane (ICs50=64.10-65.69 ug/mL)
extracts presented a greater inhibitory activity of the production of NF-«B than the aqueous

extract (IC50=91.35-93.79 ug/mL) in all cell lines (Table 2).

Table 2.

On the other hand, the results concerning the activation of the Nrf2 factor confirmed that

the dichloromethane (ECs50=22.53-24.75 ug/mL) and alkaloid-rich dichloromethane

(ECs0=25.84-28.95 ug/mL) extracts presented statistically significant lower ECso values

(»<0.001) than the aqueous extract (ECs0=63.70-68.82 ug/mL) in all cell lines (Table 3).

Table 3.

3.4. Antimicrobial activities of the extracts

Regarding the antimicrobial capacity, the dichloromethane and alkaloid-rich

dichloromethane extracts showed a statistically significant ZI (p<0.001) on the E. coli, C.
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albicans and S. aureus type strains, with an ICso 0f27.19-29.37 ug/mL and 21.23-24.47 ug/mL,

respectively (Table 4).

Table 4.

These results were confirmed by the MIC assay, where the extracts showed a MIC of
24.04-26.75 ug/mL (dichloromethane extract) and 18.58-19.92 ug/mL (alkaloid-rich
dichloromethane extract), presenting a similar activity to the positive control (Ofloxacin,

IC50=10.00 ug/mL) (p=0.023) (Table 5).

Table 5.

3.5. Pro-proliferative activity of the extracts

Finally, in relation to the pro-proliferative properties (cell proliferation of NIH-3T3

fibroblasts and HaCaT keratinocytes), the dichloromethane (ICs50=36.43-37.16 ug/mL) and

alkaloid-rich dichloromethane (ICs50=30.39-34.65 ug/mL) extracts showed a higher pro-

proliferative activity when compared to the other extracts (Figure 4).

Figure 4.

Given that the dichloromethane and alkaloid-rich dichloromethane extracts had greater

pharmacological potential, they were selected for further fractionation.
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3.6. Cytotoxic activity of the fractions

The dichloromethane extract was fractionated using DCM/MeOH as the mobile phase,
producing eleven fractions that were subjected to cytotoxicity, anti-inflammatory and
antimicrobial assays. Table 1S shows the cytotoxicity results; first fractions showed low
cytotoxicity while the last fractions were highly cytotoxic, and the F2 fraction (CCs0=75.03-
77.68 ug/mL) had the lowest cytotoxicity. F2 had also statistically significant lower
cytotoxicity than the other fractions.

The alkaloid-rich dichloromethane extract obtained through the liquid-liquid extraction
technique was fractionated by column chromatography using the HEX, dioxane and MeOH
solvents. Three fractions (1-3) were obtained. F1” and F2" had CCso values between 71.56-
76.32 ug/mL and 72.75-79.54 ug/mL, values which show a statistically significant lower

cytotoxicity than the F3" (Table 6S).

3.7. Anti-inflammatory activities of the fractions

The anti-inflammatory results showed that the F2 fraction (ICs50=44.40-44.70 ug/mL) has
the highest inhibitory activity of the NF-xB production (Table 2S). Additionally, the results on
the activation of the Nrf2 factor confirmed that the F2 fraction (ECs0=13.20-14.90 ug/mL) has
statistically significant lower ECso values than the other fractions in all cell lines (Table 3S).

Concerning the anti-inflammatory capacity of the fractions obtained from the alkaloid-
rich dichloromethane extract, the results showed that the F1” (ICs50=38.51-39.52 ug/mL) and
F2" (I1C50=32.95-35.09 ug/mL) fractions had a higher inhibitory activity of the NF-xB
production than the F3” fraction (ICs50=51.15-57.78 ug/mL) in all cell lines (Table 7S).
Moreover, the results on the activation of the Nrf2 factor showed that the F1” (ECs50=6.13-6.27
ug/mL) and F2” (ECs0=4.31-5.63 ug/mL) fractions have statistically significant lower ECso

values than the F3” fraction (ECs0=15.68-19.82 ug/mL) in all cell lines (Table 8S).
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3.8. Antimicrobial activities of the fractions

The F2 fraction showed a statistically significant ZI, with an ICso of 11.51-13.61 ug/mL
(Table 4S). This result was confirmed by the MIC assay, where the F2 fraction showed a MIC
0f 8.40-9.49 ug/mL, having an antimicrobial activity similar to the positive control (Ofloxacin,
IC50=10.00 ug/mL) (p=0.095) (Table 5S).

Fractions F1” and F2” showed a statistically significant ZI, with an ICso of 3.99-5.48
pg/mL and 2.36-3.17 ug/mL (Table 9S). These results were confirmed by the MIC assay, where
the fractions showed a MIC of 2.03-2.91 ug/mL (F1°) and 1.66-1.96 ug/mL (F2"). Both
fractions have a higher activity than the positive control (Ofloxacin, ICs50=10.00 ug/mL)
(p<0.001) (Table 10S).

Through the chromatographic separation of the F2 fraction, a total of eight fractions
(F2.I-F2.VIII) were obtained, with F2.VIII (Bexarotene) as the most active fraction (Tables
11S-158). Likewise, the chromatographic purification of the fractions F1°-F2" led to obtaining
Taspine and 2-hydroxy-1-naphthaldehyde isonicotinoyl hydrazone, which were the most

active fractions.

3.9. Cytotoxic activity of the compounds

Table 6 shows the cytotoxicity of the pure compounds. Bexarotene (compound 1,
CCs0=87.12-87.95 uM) had lower cytotoxicity than compounds 2-hydroxy-1-
naphthaldehyde isonicotinoyl hydrazone (compound 3, CCs0=71.58-75.41 uM) and Taspine

(compound 2, CCs50=66.77-69.31 uM).

Table 6.
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3.10. Anti-inflammatory activities of the compounds
The three compounds showed an inhibitory capacity of the NF-kB production higher than
the positive control (Celastrol, IC50=7.43 uM), with ICs values of 0.10-0.13 uM (compound

1), 0.22-0.24 uM (compound 2) and 3.75-4.78 uM (compound 3) (Figure 5).

Figure 5.

Moreover, regarding the stimulation of Nrf2, effective concentrations of 5.34-5.43 nM
(compound 1), 163.20-169.20 nM (compound 2) and 300.82-315.56 nM (compound 3) were
obtained. There are no previous reports on the effect of these three compounds on the
production of Nrf2. However, although the isolated compounds showed Nrf2 stimulating
activity, they are not better than the positive control (CDDO-Me, ICs50=0.11 nM). Compound
1 is the one that has the highest Nrf2 stimulation potential, and as such is the one that would

be the closest to the values displayed by the positive control (Figure 6).

Figure 6.

3.11. Pro-proliferative activity of the compounds

It was observed that compound 1 (IC50=8.62-8.71 nM) had a higher pro-proliferative

activity, similar to the positive control (FSB, 100%). Compounds 2 (IC50=166-171 nM) and 3

(IC50=469-486 nM) showed a pro-proliferative activity of 75% and 65% (Figure 7).

Figure 7.
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3.12. Antimicrobial activities of the compounds
The three compounds showed a statistically significant ZI in the E. coli, C. albicans and
S. aureus strains, with an 1Cso of 0.14-0.19, 0.41-0.49 and 4.69-4.86 uM, respectively (Figure

8). The ZI of compound 1 was higher than that of Ofloxacin (positive control).

Figure 8.

These results were corroborated through the minimum inhibitory concentration (MIC)
assay, obtaining MIC values of 0.12-0.16 uM (compound 1), 0.31-0.39 4M (compound 2) and
3.96-3.99 uM (compound 3). Thus, the compounds showed higher antimicrobial activity than

the positive control (Ofloxacin, IC50=27.67 uM) (Figure 9).

Figure 9.

4. Discussion

The three isolated compounds have been described in previous works. However, this is
the first time they have been isolated in the D. draco species. In this sense, compound 1 was
first synthesised in 1993 by Ligand Pharmaceuticals Inc. (Boehm ef al., 1993). In relation to
compound 2, it has been isolated from different plant species such as: Leontice eversmannii
(Platonova et al., 1953), Croton Lechleiri (Perdue et al., 1979) and Magnolia liliflora
(Talapatra et al., 1982). Finally, in relation to compound 3, it was synthesised for the first time
by Sacconi (1953).

There are no studies regarding the cytotoxicity of D. draco extracts. However, there is a
toxicity study that reported that the ethyl acetate extract from D. draco did not show toxicity

at a dose of 8000 mg/kg body weight (lethal dose 50) in Sprague Dawley rats. Macroscopic
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observation of the liver and kidneys showed that there were no abnormalities and that the organ
weights were within normal values (Yunita & Mursyid, 2019). Relating the toxicity data
obtained from previous work and the cytotoxicity results obtained in our work, we can
conclude that there is a relationship between cytotoxicity/toxicity and the polarity of the
extracts. In this sense, the apolar extracts showed greater cytotoxicity/toxicity than the polar
extracts.

Regarding the compounds isolated from the dichloromethane and alkaloid-rich
dichloromethane extracts, previous studies have shown that compound 1 was not cytotoxic in
the PC12 cell lines (CCs0>100 M) (Wang et al., 2019); in our study we confirmed that this
compound was not cytotoxic in any of the cell lines. Compound 2 did not show relevant
cytotoxicity confirming the results previously reported in KB tumour (CCs0=0.39 ug/mL) and
V-79 (CCs0=0.17 ug/mL) cell lines by Itokawa et al. (1991). Finally, compound 3 has been
reported as cytotoxic against different tumour cell lines confirming the results of Green et al.
(2001) (IC50=0.65-2.3 uM). Our study shows that the compound 3 is not cytotoxic. This
contradiction between our results and those reported in previous reports may be because the
tests were conducted in different cell lines, with different morphological features.

On the other hand, in relation to the anti-inflammatory activity of the extracts of D. draco,
previous studies have shown that the ethanolic extract of D. draco presented anti-inflammatory
activity (inhibition of the production of interleukin 1B, TNF-a and NF-kB) in a range of
concentrations between 10-200 ug/mL (Choy et al., 2008). Furthermore, the ethanolic extract
of D. draco stimulated the production of HO-1 (Heme Oxygenase 1) which is directly related
to the suppression of NF-kB and to the activation of Nrf2 (Wardyn et al., 2015). This potential
was confirmed in our case through the methanolic extract that presented an inhibitory activity

of NF-kB (IC50=46.26-49.39 ug/mL) and a stimulating activity of Nrf2 (ICs50=10.47-17.69
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ng/mL). However, this extract was not studied due to its cytotoxicity (CCs0=52.20-54.00
pg/mL).

Regarding the anti-inflammatory activity of the compounds, previous studies have
reported the inhibition potential over the NF-kB production of compound 1, inhibiting the
phosphorylation of IkPa in chondriosomes (Zha et al., 2020). Concerning compounds 2 and 3,
there are no reports on their effect on the production of NF-kB. However, there are reports that
mention that compound 2 has anti-inflammatory activity (Perdue et al., 1979; Raintree
Nutrition, 2007) and compound 3 attenuates ROS production (Wang et al., 2016).

The mechanism of action of compounds 2 and 3 on the NF-kB pathway is unknown.
However, our results show that these compounds are better than the positive control (Celastrol).
If we account for the fact that the mechanism of action of Celastrol is through the suppression
of the degradation of IxBa and inhibition of the translocation of p65 of the nucleus (Youn et
al., 2014), we can deduct that compounds 2 and 3 act on these factors on the NF-kB inhibition
pathway.

On the other hand, analysing the mechanism of action of the positive control (CDDO-
Me) on the Nrf2 pathway, we observe that it acts by generating bonds with the thiol groups of
the Keap-1 unit, which leads to the release of the Nrf2 unit. This release leads to subsequent
nuclear transcription and the production of a coordinated antioxidant and anti-inflammatory
response (Wang et al., 2014). Based on this premise, a similar mechanism of action on the Nrf2
pathway can be assumed for the three compounds.

Additionally, the anti-inflammatory activity of the compounds can be related to their
lipophilic capacity. This concerns the partition coefficient of the three compounds. The higher
the partition coefficient (Log P), the more hydrophobic the compound is and, therefore, it is

better distributed in hydrophobic environments such as the lipid bilayers that make up cells
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(Kapustikova et al., 2018). Based on this premise, compound 1 is the most absorbable since it
has a Log P of 6.86 (compound 2, Log P of 3.18, and compound 3, Log P of 2.18).

We can conclude that both the inhibition of the NF-kB nuclear factor and the activation
of the Nrf2 factor are crucial for the anti-inflammatory action during the pro-proliferative
process (Ahmed et al., 2017). The isolated compounds have shown both activities.

In relation to the antimicrobial activity of extracts of D. draco, Wahyuni et al. (2018)
reported that hexane (Z1=10.57 ug/mL), ethyl acetate (ZI=15.05 pug/mL, MIC=1.0 mg/mL) and
methanol (ZI=13.40 ug/mL, MIC=0.5 mg/mL) extracts of D. draco have antimicrobial activity
against S. aureus. Our study shows that the hexane and methanolic extracts have ZI of 96.56
ug/mL and 54.67 pug/mL against the S. aureus strain, with MIC results of 87.33 and 48.78
ug/mL, respectively. Furthermore, these extracts showed similar activities against E. coli and
C. albicans strains. Thus, our results confirm the activity of D. draco extracts on Gram-positive
bacteria (S. aureus). Moreover, our study highlights the antimicrobial activity on Gram-
negative bacteria (E. coli) and yeasts (C. albicans).

Regarding the antimicrobial activity of the compounds, there are previous studies on the
antimicrobial activity of compound 1 against Gram-positive bacteria (P. acnes) (Aranegui &
Garcia-Cruz, 2012). There are no previous reports of the antimicrobial activity of compound
2. Concerning compound 3, its antimicrobial activity was reported against S. aureus (Gram-
positive), E. coli (Gram-negative) and C albicans (yeast), with an inhibitory concentration of
2.07, 2.07 and 2.37 uM, respectively (Judge ef al., 2011). These results are similar to those
obtained in the current report.

Analysing the mechanism of antimicrobial action of Ofloxacin, we observed that it
inhibits topoisomerases II, IV and DNA gyrase that are necessary to complete the cycle of
bacterial division (Todd & Faulds, 1991). In this sense, our compounds can have a similar

mechanism of action, however this should be further analysed in future studies.
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Finally, we observed that the pro-proliferative activity of compound 1 is due to its
retinoid type structure; compound 1 produces an increase of fibroplasia and angiogenesis
(Fernandez & Armario, 2003). In relation to compound 2, there are reports on its pro-
proliferative activity in the early stages of the wound. This is because it promotes the migration
of fibroblasts at 50 pg/mL (Porras-Reyes et al., 1993). However, compound 2 has been shown
to have a higher pro-proliferative activity in its salt form (De Fatima et al., 2008). Furthermore,
in vitro assays have shown that, after its application, compound 2 produces an acceleration in
the growth of collagen, capillaries (angiogenesis), as well as an increase in the autocrine of
TGF-B, and the EGF (Epidermal Growth Factor) in fibroblasts (Raintree Nutrition, 2007).
Concerning compound 3, Walcourt et al. (2013) showed that it is an iron chelator. Iron
chelators are used as pharmacological agents because they suppress the lack of iron,
accelerating the pro-proliferative process (Wright et al., 2014).

In vitro studies (cell cultures) provided us with information on the possible mechanism
of anti-inflammatory and pro-proliferative activities of the extracts, fractions and compounds
isolated from Daemonorops draco (Willd.) Blume species. However, to support the idea of
action on NF-xB (suppression of phosphorylation of IKKaf) and pro-proliferative activity, it

would be beneficial to perform in vivo and mechanistic studies.

5. Conclusion

This report has confirmed the anti-inflammatory, pro-proliferative and antimicrobial
activities of the D. draco resin. Moreover, this study is the first report isolating Bexarotene (1),
Taspine (2) and 2-hydroxy-1-naphthaldehyde isonicotinoyl hydrazone (3) from the
Daemonorops draco (Willd.) Blume species. For compounds 1 and 3, it is the first time that
they have been isolated from a natural product, given that previous authors have only obtained

these compounds through chemical synthesis. Although compound 2 has been considered a
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biomarker of the Croton lechleri species, this work confirms its presence in the D. draco
species. The chemical relation between these species and other "Dragon’s blood" species
should be analysed in future studies.

The current report has shown that the three compounds could be used to develop topical
treatments seen as healing alternatives to those already on the market. In addition, future reports
on these compounds could use them for unveiling the relation between structure and activity
(SAR). In addition to these three compounds, bio-guided isolation should look for new
compounds since the D. draco species has not been comprehensively studied, and our study is

only a first step towards such efforts.
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Figure 1. The chemical structures of triterpenoids from D. draco. (1) Bexarotene; (2)
Taspine; (3) 2-hydroxy-1-naphthaldehyde isonicotinoyl hydrazone.
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Figure 3. Structural correlation of compound 3.
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Figure 4. Effect of extracts from D. draco on pro-proliferative activity in HaCaT (A) and
NIH3T3 (B) cells.
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Figure 5. ICsos of the inhibition of NF-kB production, calculated for the compounds from
D. draco at 48 h. 1Cso was calculated using Prism v8.4.0 (GraphPad Software) using non-
linear regression, dose-response curves. CI95%: Confidence interval 95%/Tukey's

multiple comparisons test (p<0.001).
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Figure 6. ECsos of the activation of Nrf2 production, calculated for the compounds from
D. draco at 48 h. ECso was calculated using Prism v8.4.0 (GraphPad Software) using non-
linear regression, dose-response curves. CI95%: Confidence interval 95%/Tukey's

multiple comparisons test (p<0.001).
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Figure 7. Effect of compounds from D. draco on pro-proliferative activity in HaCaT (A)
and NIH3T3 (B) cells.
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Figure 8. In vitro culture plates (agar cup plate method) of D. draco compounds showing
the zone of inhibition (ZI) concentration against different strains of microorganisms at 48
h. ICsos of the ZI was calculated using Prism v8.4.0 (GraphPad Software) using non-linear
regression, dose-response curves. CI95%: Confidence interval 95%/Tukey's multiple
comparisons test (p<0.001).

Microorganisms
40 [ S. aureus
B E.coli
I C.albicans

i

T
Oflx 1


https://IC50=8.62
https://IC50=8.71

Figure 9. Minimum inhibitory concentration (MIC) of D. draco compounds against
different strains of microorganisms at 48 h. MIC was calculated using Prism v8.4.0
(GraphPad Software) using non-linear regression, dose-response curves. CI95%:
Confidence interval 95%/Tukey's multiple comparisons test (p<0.001).
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Table 1. CCsos of the LDH (Cytotoxicity) assays calculated for the extracts from D. draco
CCso was calculated using Prism v8.4.0 (GraphPad Software) using non-linear regression,
dose-response curves. CI95%: Confidence interval 95%/Tukey's multiple comparisons
test (p<0.001**%*).

Cytotoxicity (CCso ug/mL) at 48 h

Extracts (CI95%, R2)

THP-1

HaCaT

NIH-3T3

Untreated cells

DMSO

Actinomycin D*

9826 (93.43 to 103.65, 0.9868)
2029 (15.94 to 25.91, 0.9615)
7.97 (2.24 to 11.35, 0.9697)

99.37 (94.13 to 104.40, 0.9868)
20.09 (15.56 to 24.59, 0.9615)
7.95 (2.27 to 12.42, 0.9697)

98.49 (93.40 to 103.45, 0.9868)
20.05 (15.41 to 25.11, 0.9615)
7.92 (2.54 to 12.74, 0.9697)

HEX 75.00 (70.94 to 80.54, 0.9842) 73.30 (68.93 to 78.91, 0.9842) 73.05 (68.45 to 78.75, 0.9842)
DCM 87.30 (82.65 to 92.26, 0.9827) 86.50 (81.59 to 91.63, 0.9827) 85.40 (80.45 to 90.49, 0.9827)
MeOH 54.00 (49.71 to 59.62, 0.9824) 53.30 (48.90 to 58.06, 0.9824) 52.20 (47.88 to 57.84, 0.9824)
Aq 96.60 (91.62 to 101.99, 0.9979) 96.20 (91.39 to 101.76, 0.9979) 91.20 (86.65 to 96.64, 0.9979)

DCM-ALK 85.80 (80.49 to 90.98, 0.9851)
(*): Actinomycin D (CCso=nM)

85.31 (80.17 to 90.86, 0.9851) 84.70 (79.82 to 89.06, 0.9851)

Table 2. ICsos of the inhibition of NF-kB production, calculated for the extracts from D.
draco. 1Cso was calculated using Prism v8.4.0 (GraphPad Software) using non-linear
regression, dose-response curves. CI95%: Confidence interval 95%/Tukey's multiple

comparisons test (p<0.001***).

Extracts

Inhibition of NF-kB production (ICso #g/mL) at 48 h

(CI195%, R2)

THP-1

HaCaT

NIH-3T3

Untreated cells

19.98 (14.41 to 24.78, 0.9886)

17.24 (12.92 to 22.61, 0.9886)

16.46 (11.36 to 21.13, 0.9886)

Celastrol* 7.44 (2.72 to 11.33, 0.9891) 7.41 (2.43 to 12.90, 0.9891) 7.40 (2.76 to 12.40, 0.9891)
HEX 85.61 (80.27 to 90.72, 0.9568) 83.94 (78.13 to 88.77, 0.9568) 81.81 (76.24 to 86.93, 0.9568)
DCM 60.80 (55.13 to 65.11, 0.9856) 60.52 (55.73 to 65.61, 0.9856) 58.90 (53.95 to 63.95, 0.9856)
MeOH 49.93 (44.40 to 54.63, 0.9512) 46.33 (41.53t0 51.99, 0.9512) 46.26 (41.32t0 51.43, 0.9512)

Aq 93.79 (88.85 to 98.84, 0.9615) 93.71 (88.72 t0 98.22, 0.9979) 91.35 (86.43 t0 96.53, 0.9979)
DCM-ALK 65.69 (60.19 to 70.40, 0.9863) 65.06 (60.28 to 70.82, 0.9863) 64.10 (59.93 to 69.73, 0.9863)

(*): Celastrol (ICso=uM)

Table 3. ECsos of the activation of Nrf2 production, calculated for the extracts from D.
draco. ECso was calculated using Prism v8.4.0 (GraphPad Software) using non-linear
regression, dose-response curves. CI95%: Confidence interval 95%/Tukey's multiple

comparisons test (p<0.001%**),

Extracts

Activation of Nrf2 production (ECso ug/mL) at 48 h

(C195%, R2)

THP-1

HaCaT

NIH-3T3

Untreated cells

1.96 (-4.54 t0 6.52, 0.9973)

1.95 (-4.73 t0 6.12, 0.9973)

1.89 (-4.43 t0 6.94, 0.9973)

CDDO-Me* 0.11 (0.06 to 0.16, 0.9953) 0.11 (0.06 to 0.16, 0.9953) 0.10 (0.05 to 0.15, 0.9953)
HEX 57.01 (52.52 to 62.40, 0.9609) 56.41 (51.77 to 61.18, 0.9609) 53.98 (48.63 to 58.38, 0.9609)
DCM 24.75 (19.90 to 29.85, 0.9987) 22.53 (17.38 to 27.27, 0.9987) 22.12 (17.98 to 27.68, 0.9987)
MeOH 17.69 (12.49 to 22.48, 0.9781) 12.94 (7.90 to 17.81, 0.9781) 10.47 (5.28 to 15.09, 0.9781)

Aq 68.82 (63.93 to 73.24, 0.9873) 67.65 (62.06 to 72.85, 0.9873) 63.70 (58.14 to 68.89, 0.9873)

DCM-ALK 28.95 (23.44 to 33.61, 0.9968) 26.58 (21.53 to 31.77, 0.9968) 25.84 (20.50 to 30.71, 0.9968)

(*): CDDO-Me (ICs0=M)

Table 4. In vitro culture plates (agar cup plate method) of D. draco extracts showing the
zone of inhibition (ZI) concentration against different strains of microorganisms. ICsos of
the ZI was calculated using Prism v8.4.0 (GraphPad Software) using non-linear
regression, dose-response curves. CI95%: Confidence interval 95%/Tukey's multiple
comparisons test (p<0.001#**),

Zone of inhibition at (ICso ug/mL) at 48 h

Extracts (CI95%, R2)
S. aureus E. coli C. albicans
Ofloxacin* 27.65 (22.37 to 32.11, 0.9941) 27.67 (22.28 to 32.09, 0.9941) 27.71 (22.28 t0 32.94, 0.9941)

HEX 93.56 (88.02 to 98.56, 0.9816) 94.19 (89.11 to 99.98, 0.9816) 96.39 (91.99 to 101.40, 0.9816)
DCM 27.19 (22.69 to 32.34, 0.9925) 27.41 (22.63 to 32.35, 0.9925) 29.37 (24.38 to 34.87, 0.9925)
MeOH 54.67 (49.53 to 59.51, 0.9847) 55.61 (50.38 to 60.42, 0.9847) 56.22 (5175 to 61.32, 0.9847)
Aq 89.92 (84.84 to 94.45, 0.9869) 86.78 (81.08 to 91.34, 0.9869) 88.14 (83.70 to 93.65, 0.9869)
DCM-ALK 21.23 (16.51 to 26.65, 0.9928) 22.57 (17.90 to 27.97, 0.9928) 24.47 (19.58 to 29.30, 0.9928)

(*): Ofloxacin (ICso=uM)
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Table 5. Minimum inhibitory concentration (MIC) of D. draco extracts against different
strains of microorganisms. MIC was calculated using Prism v8.4.0 (GraphPad Software)
using non-linear regression, dose-response curves. CI95%: Confidence interval

95%/Tukey's multiple comparisons test (p<0.001%**),

Minimum inhibitory concentration at (MIC ug/mL) at 48 h

Extracts (CI95%, R2)
S. aureus E. coli C. albicans

Ofloxacin* 27.65 (22.48 to 32.28, 0.9992) 27.67 (22.28 to 32.85, 0.9992) 27.71 (22.91 to 32.83, 0.9992)
HEX 87.33 (82.22 t0 92.39, 0.9958) 89.71 (84.78 to 94.68, 0.9958) 91.24 (86.05 to 96.18, 0.9958)
DCM 24.04 (19.99 to 29.30, 0.9927) 25.49 (20.24 to 30.66, 0.9927) 26.75 (21.46 to 31.56, 0.9927)
MeOH 48.78 (43.57 to 53.85, 0.9908) 52.85 (47.72 to 57.07, 0.9908) 53.88 (48.52 to 58.80, 0.9908)
Aq 81.64 (76.99 to 86.25, 0.9944) 83.62 (78.82 to 88.04, 0.9944) 86.36 (81.84 t0 91.73, 0.9944)
DCM-ALK 18.58 (13.92 to 23.39, 0.9924) 19.42 (14.05 to 24.05, 0.9924) 19.92 (14.61 to 24.32, 0.9924)

(*): Ofloxacin (ICso=uM)

Table 6. CCsos of the LDH (cytotoxicity) assays calculated for the compounds from D.
draco. CCsp was calculated using Prism v8.4.0 (GraphPad Software) using non-linear
regression, dose-response curves. CI95%: Confidence interval 95%/Tukey's multiple

comparisons test (p<0.001).

Cytotoxicity (CCso uM) at 48 h
(C195%, R2)

THP-1

HaCaT

NIH-3T3

Untreated cells
DMSO
Actinomycin D*
Compound 1
Compound 2
Compound 3

99.78 (94.11 to 104.60, 0.9807)
20.34 (15.23 to 25.45, 0.9819)
7.96 (2.76 to 12.43, 0.9924)
87.95 (82.04 to 92.15, 0.9913)
69.31 (6431 to 74.49, 0.9958)
75.41 (70.44 to 80.12, 0.9951)

98.96 (93.39 to 103.83, 0.9807)
20.34 (15.70 to 24.62, 0.9819)
7.95 (2.56 to 11.94, 0.9924)
87.61(82.66 to 92.79, 0.9913)
67.55 (62.06 to 72.84, 0.9958)
74.27 (69.57 to0 79.22, 0.9951)

98.98 (93.75 to 103.71, 0.9807)
20.12 (15.18 t0 25.59, 0.9819)
7.95 (2.28 to 12.04, 0.9924)
87.12 (82.85t0 92.11, 0.9913)
66.77 (61.25 to 71.61, 0.9958)
71.58 (66.07 to 76.35, 0.9951)

(*): Actinomycin D (CCso=nM)
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