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ABSTRACT

Benthamiella (Solanaceae) is an unstudied endemic genus of the Chilean-Argentinean Patagonia that thrives in harsh climatic and geographic conditions. This study
provides a biochemical description of the aerial parts, roots, and polysaccharides of B. azorella, and evaluates their antioxidant, antiproliferative and antibacterial
activity. GC-MS analysis of B. azorella roots polysaccharides identified significant amounts of arabinose, glucose and galacturonic acid. The FT-IR spectrum revealed
a diverse range of functional groups. Both analyses suggest a complex polysaccharide structure that may enhance the sample’s functional properties. Elemental
analysis showed low nitrogen and sulfur content, while proximate analysis showed significant differences in carbohydrates, lipids, fiber, and ash content between the
plant parts. Polyphenols quantification determined a higher concentration in the roots (6.66 + 0.62 mg GAE g' DW) compared to the aerial parts. Likewise, the
highest antioxidant capacity was observed in the roots using the DPPH (89.43 +0.74 umol AAE g DW at 1818 pg mL™") method. The aqueous root extract exhibited
higher activity against colon cancer HCT-116 followed by aerial parts. Polysaccharides showed slight activity against hepatocytes cancer HepG2. The extracts behaved
variably on the healthy keratinocytes HACAT cell line, tending to promote cell proliferation. Both, aqueous and ethanolic B. azorella solutions were non-toxic, did
not show quorum quenching and antibacterial activity against human and fish bacterial strains at the tested concentrations. Finally, 21 metabolites, principally
hydroxycoumarins, sapogenins and steroids derivatives were tentatively identified in the most active extract using LC-MS analysis. Further assays of B. azorella roots

with cancer and healthy cell lines and new bacterial analysis at higher concentrations are recommended.
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1. INTRODUCTION

Patagonia, located in the extreme south of Chile and Argentina, is an
underexplored area rich in unique natural resources. Its distinct geomorphology,
climate, flora, and fauna, along with the traditional resources of its cultures,
make it a valuable subject for multidisciplinary research [1]. Studies on
Patagonia plants have identified extracts and metabolites with various biological
activities, including antioxidant [2], cardiovascular [3], antimicrobial [4],
insecticidal [5] and antiproliferative [6] properties. In Despite these findings,
many native and endemic plants as the Benthamiella genus, remain unstudied.

The Benthamiella genus, described by Spegazzini in 1883, includes twelve
species inhabiting the Andean and extra-Andean regions of Patagonia between
37° and 52° south latitudes. These species thrive in open steppe communities or
on rocky-sandy soil at elevations from 300 to 1700 meters. Characterized by
cushion-shaped shrub with small tubular flowers attached to the stem [7-9],
Benthamiella belongs to the Solanaceae family, and together with Pantacantha
and Combera genera, constitute the closely related Patagonian endemic and
unstudied Benthamielleae tribe [10].

In Chile B. azorella grows in Sierra Baguales, Magallanes, Chile, at 50°S
latitude, in open Andean steppe, at the border with Argentina. Exposed to
extreme weather, include low rainfall, strong winds and low temperatures [1,
11, 12], this specie have small and geographically restricted populations,
increasing their vulnerability [13]. The Chilean Environment Ministry classified
it as vulnerable and endangered under Decree DS 13/2013 MMA.

The Solanaceae family contains diverse bioactive metabolites. The
Patagonian solanaceae species, commonly contain flavonoids, phenolic acids,
alkaloids [14], coumarins, terpenes [15], and steroidal saponins [16]. These
plants exhibit strong antitumor activity against a variety of cell lines, often
associated with withanolide-type steroids [17], steroidal saponins [16], and
polysaccharides [18]. Solanaceae constituents also showed significant
antimicrobial activity against a wide range of bacterial and fungal pathogens
[19, 20]. Other family bioactivities include sedative-anxiolytic effects [14],
insecticidal and antifeedant activity [15, 21, 22], gastroprotective effect and
B-glucoridase inhibitors [15].
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The aim of this study was to conduct an unprecedented first exploration of the
endemic Patagonian plant, B. azorella, through the analysis of biochemical
composition, metabolites profiles, and bioactivities including antioxidant,
antibacterial, in-vitro cytotoxicity, acute toxicity, and quorum quenching of its
aerial and root parts.

2. MATERIALS AND METHODS

2.1  Solvents and reagents

Solvents and reagents used in GC-MS, IR, LC-MS, proximate, polyphenols
and antioxidant analyses and extracts preparation were obtained in Sigma-
Aldrich, St. Louis, MO, USA, except Tri-Silyl reagent (Thermo Fisher
Scientific, Franklin, MA, USA). The cytotoxic analysis reagents were acquired
in Biowest, Nuaillé, France. The bacterial analysis reagents were obtained in
Oxoid Ltd., Basingstoke, Hampshire, UK.

2.2  Biological material

Human colon cancer cell line HCT-116, hepatocyte cancer cell line HepG2
and immortalized human keratinocytes HACAT were purchased from American
Type Culture Collection (ATCC, Manassas, VA, USA). Bacterial strains were
obtained from the stock collection of the Microbiology Department at the
University of Malaga.

2.3  Equipment and software

Gas chromatography Trace GC, autosampler Tri Plus and DSQ mass
spectrometer quadrupole chromatographic column Zebron ZB-5, Phenomenex
(30 mx 0.25 mm ID x 0.25 pm) (Thermo Fisher Scientific, Franklin, MA, USA).
UltraHigh-Performance Liquid Chromatography (UHPC), compact QTOF mass
spectrometer, chromatographic column Kenetex C18 (2.1 mm x 100 mm,
particle size 1.7 pum) (Phenomenex, Torrence, CA, USA). Metaboscape 4.0
software (Bruker, Billerica, MA, USA). Spectral library of MassBank of North
America (MoNA, Davis, CA, USA). Freeze-dried (Telstar, lyoquest). Vortex
(Scilogex SCI-VS, Rocky Hill, EE.UU.). Thermo Nicolet Avatar 360 IR
spectrophotometer + DTGS detector, OMNIC 7.2 software (Thermo Electron
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Inc., Waltham, MA, USA). Elemental analyzer (LECO TruSpec Micro CNHS,
St. Joseph, MI, USA). Muffle furnace (Vulcan, A550). Vortex (Scilogex
SCI-VS, Rocky Hill, EE.UU). UV-spectrophotometer (Shimadzu, UV 160A,
Japan). Microplate spectrophotometer (BIO-TEK, FL600, INC. Winooski, VT,
USA). Luminometer (Microtox M500, Microbics Corporation, Carlsbad, CA,
USA). GraphPad Prism 8.0.2 software (GraphPad, San Diego, CA, USA).

24 Vegetal material

B. azorella was collected in Sierra Baguales sector, in Magallanes, Chile, at
50.73°S, 72.39°W, 973 meters high in December 2022. Plant biomass was
transported to the laboratory at 4°C, cleaned to remove impurities and
botanically identified. The aerial parts (BA.AP) and root (BA.R) of B. azorella
were separated, frozen at -40°C, freeze-dried, and ground into powder for
biological and biochemical composition analysis.

2.5 Preparation of plant extracts

For metabolite profiling and cytotoxic in vitro analysis, extracts were prepared
from 10 g of lyophilized BA.AP and BA.R powder in 100 mL of distilled water.
The mixture was left at room temperature overnight with constant stirring, then
centrifuged, and the supernatant was freeze-dried. For antibacterial analysis,
samples were prepared from lyophilized BA.AP and BA.R powder in distilled
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water and absolute ethanol to a concentration of 20 mg mL"!, agitated with
Vortex for 5 min, and used immediately.

2.6 Extraction and purification of polysaccharides

Polysaccharides (POL) were extracted from B. azorella using a modified
method from Parages , . 2012 [23] summarized in Figure 1. Initially, 20 g of
lyophilized BA.R powder were depigmented with 400 mL of EtOH,,s with
stirred at room temperature for 24 h, then centrifugated at 9000 rpm for 15 min,
and supernatant discarded. This step was repeated three times until the
supernatant was colorless. The pellet obtained was treated with 500 mL of H,O,
boiled for 1 h with constant stirring, cooled and centrifuged (9000 rpm x
15 min). The supernatant was separated from pellet and cooled to 4°C, placed
in an ice bath, and an equal amount of cold EtOH,;,s was added to achieve the
crude POL precipitation. After standing for 12 h at 4°C, the mixture was
centrifuged (9000 rpm x 15 min) and the supernatant was removed. The crude
POL was purified by redissolving it in 200 mL of 4 M NaCl, stirred for 30 min
at 60°C. The undissolved precipitate was discarded, and the POL precipitation
process was repeated. The obtained precipitate was placed onto a dialysis
membrane, immersed in a 0.5 M NacCl solution, and stirred overnight at room
temperature. After dialysis, the membrane content was extracted, washed with
EtOH,s for total POL precipitation, cooled to -80°C and freeze-dried.
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Figure 1: Scheme of polysaccharides extraction and purification.

2.7 Gas Chromatography-Mass Spectrometry (GC-MS)
2.7.1  Derivatization of polysaccharides: methanolysis and silylation

For the methanolysis, 600 pL of HCI in methanol 3 N were added to 2.32 mg
of B. azorella roots polysaccharides (BA.R-POL) and heated for 24 h at 80°C.
The solvent was evaporated under nitrogen stream, the residue was washed three
times with methanol and dried to remove excess acid. The residue was then
derivatized by silylation with 300 uL of Tri-Sil reagent for 1 h at 80°C. The
derived sample was dried under nitrogen stream, extracted with 500 pL of
hexane, centrifuged, the supernatant filtered, evaporated, and reconstituted in
150 pL of hexane LC-MS grade. Finally, silylated monosaccharides were
analyzed in duplicate.

2.7.2  Monosaccharides GC-MS Analysis

GC-MS analysis was carried out using a gas chromatography Trace GC,
autosampler Tri Plus, DSQ mass spectrometer quadrupole and column zebron
ZB-5. The injection volume was 1 pL in splitless mode with a relation split of
30 at 250°C, with a helium flow rate of 1.2 mL per min. The initial column
temperature was 80°C for 2 min, then ramped to 155°C at 5°C per min, to 158°C
at 0.5°C per min and finally to 230°C at 5°C per min. The mass spectrometer
operated in electron impact ionization (EI) mode at 70 eV, monitoring in full
scan (50-600) and in single ion monitoring mode (204 and 217 m z). Interface
and ionization source temperature were 230°C. Derivatized monosaccharides
were identified by comparing retention times and mass spectra with
monosaccharides standards analyzed under identical conditions and the National
Institute of Standards and Technology library.

2.8 Fourier Transform Infrared Spectroscopy (FT-IR)

For FT-IR analysis, a self-supporting disc (16 mm diameter) was made pressed
(15 tem™ for 2 min) a mixture of BA.R-POL and KBr (1% w/w) which was
introduced in the IR spectrophotometer + DTGS detector for its characterization.
The FT-IR spectra was obtained between 400-4000 cm™' region with a resolution
of 4 cm™!, OMNIC 7.2 software (bandwidth: 50 cm!; enhancement factor: 2.6)
was used, baseline adjustment and smoothing were performed in each spectrum.

29 Biochemical Composition.
2.9.1 Total Internal Carbon, Nitrogen, Hydrogen and Sulphur

Total Carbon, Nitrogen, Hydrogen and Sulphur contents in BA.AP and BA.R
dry powder were determined using an elemental analyzer in the Research
Support Central Services of the University of Malaga. This equipment uses the
total combustion technique of sample that converts carbon to CO,, hydrogen to
H,O, nitrogen to N,, and sulphur to SO,. The combustion gases: carbon,
hydrogen and sulphur were quantified by a selective IR absorption detector and
nitrogen by differential thermal conductivity sensor, independently.

2.9.2  Ashes and organic matter

Inorganic Compounds (Ashes) were determined by combusting samples at
500°C for 12 h, eliminating all organic matter. Two grams of BA.AP and BA.R
dry powder were placed into a pre-weighed crucible, combusted in a muffle
furnace, cooled in a desiccator, and weighed. The experiment was performed in
triplicate.
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2.9.3 Proteins

Protein content was calculated by multiplying the total nitrogen percentage
(from the elemental analyzer) by a plants global nitrogen-to-protein conversion
factor (N-Prot) of 4.43 [24], since the specific factor for Benthamiella genus was
not determined.

294  Carbohydrates

Carbohydrates were determined using the colorimetric method of Dubois et al.
1956 [25]. Briefly, 5 mL of 1 M H,SO4 was added to 5 mg of BA.R and BA.AP
dry powder (in triplicated) and heated in a water bath at 100°C for 1 h. After
cooling, 0.2-0.3 mL of the acid extract was separated from pellet by
centrifugation at 4000 rpm at 10°C for 15 min, diluted to 1 mL with 1 M H,SO,,
and mixed with 1 mL of 5% phenol. Finally, after 40 min at room temperature,
the mixture was combined with 5 mL of concentrated H,SO,4. Absorbance was
measured at 485 nm in a UV-spectrophotometer. A blank was prepared similarly,
and anhydrous glucose was used for calibration curve.

2.9.5 Lipids

Total lipids were determined using a modified Folch et al. 1957 method [26].
By triplicate, 200 mg of BA.AP and BA.R dry powder were homogenized in
5 mL of chloroform:methanol (2:1) with 0,01% butylhydroxytoluene. After
adding 2 mL of KCI 0.88% and centrifuging at 2000 rpm for 5 min, the lipid
fraction was separated, filtered, and the solvent evaporated under nitrogen flow.
Gravimetric quantification was made according to Equation 1, where DW
correspond to dried weigh:

lipids (g)

Lipids (%) = (5700 o5 Gg DW)

] x 100 )

2.10 Phenolic Compounds

Total Phenolic compounds were determined using a modified
photocolorimetric Folin—Ciocalteu (FC) method [27]. with some modifications.
By triplicate, 20 mg of BA.AP and BA.R dry powder were mixed with 1 mL of
MeOH 80%, stirred, incubated for 12 h at 4°C in darkness, centrifugated, and
the supernatant separated. One hundred microliter of supernatant was mixed with
700 pL of distilled water, 50 pL of Folin—Ciocalteu phenol reagent, and vortex.
Then, 150 pL of Na,CO; 20% was added, stirred, and incubated for 2 h at 4°C
in darkness. Absorbance was measured at 760 nm using gallic acid as standard.
To eliminate interferences, in a new analysis samples were pre-treated with
polyvinylpolypyrrolidone (PVPP). Adsorbed phenols (AP) by PVPP were
calculated by the difference in absorbance with and without PVPP, according to
Equation 2:

Abs(APy, pypp) = AbS(FCithout pvpp) — AbS(FCyyig pypp) @)

2.11 Antioxidant capacity

Antioxidant capacity (AC) was evaluated using the ABTS and DPPH methods
in triplicate. %AC was calculated according to Equation 3, where Abs, is
absorbance at time 0 and Abs, at the end of reaction.

AC% = [(Abso — Abs1)Absg] x 100 3)

The Half maximal inhibitory concentration (ICs)) was calculated using
scavenging effect (%) versus extract concentration (ug mL™") and adjusted to a
non-linear regression in GraphPad Prism Software.

2.11.1 DPPH method

The DPPH method, reported by Brand-Williams, et al. (1995) [28], was used
with a few modifications. In brief, samples were extracted in 80% methanol for
30 min at 4°C in darkness. Then, 150 uL of samples (114-1818 ug mL™") were
added to 1.5 mL of 0.125 mM DPPH (2,2-diphenyl-1-picrylhydrazyl) in 90%
methanol. The mixture was incubated for 30 minutes at room temperature in
darkness (end of reaction). Absorbances (Abs, and Abs;) were measured at
517 nm. A pattern curve with DPPH at different concentrations and a calibration
curve with ascorbic acid (0-30 uM) were performed. Antioxidant capacity was
expressed as pmol of ascorbic acid equivalent (AAE) per g”' of DW.
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2.11.2 ABTS method

The ABTS method, reported by Re, et al. [29], was used with a few
modifications. In brief, ABTS radical cation (ABTS™) was generated by reacting
7 mM 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS) with
2.45 mM potassium persulphate (K,S,05) in 0.1 mM PBS pH 6.5. The solution
was stored for 12-16 hours at room temperature and diluted with PBS to adjust
absorbance to 0.9-0.7 at 727 nm. Samples were incubated in PBS for 12 h at 4°C
in darkness, centrifugated, and the supernatant separated. For analysis, 15 pL of
sample at various concentrations were added to 285 pL of ABTS™ and incubated
for 8 minutes at room temperature in darkness (end of reaction). Abs,and Abs;
were measured at 727 nm. A calibrate curve was made with 0-400 pM of Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), and antioxidant
capacity was expressed as umol of Trolox equivalent (TE) per g ' of DW.

2.12 Cell culture

To the culture cell, three cell lines were used: human colon cancer HCT-116,
hepatocyte cancer HepG2, and immortalized human keratinocytes HACAT.
HCT-116 and HepG2 cell lines were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM) and HACAT cell line in RPMI-1640 medium. Cells were
supplemented with 10% fetal bovine serum, 5 mL penicillin-streptomycin
solution 100X, 2 mM L-glutamine and 2.5 mL amphotericin B, incubated in a
96-well microplate at 37°C in humidified air with 5% CO,, until 75-80%
confluency, then, collected and centrifugated at 200 rpm for 5 min.

2.12.1 Cell Viability assay of tumoral lines

For cytotoxic analysis of B. azorella extracts, cell proliferation was estimated
using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay [30]. Tumoral HTC-116 and HepG?2 cell lines were individually incubated
with serial dilutions of extracts (10 to 4.76x10° mg mL™") in a 96-well microplate
for 72 h at 37°C with 5% CO,. Control cells were incubated without treatment.
Next, ten pL of MTT solution (5 mg mL"' in PBS) was added to microplate and
incubated at 37°C for 4 h. Formed purple formazan crystals were solubilized
with 150 pL of 0.04 N HCI in 2-propanol, except for HACAT (solubilized in
DMSO) was measured at 550 nm using a microplate spectrophotometer.
Determinations were performed in triplicate in independent experiments and
Cell viability (%) was calculated according to Equation 4:

Abstreatment
Cell viability (%) = [ — %100 @)
Abscontrol

ADS eamen: 18 the absorbance of the treated cells, and 4bsco,,.1 1 the absorbance
of the control cells. The ICs) was determined using a non-lineal in GraphPad
prism Software.

2.13 In vitro antibacterial activity

Three bacterial analyses were conducted: bacterial inhibition, acute toxicity,
and quorum quenching assays For this, both, saline and ethanolic fresh stock
solutions at concentration of 20 mg ml™' were prepared starting from lyophilized
powder of BA.AP and BA.R separately, vortexing for 5 min and used
immediately. Experiments were performed in triplicate, including negative
control, and documented with photographs.

2.13.1 Bacterial inhibition

In the bacterial inhibition assay, various strains were used: one non-pathogenic
(Vibrio fischeri), six humans pathogenic (Enterococcus faecalis, Escherichia
coli, Salmonella enterica, Staphylococcus aureus, Cutibacterium acnes CECT
5684, and Chromobacterium violaceum), and four fish pathogenic (Vibrio
anguillarum CECT 522, Vibrio harveyi Lgl6/00, Aeromonas hydrophila
Lg28/4, and Photobacterium damselae subsp. Piscicida Lg41/01). Each strain
was cultivated under specific conditions (Table 1) using Trypticase soy agar
(TSA), TSA with 2% NaCl (TSAs), Reinforced Clostridial Medium (RCM)
culture media supplemented with 1.5% bacteriological agar (RCMA), and LB
broth Miller with kanamycin antibiotic (LB+k). The well and disc diffusion
methods, based on Garcia-Marquez et al.[31] were used. Initially, bacterial
strains were reseeded, incubated, and suspended in a 2% NaCl solution, adjusted
to 0.5 McFarland turbidity, and plated on suitable culture media for their growth.
Aqueous and ethanolic fresh solutions of B. azorella were analyzed. In the well
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diffusion method, 6 mm diameter wells were cut into agar and filled with 100
uL of aqueous solution. Saline solution was the negative control. In the disc
diffusion method, 10 pL of ethanolic extract was applied to sterilized filter paper
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discs (6 mm diameter, Whatman no. 1). Ethanol was the negative control. After
drying, discs were placed on agar plates and incubated. Antibacterial activity was
assessed by the presence or absence of inhibition zones around each well or disc.

Table 1: Characteristics and working conditions of each bacterial strain used.

Type Pathogenic or non-pathogenic Gram Strain Culture medium” Incubation conditions

Enterococcus faecalis TSA 37°C 24h
) Staphillococcus aureus TSA 37°C 24h

human pathogenic Cutibacterium acnes RCM 37°C 24-48h™
Salmonella enterica TSA 37°C 24h
) Eschereichia coli TSA 37°C 24h
Chromobacterium violaceum LB+K 30°C 24h

non-pathogenic Vibrio fischeri TSAs 22°C 24-48h

Vibrio anguillarum TSAs 22°C 24-48h

fish . Vibrio harveyi TSAs 22°C 24-48h

pathogenic © Aeromonas hydrophila TSAs 22°C 24-48h

Photobacterium damselae™ TSAs 22°C 24-48h

* Trypticase soy agar (TSA), TSA with 2% NaCl (TSAs), Reinforced Clostridial Medium (RCM), bacteriological agar (RCMA), LB broth
Miller with kanamycin antibiotic (LB+k). ** Anoxic conditions. *** Subsp. Piscicida

2.13.2  Acute toxicity

The acute toxicity tests were conducted using a luminometer as described by
Garcia-Marquez et al. [31]. This method assesses the inhibition of
bioluminescence of V. fischeri, indicating potential toxicity. Briefly, Samples
were prepared by serial dilutions of fresh aqueous stock solutions of B. azorella
dry powder, ranging from 1000 to 1.95 ug mL™'. A Fresh V. fischeri suspension
(0.7 optical density at 600 nm) was prepared and maintained at 5°C. Then, 20 uL
of V. fischeri was added to a cuvette containing 1 mL of the sample at different
concentrations. The mixture was incubated at 15°C for 15 min, and
bioluminescence was measured. The decrease in bioluminescence was
calculated relative to the control (V. fischeri in 2% NaCl solution).

2.13.3 Quorum quenching

Quorum quenching activity was performed according to Ibrahim et al. [32]
with modifications, focus on identifying compounds that disrupt the acyl
homoserine lactone (AHL) signaling pathway—a critical component of quorum
sensing process. V. fischeri was used as the AHL-producing bacterium, and Ch.
violaceum CV026 (NCTC 13278) served as biosensor of AHLs. Ch.
violaceum was grown on an LB+k culture medium plate. A concentrated
V. fischeri spot was placed on the plate. Then, 100 puL of saline stock solution
were poured directly onto the V. fischeri spot. For ethanolic solutions, 10 pL
were applied to a disc, solvent evaporated, and placed on the bacterial spot.

2.14 UPLC-MS analysis

Metabolites in B. azorella extract were tentative identification using UPLC

+ QTOF MS. To obtain the extracts, 10 g of lyophilized BA.R powder was added
to 100 mL of distilled water and stirring overnight at room temperature. The
solution was centrifuged, and the supernatant was freeze-dried. The extract was
dissolved in 1 mL methanol, transferred to an HPLC vial, and kept at 6°C.
Chromatographic separation was performed using a Kenetex C18 column at
40°C with a flow rate of 0.4 mL min™'. Five microliters of sample were injected.
Mobile phases were 0.1% formic acid in water (A) and 0.1% formic acid in 90%
acetonitrile (B). The gradient was: 88% A for 1 min, 88% to 1% A over 10 min,
1% A for 2.5 min, 1% to 88% A over 0.5 min, and 88% A for 1 min. Mass
spectrometry data were acquired over a range of 50-1300 m/z in negative and
positive ion modes of the electrospray ionization (ESI) source, sheath gas:
30 psi; auxiliary gas: 13; spray voltage: 3 kV; capillary temperature: 350°C;
S-Lens RF level: 50; heater temperature: 150°C. The total separation time was
17 min. Data analysis was performed with Metaboscape 4.0 software using mass,
fragmentation pattern, and isotopic pattern. MoNA spectral library was used for
metabolite identification.

2.15 Statistical analysis

Analyses were performed in triplicate and results were presented as means +
standard deviation (SD). Figures and statistical analyses were performed using
GraphPad Prism software, ordinary one-way ANOVA multiple comparison was

performed, followed by a Tukey’s post hoc test when significant
differenceswere detected. Differences were considered — statistically
significant when p < 0.05.

3. RESULTS AND DISCUSSION

Characterizing B. azorella roots polysaccharides, enhances understanding of its
biochemical features. The thermal, water-related, and solar stress to which
B. azorella is exposed could favor a specific production of polysaccharides in
the cell wall intended to protect the plant, as suggested by previous studies on
water stress-tolerant plants [33, 34]. Structural analysis of these polysaccharides
using IR and GC-MS is crucial for fully understanding the structure-function
relationship and harnessing their potential in various applications.

3.1 GC-MS Analysis

This study examines the monosaccharide composition of BA.R-POL, as
shown in Table 2, with the corresponding GC-MS spectrum presented in Figure
2. Gas Chromatography-Mass Spectrometry (GC-MS) is a powerful analytical
method used to separate and identify the compounds within a sample, providing
a detailed understanding of its chemical makeup [35, 36]. The analysis reveals
that arabinose is the dominant monosaccharide in BA.R-POL, indicating its
critical contribution to the sample's structural and functional properties. The
substantial mass percentage of arabinose (30.57%) suggests that it plays a
significant role in shaping the polysaccharide composition, which could have a
major impact on the sample's biochemical characteristics [37, 38]. Though
rhamnose is present in smaller amounts (5.94%), it may still be important for the
biological activity of BA.R-POL. Its relatively low abundance compared to
arabinose suggests that it may serve a more specific functional role, rather than
being a major structural component [36, 37]. Galactose, which comprises
12.72% of the monosaccharide content, is likely to facilitate interactions with
other biomolecules, particularly through glycosylation processes, which are
essential for numerous biological functions [35, 36]. Glucose, a key
monosaccharide and a primary energy source in many biological systems, is also
present in significant amounts (27.58%), suggesting that it may be an important
constituent of the polysaccharides in BA.R-POL [35, 36]. Additionally, the
presence of galacturonic acid (23.18%), a common component of pectins,
indicates the presence of polysaccharides involved in maintaining the structural
integrity of plant cell walls.

Table 2: Content of monosaccharides in BA.R-POL.

Benthamiella azorella roots pol ysaccharides

Ne Monosaccharide Retention time (min) | Peak area % Mass
1 Arabinose 18.32 166423268 30.57
2 Ramnose 19.19 38512377 5.94
3 Galactose 28.02 78209048 12.72
4 Glucose 29.55 167472287 27.58
5 Galacturonic acid 29.11 136274450 23.18
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The high percentage of galacturonic acid highlights its possible key role in the
functional properties of BA.R-POL [35, 37]. Overall, the combination of GC-MS
analysis and monosaccharide content provides critical insights into the
biochemical composition of BA.R-POL. The significant presence of arabinose,
glucose, and galacturonic acid suggests a complex polysaccharide structure that
may enhance the sample's functional properties [36, 37]. These results form a

RT: 13.94-37 42

100 18.32

Arabinose

| 18.66

Relative Abundance

Rhamnose

18.20

1951 2172

15.63 16.85 22.44 2368
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3.2 Fourier Transform Infrared Spectroscopy (FT-IR)

The FT-IR spectrum of polysaccharides extracted from B. azorella
(BA.R-POL) was recorded in the 4000-400 cm™ region and is displayed in
Figure 3. The spectrum reveals a complex array of absorption bands
corresponding to various functional groups typical of polysaccharides. Peaks at
approximately 3298 cm™, 2919 cm™', and 2886 cm™' are associated with
hydroxyl (~OH) and methylene (—CH:) stretching vibrations, which are
commonly found in polysaccharide structures [39, 40]. Specifically, the peak
at 2919 cm™ is attributed to asymmetrical stretching of the -CH- groups, while
the peak at 2885 cm™ corresponds to symmetrical stretching [41, 42]. The
broad band near 3392 cm™' suggests the presence of inter- and intramolecular
hydrogen bonding, a characteristic feature in polysaccharides that contributes
to their structural stability and solubility [39, 40]. The BA.R-POL spectrum
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foundation for further investigation into the biological activity and potential
applications of BA.R-POL in fields such as nutrition, pharmacology, and
biotechnology. The intricate biochemical profile of this species emphasizes the
need for additional research to fully uncover its functional and biological
implications [35, 37].
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Figure 2: GC-MS spectrum of B. azorella roots polysaccharides (BA.R-POL).

also indicates the presence of galacturonic acid-related functional groups,
typically observed between 1700-1600 cm™, which confirms the acidic nature
of the polysaccharide through the presence of carboxylate ions [43]. Notably,
the carboxyl (-COOH) groups, characteristic of galacturonic acid, exhibit
absorption around 1635 cm™ [44]. These functional groups are crucial for the
polysaccharide's gel-forming ability and interactions with biomolecules,
making it useful in food and pharmaceutical applications [45]. Additionally,
the peaks at 1418 cm™ and 1370 cm™ correspond to C—H bending vibrations,
further indicating the presence of aliphatic groups within the polysaccharide
structure [40, 46]. These features are important for understanding the molecular
interactions and structure of the polysaccharide. Moreover, the peaks at
1314 cm™, 1249 cm™', and 1225 cm™ represent C—O stretching vibrations,
crucial for characterizing the glycosidic bonds in polysaccharides [40, 47],
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Figure 3: Fourier Transform Infrared (FT-IR) spectroscopy of B. azorella polysaccharides roots (B"AVR.POL). Main
“Signals: 3392, 2919,,2885, 1635, 1418, 1370, 1314,,1249, 1225, 1187, 1150, 1109, 1074, 1024, 836 and 748 cm;),

suggesting the presence of various monosaccharides like glucose, galactose, or

mannose, which contribute to the functional properties of BA.R-POL [48]. The
peaksat 1187 cm™, 1150 cm™, and 1109 cm™ are also significant as they indicate

C-O-C stretching vibrations characteristic of glycosidic linkages [46, 49]. The
peak at 1074 cm™ suggests the presence of pyranose rings, confirming the
polysaccharide nature of the sample [47, 49]. Finally, the peaks at 1024 cm™,
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886 cm™, and 748 cm™! may suggest specific structural motifs such as anomeric
carbons or other functional groups, which play a crucial role in the biological
activity of polysaccharides [50, 51]. In particular, the 886 cm™ peak is often
associated with anomeric CH in B-galactose residues, highlighting asymmetrical
stretching [52]. These findings align with the monomeric composition analysis
by GC-MS, suggesting that BA.R-POL exhibit a diverse range of functional
groups, potentially contributing to their applications in food, pharmaceutical, and
cosmetic industries [53]. In conclusion, the FTIR analysis of BA.R-POL reveals
a complex polysaccharide structure, providing essential insights into their
structural and functional properties. These results pave the way for further
in-depth structural studies of BA.R-POL

33 Biochemical Composition

The biochemical composition of B. azorella aerial parts and roots was
determined. Table 3 shows the elemental analysis results, including total carbon,
nitrogen, and sulphur content. The aerial parts exhibited higher Carbon (50.93%)
and Hydrogen (6.98%) than the roots. In contrast, the Nitrogen percentage was
slightly higher in roots (0.61%). Interestingly No Sulphur was detected in the
plant. The molar ratio of Carbon to Nitrogen C:N was higher in the aerial parts
(116.48) than roots.

Generally, elemental analysis revealed similar concentrations between aerial
parts and roots of B. azorella. Carbon percentage is higher than in some algae
[30, 54] and plants [55, 56], but lower than in certain microalgae [57]. In contrast,
the previous authors report higher nitrogen percentage in their study organisms,
resulting by comparation in a high C/N molar ratio for B. azorella. Interestingly,
sulfur was undetectable using elemental analysis, likely due to low
bioavailability in the steppe soils (1.6-4 mg kg™!) [58].

Table 3: Content of total Carbon, Hydrogen, Nitrogen, Sulphur and molar ratio
of Carbon to Nitrogen C:N in B. azorella aerial parts and roots (BA.AP and
BA.R). Values are expressed as % relative to dried weight (DW) of sample, as
average + SD (n=3).

Benthamiella azorella

Aerial parts Roots
Carbon 50.93 +0.00 45.18 £0.02
Hydrogen 6.98+0.15 6.09+0.23
Nitrogen 0.51+£0.09 0.67 +0.07
Sulphur 0.00 +0.00 0.00 +0.00
C:N 116.48 79.18

Respect to the proximate analysis, the content of ashes, carbohydrates,
proteins, and lipids was analyzed. Organic matter was calculated by subtracting
ash content, and fiber by subtracting lipids, proteins, and carbohydrates to the
organic matter content. The results obtained for B. azorella align with findings
in certain solanaceae plants [59]. Table 4 reports almost double of ash in roots
compared to aerial parts. Carbohydrates were highest, in roots more than twice
as much as aerial parts. Lipid content in aerial parts was 4.57 times higher than
in roots. consistent with observations on membrane composition of plants
exposed to cold and drought stress. Specifically, decreased temperature
correlates with increased unsaturated fatty acid content [60].

Table 4: Content of organic matter, ashes, carbohydrates, proteins, and lipids.
Values are expressed as % relative to DW of sample, as average + SD (n=3).

Benthamiella azorella

Aerial parts | Root
ASHES 11.66 +0.88 19.14 £3.50
Total organic matter. 88.34+0.88 80.86 +3.50
Fiber 58.73 3745
C;;{A(}%I\éllg Carbohydrates 15.73 £ 0.05 37.90+0.13
Proteins 2.26+0.09 2.97+0.07
Lipids 11.62 £ 0.65 2.54+0.07

The total phenolic compounds content in BA.AP and BA.R measured using
the Folin-Ciocalteu method in absence of PVPP, and the adsorbed phenols by

J. Chil. Chem. Soc., 70, N°1 (2025)

presence of PVPP were measured in triplicated and the results are shown in
Table 5. Roots had the highest total phenolic compounds (6.66 mg eq gallic acid
(GAE) per g of dried weight (DW)). Using PVPP, interferences were identified
(88 to 77%), the highest adsorbed phenols was in roots (1.56 mg GAE g-1 DW).
exceeding those reported for some Holigarna species [61], but not matching
levels observed in certain Nothofagus and Berberis species from Patagonia [62].
Natural Polyphenols have attracted interest in the search of new drugs due to
their potential as antioxidants and likely low toxicity, even at high concentrations
[63, 64]. Notably, the Folin-Ciocalteu method may overestimate total phenolic
content due to interference from non-phenolic reducing agents. The PVPP
selectively adsorbs phenols, leaving interfering substances (such as aromatic
amines, organic acids, reducing sugars, sulfates and sulfites) in solution [65]. In
our tested samples, this interference was notably high, consistent with findings
in other studies [66]. It’s important to consider that under the tested conditions,
some unadsorbed polyphenols may remain alongside the interferents; successive
PVPP additions could mitigate this error [67].

Table 5: Content of Total phenolic compounds and Adsorbed phenols (by
PVPP) expressed as “mg eq gallic acid (GAE) g”! dried weight (DW)”, as average
+ SD (n=3).

Benthamiella azorella

Aerial parts Roots
Total phenolic compounds 5.50+0.28 6.66 +0.62
Adsorbed phenols (by PVPP) 0.65+0.38 1.56 £0.65
% interferences 88.18 + 1.80 76.58 0.45

34 Antioxidant capacity
34.1 DDPH method

The antioxidant activity of BA.R and BA.AP extracts using DPPH method are
shown in Figure 4. The ICs, of root extract was 717.2 pg mL"'. The maximum
antioxidant capacity of roots was 89.43 = 0.74 umol AAE g! DW (76.77
+0.63%) at 1818 pg mL"'. Aerial parts had a maximum antioxidant capacity of
25.15 + 3.24 umol AAE g DW (21.59 + 2.78%) at the same concentration.
Significative differences were found between roots and aerial parts, except at
114 ng mL™". Ascorbic acid standard ICs, was 18.65 pg mL™'.

100

° BAR

T o BA.AP

i d
o 0 d
D ok
: .
& 60
8
2
B
= -

40|
2 $
2
Q20 , i 9
8 3 B
Pl s A
01 A A A
T T T T T T
0 300 600 900 1200 1500 1800

Concentration (ug mL™")

Figure 4: Comparative scavenging effects (%) of BA.R and BA.AP extracts at
0-818 pg mL-1 using DPPH method. Data are average + SD (n=3). Similar letters
indicate no significant differences (Tukey, p<0.05) between the different
concentrations. * p 0.05-0.01; ** p 0.01-0.005; *** p 0.005-0.001.

3.4.2 ABTS method

The antioxidant activity of BA.R and BA.AP extracts using ABTS method are
shown in Figure 5. The ICs of roots and aerial parts were 511.2 pg mL™" and
528.7 ng mL"', respectively. Roots had a maximum antioxidant capacity of
1336.83 + 51.25 umol TE g-1 DW (84.97 + 3.25%) at 500 ug mL™'. Aerial parts
had 948.69 + 52.80 pmol TE g-1 DW (60.30 + 3.36%) at the same concentration.
Significative differences were found between roots and aerial parts at
concentrations of 62.5 to 500 ug mL"". Trolox standard ICsy was 97.030 pg mL'.
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Figure 5: Comparatively scavenging effects (%) of BA.R and BA.PA extracts at
0-500 pg mL-1 using DPPH method. Data are average + SD (n=3). Similar letters
indicate no significant differences (Tukey, p<0.05) between concentrations.
*p 0.05-0.01; ** p 0.01-0.005; *** p 0.005-0.001.

Reactive oxygen and nitrogen species (RONS) are crucial metabolic
byproducts for living organisms [68]. Imbalance between their generation and
neutralization can lead to diseases and aging [69]. Using DPPH and ABTS
assays, were observed higher antioxidant capacity in BA.R compared to BA.PA,
consistent with dichloromethane extract of Crotalaria burhi [70], but contrary to
hydro-methanolic extract of Ruba tincturium [71]. The positive correlation
between total phenolics and antioxidant capacity aligns with existing literature
[72-74]. Due to the complexity of redox processes in living organisms, multiple
methods are employed to assess antioxidant capacity (CA) and a perfect
correlation among these is not always observed [68]. Notably, significant
differences were found in the AC of B. azorella using DPPH and ABTS assays.
Moreover, within the same method, there is significant variability in
experimental conditions and results presentation [75, 76], which limits the
comparison with other studies. Collection condition [73, 77] and processing of
sample are factors that affecting AC. B. azorella was collected in late spring
during the final flowering stage and dried via lyophilization, enhancing AC
compared to air drying [72]. Some species are known to change their metabolite
production and AC as a defense against oxidative stress in adverse environments
[78, 79]. The intermittent drought, cold, and wind exposure likely affect the
production of B. azorella antioxidant metabolites. However, its AC, analyzed by
DPPH and ABTS, is lower compared to some Patagonian species (ICsq: 20-
90 ug mL™") [62] or Cestrum nocturnum, of the same family (ICso: 21-
185 pug mL™") [80]. This study is the first to analyze AC in this species and its
closest clade, highlighting the need for further experiments under well-defined
conditions to achieve more robust results.

3.5 Cytotoxic activity
3.5.1  Cell viability of tumoral lines

Cytotoxic effect of BA.AP-H,O, BA.R-H,O and BA.R-POL extracts at
different concentrations was estimated by MTT assays in HCT-116 and HepG2
cell lines.

For the colon cancer HCT-116 cell line (Figure 6), BA.R-H,O extract showed
the highest cytotoxic effect with an ICsy of 109.0 mg mL"' (Figure 6A), cell
proliferation was significantly (p<0.01) reduced by BA.R-H,O between 19.53-
78.13, and 312.5-1250 pg mL"'. No significant differences (p>0.05) were
observed between 78.13-156.25, 156.25-312.5, and 1250-10000 pg mL"'. By
Comparing, BA.AP- H,O extract had a lower cytotoxic effect with a ICsy of 1089
mg mL" (Figure 6B), cell proliferation was significantly (p<0.01) reduced by
BA.R-H,0 at concentrations between 625-2500 and 5000-10000 pg mL™'. BA.R-
POL extract (Figure 6C) shows the lowest cytotoxic effect, there were no
significant differences (p>0.05) between 19.53-39.07, 39.07-2500, 312-5000 and
5000-10000 ug mL™". ICs could not be calculated at the evaluated concentration.
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Figure 6: Survival HCT-116 cell line (%) incubated with A) BA.R-H,O,
B) BA.AP-H,0 and C) BA.R-POL extracts at 19.53-10000 ug mL"'. Data are
average + SD (n=3). Similar letters indicate no significant differences (Tukey,
p<0.05) between concentrations. * p 0.05-0.01; ** p 0.01-0.005; *** p 0.005-

0.001.

The BA.R-POL extract cytotoxicity on hepatocytes cancer HepG2 cell line was
evaluated (Figure 7). Results showed a lower cytotoxic effect with an ICsy of
1456 + 5.5 mg mL"". Cell proliferation was significantly (p<0.01) reduced at
39.07-78.13 and 625-150 ug mL™"'.

150
. e BARPOL
X
N
3 .

100-  ap
% [ ] () b,.c bc cd

° oo

E ¢y
—_ f f
= ¢ < f
8 50+ L S
©
2
c
>
%)

0 T T T

10 100 1000 10000

Extract concentration (ug mL™")

Figure 7: Survival HepG2 cell line (%) incubated with BA.R-POL extract at
19.53-10000 pg mL™". Data are average + SD (n=3). Similar letters indicate no

6256



significant differences (Tukey, p<0.05) between concentrations. * p 0.05-0.01;
**p 0.01-0.005; *** p 0.005-0.001.

Numerous studies link the anticancer activity of polysaccharides and
polyphenols in natural products to their antioxidant properties [81]. In this regard,
plants are a significant source of anticancer drugs [82]. This research first
analyzed the anticancer activity of a Benthamiella specie, showing cytotoxicity
against two tumor cell lines. For the HCT-116 colon cancer cell line, the BA.R-
H,O extract was most active, showing greater cytotoxicity than herbal infusions
from six Patagonian species against the T84 colon cancer cell line, where the
lowest ECso was 160 ug mL™! for Solidago chilensis [83]. The ethanolic extract
of Physalis angulata leaves, from the same family as B. azorella, showed higher
cytotoxic activity against HCT-116 with an ICso of 15.7 ug mL™"' [84]. The
BA.AP-H,0 extract showed mild activity (10 times lower than BA.R-H,0) but
still comparable to the cytotoxic activity of five of the six previously mentioned
herbal infusions [83]. In contrast, BA.R-POL showed negligible cytotoxicity for
this tumor line, suggesting that the activity of BA.R-H,O is due to polar
molecules different of polysaccharides. Unlike the minimal cytotoxicity of
BA.R-POL against HCT-116, this extract showed higher activity against HepG2
hepatocellular carcinoma, with an ICso of 617.8 pg mL", similar to the essential
oil of Datura metel, with ICsy value of 341.1- 613.8 pg mL"' [84]. Higher
cytotoxicity (ICsp between 5-25 pg mL™") has been found in extracts of Withania
[85] and Physalis [86], genera of the same family. A study on the cytotoxic
mechanism of bioactive compounds from Solanaceae showed that some might
be effective against more than one type of cancer [87]. Therefore, analyzing
BA.R and BA.AP extracts against HepG2 and other cancer cell lines will be of
great interest for future research.

3.52  Cellviability of healthy line

Cytotoxic effect of BA.AP-H,O, BA.R-H,O and BA.R-POL extracts at
different concentrations was estimated by MTT assays in healthy keratinocyte
HACAT cell line (Figure 8). None of the extracts showed toxicity against
HACAT cell line; they even slightly promoted cell growth. ICsy could not be
calculated.
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Figure 8: Survival HACAT cell line (%) incubated with A) BA.R-H,0,
B) BA.AP-H,0, C) BA.R-POL extracts at 19.53-10000 pg mL". Data are
average + SD (n=3). Similar letters indicate no significant differences (Tukey,
p<0.05) between concentrations.

The healthy HACAT cell line is used to search for extracts or metabolites with
pharmacological properties skin related. Some Aloe species enhance HACAT
cell proliferation, aiding wound healing [108]. Moreover, HACAT inhibitors are
of interest for treating hyperproliferative lesions, such as psoriasis vulgaris
[109]. Polysaccharides and aqueous extracts of B. azorella exhibited no
cytotoxic effect on HACAT cell lines. Results varied significantly between
replicates, but BA.R-H20 extract consistently increased cell proliferation in a
concentration-dependent manner, reaching 147% viability at 2500 ug mL'.
BA.AP-H20 extract exhibited abnormal behavior, with cell viability exceeding
200% at all concentrations, while BA.R-POL extract did not affect the normal
HACAT cell growth. Similar to B. azorella aqueous extracts, Smilax china floral
extract at 150 pg mL-1 increased cell viability to 200%, relative proliferation to
180%, and relative migration to 280% [110].

3.6 Bacterial inhibition, quorum quenching and acute toxicity.

Various Solanaceae species have shown variable sensitivity to human gram-
positive and gram-negative bacteria, with MICs of extracts or metabolites ranging
from 5 to 0.015 mg mL-1 [20, 88, 89]. B. azorella bacterial inhibition assays
indicate no activity at tested concentrations: 2 mg of plant lyophilized powder
(corresponding to 80-50 pg of aqueous extract) per well and 0.2 mg of plant
lyophilized powder (7-5 pg of ethanolic extract) per disc at tested strains,
(relatively low compared with other family studies). New experiments at higher
concentrations might reveal some activity. Studies on Patagonian plants show that
Berberis microphylla alkaloid extract has significant activity against gram-
positive bacteria with MICs between 333-83 pg mL-1 [90], and Adesmia
boronioides exudate has MICs between 128-16 ug mL-1 against four pathogenic
bacteria [91]. Higher concentrations should be tested.

Quorum sensing (QS) is a communication system among microorganisms that
regulates behaviors like virulence and antibiotic resistance through chemical
signals [92, 93]. Anti-QS strategies combat multi-resistance without antibiotics
[94] and also have applications in agriculture, aquaculture, and the environment
[92]. Natural products, including fungi, bacteria, and plants, are promising
candidates [92, 95, 96]. B. azorella extracts showed no Anti-QS activity at tested
concentrations (80-50 pg of aqueous extract and 7-5 pg of ethanolic extract).
Comparatively, curcumin and some algae extracts inhibit QS at 50-25 mg mL"'!
[54]y 0.1 mg mL"', respectively [97].

The bioluminescence inhibition assay using V. fisheri bacterium is a simple,
reproducible, and effective method for assessing the toxicity of water bodies
[98], industrial effluents [99, 100], and organic molecules in aquaculture [101].
Acute toxicity test of B. azorella at 1 mg mL"' of lyophilized plant resulted in
approximately 100% bioluminescence, indicating minimal toxicity. Thus,
determining their IC50 value was unfeasible.

3.7 LC-MS analysis

The tentative identification of metabolites in the most active extract: BA.R-
H20, is detailed in Table 6 and 7. Positive ionization (Table 6) detected1126
signals, with 82 linked to molecular formulas. Nine were tentatively identified
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via databases and previously reported in natural products. Negative ionization
(Table 7) detected 451 signals, with 53 linked to molecular formulas. Eleven were
tentatively identified via database and previously reported in natural products.
In total 4 derivatives coumarins, 3 terpenes, 2 steroidal sapogenins, 1 steroid, 1
hormone, 4 cinchona alkaloids, 2 phenols, 2 fatty acids, and 1 organic acid, were
tentatively identified and associated with a wide variety of biological activities,
principally  antioxidant, anti-inflammatory,  antimicrobial, anticancer,
neuroprotective, and cardioprotective.

Metabolomic analysis provides valuable information on metabolites in
organisms, including plants. It has applications in disease diagnosis,
understanding adaptive processes, among others [102]. Using LC-MS, in total,
fifteen molecular formulas linked to isomers of natural origin with biological
activities were suggested for the most active of the studied extracts (BA.R-
Hy0). Similarly, the most active extract from selected Solanaceae species
underwent LC-MS analysis, identifying twelve known hydroxycinnamic acid,
amides, steroid, alkaloids and derivatives [88]. Simple hydroxycoumarins,
specially scopoletin, are common constituents in Solanaceae family [10]. This
structural group was abundant in B. azorella, with scopoletin as the principal
isomer, associated with antioxidant, anticancer, neuroprotective, and
antimicrobial activities. Common Steroid sapogenin of spirostane and
furostane derivatives occurring in Solanaceae [10]. In B. azorella, two
spirostane derivatives, diosgenin and ruscogenin were found.

J. Chil. Chem. Soc., 70, N°1 (2025)

As in B. azorella, alkyl hydroxycinnamates (include ferulic acids) has been
described in the lipid barrier of many plant species, with antioxidant and
allelochemical properties [103]. LC-MS identified two triterpene isomers
C30Hys0 as a 3-deoxyhopanoids. Three-hydroxy and 3-keto forms have been
found in higher plants, but 3-deoxyhopanoids are typical in bacteria [104].
Given this evidence, it is more likely that they correspond to pentacyclic
triterpenoid of oleanane and lupane derivatives (amyrenone or lupenone
isomers) typical of the Solanaceae family [10, 105]. Loliolide, a carotenoid
present in many plants, including Solanum (Solanaceae) [106], is a potential
herbivore resistance inducer [107], with neuroprotective and anti-inflammatory
properties[108, 109]. C,7Hs;,O was identified as a cholesterol derivative,
previously found in Millettia genus using GC-MS [110]. C,7HuO was
identified as 20-hydroxyecdysone, a sterol insect hormone, and synthesized by
some plants as a defense mechanism from its invertebrate feeders [111, 112].
C,5H,,04 was identified as strobilactone, a fungal drimano sesquiterpene [113].
This molecular formula is also associated with leptospermone, a B-triketone
found in Leptospermum and Rhodomiyrtus plant genera, with a-glucosidase
inhibitor activity [114]. LC-MS identified tentatively 4 cinchona alkaloids
CyH¢N,0, and C;9Hx,N,0, common in Cinchona (Rubiaceae). In Solanum
(Solanaceae), dasycarpidan-1-methanol, acetate (ester) was identified as a
CyH6N,0, isomer [115]. Another compound identified in B. azorella is
azelaic acid, its glycoside has been proposed as a plant defense inducer in other
Solanaceae species [116].

Table 6: identification of natural tentative top isomers by positive ionization LC-MS of BA.R.H,O extract. Molecular formula (MF), abundance (related to the total

signals), structural family, and associate bioactivity are shown.

MF Abundance

Top Isomers(s)

Structural family

Bioactivity Ref

CrofsO4 2.160 Scopoletin 1somers Hydroxycoumarin Antioxidant, antimicrobial, anticancer, anti-inflammatory, and L117]
CoHsO4 0.052 neuroprotector
Coumaric acids and ..
CyrsHppOy 0.776 Hexadecyl ferulate .. Antioxidant [118,119]
derivatives
0.081
CiiHi6U3 Loliolide isomers Monoterpenoid Neuroprotector, anti-inflammatory [108, 109]
0.072
Cy7H4,04 0.055 Ruscogenin Steroidal sapogenin In}.np ik myogar@lal 1scherp1c e acuteikldney mury, [120-124]
anti-inflammatory, antioxidant, anticancer, gastric ulcer healing
C11Hi00s 0.051 Fraxidin Hydroxycoumarin Anti-atopic effect, antibacterial and insulin mimetic activity [125-127]
Oxidation of cholesterol, induce cell proliferation, EMT markers,

CyyHpO 0.043 Cholest-4,6-Dien-3-One steroid and senescence in hBTSC, impaired the differentiation in mature [110, 128]

cholangiocytes.

A o Tvoolinidemi . ol o -
CoHuO, 0039 20-Hydroxyecdysone Sterol, hormone nabolic, hypolipidemic, antidiabetic, anti-inflammatory, hepato [111]
neuro- and cardioprotector, antioxidant, antineoplastic
Diabetes, arthritis, osteoporosis, asthma, Alzheimer,
CHiOs 0.038 Diosgenin Stero@al sapogenin, carfil.ovascul.ar, autom.nmune z.ind nervqus system dlsefises. [129]
triterpene Antiviral, antineoplastic. Starting material for preparation of

steroidal drugs.

C1sHaO, 0.019 Linolenic acid Fatty acid Essential micronutrient. Antimetabolic syndrome, antithrombotic, [130]

anticancer, anti-inflammatory, antioxidant, neuroprotector

Table 7: identification of natural tentative top isomers by negative ionization LC-MS of BA.R.H,O extract. Molecular formula (MF), abundance (related to the total

signals), structural family, and associate bioactivity are shown.

MF Abundance Top Isomer(s) Structural family Bioactivity Ref
Ci5H204 0.074 Strobilactone A Drimane sesquiterpenoid Marine-derived fungus. Antifungal activity [113,131]
C1oHiOs 2092 Scopoletin Hydroxycoumarin Antioxidant, antimicrobial, anticancer, anti-inflammatory, [117]

neuroprotector
€1 HOs 0.114 Isoftaxidin Hydroxycoumarin Anticancer, antioxidant, cardioprotective, anti-inflammatory, [132]
neuroprotector
0.099
Hydroquinidine . . L . . .
CH26N>0, 0.047 isomers Cinchona alkaloid Anticarcinogenic, antiarrhythmic agent [133, 134]
0.026
CioHi004 0.574 Ferulic acid Phenol Antioxidant, neuroprotector [118]
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Antiparasitic, antimicrobial, anticancer, anti-obesity, anti-

CioH»N>O 0.107 Cinchonine Cinchona alkaloid inflammatory, anti-platelet aggregation and anti-osteoclast [135]
differentiation

CoH1Os 0.068 Azelaic acid Dicarboxylic acid Anticancer, antl—comedolytl'c, 'antlo.xldant, anti-inflammatory, [136]
antimicrobial

CieHuOs 0.108 Dimorphecolic acid Fatty acid Highly reactive. Value for paints, inks, lubricants, plastic, and [137]

nylon manufacture
3-Hydroxy Vasculoprotector, antioxidant, wound healing.
CHO, 0.077 benzaldehyde Phenol Angiostrongyliasis treatment. [138]

4. CONCLUSION

This study represents the first comprehensive exploration of B. azorella
from both chemical and biological perspectives. Although the specie does
not exhibit significant antibacterial or anti-quorum sensing properties at
tested concentrations, it does not exhibit acute toxicity and its anticancer
effects warrant further investigation in this area. The root extract, rich in
polyphenols, demonstrated notable antioxidant capacity and cytotoxic
activity against colon cancer cells, indicating a positive correlation
between these factors. Metabolomic analysis of the most active extract
revealed the presence of biologically significant compounds such as
coumarins, terpenes, steroidal sapogenins, alkaloids and phenols. Future
research will be able to take advantage of the results of this research by
identifying active metabolites, orby exploring their effect on new cell lines.
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