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Abstract

Prenyl flavonoids are natural compounds with a relatively narrow distribution in plants with particular structural and phar-
macological properties. A prenylated flavanone from the Dalea genus was reported as having potent antifungal action. As
part of an extensive study on the chemistry and pharmacology of prenylated flavonoids from the Dalea genus, we report
here on a new chromene flavanone isolated from the roots of Dalea boliviana Britton, Fabaceae. The results obtained from
spectroscopic and spectrophotometric methodologies allowed us to elucidate the structure of compound 1 as (—)-(25)-5,2'-
dihydroxy-6",6"-dimethylchromene-(7,8:2",3")-flavanone, and provided new valuable data for the use of MS—MS as a tool
for the elucidation and identification of prenylated flavonoids from the Dalea genus. In addition, the antifungal properties
of 1 and other prenyl flavanones obtained from D. boliviana were investigated on multidrug-resistant Candida albicans.

Keywords Prenylated flavonoids - Chromene flavanone - MS—-MS based identification - Antifungal activity - Azole-
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Introduction

Prenyl flavonoids are compounds with a relatively limited
distribution within the plant kingdom (Yang et al. 2015) and
are notably present in the Dalea L. genus, Fabaceae. Prenyl
flavonoids derived from the Dalea have been extensively
studied for their reported antifungal and antibacterial prop-
erties (Peralta et al. 2019). This type of natural compound
is characterized by its essential biological properties due to
its particular structures (Yang et al. 2015). These relevant
biological activities have encouraged new research about
these compounds' chemical and pharmacological proper-
ties, with the aim of achieving their rapid identification and
quantification in complex matrices such as plant extracts
and to propose these extracts as potential raw materials for
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herbal medicines (Del Gaudio et al. 2020). In this sense,
mass spectrometry (MS) provides high sensitivity and is
well-suited for the high-throughput characterization of
specialized metabolites in complex plant matrices. Ultra-
high performance liquid chromatography in combination
with tandem MS (UPLC-MS/MS) operating in a multiple
reaction monitoring (MRM) mode is currently applied as
a tool for quantitative metabolomics, due to its high sensi-
tivity, specificity, and fast scanning speed. Fragmentation
by electrospray ionization (ESI) in combination with col-
lision cells in MS/MS constitutes an essential advance in
plant metabolomics. In this way, ESI-MS/MS mass spectra
provide relevant information about the molecular structures
of metabolites, with many reports in recent years having
focused on creating ESI-MS/MS-based database platforms
to identify known and unknown metabolites from various
sources (Limjiasahapong et al. 2021).

Due to their relevant pharmacological properties, the
structures of prenylflavonoids have been investigated regard-
ing their mass fragmentation by ESI-MS/MS to determine
their chemical characteristics and generate a database to
identify these compounds (Simons et al. 2009; Van Din-
teren et al. 2021).

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s43450-024-00526-7&domain=pdf
http://orcid.org/0009-0008-8145-4739
http://orcid.org/0000-0002-2400-9099
http://orcid.org/0000-0001-9362-8566

786

Revista Brasileira de Farmacognosia (2024) 34:785-792

As part of the findings from extensive studies on the
chemistry and pharmacology of metabolites from the
Dalea genus, Peralta et al. (2011) described new prenyl
and chromene flavanones from the roots of D. boliviana
Britton (Fig. 1), a small shrub growing in northwestern
Argentina, Bolivia, and Peru.

In other investigations about Dalea species, Peralta
et al. (2012) reported a prenylated flavanone from D. ele-
gans Gillies ex Hook.et Arn. as being a chemosensitizer
against an azole-resistant Candida albicans strain with
overexpression of membrane transporters as the mecha-
nism of resistance.

Candida albicans is an opportunistic yeast species from
the human microbiota, usually found on mucosal surfaces
of the gastrointestinal, respiratory, and genitourinary sys-
tems. This yeast is a harmless commensal microorganism.
However, under certain conditions it can cause infections
known as candidiasis, acting as an opportunistic patho-
gen in immunocompromised or immuno-deficient patients
(Meirelles et al. 2017; Triastuti et al. 2023). Resistant C.
albicans (RCa) and its candidiasis have become a signifi-
cant problem worldwide, to such an extent that in 2022 the
World Health Organization declared this fungal pathogen
as a priority for development and research of new thera-
peutics, among other actions that were proposed (WHO
2022).

Multidrug resistance (MDR) is a critical antifungal
resistance mechanism mediated by drug transport through
membrane proteins. Recently, prenyl flavonoids have been
proposed as promising leaders in the search for new inhibi-
tors of MDR in C. albicans (Santi et al. 2022).

As part of our bioprospecting Argentine native flora to
search for new antifungals, we present the isolation and
elucidation of a new chromene flavanone from D. bolivi-
ana. In addition, we provide new valuable data for utiliz-
ing MS/MS as a tool for identifying this chromene and
other prenyl flavonoids from D. boliviana within complex
plant matrices. Endorsing the biological importance and
pharmacological potential of prenylated flavanones from
D. boliviana, we present the antifungal properties of these
compounds against multidrug-resistant C. albicans.

Materials and Methods
General Experimental Procedures

'H and '*C nuclear magnetic resonance (NMR) spec-
tra were obtained in CDCl; on a Briiker Advance II 400
(400 MHz for 'H and 100 MHz for '*C) spectrometer using
tetramethylsilane (TMS, Sigma-Aldrich Co, St Louis, MO,
USA.) as an internal standard. UV spectra were obtained
in MeOH from Merck (Darmstadt, Germany), using
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quartz cells in a CARY WIN 50 (Varian) spectrophotom-
eter. Column chromatography was performed on Merck
(Darmstadt, Germany) silica gel. Thin layer chromatog-
raphy (TLC) was carried out using 20 X 20 cm plates with
a 0.5 mm layer of silica gel GF,s5, (Merck, Darmstadt,
Germany). Spots were visualized by UV at 254 nm.

HPLC experiments were carried out to assess the purity
of the compounds. A ProStar Varian HPLC machine
(Palo Alto, CA) coupled with a UV detector (Varian) was
used. Elution was carried out on a Varian C18 column (@
250 mm x 4.6 mm X 5 pm particle size).

Analyzes of UPLC-MS/MS were performed using an
Acquity UPLC H-Class (Waters) with a quaternary pump
chromatograph equipped with an autosampler, and cou-
pled to a triple quadrupole (Waters Xevo TQ-S MS/MS)
with an ESI source mass spectrometer used in the nega-
tive ion mode. For targeted analysis of compounds, the
mass transitions were monitored in MRM mode using the
Intellstart application. Argon 99.999% (Linde) at a pres-
sure of 3.4 x 107 mbar served as the collision gas in the
collision cell. Mass Lynx software version 4.1 controlled
the LC-MS-MS system. A circular dichroism (CD) spec-
trum was obtained with a Jasco J-810 spectropolarimeter.

Solvents and Reagents

The acetonitrile, MeOH, and formic acid used for HPLC
and UPLC experiments were purchased from Merck
(Darmstadt, Germany). Fluconazole (purity >98%) was
purchased from Sigma-Aldrich Co, St Louis, MO, USA.

Plant Material

Dalea boliviana Britton, Fabaceae, roots were collected dur-
ing the flowering period in February 2019, near the town
of Iturbe in the Humahuaca department, Jujuy province,
Argentina (GPS coordinates 22°58'44" S, 65°21'13" W at
3223 m.a.s.l.). Prof. Dr. Gloria Barboza, from the Botanical
Museum-UNC, identified the plant material. This specimen
is on deposit as CORD 1066 at the Botanical Museum-UNC.

Extraction and Isolation

The plant material was dried at room temperature. Roots
were separated from the aerial parts and 20 g were pulver-
ized with a blade mill and extracted with a Soxhlet extractor
using 500 ml of hexane (anhydrous, 95%, Sigma-Aldrich Co,
St Louis, MO, USA). Subsequently, the solvent was elimi-
nated with a rotary evaporator at reduced pressure, yielding
the crude extract (1.02 g).
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The secondary metabolites were isolated from the hexane
extract of D. boliviana by column chromatography. Silica gel
60 (0.063—0.200 mm) for column chromatography (70-230
mesh, Merck, Darmstadt, Germany) was used as the station-
ary phase and successively eluted with hexane/EtOAc (anhy-
drous, 95%, Sigma-Aldrich Co, St Louis, MO, USA) (100:0
to 50:50) and EtOH (absolute for analysis, Sigma-Aldrich Co,
St Louis, MO, USA). Eight fractions were collected and tested
by TLC (hexane/EtOAc, 70:30) to compare their profiles, with
the spots being visualized by UV light at 254 and 365 nm.

The compound (25)-5,2'-dihydroxy-6",6"-
dimethylchromene-(7,8:2"”,3")-flavanone (1) was purified
from fraction 5 (9.1 mg, R;0.77) by preparative TLC with
CHCl; (analytical grade, Sigma-Aldrich Co, St Louis, MO,
USA)/EtOH, 98:2, yielding 5.1 mg of pure compound (1)
(R;0.56).

The structure of compound 1 was elucidated by 'H and *C
NMR. Samples were prepared using CDCl; (Sigma-Aldrich
Co, St Louis, USA), and TMS was used as the internal
standard. The data was analyzed through the TopSpin 4.0.7
program.

The compounds (25)-5,7,2'-trihydroxy-8,3’-
diprenylflavanone (2) (6.5 mg), and (25)-5,7,2'-trihydroxy-
5'-(1"",1""-dimethylallyl)-8-prenylflavanone (3) (1.6 mg)
were purified and identified as previously reported by Peralta
et al. (2011).

(—)-(25)-5,2'-Dihydroxy-6",6"-dimethylchromene-(7,8:2",3
'")-flavanone (1)

Amorphous yellow solid. Optical rotation—39 (¢ 0.09,
MeOH); UV(MeOH) A, (log €) 271 (3.95), 293 (3.41),
339 (sh) (2.89) nm; CD (c 0.020, MeOH) [6]537+ 1.90,
[0],95 -4.75; 'H NMR (CDCl,;,400 MHz) and '*C NMR
(CDCl5,100 MHz) data are shown in Table 1.

Liquid Chromatography Experiments

The purity of the compounds was determined by HPLC,
according to a methodology reported by Peralta et al. (2015).

Fig. 1 Roots of Dalea boliviana Britton, Fabaceae

Table1 'H (400 MHz) and *C (100 MHz) NMR spectroscopic data
for (—)-(25)-5,2'-dihydroxy-6",6"-dimethylchromene-(7,8:2",3")-
flavanone (1) in deuterated chloroform (CDCls)

N° d¢ dy (Jin Hz)
76.41 CH 5.70,dd (13.05,2.76)
42.01 CH,
3A 2.94,dd (17.32,2.76)
3B 3.09,dd (17.32,13.05)
4 196.10 Cq
5 163.84 Cq
6 97.97 CH 6.03,s
7 162.19Cq
8 102.36 Cq
9 156.64 Cq
10 102.87 Cq
1 124.36Cq
2' 153.25Cq
3 135.02 CH 6.88,dd (7.51,1.02)
4' 129.84 CH 7.53,dt (7.51,1.02)
5' 120.95 CH 7.00,dt (7.51,1.02)
6' 124.32 Cq 7.28,dd (7.51,1.02)
4" 116.42 CH 6.54.,d (10.00)
5" 126.89 CH 5.50,d (10.00)
6" 78.16 CH
6"-Me 28.10 CH;,4 145,
6"-Me 143,
5-OH 12.11,s

In brief, ultrapure water was used as the mobile phase A, and
MeOH as the mobile phase B. The elution program started
with a linear gradient from 50% B to 85% B in 60 min, fol-
lowed by 100% B (maintaining this percentage for 10 min),
and finished with a linear gradient from 100% B to 50% B
in 10 min, flow rate at 1 ml/min, wavelength used for detec-
tion at 290 nm, injection volume: 20 pl, temperature: 30 °C.
The UPLC-MS/MS was performed on the compounds,
with an UPLC equipment coupled to a mass detector. Ana-
lyzes were performed using an Acquity UPLC H-Class
(Waters), with a quaternary pump equipped with an autosa-
mpler. An isocratic method was used: 20% ultrapure H,O 0.1
v/v formic acid (LC-MS quality, Merck, Darmstadt, Ger-
many)/80% ACN 0.1 v/v formic acid, flow 0.20 ml/min, col-
umn temperature 30 °C, injection volume 5 ul. Column used:
Waters BEH C-18 (2.1 mm X 50 mm X 1.7 particle size).

Antifungal Evaluation
Fungal Strains
The Candida albicans strains were isolated from the oral

cavity and kindly ceded by Dr. T. White. Two clinical
strains of Candida albicans were used, one of these (SCa)
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was sensitive and the other (RCa) was resistant to imidazole
antifungals. The SCa strain (2.76) is sensitive to imidazole
antifungals, while RCa strain (12.99) overexpresses CDR1,
CDR2, and MDR1 type genes, which are involved in multid-
rug resistance (MDR) (White et al. 2002). Both strains were
grown in yeast peptone dextrose (YPD) broth and were pre-
served as frozen stocks containing 15% glycerol at -80 °C.
Before each experiment, cells were sub-cultured from this
stock onto YPD to guarantee purity and viability.

Antifungal Assay

The growth of SCa and RCa was quantified in the absence
and presence of different concentrations of compounds 1-3.
This was carried out following the standardized microdi-
lution protocol in a 96-well plate, M27-A4 of the Clinical
and Laboratory Standards Institute (CLSI 2017), with some
modifications according to Peralta et al. (2012). A starting
inoculum of 10? colony-forming units per ml (CFU/ml) was
grown in a liquid medium using a 96-well microdilution
plate. Compounds were added from stock solutions (40 mM
in dimethyl sulfoxide; DMSO) and then diluted in Roswell
Park Memorial Institute (RPMI) 1640 synthetic medium
with glutamine but without sodium bicarbonate, buffered
with 0.164 M morpholino propane sulfonic acid (MOPS),
adjusted at pH 7 £ 0.1, and with 0.2% glucose to give differ-
ent concentrations in the incubation medium. Samples were
compared to the respective control containing the same sol-
vent. Fluconazole, an azole antifungal, was used as a posi-
tive control. Absorbance was measured at 540 nm with a
MicroQuant microplate spectrophotometer (Tecan Sunrise
Model, TECAN, AUS).

The compounds’ minimum inhibitory concentration
(MIC) was defined as the lowest concentration that produces
an optical density of 50% or less relative to the growth con-
trol measured at 540 nm in a microplate reader.

Graphs were made from the data obtained using version
5.00 of the GraphPad software (GraphPad Software San
Diego, USA), and the standard error of three independent

experiments was calculated. Duplicates for each experimen-
tal condition were included in all experiments. A statistical
analysis was performed using the two-way ANOVA test, fol-
lowed by a Bonferroni test. Values of p <0.05 represented a
significant difference between the groups. Data were plotted
as the mean =+ standard error of the mean (SEM).

Results and Discussion

Compound 1 was isolated as an amorphous yellow solid
that was optically active [oc]D25 -39 (¢ 0.09, MeOH). Its
molecular formula was deduced as C,,H,,05, according
to the spectral data obtained from MS/MS and elucidated
by NMR spectroscopic data. The UV absorption maxima
at 293 and 339 nm (Fig. S1) suggested a flavanone skel-
eton. The 'H and '*C NMR data (Table 1), together with
the aid of the 2D Heteronuclear Single Quantum Coher-
ence (HSQC) NMR spectrum (H-C resonances) allowed
the complete structure of compound 1 to be determined.
In the 'H spectrum, the signals of the ABX spin system
characteristic of flavanone [6H 5.70 (1H, dd, J =13.05,
2.76 Hz, H-2), 3.09 (1H, dd, /=17.32, 13.05 Hz, H-3B)
and 2.94 (1H, dd, J=17.32, 2.76 Hz, H-3A)], and
also the signal of a single aromatic proton in ring A
at Oy 6.03, can be observed (Fig. 2S). The signals at
Oy 6.88 (Fig. 2S.1) (1H, dd, J=7.51, 1.02 Hz, H-3"),
7.53 (Fig. 25.2) (1H, dt, J=7.51, 1.02 Hz, H-4"), 7.00
(Fig. 28.3) (1H, dt, J=7.51, 1.02 Hz, H-5"), and 7.28
(1H, dd, J=7.51, 1.02 Hz, H-6") (Fig. 2S.4) were indica-
tive of the substitution pattern at B-ring. Characteristic
signals of the dimethylchromene ring were found: two
doublets corresponding to olefinic protons with a cis
coupling constant at 8y 6.54 (1H, d, /=10.00 Hz, H-4")
and 5.50 (1H, d, J=10.00 Hz, H-5"), as well as two
singlets assigned to gem-dimethyl at 8y 1.43 (3H, s) and
1.45 (3H, s). In the '>C NMR spectrum of compound
1, signals corresponding to twenty carbon atoms were
observed (Fig. 3S and Table 1).

|
HO
N | | HO
(0] O HO

B HO o

HO O .

™
OH O
OH O
OH O

1 2

@ Springer

3



Revista Brasileira de Farmacognosia (2024) 34:785-792

789

The Heteronuclear Multiple Bond Connectivity
(HMBC) spectrum (Fig. 4S) exhibited a correlation
between the signals of the C5-OH hydroxyl proton (8y
12.11) and C-5. In addition, the signal of the proton of
the dimethylchromene ring at 8y 6.54 (H-4") was corre-
lated with the C-8 (5 102.36), C-9 (8 156.64), and C-7 (d
162.19) atoms (Fig. 2 and 4S). These signals indicated
that the chromene ring is attached to C-8. A correlation
between C-8 and the methyl proton H-5" (8 5.50) of the
dimethylchromene ring was also observed. The B-ring
substitution pattern was determined by HMBC correla-
tions. The H-6’ signal (8 7.28) correlated with the signal
at 153.25 ppm, which corresponds to a quaternary carbon
bonded to a hydroxyl group. This signal was assigned to
C-2’, confirming that the hydroxyl group is located in the
B-ring at position C-2’. Other HMBC correlations of the
H-6" signal (8y 7.28) were observed with the signals at
135.02 ppm (CH, C-3’) and 129.84 ppm (CH, C-4’). The
same B-ring pattern was observed for the other flavanones
described for D. boliviana (Peralta et al. 2011). The key
HMBC correlations are shown in Fig. 2. The 2D HMBC
spectrum (H-C) of compound 1 can be observed in Fig. 4S
of supplementary data. The correlations observed for the
COSY spectrum were related to the dimethylchromene
ring (H-5°/H-4"), with the COSY (H-H) spectrum being
shown in Fig. 5S. The CD experiment indicated a posi-
tive cotton effect at [0]55, and a negative cotton effect at
[0],95, indicating the S configuration of C-2. All these
spectroscopic and spectrophotometric data allow us to
propose the structure of (—)-(25)-5,2'-dihydroxy-6",6"-
dimethylchromene-(7,8:2",3")-flavanone for compound
1. As far as we are aware, this is the first report of this
compound in the Dalea genus.

Compounds 2 and 3 are prenyl flavanones isolated from
the root extract of D. boliviana. Their spectroscopic and
spectrophotometric data matched those previously reported

OH O

Fig.2 Key HMBC correlations of (—)-(25)-5,2'-dihydroxy-6",6"-
dimethylchromene-(7,8:2",3")-flavanone (1)

by Peralta et al. (2011), thereby confirming their identi-
fication as (25)-5,7,2'-trihydroxy-8,3'-diprenylflavanone
(2) and (25)-5,7,2'-trihydroxy-5'-(1"",1"""-dimethylallyl)-
8-prenylflavanone (3) (Peralta et al. 2011). These prenyl-
flavanones have demonstrated significant biological activi-
ties, including the inhibition of tyrosinase and xanthine
oxidase (Peralta et al. 2011; Santi et al. 2023).

The purity of compounds 1-3 was determined by HPLC
with the UV detector technique, as previously described
by Peralta et al. (2015). The retention times and purities of
the three compounds respectively were: 44.90 min, 92.26%
for compound 1 (Fig. 7S.1), 60.24 min, 94.45% for com-
pound 2 (Fig. 7S.2), and 54.20 min, 95.31% for compound
3 (Fig. 7S.3).

Given that UPLC-MS/MS is a widely employed tool
for structural elucidation and natural product identifica-
tion, we performed a UPLC-MS/MS analysis on com-
pound 1 (Fig. 8S.1 and 8S.2) to provide additional spec-
tral evidence that supported the proposed structure of this
compound (Simons et al. 2009; Limjiasahapong et al.
2021). The retention time for 1 under UPLC conditions
was 1.24 min (Fig. 8S). Scheme 1 illustrates the proposed
MS-MS fragmentation pathway of compound 1 using elec-
trospray ionization (ESI-MS) (Fabre et al. 2001). Initially,
minimal fragmentation was observed, and the molecular
ion [M-H]™ at m/z 337.10 (100) was observed (Fig. 8S.1).
Subsequently, the MS spectra were obtained for the molec-
ular ion at m/z 337.10 under collision energies of 20, 10,
and 30 eV (Fig. 85.2 (A), (B), and (C) respectively). At
all collision energies, the predominant daughter mass was
observed at m/z 191.03. This corresponded, as depicted
in Scheme 1, to the A-ring fragment obtained from the
proposed 1,4 cleavage ('**A), following the terminology
adopted for retrocyclization cleavage reactions involving
a flavanone (Fabre et al. 2001; Simons et al. 2009).

From the UPLC-MS/MS experiments, we have also
included the spectral data for compounds 2 (Fig. 9S.1 and
9S.2) and 3 (Fig. 10S.1 and 10S.2), which provide new spec-
troscopic data for the identification of these flavanones in
plant extracts.

The retention times under UPLC conditions were
1.76 min and 1.29 min for 2 and 3, respectively. Once again,
the predominant reaction observed at all collision energies
was the 1,4 cleavage of the [M-H]™ ion at m/z 407.15 for
both compounds. Consequently, the major daughter ion
detected was the '*A~ fragment at m/z 193.03 (Figs. 9S and
10S). This fragmentation pattern highlights that the nucleo-
philic characteristics of the prenyl group render degrada-
tion within the A ring highly unfavorable. These distinctive
structural features of prenyl flavonoids demonstrate the use-
fulness of MS/MS in supporting the elucidation and identi-
fication of these compounds within complex matrices, such
as plant extracts, with the MS/MS spectral data supporting
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Scheme 1 The proposed H
primary fragmentation pathway
for the molecular ion [M-H]~ of \
(—)-(25)-5,2'-dihydroxy-6",6"- (6] OH
dimethylchromene-(7,8:2",3")-
flavanone (1)
N H0\© OH
o} O . LAA m/z 191
HO
OH
[M-H] m/z 337 k
OH
4B m/z 147

the structure proposed for compound 1 and providing con-
tributions for subsequent identification and quantification
of the three prenyl flavanones (compounds 1-3) from the D.
boliviana in different matrices.

To contribute to the current knowledge related to the
properties and pharmacological potential of the prenylated
flavanones from D. boliviana, compounds 1-3 were eval-
uated for their antifungal activity. For this purpose, we
employed two C. albicans strains: one sensitive (SCa) and
the other resistant (RCa) to imidazole antifungals. For each
compound, the MIC was defined as the lowest concentration
that resulted in an optical density of 50% or less than that of
the growth control (without antifungals) (Peralta et al. 2012).
Fluconazole, a well-known azole antifungal, was used as a
positive control. The MIC values obtained for compound 1
against the SCa and RCa strains were both 0.062 mM, result-
ing in a growth inhibition of 52.52% for SCa, and 52.09% for
RCa. For compound 2, the MIC value was 0.125 mM against
SCa, leading to a growth inhibition of 61.66%, while the
MIC for RCa exceeded 0.500 mM. Compound 3 exhibited a
MIC of 0.062 mM for SCa, and 0.125 mM for RCa, result-
ing in growth inhibition percentages of 57.15% and 50.30%,
respectively. For the reference antifungal fluconazole the

Table2 MIC values of (—)-(25)-5,2'-dihydroxy-6",6"-
dimethylchromene-(7,8:2",3")-flavanone (1), (25)-5,7,2'-trihydroxy-
8,3'-diprenylflavanone (2), and (25)-5,7,2'-trihydroxy-5'-(1"",1""-
dimethylallyl)-8-prenylflavanone (3) for SCa and RCa strains

Compound MIC for SCa MIC for RCa
1 0.062 mM 0.062 mM

2 0.125 mM >0.500 mM
3 0.062 mM 0.125 mM
Fluconazole 0.026 mM 0.21 mM

SCa Sensitive Candida albicans; RCa Resistant Candida albicans
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MIC values were 0.026 mM and 0.21 mM for SCa and
RCa, respectively. The detailed MIC values are available
in Table 2. It is noteworthy that the activity of compound 1
was similar for both azole-susceptible and resistant strains,
with the same MIC value being observed for RCa and SCa.
These results suggest that the azole resistance mechanism
by overexpression of membrane transporters is not influen-
tial in the antifungal activity of compound 1. This mecha-
nism was evident in the differences observed in the MIC
values of both strains for the antifungal fluconazole. At
0.125 mM, compound 1 exhibited significantly greater activ-
ity than compound 2 against the azole-resistant strain, with
a p-value of <0.001. Similarly, at 0.125 mM, compound 3
also displayed significantly higher activity than compound
2 against RCa, with a p-value of <0.01. Figure 3 shows the

1 2 3
Compounds at 0.125 mM

% growth inhibition of C. albicans

Fig.3 Percentage of growth inhibition of Candida albicans exerted
by the three compounds at 0.125 mM. ***p <0.001 denotes a signifi-
cant difference between compounds 1 and 2 at 0.125 mM for the RCa
strain; ##p <0.01 denotes a significant difference between compounds
2 and 3 at 0.125 mM for RCa strain. SCa: Sensitive Candida albi-
cans; RCa: Resistant Candida albicans
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percentages of growth inhibition of the SCa and RCa strains
in the presence of compounds 1-3 at 0.125 Mm.

Conclusions

The isolation and chemical elucidation of the chromene
flavanone (25)-5,2'-dihydroxy-6",6"-dimethylchromene-
(7,8:2",3"M)-flavanone (1) has been described for the first
time for D. boliviana. In addition, new data about MS/MS
has been provided about prenylated flavonoids from this spe-
cies, enabling their future identification and quantification
in complex matrices such as extracts. Moreover, the antifun-
gal activity of 1 and two other prenylated flavanones from
D. boliviana was found for azole-resistant C. albicans. Our
results provide evidence showing the potential of prenylated
flavonoids 1 and 3 as a source of new drugs to combat MDR
in C. albicans.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s43450-024-00526-7.
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