Journal of Ethnopharmacology 353 (2025) 120313

Contents lists available at ScienceDirect

Journal of Ethnopharmacology

FI. SEVIER

journal homepage: www.elsevier.com/locate/jethpharm

,\

Journal of

ETHNO-
PHARMACOLOGY

Diuretic and saluretic effects of Baccharis dracunculifolia DC. (Asteraceae)

Valter Paes de Almeida?, Sara Emilia Lima Tolouei ”, Lislaine Maria Klider”,

Aline Aparecida Macedo Marques “, Karyne Garcia Tafarelo Moreno “, Katyuce Souza Farias 4
Izadora Bonfim ¢, Emerson Luiz Botelho Lourenco °, Gustavo Heiden f Manuel Minteguiaga ®,
Paulo Vitor Farago “, Denise Brentan Silva d, Arquimedes Gasparotto Junior b’c’*,

Jane Manfron?

2 Laboratory of Pharmacognosy, Postgraduate Program in Pharmaceutical Sciences, Department of Pharmaceutical Sciences, State University of Ponta Grossa, Ponta

Check for
updates

Grossa, PR, Brazil

Y Laboratory of Reproductive Toxicology, Department of Pharmacology, Federal University of Parana, Curitiba, PR, Brazil
¢ Laboratory of Cardiovascular Pharmacology (LaFaC), Faculty of Health Sciences, Federal University of Grande Dourados, Dourados, MS, Brazil
d Laboratory of Natural Products and Mass Spectrometry (LaPNEM), Faculty of Pharmaceutical Sciences, Food and Nutrition (FACFAN), Federal University of Mato

Grosso Do Sul, Campo Grande, MS, Brazil

€ Laboratory of Preclinical Research of Natural Products, Paranaense University, Umuarama, PR, Brazil
f EMBRAPA Clima Temperado, Rodovia BR 392, km 78, Caixa Postal, 403, Pelotas, RS, Brazil
8 Espacio de Ciencia y Tecnologia Quimica, Centro Universitario Regional Noreste, Universidad de la Republica, Tacuarembd, Uruguay

ARTICLE INFO

Keywords:
Asteraceae
Diuresis
Hypertension
Natural products
Flavonoids
Monoterpenes

ABSTRACT

Ethnopharmacological relevance: Baccharis dracunculifolia DC. (Asteraceae) is an aromatic and medicinal species
that is native to Brazil and other South American countries. It is popularly known as “alecrim-do-campo”, “alecrim-
de-vassoura”, and “vassourinha”, being used as infusions for various ailments. Moreover, in Brazil, this species is
commonly utilized for treating cardiovascular disorders. Despite its common use , there is no evidence in the
literature demonstrating the effects of B. dracunculifolia leaves on the cardiovascular system.

Aim of the study: We aimed to investigate the cardiorenal properties of the aqueous extract (ESBD) and essential
oil (EOBD) of B. dracunculifolia aerial parts on Wistar rats.

Materials and methods: First, the plant material was collected and identified, its essential oil (EOBD) was extracted
by hydro-distillation, while an ethanolic fraction was prepared after the obtention of the aqueous extract by
infusion (ESBD). The chemical compositions of EOBD and ESBD were determined by GC-MS and LC-DAD-HRMS,
respectively. The acute toxicity test was performed on female Wistar rats to determine the toxic effects after a
single administration. Finally, the potential diuretic and hypotensive effects of ESBD and EOBD (doses at 30, 100,
and 300 mg/kg) were evaluated on normotensive male Wistar rats.

Results: Thirty-eight compounds were annotated in EOBD by GC-MS (thirty-one identified), which was mainly
composed by monoterpene hydrocarbons (81.9 %), highlighting a-pinene (14.2 %), $-pinene (39.8 %), and
limonene (21.3 %). LC-DAD-HRMS analysis from ESBD revealed twenty-three compounds, including flavonoids
(C-glycosylated flavones, O-glycosylated flavonols, and an aglycone flavanonol), and phenolic acid derivatives
such as caffeoylquinic (chlorogenic), coumaroylquinic, and feruloylquinic acids. No signs of toxicity were
observed after acute treatment with ESBD and EOBD, and it was suggested that the oral median lethal dose
(LDso) of the extracts is above 2000 mg/kg. In addition, a 7-day oral treatment with ESBD at a dose of 300 mg/kg
was able to significantly increase urinary volume (thus, acting as diuretics) and renal excretion of sodium and
chloride (saluretic action).

Conclusions: The findings of this study showed that a fraction derived from of the ethanol-soluble fraction of the
aqueous extract (ESBD) and essential oil (EOBD) of B. dracunculifolia leaves is safe for acute administration on
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female Wistar rats. Additionally, oral treatment with ESBD (dose at 300 mg/kg) showed potential diuretic and
saluretic effects in normotensive male Wistar rats.

1. Introduction

For thousands of years, people have been using medicinal plants as
an alternative therapy to treat various ailments. The use of natural
products derived from plants and microorganisms has been increasing in
popularity globally (Dutra et al., 2016). In this context, Brazil has the
highest number of plant species in the world, with 52,837 records to
date, including those native, naturalized and cultivated (Flora e Funga
do Brasil, 2024). Despite this huge number, the Brazilian Herbal Medi-
cine only licensed as active medicinal plants less than 0.20 % (101
species, including 39 natives) (Carvalho et al., 2018). Therefore, the
pharmacological research on Brazilian medicinal plants is of the utmost
importance to valorize such biodiversity (Dutra et al., 2016).

The Baccharis L. genus is one of the largest and most diverse genera of
aromatic and medicinal plants in the Asteraceae family, with 442 species
distributed across South, Central and North America (Antunes et al.,
2024). Baccharis dracunculifolia DC. (Asteraceae) is an aromatic and
medicinal species native to Brazil, but also it is native to Argentina,
Bolivia, Paraguay and Uruguay (Minteguiaga et al., 2021a; Armstrong
et al., 2024). The species has a shrubby habit, reaching heights of 1-5 m,
and it is widely distributed throughout the Brazilian territory, from the
Southern to the Northeastern. In traditional medicine, B. dracunculifolia
is known as “alecrim-do-campo”, “alecrim-de-vassoura”, and ‘“vassouri-
nha”; being used as infusions for various purposes such as
anti-inflammatory, anti-ulcerative and to treat gastrointestinal and renal
disorders (Minteguiaga et al., 2021a; Armstrong et al., 2024). Addi-
tionally, B. dracunculifolia is commonly used to treat cardiovascular
diseases (Mendonca et al., 2020). Previous phytochemical studies have
shown that essential oils, diterpenes, triterpenes, flavonoids, phenolic
acids, and several specific glycosides named dracunculifosides are pre-
sent in the aerial and underground organs of B. dracunculifolia
(Minteguiaga et al., 2021a).

Metabolomics studies using liquid chromatography coupled to a
diode array detector and tandem mass spectrometry (LC-DAD-HRMS)
have been widely used due to their high accuracy, selectivity and
sensitivity in detecting natural metabolites (Rafi et al., 2023). Further-
more, gas chromatography (GC) is highly suitable for the identification
of volatile compounds, such as essential oils (Adams, 2017).

Although B. dracunculifolia has been extensively studied for its
antioxidant, anti-inflammatory, and others properties (Armstrong et al.,
2024), no previous studies have evaluated its potential cardiorenal or
toxicological effects. Besides, the leaf infusion of B. dracunculifolia is
used in traditional medicine to treat heart and kidney diseases, and there
is no evidence reported to date regarding the chemical composition and
efficacy of this extract being reported so far. Therefore, this study aimed
to fill this gap by investigating thorough phytochemical, toxicological,
and pharmacological investigation of B. dracunculifolia leaf extracts on
Wistar rats after acute and prolonged exposure.

2. Material and methods
2.1. Chemicals

Xylazine and ketamine hydrochloride were purchased from Syntec
(Sao Paulo, SP, Brazil), and heparin from Hipolabor (Belo Horizonte,
MG, Brazil). Hydrochlorothiazide (HCTZ) was obtained from Sigma-
Aldrich (St. Louis, MO, USA). All other reagents employed were of
analytical grade, the solvents were of HPLC grade, while the water was
ultrapure.

2.2. Plant material and identification

Fresh samples of flowering aerial parts of B. dracunculifolia DC. were
collected from open and sunny habitats in Ponta Grossa, Parand, Brazil
(coordinates 25°05'26" S, 50°06'17" W, 907 m) in September 2020. The
botanical material was identified by the taxonomist Dr. Gustavo Heiden
and deposited in the Herbarium of the ECT, Pelotas, Rio Grande do Sul,
Brazil (under the number ECT0008997). Access to the botanical source
was authorized and licensed by the CGen/SisGen registered under the
code AB29E78.

2.3. Extract preparation

After collection, the plant material was stabilized and dried in an
oven at 30 °C. Afterwards, the samples were subjected to two types of
extraction. 1) Dried plant material (100 g) was extracted by hydro-
distillation for 3 h, in triplicate, using a Clevenger-type apparatus. The
essential oil obtained from B. dracunculifolia (EOBD) had a yield of 0.6 %
and was stored in amber glass vials with Teflon-sealed caps and refrig-
erated (—4 °C) for further analyses; and 2) Dried plant material (100 g)
was extracted by infusion in 1 L of boiling water (93 °C). An aliquot of
the infusion (200 mL), cooled to room temperature, was filtered and
treated with three volumes of ethanol (600 mL), resulting both, in a
precipitate and an ethanol-soluble fraction from B. dracunculifolia
(ESBD). This procedure is important for precipitating primary metabo-
lites that are not of interest for this study. The latter was concentrated
using rotary evaporation (49 °C and 85 rpm), and then freeze-dried
using an LD1500A equipment (Terroni/Lyotech, Sao Carlos, SP,
Brazil), which had a yield of 9.45 %. The ESBD was stored in a freezer at
—20 °C until analysis.

2.4. Chemical composition of EOBD by GC-MS

The essential oil EOBD was analyzed by GC-MS using a gas chro-
matograph coupled to a mass spectrometer Shimadzu QP2010 (single
quadrupole), provided with an AOC-20i auto-injector and an electron
ionization source (70 eV; Shimadzu, Kyoto, Japan). In the oven, it was
attached a Rtx-5MS capillary column (dimensions: 30 m x 0.25 mm x
0.25 pm; Restek, Bellefonte, PA, USA). The oven temperature gradient
program was as follows: 60 °C-320 °C at 4 °C/min, and finally the
temperature was maintained to 320 °C for 20 min; temperature of the
injection port and interface: 320 °C. The EOBD was prepared at 1 mg/mL
in n-hexane and injected in the chromatographic system in split mode
(1:5). Helium was used as carrier gas at a flow of 1.0 mL/min. The
spectra were acquired in the scan mode, with a range set to 35-400 m/z.
The identification of the components was based on the comparison with
data of commercial mass spectral libraries (Mc Lafferty, 2000; Adams,
2017; Mondello, 2008; Wiley/NIST, 2023), and by the calculation of the
linear retention indices (LRI) after the injection and analysis of a Cg-Cap
n-alkane standard solution (Sigma-Aldrich) in the same analytical con-
ditions as the samples (Minteguiaga et al., 2021b). LRIs were compared
to the data reported in the literature.

2.5. Chemical composition of ESBD by LC-DAD-HRMS

The ethanol-soluble fraction from B. dracunculifolia (ESBD) was
analyzed in an UFLC-20AD Shimadzu chromatographic system, coupled
both to a diode array detector (DAD) and a Bruker Daltonics microTOF-
Q IIT high resolution mass spectrometer (Bruker Co., Billerica, MA, USA).
The sample was prepared at a concentration of 3 mg/mL in a methanol-
water mixture (6:4 v/v), and filtered through syringe filters (PTFE
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membrane, 0.22 pm x 13 mm; Millex, Merck Millipore, Darmstadt,
Germany). Chromatographic separation was achieved using a Kinetex C-
18 column (dimensions: 2.6 pm, 150 mm x 2.2 mm; Phenomenex,
Torrance, CA, USA), which was maintained at 50 °C during the analyses.
Ultrapure water with 0.1 % formic acid (A) and acetonitrile with 0.1 %
formic acid (B) were used as the mobile phases. The gradient elution
profile was as follows: 0-2 min at 3 % B, 2-25 min from 3 % to 25 % B,
and 25-40 min from 25 % to 80 % B. The sample (3 pL) was injected into
the loop of the system, and the analyses were conducted in both negative
and positive ion modes, with capillary voltages of 4.5 kV and 2.5 kV,
respectively. The peak annotation was according to literature reports
(see Results and Discussion section), while to confirm the chlorogenic
acid’s identity, authentic standards of 3-O-caffeoylquinic acid and 4-O-
caffeoylquinic acid were co-injected (both purchased from Sigma-
Aldrich).

2.6. Acute toxicity assessment

The acute toxicity tests of ESBD and EOBD were conducted on female
Wistar rats (8-12 weeks old) following the protocol No. 425 established
by the Organisation for Economic Cooperation and Development
(OECD, 2022). ESBD (2000 mg/kg) was prepared in filtered water, while
EOBD (2000 mg/kg) was emulsified in filtered water containing 2 %
DMSO. Each solution was administered via oral gavage to different
groups of rats (n = 5 per group) at a volume of 1 mL/100 g. The control
group received the vehicle (filtered water) at a dose of 1 mL/100 g. Food
was provided to the rats only after 3 h of the treatments. The animals
were closely monitored for signs of toxicity or death during the first 24
h, and then for the following 14 days. Daily evaluations and recordings
were made of body weight, food intake, and animal behavior using the
"Hippocratic screening" method described by Malone and Robichaud
(1962).

On day 15 after treatment, the animals were euthanized using iso-
flurane inhalation. The vital (heart, lung, liver, kidneys, and spleen) and
reproductive (ovaries and uterus) organs were removed, cleaned,
weighed, examined macroscopically, and the relative organ weight was
calculated. Organ samples were sent for histopathological analysis,
which was performed by veterinary pathologists from the UFGD.

2.7. Pharmacological investigations

2.7.1. Diuretic activity

The diuretic investigations of ESBD and EOBD were conducted
following a methodology described by Gasparotto Junior et al. (2009).
Male Wistar rats were randomly divided into eight experimental groups
(n = 6) and were treated with ESBD, EOBD (doses at 30, 100, and 300
mg/kg), HCTZ (25 mg/kg), or the vehicle (filtered water 1 mL/100 g) by
oral gavage once daily for 7 consecutive days. ESBD (2000 mg/kg) was
prepared in filtered water, while EOBD (2000 mg/kg) was emulsified in
filtered water containing 2 % DMSO. Each solution was administered via
oral gavage to different groups of rats (n = 5 per group) at a volume of 1
mL/100 g. Each animal was placed in metabolic cages with free access to
commercial feed and filtered water throughout the experiment. The
total amount of urine was collected every 24 h and expressed as mL/100
g of body weight. Urinary levels of potassium (K*), sodium (Na™), and
chloride (Cl7) were measured using an ion-selective meter (COBAS
INTEGRA 400 plus; Roche, Basel, Switzerland). Urinary excretion load
of K™, Na't, and CI~ was obtained by multiplying the concentration of
electrolytes (mEq/L) by the urinary flow (mL/min). Data are expressed
as pEq/min/100 g. Density and pH were determined in fresh urine
samples using a handheld refractometer (NO107; Nova Instruments,
Piracicaba, SP, Brazil) and a digital pH meter (Q400MT; Quimis In-
struments, Diadema, SP, Brazil).

2.7.2. Blood pressure and heart rate evaluation
Blood pressure and heart rate parameters were evaluated as
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previously described by Gasparotto Junior et al. (2011) and Tolouei
et al. (2019). Different groups of rats (n = 6) received a 7-day oral
treatment with ESBD, EOBD (doses at 30, 100, and 300 mg/kg), HCTZ
(25 mg/kg), or the vehicle (filtered water 1 mL/100 g). The animals
were then intramuscularly anesthetized with ketamine (100 mg/kg) and
xylazine (20 mg/kg). A single bolus dose of heparin (50 UI) was
administered subcutaneously. The left carotid artery was isolated, can-
nulated, and connected to a pressure transducer linked to a computer-
ized recording system (PowerLab®), and an application program (Chart,
v 7.00; both from ADI Instruments; Castle Hill, Australia) recorded
systolic blood pressure (SBP), diastolic blood pressure (DBP), mean
arterial pressure (MAP), and heart rate (HR) for 20 min.

All animal experiments were approved by the Ethics Committee in
Animal Experimentation (CEUA) at the UFGD (protocol: 07/2020).

2.8. Statistical analyses

The data were analyzed to check for normal distribution and ho-
mogeneity of variance. The statistical analyses were conducted using
one- or two-way analysis of variance (ANOVA), followed by Dunnett’s
test or the Student t-test, when applicable. The results were presented as
mean =+ standard error of the mean, with a significance level set at 95 %
(p < 0.05). All the analyses and graphs were conducted using GraphPad
Prism 9.0 (GraphPad Software, Boston, MA, USA).

3. Results and discussion
3.1. Chemical composition of ESBD and EOBD

The essential oil EOBD was analyzed by GC-MS (Fig. S1), and its
components are listed in Table 1. The annotation/identification of the
constituents was based on comparison of the spectral data obtained
experimentally with those stored in commercial mass data libraries, and
by comparing the experimental LRIs with those reported in the litera-
ture, even including studies on B. dracunculifolia volatile profile (Adams,
2017; Minteguiaga et al., 2018; Minteguiaga et al., 2021b).

Thirty-eight compounds were detected in EOBD, of which thirty-one
were identified, including monoterpenes and sesquiterpenes. The pre-
dominant metabolites class identified were non-oxygenated (hydrocar-
bons) monoterpenes (81.9 %), from which the main ones were a-pinene
(14.2 % of abundance, hereafter), f-pinene (39.8 %), and limonene
(21.3 %). Several sesquiterpenes were also identified, such as trans-
nerolidol (3.6 %) and spathulenol (2.2 %). All the compounds listed
were already described in the literature for this species as shown in
Table 1 (Loayza et al., 1995; Minteguiaga et al., 2018, 2021b).

When comparing EOBD composition results with those previously
published on B. dracunculifolia essential oil from Brazilian origin, our
sample demonstrated a low-abundance (3.6 %) of the chemo-marker
trans-nerolidol (Minteguiaga et al., 2021a). However, Besten et al.
(2015) informed previously that oils obtained from some individuals
growing at the same collection place as ours (Ponta Grossa, Parana State,
Brazil) reached up to 44.36 % of abundance of this compound, while for
other individuals of the same population it rendered only 4.51 %.
Furthermore, Florao et al. (2012) collected B. dracunculifolia at the same
place, and they did not detect trans-nerolidol in its essential oil. In the
other hand, and as by the knowledge of the authors (Armstrong et al.,
2024), the EOBD essential oil informed here is the more concentrated
one in f-pinene (39.8 %) reported in the literature to date for Brazilian
samples, being the second so-concentrated (29.8 %) one of those
informed by Tomazzoli et al. (2021) for a vegetal population of the same
collection region as ours (Parand State). Outside Brazil, Frizzo et al.
(2008) reported a B. dracunculifolia essential oil containing 43.4 % of
p-pinene in the Southern Uruguay region. The high difference in
composition is not only given by the geographical site and individuality,
but also due to the influence of the climatic conditions in every year,
seasonality inside a year, biotic interactions and plant sexuality (a key
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Table 1
Components annotated and identified by GC-MS from the essential oil EOBD of
B. dracucunlifolia.

Components LRIgxp LRIp; Relative content

(abundance) [%]

Monoterpene hydrocarbons 81.71 %
1 a-thujene’>567 923 924 0.14
2 a-pinene’>567 928 932  14.24
3 Camphene®® 941 946 0.20
4 Sabinene!*>” 972 969 0.54
5 p-pinenel24567 973 974  39.84
6 Myrcenel-24567 994 988 4.14
7 p-cymenel">>6 1029 1020 0.27
8 Limonene!->%567 1033 1024  21.30
9 trans-p-ocimene’>*+567 1053 1044 0.58
10  y-terpinenel%® 1064 1054 0.22
11  a-terpinolene>° 1091 1086 0.24
Oxygenated Monoterpenes 3.94 %
12 Linalool»%#5¢ 1101 1095 0.25
13 endo-fenchol® 1117 1114 0.06
14  trans-pinocarveol>® 1143 1135 0.90
15  Pinocarvone®® 1167 1160 0.27
16  Terpinen-4-ol">%%7 1181 1174 0.57
17  a-terpineolb>*%67 1193 1186 1.01
18  Myrtenal®® 1198 1195 0.88
Sesquiterpene hydrocarbons 3.99 %
19  p-elemeneb>5%7 1393 1389 0.08
20  trans-p-caryophyllene>*>67 1421 1417 1.08
21 allo-aromadendrene>*° 1452 1458 0.21
22  a-humulenel?#5° 1456 1452 0.11
23 Germacrene D">%567 1483 1484 0.44
24  Ledene®® 1485 1496 0.11
25 Bicyclogermacrenel'2’4’5’7 1497 1500 1.43
26  a-muurolene>*%” 1502 1500 0.07
27  s-cadinene'>*57 1526 1522 0.46
Oxygenated Sequiterpenes 6.62 %
28  trans-nerolidol%*>7 1567 1561 3.59
29  Spathulenol®%3%567 1579 1577 2.21
30  Viridiflorol>*%7 1585 1592 0.74
31  z-cadinol*>® 1635 1638 0.08
Total identified 96.26 %
Non-identified 3.74 %
32 unknown 1 977 0.76
33 unknown 2 (tentative: §-2- 1020 0.18

carene)
34 unknown 3 1180 0.35
35 unknown 4 1485 0.80
36 unknown 5 1495 0.53
37 unknown 6 1585 0.57
38 unknown 7 1592 0.55

aspect for dioic species like B. dracunculifolia) (Besten et al., 2015;
Minteguiaga et al., 2021b).

NI: non-identified; LRIgy,: retention indices of the components
determined experimentally in this work; LRI retention indices re-
ported by Adams (2017). Components reported for B. dracunculifolia
previously by: (1) Loayza et al. (1995), (2) Frizzo et al. (2008), (3)
Florao et al. (2012), (4) Besten et al. (2015), (5) Minteguiaga et al.
(2018), (6) Minteguiaga et al., (2021b), (7) Tomazzoli et al. (2021).

The chemical constituents from the ethanol fraction of
B. dracunculifolia (ESBD) were analyzed by LC-DAD-HRMS, and its
constituents were annotated (Fig. S2, Table 2). The molecular formula
was determined by accurate MS data, considering errors and mSigma up
to 8 ppm and 20 ppm, respectively. The spectral data, including UV, MS,
and MS/MS were compared to the literature. The annotated compounds
were some flavonoids, including flavones (apigenin glycosides and O-
methyl luteolin), flavonols (quercetin glycosides), and a flavanonol
(dihydrokaempferide); as well as phenolic acid derivatives, such as
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caffeoylquinic (chlorogenic), coumaroylquinic, and feruloylquinic
acids.

The chlorogenic acids exhibited UV spectra similar to the chromo-
phores of caffeic acid/ferulic acid at Amax =~ 294 and 324 nm (peaks 2, 4,
9, 17, 18, and 19, hereafter) and coumaric acid at Apay ~ 299 and 310
nm (peak 5) (Klider et al., 2024). For the annotation of these metabo-
lites, the spectral data were compared with the described by Clifford
et al. (2003, 2005), which are mainly based on the fragment ions at m/z
191 [quinic acid-H]", m/z 179 [caffeic acid-H]", m/z 173 [quinic acid--
H-H,0]". The relative intensities of these ions were useful to suggest the
annotation of the metabolites and, for some of them, the authentic
standards were co-injected to confirm, such as 3-O-caffeoylquinic acid
(2) and 4-O-caffeoylquinic acid (4).

For the flavonoid annotation, the fragmentation patterns and UV
spectra provide crucial insights into their structural characteristics. The
peaks 8, 10, 11, 13, and 21 showed UV spectra compatible to flavones
(Amax ~ 275 and 330 nm), while 14, 15, and 16 were relative to flavonols
(Amax ~ 270 and 350 nm) (Klider et al., 2024), and the metabolite of the
peak 20 with a flavanonol (Aax &~ 285 nm) (Pan et al., 2010).

The MS/MS of flavones of 8, 10, 11, and 13 showed successive losses
of water molecules and relative to C-hexosyl of 90 and 120 u and C-
pentosyl groups of 60 and 90 u (Cao et al., 2014), for example the
observed for apigenin 6,8-di-C-hexoside (vicenin-2) (8), and C-pentosyl
C-hexosyl apigenin (10, 11, and 13). The compound 21 was a methyl-
ated flavone annotated as O-methyl luteolin, which the presence of the
molecular ion m/z 299 and the main fragment m/z 284 (loss of 15 u
(CH3) were compatible to this compound (aglycone) (Klider et al.,
2024).

The peaks 14-16 exhibited losses of 162, 146, and 176 u in the MS/
MS, being annotated as O-glycosylated flavonols with hexosyl, deoxy-
hexosyl, and glucuronyl motifs, respectively (Carazzone et al., 2013;
Klider et al., 2024). Additionally, these metabolites revealed the same
fragment ion relative to the aglycone quercetin (m/z 300/301). In
addition, the metabolite of the peak 20 (m/z 301.0692 [M-H]") revealed
a fragment ion at m/z 283, yielded by the loss of a water molecule, which
is compatible to dihydrokaempferide (Finger et al., 2013).

Some studies in the literature have conducted analyses of the
aqueous/organic B. dracunculifolia extracts by LC-DAD-HRMS (or other
LC analytical set-ups, including MS), i.e.: Bonin et al. (2020), Rodrigues
et al. (2020), Veiga et al. (2023), and Batista et al. (2024). Beyond other
terpenic components, Bonin et al. (2020) reported two flavanones
(naringenin and apigenin) and two flavonols (kaempferol, kaempferide)
in the hydroalcoholic extract of B. dracunculifolia plant material.
Rodrigues et al. (2020) reported 7-O-methylkaempferol and, in agree-
ment with the present work, vicenin 2 (6,8-di-C-glucosylapigenin) in the
leaves’ hydroalcoholic extract of the same species. Veiga et al. (2023)
informed the presence of kaempferol/kaempferide, pinocembrin (a
flavanone) and betuletol (a flavone) in the ethanolic extract from the
leaf buds of B. dracunculifolia. Finally, Batista et al. (2024) found the
flavonols quercetin and kaempferol, and the flavanonol isosakuranetin
in the ethanolic macerate of the leaves. As it can be seen, in all the
described studies, flavonoids were found as relevant components, but
generally aglycons are more frequently reported than glycosides. In the
current work, by using an infusion with boiling water of the plant ma-
terial as the first step for obtaining ESBD, the resulting extract was more
concentrated in glycosides as compared to the literature reports, which
in general employed hydroalcoholic or ethanolic extract of the plant
parts. In the other hand, phenolic acids derived from caffeic (with
emphasis on chlorogenic acids), coumaric and ferulic acids as those
reported in Table 2 are frequent components of the polar extract of the
plant (Rodrigues et al., 2020; Minteguiaga et al., 2021a; Veiga et al.,
2023).

3.2. Safety evaluation

The use of plant species in traditional medicine has become
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Table 2
Annotated components of the ethanol-soluble fraction of B. dracunculifolia (ESBD) by LC-DAD-HRMS.
Peak RT (min) Compound MF UV (nm) [M+H]" (m/2) [M-H] (m/2) MS/MS
Negative mode
1 1.2 Di-O-hexoside C12H22011 - - 341.1089
2 6.6 3-O-caffeoylquinic acid* C16H1809 293, 322 355.1024 353.0878 161, 191, 179, 173
3 8.3 NI C14H200g 288 317.1231 315.1085 195, 191, 179, 165, 151
4 11.1 4-O-caffeoylquinic acid* C16H1809 294, 324 377.0843N2 353.0878 191, 173
5 13.8 O-coumaroylquinic acid C16H180g 299, 310 - 337.0907 191, 163
6 14.1 NI Ci1gH22011 - - 413.1071 381, 371, 249
7 14.8 NI C17H22010 293, 328 409.1105M 385.1140 367, 267, 249, 191, 173, 161
8 15.1 Apigenin 6,8-di-C-hexoside (vicenin-2) Co7H30015 270, 333 595.1657 593.1453 503, 473, 353
9 15.5 O-feruloylquinic acid C17H2009 299, 321 369.1180 367.1035 191, 173
10 16.4 C-pentosyl C-hexosyl apigenin Ca6H2g014 270, 335 565.1552 563.1348 473, 443, 413, 383, 353
11 16.8 C-pentosyl C-hexosyl apigenin CoeHog014 272, 334 565.1556 563.1369 503, 473, 443, 413, 383, 353
12 17.5 NI Ca2H32014 285, 335(sh) 521.1865 519. 1719 399, 309, 279, 267, 237
13 17.9 C-pentosyl C-hexosyl apigenin CoH2g014 271, 331 565.1552 563.1348 473, 443, 383, 353
14 18.9 O-hexosyl-deoxyhexosyl quercetin Ca7H30016 262, 352 611.1607 609.1402 477, 301
15 18.9 O-glucuronyl quercetin C21H18013 265, 350 479.0807 477.0656 301, 179
16 19.2 O-hexosyl quercetin C21H20012 265, 350 465.1030 463.0886 300, 179
17 20.3 3,4-di-O-E-caffeoylquinic acid* Cos5H24012 297, 324 517.1341 515.1195 353, 191, 179, 173
18 21.0 3,5-di-O-E-caffeoylquinic acid* Ca5H24012 297, 324 517.1341 515.1195 353, 191, 179, 173
19 22.6 4,5-di-O-E-caffeoylquinic acid* CosH24012 297, 324 517.1341 515.1195 353, 191, 179, 173
20 26.1 Dihydrokaempferide Ci16H1406 285 303.0871 301.0692 283,173,151
21 30.0 O-methyl luteolin C16H1206 273, 336 301.0707 299. 0561 284, 256, 255, 227, 183
22 32.8 NI C2oH250s 290 349.2024 347.1864 317, 299, 273, 255
23 35.5 NI CooH2604 290 331.1900 329.1748 299, 255

NI: non-identified; RT: retention time; MF: molecular formula; ¥ [M+Na]* adduct; sh: shoulder.

increasingly popular because of the belief that everything natural is safe.
However, plants have the same potential to cause harm to human and
animal health as other conventional medicines (Tolouei et al., 2019).
Therefore, an acute toxicity test of ESBD and EOBD was conducted
before moving on to effectiveness evaluations.

A single dose of ESBD or EOBD did not result in any deaths or sig-
nificant changes in behavior during the 14-day observation period.
There were no significant differences in final body weight gain or daily
feed intake compared to the control group (Table S3). Relative organ
weight (heart, lung, liver, kidneys, spleen, ovaries, and uterus) did not
show any significant variations in all the treated animals (with ESBD or
EOBD) compared to the control group. Macroscopic and histological
evaluations did not reveal any signs of toxicity. It is important to note
that animals experiencing toxic effects typically exhibit behavioral
changes, reduced feed and water consumption, leading to weight loss.
Furthermore, organ weight is a key indicator of the physiological and
pathological condition of the animals (Sellers et al., 2007). The results of
this study suggest that the oral median lethal dose (LDsg) of the
B. dracunculifolia EOBD and ESBD extracts is above 2000 mg/kg.

Toxicological studies have previously been conducted on different
species of Baccharis. An orally administered tincture of B. trimera (Less.)
DC. at a single dose of 2000 mg/kg did not result in any significant
hematological or biochemical changes, signs of toxicity, or mortality in
Wistar rats (da Silva et al., 2016). In a similar experimental model in
Wistar rats, with oral administration of ethanol soluble fraction (2000
mg/kg) of B. milleflora (Less.) DC., Klider et al. (2024) not observed
changes in behavior, deaths, weight of organs, and abnormalities of
organs in the animals. Another study found that the aqueous extract of
B. genistelloides (Lam). Pers. at doses at 4.2 and 42 mg/kg, after 37 days
of oral administration, did not show genotoxic effects on the kidney and
liver, and did not cause weight alterations in the lungs, liver, and kid-
neys (Coelho et al., 2004). It is worth noting that certain species within
the genus, such as B. artemisioides Hook. & Arn., B. coridifolia DC., and
B. megapotamica Spreng., in association with some fungi produce
macrocyclic trichothecenes, which are highly toxic substances
(Fernandes et al., 2021). A study on B. dracunculifolia, conducted under
different conditions from the current study, showed mild damage and
other changes in liver histology in fish during in vivo tests. However, this
study involved a 21-day feeding period with a very high dose of etha-
nolic extracts from B. dracunculifolia, similar to the quantity used in

traditional medicine by humans (Oliveira-Lima et al., 2019). Other
studies in the literature pointed out to the absence of muta-
genic/genotoxic effects or cytotoxicity against Vero cells of the hydro-
alcoholic or organic extracts of B. dracunculifolia aerial parts (Resende
et al., 2007; Da Silva Filho et al., 2009; Roberto et al., 2016; Bonin et al.,
2020), thus confirming their safety.

3.3. Diuretic effects

Table 3 shows the effects of a 7-day oral treatment of male Wistar rats
with ESBD on the overall urine volume and the excretion of K™, Na™, and
Cl™. The acute treatment with ESBD (doses at 30, 100, and 300 mg/kg)
on day 1 did not increase urinary volume compared to the control group.
However, on the third day, animals receiving ESBD at 300 mg/kg
showed a significant increase in urinary excretion compared to the
control rats. Additionally, on day 7, diuresis was significantly increased
in rats treated with all the ESBD doses compared to control animals. The
excretion of electrolytes was investigated on days 1, 3, and 7. Significant
differences were observed in animals treated with ESBD or HCTZ
compared to the control animals. All animals receiving ESBD at doses of
30, 100, or 300 mg/kg or HCTZ showed a significant increase in urinary
excretion of Na™ and Cl~ compared to control rats. Only HCTZ signifi-
cantly increased K* excretion on days 3 and 7 compared to the control
group.

Table 3 shows the effects of a 7-day oral treatment of male Wistar rats
with EOBD on the urine volume and the renal excretion of K™, Na*, and
Cl". The treatment with EOBD (doses at 30, 100, and 300 mg/kg) did
not significantly affect urinary volume or renal electrolyte excretion
throughout the experimental period (days 1-7). As expected, HCTZ
increased urinary excretion on days 1 and 7, as well as the excretion of
Na*t and Cl™ on days 1-7, and K" on days 3 and 7. The pH and density
values were not altered by any treatment (data not shown).

Diuretics have been found to be beneficial in managing hyper-
volemia and electrolyte imbalances and are recommended as the initial
treatment for hypertension (Roush et al., 2014). Effective diuretics are
those that increase the excretion of water and electrolytes by the kidneys
(Roush et al., 2014). In this study, doses of ESBD at 300 mg/kg produced
a sustained diuretic effect starting from the third day. Additionally, on
the first day of treatment, ESBD (at doses of 30, 100, and 300 mg/kg)
increased the urinary excretion of Na™ and Cl~ in a dose-dependent
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Table 3
Effects of prolonged oral administration to male Wistar rats of extracts obtained
from the aerial parts of B. dracunculifolia on cumulative urine volume, as well as

the excretion of Na*, K*, and Cl™.

Group

Cumulative
urine volume
(mL/100 g)

EINa® (uEq/
min/100 g)

EIK™ (hEq/
min/100 g)

EICI (LEq/
min/100 g)

ESBD
Day 1
Control
HCTZ
25
mg/
kg
ESBD
30
mg/
kg
ESBD
100
mg/
kg
ESBD
300
mg/
kg
Day 3
Control
HCTZ
25
mg/
kg
ESBD
30
mg/
kg
ESBD
100
mg/
kg
ESBD
300
mg/
kg
Day 7
Control
HCTZ
25
mg/
kg
ESBD
30
mg/
kg
ESBD
100
mg/
kg
ESBD
300
mg/
kg

EOBD
Day 1
Control
HCTZ
25
mg/
kg
EOBD
30
mg/
kg
EOBD
100

8.20 + 0.84
12.13 £ 1.12*

6.42 + 0.88

7.13 £ 0.62

8.13 + 0.86

15.81 + 2.23
18.32 4+ 2.33

13.40 £+ 1.39

16.07 £+ 2.05

19.13 £+ 2.23*

28.00 + 4.20
34.78 + 3.18*

28.33 £3.49

32.39 + 4.84*

35.09 + 2.48*

8.20 + 0.84
15.33 £ 1.21*

5.90 £ 0.33

7.59 £ 0.41

0.20 + 0.01
0.41 + 0.01*

0.24 + 0.01*

0.28 + 0.01*

0.44 + 0.01*

0.20 = 0.01
0.44 + 0.02*

0.24 + 0.01*

0.30 + 0.02*

0.42 + 0.01*

0.21 £ 0.01
0.43 £ 0.01*

0.24 + 0.01*

0.30 + 0.01*

0.44 + 0.01*

0.20 + 0.01
0.41 + 0.01*

0.19 +£ 0.01

0.21 £ 0.01

0.11 + 0.02
0.14 + 0.03

0.13 + 0.02

0.15 £ 0.03

0.13 + 0.02

0.12 £+ 0.02
0.21 4 0.02*

0.13 + 0.02

0.14 + 0.02

0.14 + 0.02

0.11 + 0.02
0.21 £+ 0.03*

0.13 + 0.02

0.13 £+ 0.02

0.14 £ 0.03

0.14 + 0.03
0.17 + 0.02

0.11 £ 0.02

0.11 £ 0.02

0.22 £ 0.01
0.41 £ 0.01*

0.25 + 0.01*

0.27 + 0.01*

0.44 £+ 0.01*

0.21 £ 0.01
0.44 £+ 0.01*

0.24 £ 0.01*

0.30 £ 0.02*

0.43 £+ 0.02*

0.20 £ 0.01
0.43 £+ 0.00*

0.24 + 0.01*

0.30 & 0.02*

0.44 £+ 0.03*

0.22 £+ 0.01
0.41 £ 0.01*

0.20 £ 0.01

0.20 £ 0.02
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Table 3 (continued)

ElNa* (pEq/
min/100 g)

EIK" (WEq/
min/100 g)

Cumulative
urine volume
(mL/100 g)

EICl (pEq/
min/100 g)

Group

mg/
kg
EOBD
300
mg/
kg
Day 3
Control 15.81 + 2.23
HCTZ 18.32 £+ 2.33
25
mg/
kg
EOBD
30
mg/
kg
EOBD
100
mg/
kg
EOBD
300
mg/
kg
Day 7
Control 28.00 + 4.20
HCTZ 35.18 + 2.23*
25
mg/
kg
EOBD
30
mg/
kg
EOBD
100
mg/
kg
EOBD
300
mg/
kg

5.76 + 0.27 0.21 +£0.01 0.11 £+ 0.02 0.23 + 0.02

0.20 + 0.01
0.44 + 0.02*

0.09 + 0.02
0.21 + 0.00*

0.21 £ 0.01
0.44 +0.01*

13.86 + 2.21 0.19 +£0.01 0.10 £ 0.01 0.21 +0.01

15.06 + 1.69 0.23 + 0.03 0.11 &+ 0.02 0.21 £ 0.01

13.23 +2.13 0.22 + 0.02 0.12 + 0.02 0.22 +0.01

0.21 = 0.02
0.43 + 0.03*

0.11 £+ 0.02
0.21 4+ 0.01*

0.20 = 0.02
0.43 + 0.04*

22,42 +3.11 0.21 + 0.02 0.10 & 0.02 0.21 £ 0.02

31.67 £ 1.69 0.22 + 0.03 0.10 + 0.02 0.21 £ 0.02

25.06 + 2.60 0.23 + 0.02 0.13 + 0.02 0.23 £ 0.03

Statistical analysis was performed using two-way ANOVA followed by Dunnett’s
test. Values are expressed as mean + S.E.M. (n = 6). *p < 0.05 when compared
with the control group. El: Excreted load; HCTZ: normotensive rats treated with
hydrochlorothiazide; Control: (vehicle-group normotensive rats); ESBD:
normotensive rats treated with aqueous extract of Baccharis dracunculifolia;
EOBD: normotensive rats treated with essential oil of Baccharis dracunculifolia.

manner (thus, acting as saluretics). The most effective dose was found to
be ESBD at 300 mg/kg, as it produced similar results to HCTZ. One
common side effect of HCTZ is hypokalemia (Roush et al., 2014). It is
worth noting that the treatment with ESBD did not affect the renal
elimination of potassium, which suggests a therapeutic advantage
compared to the use of HCTZ. The diuretic and saluretic effects observed
with ESBD may be attributed to the presence of flavonoids and chloro-
genic acids. These metabolites are known to influence renal function by
inhibiting Na™/K"-ATPase activity or modulating aquaporin expression,
leading to increased water and sodium excretion (Vargas et al., 2018;
Wei et al., 2022).

In another study with similar experimental model, Klider et al.
(2024) observed that the extract of B. milleflora shown a significant
diuretic and natriuretic effect, without affecting renal potassium elimi-
nation. In the knowledge of the authors, to date, there have been no in
vivo studies examining the diuretic potential of B. dracunculifolia. Also in
this context, plants extract rich in phenolics showed similar renal effects
attributed to their flavonoid and phenolic acid content (Mariano et al.,
2022; Souza et al., 2021), reinforcing the potential role of these com-
pounds in diuretic action.
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3.4. Effects on blood pressure and heart rate

The treatment for 7 days with ESBD and EOBD was not able to
promote any significant changes in blood pressure or heart rate levels
when compared to the control group (Table S4). It is important to note
that many antihypertensive drugs do not significantly reduce blood
pressure in normotensive individuals and tend to strengthen their anti-
hypertensive response within 4 weeks after therapy begins (Oparil et al.,
2018). Studies have demonstrated that certain natural compounds, such
as flavonoids, exhibit diuretic and natriuretic effects in normotensive
and hypertensive rats without significantly altering blood pressure or
heart rate. These findings suggest a favorable cardiovascular safety
profile and support the potential therapeutic use of such compounds as
diuretics (Boeing et al., 2017; Mariano et al., 2020).

Although B. dracunculifolia is used in traditional medicine to treat
heart and kidney diseases, a complete cardiovascular study of the extract
has not yet been conducted. A small-scale human trial (n = 8) was re-
ported in which B. dracunculifolia extract (20 mg/kg) had no effects on
blood pressure and heart rate in healthy patients (Oliveira et al., 2014).
Recently Batista et al. (2024) found that the ethanolic extract of the
same species administered as a nano-emulsion (doses at 25-50 mg/kg)
acted as antihypertensive in rats, research that also suggested the
involvement of the neurogenic mechanisms on the action. Other studies
have been reported for other Baccharis species, such as Baccharis trimera,
whose ethanol-soluble fraction was able to significantly lower blood
pressure levels (Souza et al., 2020; Mendes et al., 2021). Additionally,
studies have been done on Brazilian green propolis (botanical origin:
B. dracunculifolia), which showed hypotensive activity in spontaneously
hypertensive rats (Mishima et al., 2005).

4. Conclusion

The results from this study showed that the fractions ESBD and EOBD
of B. dracunculifolia leaves exhibited a chemical composition rich in
flavonoid and phenolic acids (ESBD), and monoterpene hydrocarbons
(EOBD). These fractions are safe for acute administration in female
Wistar rats. Furthermore, oral treatment with ESBD (300 mg/kg) dem-
onstrates diuretic and saluretic effects in normotensive male Wistar rats
(EOBD did not demonstrate so similar effects). This is the first scientific
report demonstrating the diuretic potential for the species
B. dracunculifolia. However, further research is needed to investigate
deeper the potential hypertensive effects of ESBD in hypertensive
animals.
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