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Abstract: In recent years, numerous studies have emerged on the biological activities
of bryophytes and their potential for therapeutic use. However, mosses appear to be a
relatively overlooked group. The objective of this study was to conduct a phytochemical
analysis of one hydroalcoholic extract of Syntrichia laevipila and to evaluate its potential as an
antioxidant and antimicrobial agent. The moss was collected in the Chaco Serrano region of
Argentina, specifically on Jacaranda mimosifolia, and subsequently extracted by maceration
in ethanol/water. UHPLC/ESI/MS/MS analysis identified 32 peaks, including phenolic
compounds (phenolic acids, lignans, chalcones, and flavonoids) and non-hydrophilic
compounds (terpenoids, fatty acids, and brassinosteroids). Maslinic and oleanolic acids,
two triterpenoids present in S. laevipila, were also detected in |. mimosifolia, a substrate
of this moss. The concentration of phenolic compounds was 19.05 & 0.21 ug GAE/mL,
while the total flavonoid concentration was 13.13 & 0.33 ug QE/mL. The determination
of reducing and total sugars yielded 0.22 £ 0.03 mg GE/mL and 1.26 £ 0.24 mg GE/mL,
respectively, while the concentration of soluble proteins was 90.60 £ 4.50 ug BSAE/mL. The
extract exhibited antioxidant properties by scavenging ABTS**, H,O,, AAPH, and HO*®
radicals. Additionally, it demonstrated antibacterial activity by inhibiting the growth of four
strains of Staphylococcus aureus. The data obtained suggest that the hydroalcoholic extract
of S. laevipila possesses significant potential as a natural antioxidant and antimicrobial
agent, making it a promising candidate for the development of phytotherapeutic and
cosmetic products.

Keywords: bryophytes; antioxidant capacity; antimicrobial activity; phytochemical screening;
moss-derived bioactives

1. Introduction

Bryophytes are the closest modern relatives to the ancestors of the first plants that suc-
ceeded in adapting to life on land approximately 470 to 515 million years ago [1]. They have
diversified early into three distinct extant phyla: Marchantiophyta (liverworts), Bryophyta
(mosses), and Anthocerotophyta (hornworts). Bryophytes are important components of
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terrestrial ecosystems that can be found in all climatic regions, both in cool and humid
habitats [2]. This is probably a consequence of the poikilohydric nature of bryophytes,
meaning that they have a poor capacity to regulate internal water content and thus are
passively dependent on ambient water availability [3].

More than 2200 secondary or specialized and primary metabolites have been described
from bryophytes. The natural products isolated are mainly terpenoids (including mono-,
sesqui-, and diterpenoids), flavonoids, (bis)bibenzyls, polysaccharides, rare amino acids,
and lipids and derivates [3,4]. The biologically active compounds that can be obtained from
bryophytes include phytotoxic, antibacterial, antifungal, antispasmodic, insect antifeedant,
and molluscicide compounds; antioxidants; antipyretic, anti-inflammatory, anticancer,
and anti-HIV-1 compounds; and neurotrophic compounds [2,4]. Syntrichia laevipila Brid.
(Pottiaceae) (Figure 1) has been reported from Africa, America, Asia, Australia, Europe, and
New Zealand, growing on a wide variety of trees and occasionally on rocks and walls [5].
In the Chaco Serrano Forest from Argentina, it has been found on two native trees, Ceiba
speciosa (A. St.-Hil.) Ravenna (local name: Palo borracho) and Jacaranda mimosifolia D. Don
(local name: Jacaranda). The samples grow either purely or in combination with other
mosses, such as Dimerodontium balansae Miill. Hal. ex Besch., Tricherpodium beccarii (Mull.
Hal.) Pursell or Venturiella glaziovii (Hampe) Pursell. To the best of our knowledge, no
specific phytochemical or biological activity studies have been conducted so far. Therefore,
the aim of the present study was to determine the phytochemical compounds profile
and content of the hydroalcoholic extract obtained from S. laevipila collected in the Chaco
Serrano Forest from Argentina and evaluate its antioxidant and antibacterial activities on
human pathogenic bacteria of clinical interest.

Figure 1. S. laevipila, (A)—Habit of dry plant, (B)—Habit of wet plant, (C)—Specialized asexual
propagule. The drawing was made by the authors.

2. Results and Discussion

S. laevipila collected in Chaco Serrano, Tucuman, Argentina, was used in this study.
The dry plant material was ground to obtain a fine powder, and an ethanolic extract was
prepared by maceration and chemically characterized and standardized, and its functional
properties were determined (Figure 2).
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Figure 2. Flowchart of process of obtention of S. lnevipila extracts and its characterization.

2.1. Phytochemical Composition of S. laevipila Extracts
2.1.1. Quantitative Analysis

The phytochemical composition of S. laevipila ethanolic extract was analyzed.
A higher concentration of total flavonoids was measured in the S. laevipila extract
(13.13 £ 0.33 ng QE/mL) compared with those previously reported for five bryophytes
species, i.e., Brachythecium rutabulum (Hedw.) Schimp., Callicladium haldaneanum (Grev.)
H.A. Crum, Hypnum cupressiforme Hedw., Orthodicranum montanum (Hedw.) Loeske and
Polytrichastrum formosum (as Polytrichum) (Hedw.) G.L. Sm. (1.31 £ 0.02, 1.03 £ 0.04,
0.68 £ 0.11, 1.12 £ 0.07, 2.12 £ 0.04 ugQE/mL, respectively) [6]. The content of total
flavonoids and the other phenolic compounds varies according to their ability to tolerate
both biotic and abiotic stress. Some factors, such as UV radiation, temperature, and water
deficit, have an important effect on the synthesis of flavonoids [7,8]. In addition, the highest
flavonoid content in S. laevipila is reasonable, because the genus Syntrichia contains some
of the most desiccation-tolerant species, and in turn this desiccation tolerance is usually
related to mechanisms of tolerance to UV radiation [9]. It has been widely documented
that mosses have a high production of flavonoids because they play a significant role in
this group of plants [10,11].

Regarding the sugars content, reducing sugars content of S. laevipila (0.22 £ 0.03 mg
GE/mL) is about six times lower than the total sugar content (1.26 &+ 0.24 mg GE/mL).
Sucrose was not detected in S. laevipila, but the presence of melibiose, a reducing dis-
accharide formed by an «-1,6 bond between galactose and glucose, was demonstrated
by UHPLC/ESI/MS/MS (Table 1). This sugar was also found in the chemical profile of
another species of moss, such as P. formosum [12]. Several authors have reported that a
common characteristic in tissues tolerant to desiccation is a low level of reducing sugars,
glucose and fructose [13-16], and that the reducing sugars content does not vary during
dehydration events [17]. It has been suggested that the importance of this low level of
reducing sugars is to minimize protein damage resulting from the Amadori and Maillard
reactions [18]. In these reactions, glucose and fructose non-enzymatically attack the amino
groups of proteins to form glycosylated or fructosylated derivatives. These products can
undergo complex interactions with each other to form brown polymeric products (Maillard
reaction) [17]. Furthermore, it was reported that the content of reducing sugars decreases
during desiccation events, while sugars such as disaccharides remain unchanged. The
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content of soluble proteins was also low (90.60 £ 4.50 ug BSAE/mL). Bu et al. [19] reported
that the content of soluble proteins in mosses of soil biocrusts decreased in response to

dehydration and thermal stress events.

Table 1. High-resolution UHPLC-PDA-MS metabolite profiling data of S. laevipila.

. P B Retention Theoretical Measured Accuracy .
Peak  Tentative Identification [M — H] Time (min.) Mass (m/z) Mass (m/z) (ppm) Metabolite Type MS Ions (ppm)
1 Na formiate (internal CH,04 037 112.9829 112.9856 31 Standard
standard)
991.9541,
2 Melibiose C1pH2Opy 0.77 341.10894 341.10893 —0.0 Sugar 290.08844,
133.01217
3 L-glutamic acid CsHoNO, 1.12 146.04597 146.05394 0.57 Aminoacid 998.9541
4 Salicylic acid C7H¢O5 6.45 137.02442 137.02441 0.0 Phenolic acid 998.9541
5 Pinellic acid C15H3305 7.62 329.23335 329.23252 —2.50 Fatty acids 237.05534
24
6 Dihydroxychalcone C15H1103 8.51 239.07137 239.07021 —4.85 Chalcone 180.9677
7 Caffeoyl -D-Glucose Ci15H;3309 9.68 341.1030 341.1041 —6.9 Phenolic acid 191.0513
8 23" C15H110O 10.01 239.07137 239.07011 —5.27 Chal 296.04122,
Dihydroxychalcone 15HHIS : : : ’ alcone 179.0316
9 Zinniol C15H204 10.22 265.14763 265.14763 11.68 Methoxybencene 150.05522
10 9,10-Dihydroxy-12- CisHz04 10.73 313.23906 313.23805 0.22 Fatty acid 150.05522
octadecenoic acid
11 Kallolide B Ci3HyOg 11.05 311.17114 311.16930 —5.91 Pze.“d"l’ter?‘“e 270.21780
iterpenoid
12 Hederagenin C30Hy704 11.55 471.24798 471.35001 4.29 Triterpenoid 293.21130
- . . 291.19983,
13 Asiatic acid C39Hy705 11.72 487.34290 487.34202 —1.82 Triterpene 5 67.203?)9
14 Coriolic acid C18H3105 12.05 295.22787 295.22747 —1.36 Fatty acid 269.21455
15 Gypsogenin C30Hy504 12.18 469.33233 469.33334 —14.4 Triterpenoid 339.20057
. . . . 339.20042,
16 Maslinic acid C30Hy704 12.45 471.34798 471.34846 1.00 Triterpenoid 297 24288
. . . 319.22666,
17 Piperochromenoic acid CpHy;05 12.58 339.17993 339.20244 —-7.97 Chromene 297 244
.24435
Piperochromenoic acid 299.20221,
18 derivative Ca3Hpe O3 13.23 353.21222 353.21538 8.94 Chromene 136.98970
5 Alpha-spirostan-3,6 .
19 _diol, 6-O-Glucoside C34Hs709 13.31 609.40557 609.40081 7.82 Spirostanol 589.24615
. . 476.34991,
20 Kadangustin C C34H37011 13.55 621.24001 621.23826 7.82 Lignans 539.24991
. . 24214,
21 Mogroside I-A-1 C36He1 0o 1421 637.43211 637.42216 ~1561 Triterpene P
22 Recurvoside A C35H5909 14.34 623.41646 623.41588 —0.92 Triterpene 473.32190
23 Oleanolic acid C30Hy705 14.72 455.35307 455.35473 3.64 Triterpene 339.25154
621.40445,
24 Bryonioside A C36Hs909 15.15 635.41646 635.42096 7.08 Cucurbitane 602.40931,
279.23243
25 (R)'Z'Hyfcri‘éxymam C16H3 0, 15.62 299.26188 299.26182 1.24 Fatty acid 169.04162
26 Palmitic acid C16H31 02 16.02 255.23295 255.23207 —3.48 Fatty acid 169.04162
271.0798,
27 Cirsimaritin C17H1304 15.87 313.0717 313.0662 7.8 Flavonoid 627.14120
(2M-H)-270.0795
28 6-Deoxocastasterone CagHy704 16.13 447.34798 447.34829 0.68 Brassinosteroid 307.13505
29 Apigenin C15H1005 16.45 269.04568 269.04554 0.48 Flavonoid 179.0318
30 Dictamnin A C36Hs5905 17.17 619.42165 619.42155 1.62 Alkaloid 577.43479
31 Chrysoeriol C16H120¢ 17.26 299.0502 299.0520 4.2 Flavonoid 271.0550
32 Homocastasterone C9Hy9Os5 17.52 477.35855 477.35693 —3.39 Brassinosteroid 455.01804
33 Panaxynol linoleate C35H530, 18.75 505.39753 505.40510 —14.98 Triterpene 414.99256

2.1.2. Metabolomics in S. laevipila Extracts

Thirty-two peaks (Figure 3; Table 1) were tentatively identified for the first time in
S. laevipila ethanolic extract using UHPLC/ESI/MS/MS in negative mode. The metabolites
identified in this species were mainly phenolic compounds, triterpenoid derivatives, and

fatty acids (Table 1; Figure 4). S. laevipila was collected from Jacaranda mimosifolia, and

some of the components previously reported in this plant source are coincident with those

reported here. For instance, some compounds identified in the S. laevipila extract are also

present in the bark of . mimosifolia, such as triterpenoids and phenylpropanoids derived
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from apigenin [20-23]. The chemical composition of bryophyte extract could be influenced
by territorial factors, as substrate composition on which the moss grows, as well as climatic
variations, and this determines their pharmacological potential [24].

Intens.
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BPC -All MS

\ “““ \ N 10 kﬁ31‘w l

M m 17 \'\ 2l “\ i
1 T

I
e b
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Figure 3. UHPLC/ESI/MS/MS chromatogram of S. laevipila extract. The numbers above the peaks
correspond to major components identified in the extract.

OH

HO

23

Figure 4. Structures of some representative compounds detected in S. laevipila: peak 5, pinellic
acid; peak 6, 2’,4’-Dihydroxychalcone; peak 12, hederagenin; peak 16, maslinic acid; peak 17, pipe-

rochromenoic acid; peak 21, mogroside I-A1; peak 22, recurvoside A; peak 23, oleanolic acid; and
peak 27, cirsimaritin.

Phenolic compounds: Several phenolic compounds were found in 300 moss species
representing 59 families [25,26]. Phenolic acids, lignans, chalcones, and flavonoids have
been found in S. laevipila ethanolic extract.
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Phenolic acids: Peak 7 with daughter ion characteristic of caffeoyl-D-glucose (CG, par-
ent pseudomolecular ion at m/z: 341.1041, C15H1309), was identified. This compound was
previously identified in several berries [27] and in the moss Cryphaea heteromalla (Hedw.)
Brid. [28]. Although biological data on CG is currently lacking due to challenges in isolating
and characterizing the compounds, it is anticipated that CG may exhibit numerous health
benefits. This is based on the potential of intestinal bacterial esterase and glycosidases
to hydrolyze the ester bond, producing caffeic acid, which has been shown to have vari-
ous functional properties, including antioxidant, anti-inflammatory, immunomodulatory,
antimicrobial, neuroprotective, antianxiolytic, antiproliferative, antiobesity, angiotensin-
converting enzyme inhibition, and antiglycation activities [29-32].

Lignans: Peak 20 was identified as kadangustin C (ion at m/z: 621.23826, C34H37011).
This compound was isolated from several fruit seeds and peels, and bioactivities related
to anti-HIV, immunodeficiency, cytotoxicity, and antiproliferative effects were previously
reported [33].

Chalcones: Two chalcones were identified, 2’,4’-dihydroxychalcone and 2’,3'-
dihydroxychalcone, peaks 6 and 8, (parent ions around m/z: 239.07021, C15H;103), respec-
tively. 2’,4’-dihydroxychalcone isolated from Zuccagnia punctata Cav. exhibits a diverse
range of pharmacological effects, including anticancer, antioxidant, antibiotic, antifungal,
hypocholesterolemic, and hypoglycemic activities [34].

Flavonoids: Several flavonoids were identified, some of them co-spiking with au-
thentic standards: cirsimaritin, apigenin, and chrysoeriol, peaks 27, 29, and 31, (C;7H;30,
C15H190s, and C14H120g), respectively. These compounds are known to have a variety
of therapeutic properties, including antioxidant, anticancer, antiviral, anti-inflammatory;,
antimutagenic, and antibacterial effects [35-37].

Non-hydrophilic compounds: non-hydrophilic compounds, including free fatty acids
and terpenoids, were identified.

Terpenoids: Nine terpenoids were identified in this work. Peaks 11, 12, 13, 15, 16, 21,
22,23 and 24, were assigned as kallolide B, hederagenin 20(S); asiatic acid, gypsogenin;
maslinic acid, mogroside I-A-1; recurvoside A; oleanolic acid and bryonioside A, (formulas:
Ci13H270s, C30H4704, C30Ha705, C30Ha504, C30HazO4, C36Hz109, C35Hs009, C50Har O3,
Cz6Hs5909) respectively. These compounds exhibit multiple pharmaceutical and biolog-
ical activities, including antitumor, anti-inflammatory, antidepressant, neuroprotective,
hepatoprotective, gastroprotective, hypolipidemic, anti-atherosclerotic, antidiabetic, an-
tileishmanial, antiviral antibacterial, and antifungal activity [38-42]. Maslinic and oleanolic
acids were reported from J. mimosifolia. bark [20-23]. Extracts of various parts of J. mi-
mosifolia are traditionally used in many countries to cure ulcers and amoebic infections,
syphilis, and as an astringent in diarrhea and dysentery. In addition to its broad spectrum
of biological features, such as antioxidant, antiulcer, antileishmanial, and antiprotozoal
activities [24].

Fatty acids (FAs): FAs from bryophytes, including saturated, mono-, polyunsatu-
rated, and acetylenic fatty acids. FAs are usually present as part of membrane phospho-
and glycolipids or as constituents in triacylglycerides (TAGs). In S. laevipila extract,
9(5),12(5),13(S)-trihydroxy-10R-octadecenoic acid (pinellic acid, peak 5), 9,10-dihydroxy-
12-octadecenoic acid (peak 10), 13-hydroxy-9Z,11E-octadecadienoic acid (coriolic acid,
peak 14), R-2-hydroxystearic acid (peak 25), and palmitic acid (peak 26, all ions with their
respective formulas: C18H3305, C18H3304, C18H3103, C16H3102, C16H3102) were found.
The antioxidant, antimicrobial, anti-inflammatory, antiallergic, and cytotoxicity properties
were previously demonstrated to compound 1 in other plant material [43-46]. The com-
pounds derived from the metabolism of linoleic acid were identified for the first time in
S. laevipila. The compound coriolic acid was isolated previously from Salicornia herbacea (L.)
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L [47]. This compound decreased the transcriptional and translational levels of the c-Myc
gene, which is a breast cancer stem cell survival.

Brassinosteroid (BRs): 6-deoxocastastasterone and holocastasterone (peaks 28 and 32,
CosHy704, Co9Hy9Os) were identified. In a previous report it was demonstrated that non-
flowering land plants can synthesize BRs, including Marchantia polymorpha L. (liverwort),
Selaginella moellendorffii Hieron. (lycophyte), and Physcomitrella patens (Hedw.) Bruch &
Schimp. (moss) [48]. Although the physiological roles of BRs in lower plants have not
yet been established, the result implies that BRs are probably involved in regulating some
events in the growth and differentiation of lower plants [49]. This represents, to our
knowledge, the first report of BR presence in S. laevipila.

2.2. Biological Properties
2.2.1. Antioxidant Activity

During the oxidative stress process, reactive species centered in oxygen atoms (ROS),
such as hydroxyl radicals and non-radical species such as hydrogen peroxide, are produced.
These species can react with a wide range of molecules found in living cells, such as sugars,
amino acids, lipids, nucleic acids, and proteins, producing their oxidation and consequently
pathological processes or alterations in food or cosmetic products [50].

Several methods are used to measure the antioxidant capacity of natural products
and permit them to evaluate their potential use as antioxidants. The ABTS®** assay is a
popular, sensitive, and reproducible technique used to evaluate the antiradical potency of
extracts by donating hydrogen atoms to form a non-radical molecule [50]. The phenolic
compounds concentration values of S. laevipila extract required to achieve 50% of radical
scavenging capacity, SCsp, were determined. This magnitude was obtained from the slope
of the linear variation in the percentage of radical scavenging (%RS) vs. the phenolic
compounds concentration of S. laevipila extract. This extract showed high scavenging
activity of ABTS®** (SCso 4.38 £ 0.54 ng GAE/mL). Moss extract’s ability to scavenge the
ABTS** was previously reported in other species such as Philonotis hastata (Duby) Wijk
& Margad [51]. The hydroalcoholic extract of S. laevipila also showed scavenging activity
of hydroxyl radical with an SCs value of 12.35 £ 0.57 ug GAE/mL. This capacity was
previously reported to other moss extracts [51,52]. According to our results, the reactivity
of the S. laevipila extract to scavenge ABTS®** was higher than to scavenge HO®.

Hydrogen peroxide is basically a weak oxidizing agent. It can cross cell membranes
and react with ions such as Fe?* to form a hydroxyl radical, which is a strong and toxic
oxidizing agent for the cell, so it is necessary to look for compounds that neutralize these
oxidizing agents. The analyzed extract was effective in the scavenging of hydrogen peroxide
(HyO, SCsp: 5.32 £ 0.51 pg GAE/mL). Although there is growing interest in the antioxidant
potential of mosses, research on their ability to neutralize reactive non-radical species is
still scarce. At present, only the moss Thuidium tamariscellum (Miill. Hal.) Bosch & Sande
Lac. is reported to have the ability to scavenge hydrogen peroxide [53].

The erythrocyte membrane contains a large amount of polyunsaturated fatty acids,
which makes it vulnerable to oxidative stress processes such as lipid peroxidation. This is a
process that plays a key role in oxidative stress in biological systems because it produces
membrane alteration and cell damage [53]. Studies have revealed that several plant-derived
drugs contain principles that possess the ability to facilitate the stability of biological mem-
branes when exposed to induced lyses. S. laevipila extract achieved 50% inhibition of cell
lysis produced by AAPH at a concentration of 0.68 £ 0.02 ng GAE/mL. This antioxidant
capacity can be compared with natural and synthetic antioxidants used commercially (butyl-
hydroxytoluene (BHT) SCsp = 1.20 & 0.10 pg/mL; quercetin: SCsg = 0.90 £ 0.08 ng/mL).
Oyedapo et al. [51] found that phenolic-enriched extracts from the moss P. hastata inhibited
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the cellular lysis of red blood cells by 50% (19.19 £ 2.66), evidencing the ability of phenolic
compounds, principally flavonoids, to stabilize the erythrocyte membrane.

Pearson correlation (Table 2) showed an association between the scavenging effect
of ABTS®**, hydrogen peroxide, and hydroxyl radicals with the concentration of total
phenolic compounds and flavonoids. Additionally, there is a positive correlation among
the different antioxidant tests. Furthermore, the concentration of total phenolic compounds
and flavonoids also exhibits a positive association.

Table 2. Pearson correlation coefficients of the content of total phenolics, flavonoids, and antioxidant
capacity determined by different methods.

TPC TF ABTS*+ H,0; HOe AAPH
TPC 1.00 0.20 0.30 0.11 0.23 0.07
TF 0.95 1.00 0.09 0.09 0.03 0.13
ABTS** 0.89 0.99 1.00 0.18 0.06 0.23
HyO, 0.98 0.99 0.96 1.00 0.12 0.04
HOe 0.93 1.00 1.00 0.98 1.00 0.17
AAPH 0.99 0.98 0.94 1.00 0.97 1.00

TPC: total phenolic compounds; TF: total flavonoids; ABTS**: ABTS cation radical; HOe (hydroxyl radical), H,O,,
AAPH: 2,2’-Azobis(2-amidinopropane) dihydrochloride.

In previous reports, antioxidant activity was demonstrated in some phenolic com-
pounds identified in the S. laevipila extract, such as 2’,4’-dihydroxychalcone, cirsimarin,
apigenin, and terpenoids such as oleanolic acid and maslinic acid [29,31,54-59]. For this,
these compounds could be responsible for the antioxidant capacity that was found in S.
laevipila extract.

For this activity, the S. laevipila extract could be included in cosmetics, medicinal, or
food preparation to protect the preparation from oxidation or for skin care or the body
against the effect of free radicals.

2.2.2. Antimicrobial Activity

Staphylococcus aureus is a major human bacterial pathogen. This bacterium is widely
distributed in the environment and in the normal flora of the skin and mucous membranes
of healthy individuals. S. aureus does not cause infection on healthy skin; however, if it
enters internal tissues, it can produce severe infections. Treatment remains a significant
challenge due to the emergence of resistance to multiple antibiotics, such as methicillin
resistance [60]. Therefore, the discovery of antibiotic molecules or extracts for use against
methicillin-resistant S. aureus is very important.

There are no previous reports of the antimicrobial activity of the ethanolic extract of
S. laevipila against S. aureus. However, some authors have reported antibacterial activity
only against Paenibacillus larvae, by agar diffusion [61].

An initial evaluation of the antimicrobial activity of S. laevipila extract was performed
using the bioautographic method on two clinical strains of S. aureus, one methicillin-
resistant and the other methicillin-sensitive, isolated from skin and soft tissue infections,
and two ATCC strains. The extract showed notable activity against all tested strains,
prompting further investigation to establish the minimum inhibitory concentration (MIC)
required to arrest its growth and the concentration needed to achieve a 99.5% reduction in
microbial count.

The S. laevipila extract showed antimicrobial activity (Table 3), inhibiting the growth of
methicillin-sensitive S. aureus ATCC 29213 and methicillin-resistant S. aureus ATCC 43300
with MIC values of 7.5 pg GAE/mL. The extract proved to be more active against the
clinical isolates (S. aureus INBIOFIV S1 and INBIOFIV S9) that were antibiotic multiresistant
(Table 3), inhibiting its growth at the lowest concentration tested for both strains (MIC:
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3.7 ug/mL). Crude extracts that present MIC values below 100 pg/mL [62], are generally
accepted as a criterion for selecting antimicrobials with promising properties. The MIC
values of the S. laevipila extract were 17 times lower than the maximum suggested to be
considered potentially antimicrobial.

Table 3. Antimicrobial activity of S. laevipila extract against clinical isolates and ATCC strain and
resistance profile of S. aureus.

S. aureus Strain MIC pg/mL Phenotype of S. aureus (MIC pg/mL)
LEV® (CIM < 1), METR, (CIM > 4), GENR
INBIOFIV-S1 3.7 (CIM > 16)
LEVR, (CIM > 4), METR (CIM > 4), GENR
> T . 7 Py 7 —_ 7 7
(CIM > 16)INBIOFIV-59 3.7 (CIM > 16)
ATCC 43300 7.5 METR (CIM > 4)
ATCC 29213 7.5 METS (CIM = 0.25)

MIC: minimal inhibitory concentration. Levofloxaxina (LEV), methicillin (MET), gentamycin (GEN). R: resistant;
S: sensitive.

Currently, there are studies on other species of the genus Syntrichia, such as S. ruralis
(Hedw.) F. Weber & D. Mohr, that demonstrated activity against Gram-negative bacteria [63].
Other authors reported the absence of activity in S. ruralis against Gram-negative bacteria
and Gram-positive bacteria [64]. The variability in the potency of antimicrobial activity
observed in different studies may be attributed to the chemical composition of extracts that
are determined by factors such as the collection region and extraction methods, the type of
solvent, and the material vegetal /solvent ratio used. It is known that the chemical responses
of bryophytes are likely the result of both their evolutionary history and adaptations to
their local environment [65]. This variation can even occur among specimens of the same
species, depending on their geographical locations and collection dates [66].

Several authors demonstrated a strong antibacterial activity of 2’,4’-dihydroxychalcone,
a compound identified in S. laevipila extract, against an S. aureus strain (strain ATCC
25923) [67-69]. Furthermore, hederagenin, cirsimaritin and apigenin were ascribed as
antimicrobial on S. aureus with different potency in several higher plants [36,70,71].

The results suggest that the presence of 2’,4’-dihydroxychalcone, hederagenin, and
cirsimaritin would contribute to the antibacterial properties of the S. laevipila extract.

The S. laevipila extract provides significant opportunities for newer antibiotic drug
discoveries for human health care.

3. Materials and Methods
3.1. Chemicals, Reagents, and Materials

Folin—Ciocalteau reagent, Bradford reagent, AlCls, FeCl;, gallic acid, quercetin, albu-
min serum bovine, phenol, 4-aminoantipyrene, peroxidase, 2,2'-Azobis(2-methylpropio-
namidine) dihydrochloride (AAPH), 2-deoxy-D-ribose, EDTA, H,O,, ascorbic acid, 2-
thiobarbituric acid, trichloro-acetic, 3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium
bromide (MTT) and methanol >99.9% were acquired at Sigma Aldrich, St. Louis, MO,
USA; silica gel 60 F-254 (0.2 mm) was purchased in Merck, Darmstadt, Alemania. Mueller—
Hinton broth (CAMHB) and antimicrobial agents were supplied by Laboratorios Britania
S.A., Ciudad Auténoma de Buenos Aires, Argentina.

3.2. Plant Material

S. laevipila (Figure 1) was collected in Chaco Serrano, Tucumén, Argentina (26°14'53" S;
65°30'39" W; 1.126 m ASL, and 26°15/22" S; 65°32/22" W; 1.175 m ASL, and 26°14/02” S;
65°30'25"” W; 1.118 m ASL) on J. mimosifolia. The entire plant was collected. The mosses were
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studied morphologically with the conventional techniques proposed by Zander et al. [72].
The voucher specimen was deposited in the collection INBIOFIV (INBIO 101). The plant
material was carefully washed with running water to remove soil particles and adhered
plants. The plant material was dried at 40 °C in a forced-air oven until constant weight and
then was ground in a Helix mill (Numak, F100 Power 1/2 HP-0.75 Kw, Brusque, Brazil) to
obtain a fine powder.

3.3. Plant Extract Preparation

Grounded and dried S. laevipila (1 g) was extracted in 20 mL of 80% ethanol for 30 min
at 40 °C in an ultrasonic bath (Ultrasonic bath Arcano Model PS-10A, Ultrasonic Technology
Co., Ltd,, Jinan, China). Then, the extract was vacuum filtered and stored at —20 °C until
use. A fraction of extract was dried by rotary evaporator (BUCHI R-110) to use in UHPLC-Q
TOEF-ESI-MS analysis.

3.4. Determination of Chemical Composition
3.4.1. Total Polyphenols and Flavonoids Quantification

The extractive solution was standardized by the determination of total phenolic com-
pound (TPC) content by using Folin—Ciocalteu reagent [73] and total flavonoids (TF) by
using the method of Woisky and Salatino [74]. Absorbance was recorded in a UV /visible
spectrophotometer (Jasco v-630, Thermo Fisher Scientific, Tokyo, Japan). The calibration
curves were performed using gallic acid and quercetin as reference compounds (Supplemen-
tary Materials). The phenolic compounds content and flavonoid content were expressed as
ug of gallic acid equivalent (GAE) per mL (ug GAE/mL) and quercetin equivalents (QE)
per mL (ug QE/mL), respectively.

3.4.2. Reducing and Total Sugars Quantification

Reducing sugars and total sugar were determined using the Somogyi-Nelson
method [75,76] and phenol-sulfuric method [77], respectively, for S. lnevipila powder extrac-
tive solution. Absorbance was recorded with a UV /visible spectrophotometer (Jasco v-630,
Thermo Fisher Scientific, Tokyo, Japan). The calibration curves were performed using
glucose as the reference compound. The results were expressed as glucose equivalents per
mL (mg GE/mL).

3.4.3. Soluble Protein Quantification

Soluble proteins were determined by Bradford [78]. Absorbance at 595 nm was recorded
with a UV /visible spectrophotometer (Jasco v-630, Thermo Fisher Scientific, Tokyo, Japan).
The calibration curves were performed using bovine serum albumin (BSA) as a reference
compound. The results were expressed as BSA equivalent per mL (ug BSAE/mL).

3.4.4. UHPLC-Q TOF-ESI-MS
LC Parameters and MS Parameters

The separation and identification of the compounds present in the S. laevipila extracts
were performed on a UHPLC-ESI-QTOF-MS system equipped with UHPLC Ultimate
3000 RS with Chromeleon 6.8 software (Dionex GmbH, Idstein, Germany) and Bruker
maXis ESI-QTOF-MS with the software Data Analysis 4.0 (all Bruker Daltonik GmbH,
Bremen, Germany). A total of 5 mg of dry extract was dissolved in 2 mL of methanol
>99.9% and filtered with a polytetrafluoroethylene (PTFE) filter, and 10 uL was injected
into the equipment. The chromatographic equipment consisted of a quaternary pump,
an autosampler, a thermostated column compartment, and a photodiode array detector.
Elution was performed with a binary gradient system with eluent (A) 0.1% formic acid in
the water, eluent (B) 0.1% formic acid in the acetonitrile and the gradient: 12% B isocratic
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(0-1 min), 12-99% B (1-15 min), 99% B isocratic (15-18 min), 99-12% B (18-18.20 min),
12% B (18.20-20 min). Separation was carried out with a Thermo 5 uym C18 80 A column
(150 mm X 4.6 mm) at a flow rate of 0.3 mL/min. ESI-QTOF-MS experiments were recorded
in negative ion mode, and the scan range was between 100 and 1200 m/z. Electrospray
ionization (ESI) conditions included a capillary temperature of 200 °C, a capillary voltage
of 2.0 kV, a dry gas flow rate of 8 L/min, and a nebulizer pressure of 2 bar. The experiments
were performed in automatic MS/MS mode. The structural characterization of specialized
metabolites was based on HR full MS, fragmentation patterns, and comparisons with the
literature data.

3.5. Biological Properties
3.5.1. Antioxidant Activity
Total Antioxidant Capacity Assay

The total antioxidant activity of extracts was measured by the improved ABTS radical
cation (ABTS*") method as described by Correa Uriburu et al. [79] ABTS®** was mixed
with different amounts of extract (1-8 ug GAE). Then, 80% ethanol was used as a negative
control. Absorbance was recorded at 734 nm after 6 min with an in-microplate reader (Mi-
croplate Reader Thermo Scientific Multiskan GO, Vantaa, Finland). Results are expressed
as scavenging concentration of 50% (SCsg) of ABTS®** expressed as pg GAE/mL.

Hydrogen Peroxide (H,0O,) Scavenging

The HyO, scavenging was assessed by Fernando and Soysa [80]. Briefly, different
concentrations of the extract (3-8 ug GAE/mL) were mixed with 80 pL H,O, (0.7 mM),
allowing it to stand for 3 min at room temperature. Then, 87.5 uL of phenol (12 mM),
25 pL of 4-aminoantipyrene (0.5 mM), and 15 pL of peroxidase (1.0 U/mL) dissolved in
sodium phosphate buffer (84 mM, pH 7.0) were added. It was incubated for 30 min at 37 °C,
and the product was determined by recording the absorbance at 504 nm in a microplate
reader (Microplate Reader Thermo Scientific Multiskan GO, Vantaa, Finland). Results are
expressed as SCsg values (ug GAE/mL).

Stabilization of Human Red Blood Cell Membrane

The assay was performed according to Orqueda et al. [81]. The protective effect of
different concentrations of the S. laevipila extract (0.20 to 5 pg GAE/mL) on the red blood
cell membrane (5% human red blood cell suspension) by oxidation with 2,2’-Azobis(2-
methylpropionamidine) dihydrochloride (AAPH) (200 mM) was tested spectrophotomet-
rically (Jasco v-630, Thermo Fisher Scientific, Tokyo, Japan) at 545 nm under hypotonic
conditions. Results are expressed as the inhibitory concentration of 50% of stabilization of
red blood cell membranes (ICsg values) in ug GAE/mL.

Hydroxyl Radical Scavenging Assay

The experiment was performed based on the deoxyribose degradation assay devel-
oped by Chobot [82]. The reaction mixture contained S. laevipila extract (0.5-10 ng GAE/mL)
in KH,PO,/KOH buffer (pH 7.4), 50 mL of 10.4 mM 2-deoxy-D-ribose, 50 mL of 50 mM
FeCls, and 50 mL of 52 mM EDTA. To start the Fenton reaction, 50 mL of 10 mM H,0O, and
50 mL of 1.0 mM ascorbic acid were added. The reaction mixture was incubated for 1 h at
37 °C. Then, 500 mL of 2-thiobarbituric acid (1%, w/v) dissolved in 3% (w/v) trichloroacetic
acid was added. After 20 min at 100 °C, the absorbance was read at 532 nm (Jasco v-630,
Thermo Fisher Scientific, Tokyo, Japan). The hydroxyl radical scavenging activity was
expressed as SCsg values (ug GAE/mL).
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3.5.2. Antibacterial Activity
Bacterial Strain

Methicillin-resistant S. aureus strains (INBIOFIV-S1 and S9) were obtained from clinical
samples of skin and soft tissue infections from Nestor Kirchner Hospital, San Miguel de
Tucumadn, Tucuman, Argentina. Methicillin-resistant and -sensitive S. aureus ATCC 29213
and ATCC 43300, respectively, were used as controls. All organisms were preserved in
brain-heart infusion containing glycerol 30% at —80 °C. The strains were transferred to
Mueller Hinton agar (MHA) and incubated at 35 °C for 12 h. Individual colonies were
suspended in 5 mL of 0.9% NaCl solution. The cell suspensions were prepared by adjusting
turbidity to 0.08 at 560 nm (10% CFU/mL). The cell number in cation-adjusted Mueller—
Hinton broth (CAMHB) was estimated using a serial dilution technique, as described in
CLSI [83], for each assay.

Bioautographic Assay

Plates of silica gel 60 F-254 (0.2 mm, Merck) were seeded with 40 ug of TPC of S. laevipila
extract. A bioautographic assay was performed using 2 mL of soft medium (BHI with 0.6%
agar) containing 10° CFU/mL of methicillin-resistant S. aureus (INBIOFIV-S1, INBIOFIV-S9)
and ATCC 29213, ATCC 43300. The plates were covered with the inoculated soft medium,
incubated at 37 °C for 16-20 h, and then developed with 3-[4, 5-dimethylthiazol-2-yl]-2,
5-diphenyltetrazolium bromide (MTT) solution (2.5 mg/mL) in PBS [84]. The bacterial
growth inhibition zones were colored yellow on a bluish background, which showed
bacterial growth.

Minimal Inhibitory Concentration (MIC)

MIC values of S. laevipila extracts were determined using the serial microdilution
method. Briefly, 86 uL of Mueller Hinton broth was added to each well of 96-well mi-
croplates. Plant dry extract was dissolved in dimethylsulphoxide (DMSO) to obtain a
stock solution, and then 4 pL. was added to each well containing the medium to obtain
a final concentration range of TPC between 200 and 1.8 ng GAE/mL. Subsequently, the
culture media were inoculated with 10 uL of a bacterial suspension previously adjusted
to an optical density at 560 nm (ODsgnm) of 0.08 and then diluted 1:100 to reach a final
concentration of 10> CFU/mL. The plates were then incubated at 37 °C for 20 h. Culture
medium containing DMSO (60 puL/mL) was used as solvent control. Culture medium
without extract and without DMSO was considered as the negative control of inhibition.
Different antibiotics were used as positive controls on the INBIOFIV strain collection as
described by Leal et al. [85]. The concentrations tested for each antibiotic were those recom-
mended by the CLSI. MIC was defined as the lowest concentration of extract in which the
appearance of a button of cells visible to the naked eye was not observed after incubation.
The minimum bactericidal concentrations (MBCs) were determined by serial subcultivation
of 2 uL of each well without visible growth in Petri dishes with 2 mL of MH medium. The
lowest concentration with no visible growth was defined as MBC, indicating 99.5% killing
of the original inoculum [86].

3.6. Statistical Analysis

All assays were conducted at least three times with three different sample preparations.
Each experimental value is expressed as the mean =+ standard deviation (SD). The scientific
statistic software InfoStat (Student Version, 2011) was used to evaluate the degree of
statistical correlation between the different groups [87]. Comparisons between groups were
performed by using Pearson’s test.
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4. Conclusions

In this study, the phytochemical composition of the ethanolic extract of S. laevip-
ila was described for the first time, along with its potential use as an antioxidant and
antibacterial agent. The moss was collected on J. mimosifolia, a tree that grows in the
Tucuman Serrano Chaco region. The compounds identified in the extract included both
hydrophilic compounds (caffeoyl-D-glucose, kadangustin C, 2’,4’-dihydroxychalcone, 2’,3'-
dihydroxychalcone, cirsimaritin, apigenin, chrysoriolin) and non-hydrophilic compounds
(hederagenin 20(S), gypsogenin, maslinic acid, mogroside I-A1, recurvoside A, oleanolic
acid, bryonoside A, pinellic acid, 9,10-dihydroxy-12-octadecenoic acid, dodecylbenzene
sulfonic acid, coriolic acid, R-2-hydroxystearic acid, palmitic acid, 6-deoxocastasterone,
and holocastasterone), several of which are reported for the first time in the hydroalcoholic
extract of mosses. Until now, most chemical studies have focused on vascular plants,
with liverworts receiving greater attention, while mosses have been relatively overlooked.
However, this study demonstrates that the production of antioxidants and antibacterial
extracts from mosses can have a significant impact on the development of cosmetic and
pharmaceutical products. As far as we know, some bryophyte-based products are marketed
based on the collection of wild populations, which represents a threat to their conservation.
Until now, only a few studies on cultivating to generate large amounts of biomass or the
production of biomolecules by metabolic engineering have been carried out. Alternative
production platforms of bioactive compounds from bryophytes are necessary.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/plants14020253 /51, File S1: Q TOF-MS and MSn spectra of some
representative compounds and standard curves.

Author Contributions: Conceptualization, M.LL, L.L]., EM.C.U,, JJ M.C., GM.S. and I.C.Z.; method-
ology, M.IL, 1.C.Z,, L1].,, EM.C.U,, JJ.M.C. and M ].S,; validation, M.LL. and L.L].; formal analysis,
experiments performed: M1, I.C.Z,, EM.C.U,, L], JJ.M.C,, GM.S,, and M.].S,; investigation,
experiments performed: M.LI, LL]J., EM.C.U,, J.JM.C.,, GM.S., M.].S. and I.C.Z.; analyzed and inter-
preted the data: M.L.L, L.I]., EM.C.U,, J.JM.C., M.].S. and 1.C.Z,; resources, M.LI. and I.C.Z.; data
curation, L.I].; writing—original draft preparation, M.LI. and L.L].; writing—review and editing,
MIIL, L1J,1LCZ,EM.CU,GM.S, JJM.C. and M.].S.; supervision, M.LL; project administration,
M.LL; funding acquisition, M.LI. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by Universidad Nacional de Tucumén (PIUNT 2018-G637 Project),
Agencia Nacional de Promocién Cientifica y Técnica (ANPCyT PICT 2020-3619; PICT-2021-CAT-
1I-00132), Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET-PUE 2018-0011),
Fundacién Williams 2023. Fondos complementarios para proyectos de investigacién con impacto
en el territorio argentino and Biolates network “P320RT0186—Sustainable use of Ibero-American
vegetable biomass resources in cosmetics” (CYTED).

Data Availability Statement: The original contributions presented in the study are included in the
article/Supplementary Material, further inquiries can be directed to the corresponding author.

Acknowledgments: The authors would like to thank Universidad Nacional de Tucumén, Consejo
Nacional de Investigaciones Cientificas y Técnicas, Ministerio de Ciencia y Técnica, CYTED network
“P320RT0186— Sustainable use of Ibero-American vegetable biomass” (BIOLATES) and Fundacién
Williams 2023. Fondos complementarios para proyectos de investigacién con impacto en el territorio
argentino. The collection of plant material was carried out according to the Nagoya protocol. The
language of the manuscript was checked by Luisa Montivero.

Conflicts of Interest: The authors declare no conflicts of interest.


https://www.mdpi.com/article/10.3390/plants14020253/s1
https://www.mdpi.com/article/10.3390/plants14020253/s1

Plants 2025, 14, 253 14 of 17

References

1. Morris, J.L.; Puttick, M.N.; Clark, ].W.; Edwards, D.; Kenrick, P; Pressel, S.; Wellman, C.H.; Yang, Z.; Schneider, H.; Donoghue,
P.C.J. The Timescale of Early Land Plant Evolution. Proc. Natl. Acad. Sci. USA 2018, 115, E2274-E2283. [CrossRef] [PubMed]

2. Dziwak, M.; Wréblewska, K.; Szumny, A.; Galek, R. Modern Use of Bryophytes as a Source of Secondary Metabolites. Agronomy
2022, 12, 1456. [CrossRef]

3. Horn, A,; Pascal, A.; Loncarevi¢, I.; Volpatto Marques, R.; Lu, Y.; Miguel, S.; Simonsen, H.T. Natural Products from Bryophytes:
From Basic Biology to Biotechnological Applications. CRC Crit. Rev. Plant Sci. 2021, 40, 191-217. [CrossRef]

4. Bandyopadhyay, A.; Dey, A. The Ethno-Medicinal and Pharmaceutical Attributes of Bryophytes: A Review. Phytomed. Plus 2022,
2,100255. [CrossRef]

5. Ellis, L.T.; Asthana, A K,; Sahu, V,; Srivastava, A.; Bednarek-Ochyra, H.; Ochyra, R.; Chlachula, J.; Colotti, M.T.; Schiavone, M.M.;
Hradilek, Z.; et al. New National and Regional Bryophyte Records, 28. J. Bryol. 2011, 33, 237-247. [CrossRef]

6. Smoliniska-Kondla, D.; Zych, M.; Ramos, P.; Wactawek, S.; Stebel, A. Antioxidant Potential of Various Extracts from 5 Common
European Mosses and Its Correlation with Phenolic Compounds. Herba Pol. 2022, 68, 54—68. [CrossRef]

7.  Petrussa, E.; Braidot, E.; Zancani, M.; Peresson, C.; Bertolini, A.; Patui, S.; Vianello, A. Plant Flavonoids—Biosynthesis, Transport
and Involvement in Stress Responses. Int. J. Mol. Sci. 2013, 14, 14950-14973. [CrossRef]

8.  Stark, L.R. Phenology of patch hydration, patch temperature and sexual reproductive output over a four-year period in the desert
moss Crossidium crassinerve. J. Bryol. 2005, 27, 231-240. [CrossRef]

9. Takécs, Z.; Csintalan, Z.; Sass, L.; Laitat, E.; Vass, I.; Tuba, Z. UV-B Tolerance of Bryophyte Species with Different Degrees of
Desiccation Tolerance. J. Photochem. Photobiol. B Biol. 1999, 48, 210-215. [CrossRef]

10. Buer, C.S.; Imin, N.; Djordjevic, M.A. Flavonoids: New Roles for Old Molecules. J. Integr. Plant Biol. 2010, 52, 98-111. [CrossRef]

11. Liu, S.;]Ju,J.; Xia, G. Identification of the Flavonoid 3'-Hydroxylase and Flavonoid 3’',5'-Hydroxylase Genes from Antarctic Moss
and Their Regulation During Abiotic Stress. Gene 2014, 543, 145-152. [CrossRef] [PubMed]

12.  Rajci¢, M.V, Cosi¢, M.V,; Tosti, T.B.; Misi¢, D.M.; Sabovljevi¢, A.D.; Sabovljevi¢, M.S.; Vuji¢i¢, M.M. An Insight into Seasonal
Changes of Carbohydrates and Phenolic Compounds within the Moss Polytrichum formosum (Polytrichaceae). Bot. Serbica 2023,
47,125-133. [CrossRef]

13.  Bianchi, G.; Murelli, C.; Bochicchio, A.; Vazzana, C. Changes of Low Molecular Weight Substances in Boea hygroscopica in Response
to Desiccation and Rehydration. Phytochemistry 1991, 30, 461-466. [CrossRef]

14. Hoekstra, FA.; van Roekel, T. Desiccation Tolerance of Papaver dubium During Its Development in the Anther. Possible Role of
Phospholipid Composition and Sucrose Content. Plant Physiol. 1988, 88, 626-632. [CrossRef]

15. Koster, L.L.; Leopold, A.C. Sugars and Desiccation Tolerance in Seeds. Plant Physiol. 1988, 88, 829-832. [CrossRef]

16. Leprince, O.; Bronchart, R.; Deltour, R. Changes in Starch and Soluble Sugars in Relation to the Acquisition of Desiccation
Tolerance During Maturation of Brassica campestris Seed. Plant Cell Environ. 1990, 13, 539-546. [CrossRef]

17.  Smirnoff, N. The Carbohydrates of Bryophytes in Relation to Desiccation Tolerance. . Bryol. 1992, 17, 185-191. [CrossRef]

18.  Wettlaufer, S.H.; Leopold, A.C. Relevance of Amadori and Maillard Products to Seed Deterioration. Plant Physiol. 1991, 97,
165-169. [CrossRef]

19. Bu, C; Wang, C.; Yang, Y.; Zhang, L.; Bowker, M.A. Physiological Responses of Artificial Moss Biocrusts to Dehydration-
Rehydration Process and Heat Stress on the Loess Plateau, China. J. Arid Land 2017, 9, 419-431. [CrossRef]

20. Zaghloul, A.M.; Gohar, A.A.; Ahmad, M.M.; Baraka, H.N.; El-Bassuony, A.A. Phenylpropanoids from the stem bark of Jacaranda
mimosaefolia. Nat. Prod. Res. 2011, 25, 68-76. [CrossRef]

21. Sidjui, L.C.; Toghueo, RM.K.; Zeuko’o, E.M.; Mbouna, C.D.].; Mahiou-Leddet, V.; Herbette, G.; Folefoc, G.N. Antibacterial activity
of the crude extracts, fractions and compounds from the stem barks of Jacaranda mimosifolia and Kigelia africana (Bignoniaceae).
Pharmacologia 2016, 7, 22-31. [CrossRef]

22.  Gachet, M.S; Schiihly, W. Jacaranda—An ethnopharmacological and phytochemical review. J. Ethnopharm. 2009, 121, 14-27.
[CrossRef] [PubMed]

23. Shoukry, S.M.; El-Hawiet, A.; El-Mezayen, N.S.; Ghazy, N.M.; Ibrahim, R.S. Unraveling putative antiulcer phytoconstituents
against Helicobacter pylori urease and human H+/K+-ATPase from Jacaranda mimosifolia using UPLC-MS/MS coupled to
chemometrics and molecular docking. Microchem. ]. 2023, 189, 108550. [CrossRef]

24. Commisso, M.; Guarino, F; Marchi, L.; Muto, A.; Piro, A.; Degola, F. Bryo-Activities: A Review on How Bryophytes Are
Contributing to the Arsenal of Natural Bioactive Compounds against Fungi. Plants 2021, 10, 203. [CrossRef] [PubMed]

25. Asakawa, Y.; Ludwiczuk, A.; Nagashima, F. Chemical Constituents of Bryophytes; Bio- and Chemical Diversity, Biological
Activity, and Chemosystematics. In Progress in the Chemistry of Organic Natural Products; Kinghorn, A.D., Falk, H., Kobayashi, J.,
Eds.; Springer: Vienna, Austria, 2013; pp. 1-796. [CrossRef]

26. Asakawa, Y. Polyphenols in Bryophytes. In Recent Advances in Polyphenol Research; Yoshida, K., Cheynier, V., Quideau, S., Eds.;

Wiley-Blackwell: Oxford, UK, 2017; Volume 5, pp. 36-66. [CrossRef]


https://doi.org/10.1073/pnas.1719588115
https://www.ncbi.nlm.nih.gov/pubmed/29463716
https://doi.org/10.3390/agronomy12061456
https://doi.org/10.1080/07352689.2021.1911034
https://doi.org/10.1016/j.phyplu.2022.100255
https://doi.org/10.1179/1743282011Y.0000000022
https://doi.org/10.2478/hepo-2022-0014
https://doi.org/10.3390/ijms140714950
https://doi.org/10.1179/174328205X69977
https://doi.org/10.1016/S1011-1344(99)00029-9
https://doi.org/10.1111/j.1744-7909.2010.00905.x
https://doi.org/10.1016/j.gene.2014.03.026
https://www.ncbi.nlm.nih.gov/pubmed/24631264
https://doi.org/10.2298/BOTSERB2301125R
https://doi.org/10.1016/0031-9422(91)83705-P
https://doi.org/10.1104/pp.88.3.626
https://doi.org/10.1104/pp.88.3.829
https://doi.org/10.1111/j.1365-3040.1990.tb01070.x
https://doi.org/10.1179/jbr.1992.17.2.185
https://doi.org/10.1104/pp.97.1.165
https://doi.org/10.1007/s40333-017-0057-8
https://doi.org/10.1080/14786419.2010.511217
https://doi.org/10.5567/pharmacologia.2016.22.31
https://doi.org/10.1016/j.jep.2008.10.015
https://www.ncbi.nlm.nih.gov/pubmed/19010407
https://doi.org/10.1016/j.microc.2023.108550
https://doi.org/10.3390/plants10020203
https://www.ncbi.nlm.nih.gov/pubmed/33494524
https://doi.org/10.1007/978-3-7091-1084-3
https://doi.org/10.1002/9781118883303.ch2

Plants 2025, 14, 253 15 of 17

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.
51.

Patras, M.A.; Jaiswal, R.; McDougall, G.J.; Kuhnert, N. Profiling and quantification of regioisomeric caffeoyl glucoses in berry
fruits. J. Agric. Food Chem. 2018, 66, 1096-1104. [CrossRef]

Provenzano, F.; Sanchez, J.L.; Rao, E.; Santonocito, R.; Ditta, L.A.; Borras Linares, I.; Passantino, R.; Campisi, P.; Dia, M.G.; Costa,
M.A; et al. Water Extract of Cryphaea heteromalla (Hedw.) D. Mohr Bryophyte as a Natural Powerful Source of Biologically Active

Compounds. Int. J. Mol. Sci. 2019, 20, 5560. [CrossRef]

Chao, C.Y,; Mong, M.C.; Chan, K.C.; Yin, M.C. Anti-Glycative and Anti-Inflammatory Effects of Caffeic Acid and Ellagic Acid in
Kidney of Diabetic Mice. Mol. Nutr. Food Res. 2010, 54, 388-395. [CrossRef]

Paciello, F,; Di Pino, A.; Rolesi, R.; Troiani, D.; Paludetti, G.; Grassi, C.; Fetoni, A.R. Anti-Oxidant and Anti-Inflammatory Effects

of Caffeic Acid: In Vivo Evidences in a Model of Noise-Induced Hearing Loss. Food Chem. Toxicol. 2020, 143, 111555. [CrossRef]

Muhammad Abdul Kadar, N.N.; Ahmad, F; Teoh, S.L.; Yahaya, M.F. Caffeic Acid on Metabolic Syndrome: A Review. Molecules
2021, 26, 5490. [CrossRef]

Zielinska, D.; Zieliniski, H.; Laparra-Llopis, ]. M.; Szawara-Nowak, D.; Honke, J.; Giménez-Bastida, ].A. Caffeic Acid Modulates
Processes Associated with Intestinal Inflammation. Nutrients 2021, 13, 554. [CrossRef]

Gao, J.; Xiong, K; Li, W.; Zhou, W. Differential Metabolome Landscape of Kadsura coccinea Fruit Tissues and Potential Valorization
of the Peel and Seed Tissues. Biocell 2022, 46, 285. [CrossRef]

Isla, M.L; Moreno, M.A.; Alvarez, M.; Zampini, I.C. Zuccagnia punctata Cav. In Medicinal and Aromatic Plants of South America
Volume 2: Argentina, Chile and Uruguay; Mathé, A., Bandoni, A., Eds.; Springer: Berlin/Heidelberg, Germany, 2021; pp. 537-551.
ISBN 978-3-030-62817-8.

Aboulaghras, S.; Sahib, N.; Bakrim, S.; Benali, T.; Charfi, S.; Guaouguaou, E-E.; Omari, N.E.; Gallo, M.; Montesano, D.; Zengin, G.;
et al. Health Benefits and Pharmacological Aspects of Chrysoeriol. Pharmaceuticals 2022, 15, 973. [CrossRef] [PubMed]

Benali, T.; Jaouadi, I.; Ghchime, R.; El Omari, N.; Harboul, K.; Hammani, K.; Rebezov, M.; Shariati, M.A.; Mubarak, M.S.;
Simal-Gandara, J.; et al. The Current State of Knowledge in Biological Properties of Cirsimaritin. Antioxidants 2022, 11, 1842.
[CrossRef] [PubMed]

Majma Sanaye, P.; Mojaveri, M.R.; Ahmadian, R.; Sabet Jahromi, M.; Bahramsoltani, R. Apigenin and Its Dermatological
Applications: A Comprehensive Review. Phytochemistry 2022, 203, 113390. [CrossRef]

Kumar, S.; Madaan, R.; Gahlot, K.; Sharma, A. The Genus Bryonia: A Review. Pharmacogn. Rev. 2008, 2, 392.

Kim, H.J.; Kim, P; Shin, C.Y. A Comprehensive Review of the Therapeutic and Pharmacological Effects of Ginseng and
Ginsenosides in the Central Nervous System. |. Ginseng Res. 2013, 37, 8. [CrossRef]

Zeng, ].; Huang, T.; Xue, M.; Chen, J.; Feng, L.; Du, R.; Feng, Y. Current Knowledge and Development of Hederagenin as a
Promising Medicinal Agent: A Comprehensive Review. RSC Adv. 2018, 8, 24188-24202. [CrossRef]

Hussain, H.; Alj, I.; Wang, D.; Hakkim, FL.; Westermann, B.; Ahmed, I.; Shah, S.T.A. Glycyrrhetinic Acid: A Promising Scaffold
for the Discovery of Anticancer Agents. Expert Opin. Drug Discov. 2021, 16, 1497-1516. [CrossRef]

Castellano, ].M.; Ramos-Romero, S.; Perona, J.S. Oleanolic Acid: Extraction, Characterization and Biological Activity. Nutrients
2022, 14, 623. [CrossRef]

Aghofack-Nguemezi, J.; Schwab, W. Spatiotemporal Changes in the Content and Metabolism of 9, 12, 13-Trihydroxy-10 (E)-
Octadecenoic Acid in Tomato (Solanum Lycopersicum L. CV Balkonsar) Fruits. J. Sci. Technol. 2013, 33, 12-22. [CrossRef]

Sowa, I.; Paduch, R.; Moldoch, J.; Szczepanek, D.; Szkutnik, J.; Sowa, P.; Wéjciak, M. Antioxidant and Cytotoxic Potential of
Carlina vulgaris Extract and Bioactivity-Guided Isolation of Cytotoxic Components. Antioxidants 2023, 12, 1704. [CrossRef]

[PubMed]

Nagai, T.; Arai, Y.; Emori, M.; Nunome, S.Y.; Yabe, T.; Takeda, T.; Yamada, H. Anti-Allergic Activity of a Kampo (Japanese
Herbal) Medicine Sho-seiryu-to (Xiao-Qing-Long-Tang) on Airway Inflammation in a Mouse Model. Int. Immunopharmacol. 2004,
4,1353-1365. [CrossRef] [PubMed]

Choi, H.G.; Park, YM.; Lu, Y,; Chang, HW.; Na, M.; Lee, S.H. Inhibition of Prostaglandin D2 Production by Trihydroxy Fatty
Acids Isolated from Ulmus davidiana var. japonica. Phytother. Res. 2013, 27, 1376-1380. [CrossRef] [PubMed]

Ko, Y.C.; Choi, H.S.; Kim, J.H.; Kim, S.L.; Yun, B.S.; Lee, D.S. Coriolic Acid (13-(S)-Hydroxy-9Z, 11E-octadecadienoic Acid) from
Glasswort (Salicornia herbacea L.) Suppresses Breast Cancer Stem Cell through the Regulation of c-Myc. Molecules 2020, 25, 4950.
[CrossRef]

Yokota, T.; Ohnishi, T.; Shibata, K.; Asahina, M.; Nomura, T.; Fujita, T.; Kohchi, T. Occurrence of Brassinosteroids in Non-Flowering
Land Plants, Liverwort, Moss, Lycophyte and Fern. Phytochemistry 2017, 136, 46-55. [CrossRef]

Kim, Y.S.; Yun, H.S.; Kim, T.W,; Joo, S.H.; Kim, S.K. Identification of a Brassinosteroid, Castasterone from Marchantia polymorpha.
Bull. Korean Chem. Soc. 2002, 23, 941-942. [CrossRef]

Ak, T,; Giilgin, I. Antioxidant and Radical Scavenging Properties of Curcumin. Chem. Biol. Interact. 2008, 174, 27-37. [CrossRef]

Oyedapo, O.0.; Makinde, A.M.; llesanmi, G.M.; Abimbola, E.O.; Akinwunmi, K.E; Akinpelu, B.A. Biological Activities (Anti-
Inflammatory and Anti-Oxidant) of Fractions and Methanolic Extract of Philonotis hastate (Duby Wijk & Margadant). Afr. J. Tradit.
Complement. Altern. Med. 2015, 12, 50-55. [CrossRef]


https://doi.org/10.1021/acs.jafc.7b02446
https://doi.org/10.3390/ijms20225560
https://doi.org/10.1002/mnfr.200900087
https://doi.org/10.1016/j.fct.2020.111555
https://doi.org/10.3390/molecules26185490
https://doi.org/10.3390/nu13020554
https://doi.org/10.32604/biocell.2021.016253
https://doi.org/10.3390/ph15080973
https://www.ncbi.nlm.nih.gov/pubmed/36015121
https://doi.org/10.3390/antiox11091842
https://www.ncbi.nlm.nih.gov/pubmed/36139916
https://doi.org/10.1016/j.phytochem.2022.113390
https://doi.org/10.5142/jgr.2013.37.8
https://doi.org/10.1039/C8RA03666G
https://doi.org/10.1080/17460441.2021.1956901
https://doi.org/10.3390/nu14030623
https://doi.org/10.4314/just.v33i1.2
https://doi.org/10.3390/antiox12091704
https://www.ncbi.nlm.nih.gov/pubmed/37760007
https://doi.org/10.1016/j.intimp.2004.05.021
https://www.ncbi.nlm.nih.gov/pubmed/15313433
https://doi.org/10.1002/ptr.4882
https://www.ncbi.nlm.nih.gov/pubmed/23147809
https://doi.org/10.3390/molecules25214950
https://doi.org/10.1016/j.phytochem.2016.12.020
https://doi.org/10.1002/chin.200250162
https://doi.org/10.1016/j.cbi.2008.05.003
https://doi.org/10.4314/ajtcam.v12i4.8

Plants 2025, 14, 253 16 of 17

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

72.
73.

74.

75.

76.
77.

78.

Chobot, V.; Kubicova, L.; Nabbout, S.; Jahodar, L.; Vytlacilové, ]. Antioxidant and Free Radical Scavenging Activities of Five Moss
Species. Fitoterapia 2006, 77, 598—600. [CrossRef]

Mohandas, G.G.; Kumaraswamy, M. Antioxidant Activities of Terpenoids from Thuidium tamariscellum (C. Muell.) Bosch and
Sande-Lac., a Moss. Pharmacogn. J. 2018, 10, 645-649. [CrossRef]

Barrera, G.; Pizzimenti, S.; Dianzani, M.U. Lipid Peroxidation: Control of Cell Proliferation, Cell Differentiation, and Cell Death.
Mol. Asp. Med. 2008, 29, 1-8. [CrossRef] [PubMed]

Dawé, A.; Mbiantcha, M.; Yakai, F,; Jabeen, A.; Ali, M.S.; Lateef, M.; Ngadjui, B.T. Flavonoids and Triterpenes from Combretum
fragrans with Anti-Inflammatory, Antioxidant and Antidiabetic Potential. Z. Nat.-Sect. C . Biosci. 2018, 73,211-219. [CrossRef]
[PubMed]

Ali, F; Rahul; Naz, F; Jyoti, S.; Siddique, Y.H. Health Functionality of Apigenin: A Review. Int. ]. Food Prop. 2016, 20, 1197-1238.
[CrossRef]

Zhou, X.; Wang, E; Zhou, R.; Song, X.; Xie, M. Apigenin: A Current Review on Its Beneficial Biological Activities. J. Food Biochem.
2017, 41, e12376. [CrossRef]

Mkhwanazi, B.N.; Serumula, M.R.; Myburg, R.B.; Van Heerden, F.R.; Musabayane, C.T. Antioxidant Effects of Maslinic Acid in
Livers, Hearts and Kidneys of Streptozotocin-Induced Diabetic Rats: Effects on Kidney Function. Ren. Fail. 2014, 36, 419-431.
[CrossRef] [PubMed]

Choudhary, N.; Singh, N.; Singh, A.P,; Singh, A.P. Medicinal Uses of Maslinic Acid: A Review. . Drug Deliv. Ther. 2021, 11,
237-240. [CrossRef]

Rasigade, ].P.; Dumitrescu, O.; Lina, G. New epidemiology of Staphylococcus aureus infections. Clin. Microbiol. Infect. 2014, 20,
587-588. [CrossRef] [PubMed]

Sevim, E.; Bas, Y.; Celik, G.; Pinarbas, M.; Bozdeveci, A.; Ozdemir, T.; Akpmar, R.; Yayli, N.; Alpay Karaoglu, S. Antibacterial
Activity of Bryophyte Species Against Paenibacillus larvae Isolates. Turk. J. Vet. Anim. Sci. 2017, 41, 521-531. [CrossRef]

Rios, J.L.; Recio, M.C. Medicinal Plants and Antimicrobial Activity. |. Ethnopharmacol. 2005, 100, 80-84. [CrossRef]

Elibo, B.; Ezer, T.; Kara, R ; Celik, G.Y.; Colak, E. Antifungal and Antibacterial Effects of Some Acrocarpic Mosses. Afr. J. Biotechnol.
2011, 10, 986-989.

Karpinski, TM.; Adamczak, A. Antibacterial Activity of Ethanolic Extracts of Some Moss Species. Herba Pol. 2017, 63, 169-176.
[CrossRef]

Peters, K.; Treutler, H.; Doll, S.; Kindt, A.S.; Hankemeier, T.; Neumann, S. Chemical Diversity and Classification of Secondary
Metabolites in Nine Bryophyte Species. Metabolites 2019, 9, 222. [CrossRef] [PubMed]

Asakawa, Y.; Suire, C.; Toyota, M.; Tokunaga, N.; Takemoto, T.; Hattori, S.; Mizutani, M. Chemosystematics of Bryophytes V. The
Distribution of Terpenoids and Aromatic Compounds in European and Japanese Hepaticae. ]. Hattori Bot. Lab. 1980, 48, 285-303.
Pappano, N.B.; Puig de Centorbi, O.; Debattista, N.B.; Calleri de Milan, M.C.; Borkowski, E.J.; Ferretti, EH. Cinética de la Accién
Bacteriostatica de Chalconas Naturales y de Sintesis Sobre una Cepa de Staphylococcus aureus. Rev. Argent. Microbiol. 1985, 17,
27-32.

Olivella, M.S.; Zarelli, V.E.P; Pappano, N.B.; Debattista, N.B. A Comparative Study of Bacteriostatic Activity of Synthetic
Hydroxylated Flavonoids. Braz. J. Microbiol. 2001, 32, 229-232. [CrossRef]

Nufio, G.; Alberto, M.R.; Arena, M.E.; Zampini, I.C.; Isla, M.I. Effect of Zuccagnia punctata Cav. (Fabaceae) extract on pro-
inflammatory enzymes and on planktonic cells and biofilm from Staphylococcus aureus. Toxicity studies. Saudi J. Biol. Sci. 2018,
25,1713-1719. [CrossRef]

Miski, M.; Ulubelen, A.; Johansson, C.; Mabry, T.J. Antibacterial Activity Studies of Flavonoids from Salvia palaestina. J. Nat. Prod.
1983, 46, 874-875. [CrossRef]

Liu, R.; Zhang, H.; Yuan, M.; Zhou, J.; Tu, Q.; Liu, J.J.; Wang, J. Synthesis and Biological Evaluation of Apigenin Derivatives as
Antibacterial and Antiproliferative Agents. Molecules 2013, 18, 11496-11511. [CrossRef]

Zander, R.H. Genera of the Pottiaceae: Mosses of Harsh Environments. Bull. Buff. Soc. Nat. Sci. 1993, 32, 1-378.

Singleton, A.V. Analysis of Total Phenols and Other Oxidation Substrates and Antioxidants by Means of Folin-Ciocalteu Reagent.
Methods Enzymol. 1999, 299, 152-178.

Woisky, R.G.; Salatino, A. Analysis of Propolis: Some Parameters and Procedures for Chemical Quality Control. J. Apic. Res. 1998,
37,99-105. [CrossRef]

Nelson, N. A Photometric Adaptation of the Somogyi Method for the Determination of Glucose. J. Biol. Chem. 1994, 153, 375-380.
[CrossRef]

Somogyi, M. A New Reagent for the Determination of Sugar. J. Biol. Chem. 1945, 160, 61-68. [CrossRef]

Dubois, M.; Gilles, K.A.; Hamilton, J.K.; Rebers, P.T.; Smith, FE. Colorimetric Method for Determination of Sugars and Related
Substances. Anal. Chem. 1956, 28, 350-356. [CrossRef]

Bradford, M.M. A Rapid and Sensitive Method for the Quantitation of Microgram Quantities of Protein Utilizing the Principle of
Protein-Dye Binding. Anal. Biochem. 1976, 72, 248-254. [CrossRef]


https://doi.org/10.1016/j.fitote.2006.06.010
https://doi.org/10.5530/pj.2018.4.106
https://doi.org/10.1016/j.mam.2007.09.012
https://www.ncbi.nlm.nih.gov/pubmed/18037483
https://doi.org/10.1515/znc-2017-0166
https://www.ncbi.nlm.nih.gov/pubmed/29451865
https://doi.org/10.1080/10942912.2016.1207188
https://doi.org/10.1111/jfbc.12376
https://doi.org/10.3109/0886022X.2013.867799
https://www.ncbi.nlm.nih.gov/pubmed/24344651
https://doi.org/10.22270/jddt.v11i2.4588
https://doi.org/10.1111/1469-0691.12718
https://www.ncbi.nlm.nih.gov/pubmed/24930666
https://doi.org/10.3906/vet-1611-70
https://doi.org/10.1016/j.jep.2005.04.025
https://doi.org/10.1515/hepo-2017-0014
https://doi.org/10.3390/metabo9100222
https://www.ncbi.nlm.nih.gov/pubmed/31614655
https://doi.org/10.1590/S1517-83822001000300013
https://doi.org/10.1016/j.sjbs.2016.10.014
https://doi.org/10.1021/np50030a007
https://doi.org/10.3390/molecules180911496
https://doi.org/10.1080/00218839.1998.11100961
https://doi.org/10.1016/S0021-9258(18)71980-7
https://doi.org/10.1016/S0021-9258(18)43097-9
https://doi.org/10.1021/ac60111a017
https://doi.org/10.1016/0003-2697(76)90527-3

Plants 2025, 14, 253 17 of 17

79.

80.

81.

82.

83.

84.

85.

86.

87.

Correa Uriburu, EM.; Zampini, I.C.; Maldonado, L.M.; Gémez Mattson, M.; Salvatori, D.; Isla, M.I. Chemical Characterization
and Biological Activities of a Beverage of Zuccagnia punctata, an Endemic Plant of Argentina with Blueberry Juice and Lemon
Honey. Plants 2024, 13, 3143. [CrossRef]

Fernando, C.D.; Soysa, P. Optimized Enzymatic Colorimetric Assay for Determination of Hydrogen Peroxide (H,O,) Scavenging
Activity of Plant Extracts. MethodsX 2015, 2, 283-291. [CrossRef]

Orqueda, MLE.; Zampini, I.C.; Torres, S.; Alberto, M.R.; Ramos, L.L.P.; Schmeda-Hirschmann, G.; Isla, M.I. Chemical and
Functional Characterization of Skin, Pulp, and Seed Powder from the Argentine Native Fruit Mistol (Ziziphus mistol). Effects of
Phenolic Fractions on Key Enzymes Involved in Metabolic Syndrome and Oxidative Stress. J. Funct. Foods 2017, 37, 531-540.
[CrossRef]

Chobot, V. Simultaneous Detection of Pro- and Antioxidative Effects in the Variants of the Deoxyribose Degradation Assay. J.
Agric. Food Chem. 2010, 58, 2088-2094. [CrossRef]

M07-A10; Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically. Approved Standard—Tenth
Edition Document; Clinical Laboratory Standards Institute (CLSI): Wayne, NJ, USA, 2015.

Zampini, 1.C.; Cuello, S.; Alberto, M.R.; Ordofiez, R.M.; D’ Almeida, R.; Solorzano, E.; Isla, M.I. Antimicrobial Activity of Selected
Plant Species from “The Argentine Puna” Against Sensitive and Multi-Resistant Bacteria. J. Ethnopharmacol. 2009, 30, 499-505.
[CrossRef]

Leal, M.; Mercado, M.I; Moreno, M.A.; Martinez Chamas, J.J.; Zampini, I.C.; Ponessa, G.I.; Simirgiotis, M.].; Isla, M.I. Gochnatia
glutinosa (D.Don) D.Don ex Hook. & Arn.: A Plant with Medicinal Value against Inflammatory Disorders and Infections. Heliyon
2023, 9, €15276. [CrossRef] [PubMed]

Labena, A.; Hegazy, M.A.; Sami, RM.; Hozzein, W.N. Multiple Applications of a Novel Cationic Gemini Surfactant: Anti-
Microbial, Anti-Biofilm, Biocide, Salinity Corrosion Inhibitor, and Biofilm Dispersion (Part II). Molecules 2020, 25, 1348. [CrossRef]
Di Rienzo, ].A.; Casanoves, F.; Balzarini, M.G.; Gonzalez, L.; Tablada, M.; Robledo, C.W. InfoStat Versién 2015. Grupo InfoStat,
FCA, Universidad Nacional de Cérdoba. Available online: https:/ /www.infostat.com.ar/ (accessed on 12 December 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/plants13223143
https://doi.org/10.1016/j.mex.2015.05.001
https://doi.org/10.1016/j.jff.2017.08.020
https://doi.org/10.1021/jf902395k
https://doi.org/10.1016/j.jep.2009.05.011
https://doi.org/10.1016/j.heliyon.2023.e15276
https://www.ncbi.nlm.nih.gov/pubmed/37215790
https://doi.org/10.3390/molecules25061348
https://www.infostat.com.ar/

	Introduction 
	Results and Discussion 
	Phytochemical Composition of S. laevipila Extracts 
	Quantitative Analysis 
	Metabolomics in S. laevipila Extracts 

	Biological Properties 
	Antioxidant Activity 
	Antimicrobial Activity 


	Materials and Methods 
	Chemicals, Reagents, and Materials 
	Plant Material 
	Plant Extract Preparation 
	Determination of Chemical Composition 
	Total Polyphenols and Flavonoids Quantification 
	Reducing and Total Sugars Quantification 
	Soluble Protein Quantification 
	UHPLC-Q TOF-ESI-MS 

	Biological Properties 
	Antioxidant Activity 
	Antibacterial Activity 

	Statistical Analysis 

	Conclusions 
	References

