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Abstract: Aesculus hippocastanum L., also known as horse chestnut, is an ornamental tree whose seeds
are mostly discarded in landfills in the regions where they are grown. However, recent studies have
shown that these seeds can be a source of interesting compounds for several industries. This work
aimed to chemically characterize horse chestnut seeds at the level of compounds recognized for
their wide bioactivity, i.e., organic acids, including phenolic compounds, using chromatographic
methodologies (UFLC-DAD and LC-DAD-ESI/MSn). In addition, the bioactivity of these seeds was
evaluated by in vitro methodologies, seeking to relate the respective (bio)activity to the compounds
present in the endocarp (husk), seed coat (skin), and peeled seed (pulp). The antioxidant activity
(lipid peroxidation inhibition and oxidative haemolysis inhibition), antibacterial potential (against
Gram-positive and Gram-negative bacteria) and cytotoxicity (in human tumour cell lines and porcine
liver primary cells) were evaluated. Kaempferol-O-pentoside-O-hexoside-O-hexoside was the main
phenolic identified in the pulp. At the same time, (-)-epicatechin and β-type (epi)catechin dimer
were the major phenolics present in husk and skin, respectively. In general, A. hippocastanum ex-
tracts presented antioxidant and antibacterial potential, without toxicity up to the maximal tested
dose. Overall, these findings anticipate potential applications of A. hippocastanum seeds in food- or
pharmaceutical-related uses.

Keywords: horse chestnut; analytical techniques; chromatographic methodologies; bioactive
compounds; bioactivity; industrial applications

1. Introduction

More than 50,000 species of plants have been used as co-adjuvants and inclusively as
therapeutic promoters by the pharmaceutical, cosmetic, and food industries. Different parts
of the plants have been used as medicinal agents, including seeds, roots, leaves, fruits, skin,
flowers, or even the entire plant, due to the presence of bioactive molecules responsible for
their therapeutic effects [1,2]. For this reason, more and more species are being explored
for their bioactive components to identify the most active chemical compounds, establish
adequate amounts for their incorporation into drugs or nutraceuticals, and determine
their side effects [3]. In fact, in recent years, nutritional therapy and herbal medicine have
become a trend in health support. There are now strong recommendations to use herbal
nutraceuticals that are becoming increasingly popular to improve health and prevent and
treat diseases [4].

Horse chestnut (Aesculus hippocastanum L.), a native plant from Southeastern Europe, is
nowadays widely cultivated in temperate zones as an ornamental and landscape tree, due
to its beauty and excellent resistance to the environmental conditions [5,6]. This species has
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historically been used as animal feed for farm animals, and some Native American people
have included it in their diet. In recent years, A. hippocastanum has been investigated for
its therapeutic properties, presenting itself as a species of medical and/or clinical interest.
Although its fruit is considered toxic due to the presence of certain molecules (e.g., aescin
and esculin), horse chestnut extracts, namely seed extracts, have been traditionally used
in the treatment of coronary disease and therapy for chronic venous insufficiency such as
pain, heaviness, and tension in the leg [7,8]. The husk and leaves of A. hippocastanum have
been employed as an astringent to treat diarrhoea and haemorrhoids [8]. The medicinal
properties of this plant have been associated with aescin, a mixture of saponins present in
its chemical composition, and with anti-inflammatory, vasoconstrictor, and vasoprotective
effects. However, and since some extracts free of aescin also revealed anti-inflammatory
activity, it is assumed that there are other compounds with similar properties in this
plant [7,9].

Nowadays, most of the seeds of A. hippocastanum are disposed of in landfills. Therefore,
the present work intended to provide more information about horse chestnut, specifically
on the chemical characterization and bioactive molecules, mainly phenolic compounds,
and related bioactivity of its botanical parts. For this purpose, chromatographic techniques
such as UFLC-DAD and LC-DAD-ESI/MSn were employed, as well as widely used and
validated in vitro assays to certify the bioactivities.

2. Materials and Methods
2.1. Sampling of Aesculus hippocastanum L. Fruits

The fruits of Aesculus hippocastanum were collected in the orchards of the Polytechnic
Institute of Bragança, Portugal. Samples were taken from 10–15 trees used as ornamental
elements in the Polytechnic Institute’s orchards. All plants were sown in the same season,
so they were similar in age and maturation. As an integral part of a higher education
orchard, the health of the crops is attested by agronomists and institution employees. In
this way, issues inherent to the use of healthy fruits were ensured.

The fruits were expected to reach maximum maturity and fell to the ground for
collection and subsequent use. Approximately 5 kg were harvested. After harvest, the
pericarp and endocarp were separated from the pulp, through mechanical methods, and
then all samples were frozen, lyophilized (FreeZone 4.5 model 7750031, Labconco, Kansas
City, MO, USA), reduced to a fine dried powder (~20 mesh), and stored in a cold place
protected from light.

2.2. Bioactive Compounds of Aesculus hippocastanum L. Fruits

Organic acids. The organic acid profile of the different parts (pulp, skin, and husk)
of the fruits of A. hippocastanum was determined following the method optimized by
Barros et al. (2013a) [10]. Briefly, the powdered lyophilized samples (∼2 g) were extracted
by maceration using meta-phosphoric acid (25 mL, 25 ◦C at 150 rpm). After 45 min of
extraction, the samples were filtered through Whatman No. 4 paper and 0.2 µm nylon
filters for chromatographic analysis (into autosampler vials). The analysis was performed
using a Shimadzu 20A series UFLC (Shimadzu Corporation, Kyoto, Japan). The separation
of the compounds was accomplished on a SphereClone (Phenomenex, Torrance, CA, USA)
reverse-phase C18 column (5 µm, 250 mm × 4.6 mm i.d) thermostatted at 35 ◦C, and all the
conditions were maintained likewise. The detection was carried out in a DAD using 215 nm
and 245 nm (for ascorbic acid) as preferred wavelengths. The organic acids found in the
samples were quantified by comparison of the area of their peaks recorded at the previously
mentioned wavelengths with calibration curves obtained from commercial standards. The
results were expressed in g/100 g of dry weight.

Phenolic acids and related compounds. The phenolic acid determination was per-
formed in the three studied parts of horse chestnut (pulp, skin, and husk) in hydroalcoholic
extracts [11]. To prepare the hydroethanolic extracts, 1 g of each powdered sample was
submitted to extraction with an ethanol:water mixture (80:20, v/v; 30 mL) at 25 ◦C and



Separations 2023, 10, 160 3 of 14

150 rpm over 1 h, followed by filtration through a Whatman filter paper No. 4. Thereafter,
the residue was re-extracted with one additional portion of the hydroethanolic mixture, and
the combined extracts were evaporated under reduced pressure (rotary evaporator Büchi
R-210, Flawil, Switzerland). The obtained aqueous extract was frozen and then lyophilized.
Finally, a hydroethanolic extract was prepared (10 mg/mL; EtOH:H2O, 80:20 v/v) and fil-
tered through 0.2 µm nylon filters for chromatographic analysis. The analytical system was
a Dionex Ultimate 3000 UPLC instrument (Thermo Scientific, San Jose, CA, USA) equipped
with a DAD coupled to a mass detector (LC-DAD-ESI/MSn). All the chromatographic
conditions were maintained as previously developed by the abovementioned authors. Data
acquisition was carried out with an Xcalibur® data system (Thermo Finnigan, San Jose,
CA, USA) and the phenolic compounds were identified by comparing their retention times,
UV-vis, and mass spectra with those obtained with standard compounds, when available.
Otherwise, compounds were tentatively identified by comparing the obtained information
with available data reported in the literature. For quantitative analysis, a calibration curve
for each available phenolic standard (caffeic, chlorogenic and p-coumaric acid, catechin,
quercetin-3-O-glucoside, and kaempferol-3-O-rutinoside) was constructed based on the
UV-Vis signal. For the identified phenolic compounds for which a commercial standard
was not available, the quantification was performed through the calibration curve of an-
other compound from the same phenolic group [11]. The results were expressed as mg/g
of extract.

2.3. Bioactivity Evaluation of Aesculus hippocastanum L. Fruits
2.3.1. Extract Preparation

For each part of the fruit (pulp, skin, and husk), 1 g of each lyophilized powdered
sample was extracted with 30 mL of ethanol under magnetic stirring for 1 h at room temper-
ature. Then, the residue was re-extracted maintaining the same operational conditions. The
combined extracts were evaporated at 40 ◦C in the previously mentioned rotary evaporator
to remove the alcohol. Afterwards, the samples were frozen and further lyophilized. The
resulting lyophilized extracts were used to evaluate the bioactive properties of A. hippocas-
tanum. Therefore, the lyophilized samples were redissolved in distilled water to test the
antioxidant potential (stock solution 10 mg/mL) and the cytotoxic and anti-inflammatory
properties (stock solution 8 mg/mL for both assays). To evaluate the antibacterial prop-
erties of the extracts under study, a stock solution of 20 mg/mL was prepared using the
lyophilized samples dissolved in culture medium with 5% DMSO. Subsequently, these
stock solutions were successively diluted to obtain the various concentrations necessary to
perform the experimental work.

2.3.2. Antioxidant Properties

TBARS formation inhibition. The inhibition of lipid peroxidation using a thiobarbi-
turic acid reactive substances (TBARS) assay was performed as previously reported by
Barreira et al. (2013) [12]. The assay tested the hydroalcoholic extracts in porcine (Sus
domesticus Erxleben) brain and the inhibition ratio was calculated after a spectrophotomet-
ric analysis and measurement of the absorbance of the control and sample solutions at
532 nm. The concentration providing 50% of antioxidant activity (EC50) was calculated
by interpolation from the graph of TBARS formation inhibition percentage against the
sample concentration.

Oxidative haemolysis inhibition assay (OxHLIA). The antihaemolytic activity of the
extracts was evaluated as previously described by Lockowandt et al. (2019) [13]. The
procedure followed was the one described by Takebayashi et al. (2012) [14] with some
modifications. A solution of erythrocytes at 2.8% (v/v) was prepared and resuspended in
PBS. In a 48-well microplate, the erythrocyte solution was mixed with the PBS solution
(control), the studied samples dissolved in PBS, or water (for complete haemolysis). The
optical density was measured at 690 nm, and after that the microplate was incubated
under the same conditions and the optical density was measured every 10 min at the same
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wavelength for approximately 400 min. The percentage of the erythrocyte population that
remained intact was calculated and the results were expressed as haemolysis delay time
(∆t). The ∆t values were then correlated to the antioxidant sample concentrations and, from
the correlation obtained, the extract concentration able to promote a ∆t haemolysis delay
was calculated. The results were presented as EC50 values (µg/mL) at ∆t 60 min (extract
concentration required to keep 50% of the erythrocyte population intact for 60 min).

2.3.3. Antibacterial Properties

The microorganisms used to test the antibacterial potential of A. hippocastanum ex-
tracts were clinical isolates from patients hospitalized in various departments of the Local
Health Unit of Bragança and Hospital Center of Trás-os-Montes and Alto-Douro Vila
Real, Northeast of Portugal, and the assay was performed as reported by Pires et al.
(2018) [11]. Five Gram-negative bacteria (Escherichia coli, Klebsiella pneumoniae, Morganella
morganii, Proteus mirabilis, Pseudomonas aeruginosa, isolated from urine and expectoration)
and three Gram-positive bacteria (MRSA (methicillin-resistant Staphylococcus aureus), Lis-
teria monocytogenes and Enterococcus faecalis) were used to screen the antibacterial activity.
To calculate the minimum inhibitory concentrations (MIC) the microdilution method and
a rapid p-iodonitrotetrazolium chloride (INT) colorimetric assay were used as proposed
by Kuete et al. (2011a,b) [15,16] with some amendments [17]. The antibiotic susceptibility
profile had been previously obtained for all the tested bacteria [17]. MIC was defined as the
lowest concentration that inhibits visible bacterial growth. Besides the MIC, the minimum
bactericidal concentration (MBC) was also calculated.

2.3.4. Cytotoxic and Anti-Inflammatory Properties

The A. hippocastanum extracts were tested against four human tumour cell lines,
namely HeLa (cervical adenocarcinoma), HepG2 (hepatocellular carcinoma), MCF-7 (breast
adenocarcinoma), and NCI-H460 (non-small cell lung cancer). Each of the cell lines were
plated in a 96-well plate at an appropriate density, and a sulphorhodamine B (SRB) assay
was performed as previously reported by Reis et al. (2014) [18]. The cell growth inhibition
was calculated after measurement of the absorbance of the control and the sample solutions
at 540 nm. The results were expressed as GI50 values (sample concentration that inhibited
50% of the net cell growth). For hepatotoxicity evaluation, a primary culture cell, designated
as PLP2, was used [19]. The extracts were co-cultured with porcine liver cells and the same
procedure described above for the SRB assay was performed for the growth inhibition. The
results were also expressed as GI50 values.

The anti-inflammatory activity was evaluated in a RAW 264.7 cell line, according to
Moro et al. (2012) [20] and García-Lafuente et al. (2014) [21] with some modifications. The
assay was performed following a procedure described by Taofiq et al. (2015) [22]. The
nitric oxide produced by the cells in the presence or absence of the tested extracts was
determined by measuring the absorbance at 540 nm and comparing with the standard
calibration curve.

2.4. Statistical Analysis

The results obtained throughout the different evaluation studies were analysed by
applying different statistical tools, selected according to the degree of complexity of the
results and considering the defined research purposes. All statistical tests were performed at
a 5% significance level using IBM SPSS Statistics for Windows, version 25 (IBM Corporation,
New York, NY, USA). Three samples were used for each preparation and all the assays
were carried out in triplicate. The results were expressed as mean values ± standard
deviation (SD). Whenever possible, an analysis of variance (ANOVA) was applied to
compare differences among different A. hippocastanum fruit parts. The typical requirements,
homoscedasticity by the Levene test and normal distribution by the Shapiro Wilk’s test,
were preliminarily performed. The Welch test was applied to verify the existence of
statistically significant differences. The ANOVA results were classified using the Tukey



Separations 2023, 10, 160 5 of 14

HSD test or Tamhane’s T2, when homoscedasticity was verified or not, respectively. When
a specific factor was studied using only two levels, a simple Student’s t-test was used to
classify the results.

3. Results
3.1. Bioactive Compounds of Aesculus hippocastanum L. Fruits

The available literature on Aesculus hippocastanum suggests the application of its
extracts for therapeutic purposes, which can be included in pharmaceutical/nutraceutical
formulations. Therefore, compounds commonly referred to as potentially bioactive (i.e.,
organic acids and phenolic compounds) were surveyed and identified in detail.

Organic Acids
Organic acids are biomolecules which are indispensable for the human body since they

are essential intermediates in cell metabolism [23]. Generally, in all analysed samples, seven
organic acids were identified (Table 1), specifically oxalic, quinic, malic, citric, ascorbic,
shikimic, and fumaric (only in trace amounts) acids.

Table 1. Organic acid profile (g/100 g dw) of pulp, skin, and husk of Aesculus hippocastanum L. fruits
(mean ± SD).

Oxalic Acid Quinic Acid Malic Acid Citric Acid Ascorbic Acid Shikimic Acid

Pulp 0.017 ± 0.002 nd 1.0 ± 0.2 B 1.3 ± 0.1 0.054 ± 0.001 nd
Skin nd nd 0.48 ± 0.0.5 C nd nd nd
Husk 0.20 ± 0.03 7.6 ± 0.5 2.0 ± 0.1 A nd nd 1.06 ± 0.01

Homoscedasticity a

(p-value) (n = 27) 0.175 - 0.026 - - -

ANOVA or t-Student b

(p-value) (n = 54)
<0.001 - <0.001 - - -

nd—not detected; p-values < 0.050 indicate heteroscedastic distributions, p-values > 0.050 indicate homoscedastic
distributions. p-values < 0.050 indicate that the corresponding parameter presented significant differences
(identified with different uppercase superscript letters) for at least one extract. Statistical classification was
undertaken using a t-Student test for oxalic acid or Tukey’s HSD test for malic acid (different letters indicate
statistically different values).

The botanical part with the highest concentration of organic acids was, by far, the husk,
mainly due to its content of quinic acid (7.6 g/100 g dw), which was not detected in the
pulp or the skin. Likewise, shikimic acid was only detected in the husk (1.06 g/100 g dw),
which also showed the highest quantities of malic (2.0 g/100 g dw) and oxalic (0.20 g/100 g
dw) acid. In turn, citric acid and ascorbic acid were only detected in the peeled seed (pulp).
According to these results, A. hippocastanum husks, a waste product considered to have
no value, might be considered a source of organic acids, mainly quinic acid, a compound
known for its bioactive properties [24].

3.2. Phenolic Profile of Aesculus hippocastanum L. Fruits

Table 2 presents the peak characteristics (retention time, λmax in the visible region,
mass spectral data), tentative identifications, and quantification of phenolic compounds
in the hydroalcoholic extracts of pulp, husk, and skin of A. hippocastanum. Overall, forty
compounds were identified: 18 in pulp, 13 in skin, and 15 in husk, with all fruit parts
presenting a distinct chemical profile. The phenolic profile of horse chestnut has been
previously described by other authors, mainly in the pulp [25–27] and husk [28,29].
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Table 2. Retention time (Rt), wavelengths of maximum absorption in the visible region (λmax), mass spectral data, tentative identification, and quantification (mg/g
extract) of phenolic compounds in pulp, skin, and husk of Aesculus hippocastanum L. fruits.

Peak Rt
(min)

λmax
(nm)

[M-H]−
(m/z) MS2 (m/z) Tentative Identification Pulp Skin Husk p-Value a References

1 4.69 324 341 179(100), 161(18), 143(13), 113(11) Caffeic acid hexoside 0.118 ± 0.001 Nd b nd - [30]
2 5.7 283 1153 865(68),713(20),695(2),577(22),575(40),425(5),407(5),289(5),287(10) β-type (Epi)catechin tetramer nd 0.55 ± 0.01 0.47 ± 0.02 <0.001 [31]
3 6.44 283 863 739(92),713(59),695(100),577(69),575(49),425(14),407(10),289(6),287(12) β-type (Epi)catechin trimer nd 0.442 ± 0.01 nd - [32]
4 6.45 262 327 303 (11), 165 (100), 161 (25), 147 (15), 143 (21), 125 (18) Dihydro-coumaric acid-O-hexoside 0.046 ± 0.002 nd nd - [33]
5 6.84 271 879 753(6),727(100),589(25),575(5),547(12),451(26),427(21) Maclurin tri-O-galloyl-glucoside nd nq c nd - [34]
6 7.71 296 630 468(100), 306(100), 289(54), 262(1), 174(20), 112(100) Tris-caffeoyl-spermidine 0.186 ± 0.001 nd nd - [35]
7 7.72 280 577 451(100), 575(40),425(5),407(5),289(5),287(10) β-type (Epi)catechin dimer nd 5.0 ± 0.1 nd - [31]
8 7.77 315 471 163(100) p-Coumaric acid deoxyhexosyl-hexoside nd nd 0.67 ± 0.01 - [36]
9 8.56 338 369 207(100), 192(10), 163(2) 7,8-Dihydroxycoumarin-8-glucoside nd nd 0.6 ± 0.01 - [37]

10 8.95 271 336 292(100) Unknown nq nd nd -
11 9.53 280 289 325(20), 289 (100), 245(100), 205(41) (-)-Epicatechin nd 3.3 ± 0.1 2.7 ± 0.1 <0.001 [32]
12 10.65 283 863 739(92),713(59),695(100),577(69),575(49),425(14),407(10),289(6),287(12) β-type (Epi)catechin trimer nd 1.43 ± 0.04 0.84 ± 0.02 <0.001 [32]
13 10.78 270 468 306(100), 289(2), 262(33), 174(12), 130(2) Dicaffeoyl-spermidine 0.225 ± 0.005 nd nd - [38]]
14 11.60 270 468 306(100), 289(2), 262(33), 174(12), 130(2) Dicaffeoyl-spermidine 0.18 ± 0.01 nd nd - [38]
15 10.95 280 865 739(92),713(59),695(100),577(69),575(49),425(14),407(10),289(6),287(12) β-type (Epi)catechin trimer nd nd 1.33 ± 0.02 - [32]
16 12.1 283 1153 865(68),713(20),695(2),577(22),575(40),425(5),407(5),289(5),287(10) β-type (Epi)catechin tetramer nd 0.65 ± 0.02 nd - [31]
17 12.79 283 1153 865(68),713(20),695(2),577(22),575(40),425(5),407(5),289(5),287(10) β-type (Epi)catechin tetramer nd 0.62 ± 0.01 0.144 ± 0.004 <0.001 [31]
18 13.08 350 757 595(100), 463(29), 301 (100) Quercetin-O-dihexoside-pentoside 0.597 ± 0.001 nd nd - [26]
19 13.35 283 1153 865(68),713(20),695(2),577(22),575(40),425(5),407(5),289(5),287(10) β-type (Epi)catechin tetramer nd 0.84 ± 0.03 nd - [31]
20 13.86 350 757 595(100), 463(31), 301(100) Quercetin-O-dihexoside pentoside 0.541 ± 0.002 nd nd - [26]
21 14.41 283 863 739(92),713(59),695(100),577(69),575(49),425(14),407(10),289(6),287(12) β-type (Epi)catechin trimer nd 1.08 ± 0.04 0.73 ± 0.01 <0.001 [32]
22 14.84 280 865 739(92),713(59),695(100),577(69),575(49),425(14),407(10),289(6),287(12) β-type (Epi)catechin trimer nd nd 0.86 ± 0.04 - [32]
23 15.33 350 757 595(100), 463(29), 301(100) Quercetin-O-dihexoside pentoside 0.536 ± 0.002 nd nd - [26]
24 15.37 280 1153 865(68),713(20),695(2),577(22),575(40),425(5),407(5),289(5),287(10) β-type (Epi)catechin tetramer nd 0.73 ± 0.01 2.41 ± 0.08 <0.001 [31]
25 17.07 280 1153 865(68),713(20),695(2),577(22),575(40),425(5),407(5),289(5),287(10) β-type (Epi)catechin tetramer nd 0.32 ± 0.01 nd - [31]
26 17.23 280 577 451(100), 575(40),425(5),407(5),289(5),287(10) β-type (Epi)catechin dimer nd 1.23 ± 0.02 nd - [31]
27 17.28 352 946 799(100), 595(20), 475(22), 463(32), 445(43) 301(50), 300(100), 271(10) Quercetin-6-O-[indolin-2-on-3-hydroxy-3-acetyl]glucose 0.518 ± 0.001 nd 1.02 ± 0.01 <0.001 [26]
28 17.58 353 862 595(100), 445(47), 463(32), 475(18), 301(54) Quercetin-3-O-xylosyl-glucoside-3′ -O-(6-O-nicotinoyl)-glucoside 0.62 ± 0.02 nd nd - [26]
29 17.84 280 577 451(100), 575(40),425(5),407(5),289(5),287(10) β-type (Epi)catechin dimer nd 0.244 ± 0.003 nd - [31]
30 17.88 280 1441 1153(27),865(92),577(47),289(25),287(10) β-type (Epi)catechin pentamer nd nd 1.17 ± 0.02 - [31]
31 18.07 349 741 609(100), 447(46), 285(77) Kaempferol-O-pentoside-O-hexoside-O-hexoside 1.01 ± 0.01 nd nd - [26]
32 18.39 351 593 447(100), 301(16) Quercetin-O-deoxyhexoside-O-deoxyhexoside nd nd 0.637 ± 0.004 - [26]
33 19.29 352 771 639(100), 315(100) Isorhamnetin-O-pentoside-O-di-hexosie 0.689 ± 0.002 nd nd - [39]
34 20.35 349 739 593(100), 285(9) Kaempferol-O-deoxyhexoside-O-rutinoside 0.546 ± 0.001 nd nd - [26]
35 20.46 312 633 573(100), 367(100), 163(66), 119(4) Coumaric acid derivative nd nd 0.53 ± 0.02 - [36]

36 21.11 353 979 595(100), 445(47), 463(32), 475(18), 301(54)
Quercetin-3-O-xylosyl-glucoside-

3′ -O-(6-O-indolin-2-one-3-hydroxy-3-acetyl)-glucoside
0.522 ± 0.001 nd nd - [25]

37 21.46 353 930 595(100), 445(47), 463(32), 475(18), 301(54)
Quercetin-3-O-xyloside-glucoside-

3′ -O-(6-O-indolin-3-acetyl)-glucoside
0.521 ± 0.002 nd nd - [25]

38 21.71 311 633 573(100), 367(100), 163(66), 119(4) Coumaric acid derivative nd nd 0.277 ± 0.004 - [36]
39 25.6 353 921 595(100), 445(47), 463(32), 475(18), 301(54) Quercetin-3-O-rhamnosyl-glucosyl-glucuronide 0.5208 ± 0.0003 nd nd - [26]
40 26.4 354 623 315(100), 313(16), 300(21) Isorhamnetin-3-O-rutinoside 0.5 ± 0.1 nd nd - [39]

TPA d 0.70 ± 0.01 nd 1.46 ± 0.03 <0.001
TC e 0.046 ± 0.002 nd 0.60 ± 0.01 <0.001
TF f 6.9999 ± 0.01 C 16.42 ± 0.01 A 9.6 ± 0.1 B <0.001

TPCg 7.75 ± 0.01 C 16.42 ± 0.01 A 14.4 ± 0.2 B <0.001

a p-value refers to t-Student test in all cases except TF and TPC, in which the Tukey’s HSD test was performed (the corresponding classifications were given in uppercase superscript
letters). b nd—not detected. c nq—not quantified. d TPA—total phenolic acids. e TC—total coumarins. f TF—total flavonoids. g TPC—total phenolic compounds. Calibration curves used:
chlorogenic acid (y = 168823x − 161172, R2 = 0.998, [2.5–80] µg/mL, LOD = 0.20 µg/mL, LOQ = 0.68 µg/mL), quercetin-3-O-glucoside (y = 34843x – 160173, R2 = 0.999, [2.5–80] µg/mL,
LOD = 0.21 µg/mL, LOQ = 0.71 µg/mL), cathechin (y = 84950x − 23200, R2 = 0.999, [2.5–80] µg/mL, LOD = 0.17 µg/mL, LOQ = 0.68 µg/mL), p-coumaric acid (y = 301950x + 6966.7,
R2 = 0.999, [2.5–80] µg/mL, LOD = 0.68 µg/mL, LOQ = 1.61 µg/mL), caffeic acid (y = 388345x + 406369, R2 = 0.998, [2.5–80] µg/mL, LOD = 0.78 µg/mL, LOQ = 1.97 µg/mL),
kaempferol-3-O-rutinoside (y = 11117x + 30861, R2 = 0.998, [2.5–80] µg/mL, LOD = 0.15 µg/mL, LOQ = 0.41 µg/mL).
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The main family of phenolic compounds found in horse chestnut skin and husk were
(epi)catechin derivatives, being the common compounds between both samples at peaks
2, 11, 12, 17, 21, and 24. Peaks 7, 26, and 29 presented a pseudomolecular ion at m/z
577 and MS2 fragments at m/z 451 (−126 u), 425 (−152 u), and 407 (−152−18 u), and
also m/z 289 and 287, consistent with the loss of two (epi)catechin units, being for that
matter tentatively identified as β-type (epi)catechin dimers. Similarly, peaks 3, 12, 15, 21,
and 22 ([M-H]− at m/z 865); peaks 2, 16, 17, 19, 24, and 25 ([M-H]− at m/z 1153); and
peak 30 ([M-H]− at m/z 1441) were assigned as β-type (epi)catechin trimers, tetramers,
and pentamers, respectively [31,40,41]. Meanwhile, peak 11 was positively identified as
(-)-epicatechin in comparison with the commercial standard and was the major compound
found in husk and skin samples (2.7 ± 0.1 and 3.3 ± 0.1 mg/g extract, respectively). The
skin sample presented a benzophenone (peak 5; [M-H]− at m/z 879) assigned as maclurin
tri-O-galloyl-glucoside, considering the previously reported fragmentation pattern reported
by Berardini et al. (2004) [34] in peels of Mangifera indica. Thus, to the best of our knowledge
this compound was not previously reported in horse chestnut. The pulp presented ten
flavonoid derivatives (quercetin, kaempferol, and isorhamnetin glycoside derivatives),
six phenolic acids (caffeic and coumaric acid derivatives), one coumarin derivative and
an unknown compound. The major family of compounds found in horse chestnut pulp
samples were flavonol glycoside derivatives, mainly quercetin derivatives. Nevertheless,
husk samples also presented two quercetin glycoside derivatives (peaks 27 and 32), having
one in common with the pulp; however, skin samples did not reveal this type of molecule
in their profile. Peaks 18, 20, and 23 ([M-H]− at m/z 757); 27 ([M-H]− at m/z 946); 28
([M-H]− at m/z 862); 32 ([M-H]− at m/z 593); 36 ([M-H]− at m/z 979); 37 ([M-H]− at m/z
930); and 39 ([M-H]− at m/z 921) all presented an MS2 fragment at m/z 301 and UV-Vis
spectra around 350 nm, being tentatively assigned as quercetin glycoside derivatives, and
all were previously reported in chestnut horse by Hübner et al. (1999) and Kapusta et al.
(2007) [25,26]. Peaks 31 ([M-H]− at m/z 741) and 34 ([M-H]− at m/z 739); 33 ([M-H]− at
m/z 771); and 40 ([M-H]− at m/z 623) presented unique MS2 fragments at m/z 285 and
315, respectively, being tentatively identified as kaempferol and isorhamnetin glycoside
derivatives, respectively, as previously reported by Kapusta et al. (2007) [26] in horse
chestnut seeds and powdered waste water by-products. Regarding the phenolic acid
derivatives, caffeic and p-coumaric acid derivatives were the only compounds present in
pulp (peaks 1, 6, 13, and 14) and husk (8, 35, and 38) samples, whereas skin samples did
not reveal these types of compounds. Nevertheless, both fruit parts did not reveal any
common compound. Peak 1 ([M-H]− at m/z 341) was identified as caffeic acid hexoside.
Peaks 6, 13, and 14 were identified as tris-caffeoyl-spermidine and di-caffeoyl-spermidine
according to their UV spectra and pseudomolecular ions, being previously identified by
Kang et al. (2016) [38], and previously reported in horse chestnut samples by Martin-
Tanguy et al. (1978) [42]. Peak 1 ([M-H]− at m/z 341) corresponded to a caffeic acid
derivative, releasing an MS2 fragment at m/z 179 with the loss of a hexosyl moiety [M-
H-162]−, being tentatively assigned as caffeic acid hexoside. In addition, compound 8
([M-H]− at m/z 471) corresponded to a coumaric acid derivative, releasing an MS2 fragment
at m/z 163 with the loss of a deoxyhexosyl-hexosyl moiety [M-H-308]−, being tentatively
assigned as p-coumaric acid deoxyhexosyl-hexoside. Peaks 35 and 38 ([M-H]− at m/z 633)
presented a fragment at m/z 163 and UV spectra similar to those of coumaric acid, and thus
no further identification could be performed; these were tentatively identified as coumaric
acid derivatives. Two coumarins were found in husk (peak 4) and pulp (peak 9) and
were tentatively identified as 7,8-dihydroxycoumarin-8-glucoside and dihydro-coumaric
acid-O-hexoside taking into account their fragmentation pattern previously reported by
Ieri et al. (2012) [33] in Prunus mahaleb L. and by Oszmiański et al. (2015) [43] who studied
the leaves of Aesculus glabra.

A representative chromatogram of the pulp is presented in Figure 1.
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Figure 1. Phenolic profile of the pulp of Aesculus hippocastanum recorded at 280 nm. Peak number-
ing is indicated as defined in Table 2.

3.3. Bioactivity of Aesculus hippocastanum L. Fruits

According to the results obtained for the individual compounds, it would be expected
that at least the husk (higher quantities of organic acids) and skin (higher amounts of
phenolic compounds) would reveal antioxidant properties. The results obtained for the
TBARS formation inhibition and OxHLIA corroborate this hypothesis since the EC50 values
obtained for skins and husks were strikingly lower. Comparing skin and husk, it could
be concluded that the highest activity was measured in the husk for both assays (Table 3),
which also agrees with the higher contents in organic acids that were quantified in A.
hippocastanum husk (Table 1). These results are a strong indicator of the potential use of the
extracts of A. hippocastanum in food, pharmaceutical, or cosmetic applications.

Table 3. Antioxidant activity of pulp, skin, and husk of Aesculus hippocastanum fruits (EC50 values;
µg/mL; mean ± SD).

TBARS Formation Inhibition OxHLIA (∆t = 60 min)

Pulp 865 ± 279 A na
Skin 1.4 ± 0.3 B 2.4 ± 0.4
Husk 0.7 ± 0.1 B 0.24 ± 0.05

Homoscedasticity a

(p-value) (n = 54) <0.001 0.071

ANOVA or t-Student
b (p-value) (n = 54) <0.001 <0.001

a p-values < 0.050 indicate heteroscedastic distributions, p-values > 0.050 indicate homoscedastic distributions.
b p-values < 0.050 indicate that the corresponding parameter presented significant differences (identified with
different superscript uppercase letters) for at least one extract. Statistical classification was performed using t-
Student test for OxHLIA or Tukey’s HSD test for TBARS formation inhibition (different letters indicate statistically
different values). na—no activity.

Regarding the antibacterial activity (Table 4), none of the assayed parts showed
bactericidal activity up to the maximum tested concentration (20 mg/mL). Nonetheless, the
same extracts inhibit bacterial growth, especially among Gram-positive bacteria. Within this
group, MRSA showed the highest sensitivity, whereas Listeria monocytogenes turned out to
be the most resistant. Escherichia coli was the most sensitive species among Gram-negative
bacteria, whereas Proteus mirabilis and Pseudomonas aeruginosa stood out as the most resistant.
Considering the assayed parts, the seed coat (skin) showed the highest antimicrobial activity,
which agrees with its higher content in phenolic compounds. However, this correlation
was not observed for all assayed parts (MIC values for husk extracts were closer to the ones
from pulp than those from skin), which indicates that other compounds besides phenolics
contributed to the antibacterial activity.
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Table 4. Antimicrobial activity of the ethanolic extracts of pulp, skin, and husk of Aesculus hippocas-
tanum fruits.

Pulp Skin Husk Ampicillin
(20 mg/mL)

Imipenem
(1 mg/mL)

Vancomycin
(1 mg/mL)

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

Gram-negative bacteria
Escherichia coli >20 >20 2.5 >20 10 >20 <0.15 <0.15 <0.0078 <0.0078 n.t. a n.t.
Klebsiella pneumoniae >20 >20 5 >20 10 >20 10 20 <0.0078 <0.0078 n.t. n.t.
Morganella morganii >20 >20 5 >20 10 >20 20 >20 <0.0078 <0.0078 n.t. n.t.
Proteus mirabilis >20 >20 10 >20 >20 >20 <015 <0.15 <0.0078 <0.0078 n.t. n.t.
Pseudomonas aeruginosa 10 >20 20 >20 >20 >20 0.5 1 n.t. n.t.

Gram-positive bacteria
Enterococcus faecalis 10 >20 2.5 >20 5 >20 <0.15 <0.15 n.t. n.t. <0.0078 <0.0078
Listeria monocytogenes 20 >20 10 >20 20 >20 <0.15 <0.15 <0.0078 <0.0078 n.t. n.t.
MRSA 5 >20 1.25 >20 5 >20 <0.15 <0.15 n.t. n.t. 0.25 0.5

a n.t.—not tested

The potential cytotoxicity (Table 5) of the hydroethanolic extracts of different A. hip-
pocastanum parts was evaluated using four human tumour cell lines and a non-tumour
culture isolated from porcine liver. As observed for antioxidant and antimicrobial activities,
skins and husks showed higher activity, as evidenced by the obtained GI50 values, which
once again validated the higher activity of husk extracts compared with skin extracts.
HepG2 was the most sensitive tumour cell line, closely followed by HeLa and MCF7,
whereas NCI-H460 showed slightly higher resistance. The effect on the non-tumour cells
was less pronounced.

Table 5. Cytotoxicity of pulp, skin, and husk of A. hippocastanum fruits (values are presented as GI50

values in µg/mL of extract)).

NCI H460 HeLa MCF-7 HepG2 PLP2

Pulp >400 398 ± 2 A 337 ± 6 238 ± 8 >400
Skin 100 ± 1 83 ± 4 B 93 ± 5 57 ± 1 232 ± 3
Husk 80 ± 1 75 ± 10 B 62 ± 2 52 ± 2 200 ± 7

Homoscedasticity a

(p-value) (n = 54) 0.081 <0.001 <0.001 0.067 <0.001

ANOVA or t-Student b

(p-value) (n = 54)
<0.001 <0.001 <0.001 <0.001 <0.001

a p-values < 0.050 indicate heteroscedastic distributions, p-values > 0.050 indicate homoscedastic distributions.
b p-values < 0.050 indicate that the corresponding parameter presented significant differences (identified with
different superscript uppercase letters) for at least one extract.

In addition, the anti-inflammatory activity was evaluated in a RAW 264.7 cell line
(data not shown). Pulp extracts showed no activity up to the maximum assayed concen-
tration (400 µg/mL of extract), whereas the highest activity was again obtained with husk
extracts (husk GI50 = 98 ± 2 µg/mL of extract; skin GI50 = 125 ± 5 µg/mL). Considering
both activity types, these results indicate the potential use of skin and husk extracts in
pharmaceutical applications.

4. Discussion

To the best of our knowledge, there is no detailed description in the literature about
the organic acids in horse chestnut seeds. Organic acids are essential intermediates in
cellular metabolism, produced in central energy pathways, detoxification mechanisms,
neurotransmitter breakdown, or microbial metabolism. Therefore, they are considered
biomarkers, providing an overview of the human physiological state and possible metabolic
disorders [23,44]. As shown in Table 1, the botanical part with the highest concentration of
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organic acids was found to be the husk, mainly due to its content of quinic acid (7.6 g/100 g
dw). In addition to their importance in metabolism, organic acids have recognized bioac-
tivities. Quinic acid is known for its biological potential, including potential antioxidant,
antidiabetic, anticancer, antimicrobial, antiviral, antiaging, protective, anti-nociceptive, and
analgesic effects [24]. It is essential to highlight that the studied seeds also revealed the
presence of oxalic, malic, citric, ascorbic, and shikimic acid distributed among the three
botanical parts. As previously mentioned, the husk was the part that effectively revealed
the highest content of organic acids, which would be expected since this is the defensive
barrier of the seeds and therefore is typically rich in bioactive compounds that prevent the
entry of harmful organisms.

Regarding phenolic compounds, forty compounds were identified, confirming that
each part of the seed has a particular profile (Table 2). The main family of phenolic com-
pounds found in A. hippocastanum skin and husk were (epi)catechin derivatives. According
to the authors of [28], horse chestnut bark is rich in esculin, esculetin, and fraxetin, all
coumarin derivatives. On the other hand, the authors of [29] identified ten phenolic
compounds in horse chestnut husk belonging to two chemical classes: coumarins and
flavan-3-ols. The results obtained in this work are not at all different from those found
in the literature since we found catechin (flavan-3-ol) derivatives and coumarins in horse
chestnut skin and husk. However, in the present study, it was possible to find/identify
more compounds, namely fourteen phenolic compounds in the skin and fifteen in the bark.

Regarding A. hippocastanum pulp, eighteen phenolic compounds were found, namely
ten flavonoid derivatives (quercetin, kaempferol, and isorhamnetin glycoside derivatives),
six phenolic acids (caffeic and coumaric acid derivatives), one coumarin derivative and
an unknown compound (Figure 1 and Table 2). Other authors reported a similar pro-
file in A. hippocastanum seed pulp [27]. The authors of [45] also identified kaempferol
and procyanidin A2 in horse chestnut seeds, and the authors of [46] identified the three
flavonoids quercetin, kaempferol, and rutin. Although there are some fluctuations in the
profiles, the leading families of phenolic compounds described in this work are similar to
those described in the literature. Some differences may be due to the employed extraction
methodologies (for example, the authors of [45] used ultrasound-assisted extraction, and
the authors of [45,46] used methanolic extracts) or even the edaphoclimatic conditions
under which the different samples were developed.

According to the results obtained for the individual compounds, it would be expected
that at least the husk (higher quantities of organic acids) and skin (higher amounts of
phenolic compounds) would reveal antioxidant properties. Phenolic compounds, by and
large, are widely reported for their bioactive potential, namely their antioxidant capacity.
Both assays used to determine the antioxidant activity confirmed this speculation since
the lowest EC50 values were effectively verified in the husk (0.7 and 0.24 µg/mL, for
TBARS and OxHLIA, respectively) and skin (1.4 and 2.4 µg/mL, for TBARS and OxHLIA,
respectively). Regarding the pulp, this revealed an EC50 of 865 µg/mL for the TBARS assay
and no activity was detected for the OxHLIA assay (Table 3). It should be highlighted that
in the field of natural products, it is well known that the antioxidant activity of phenolics
is controlled by intermolecular interactions that can be either synergistic or antagonistic.
Thus, there may be some fluctuations in the results, such as those verified in the present
study, in which the sample with the highest content of phenolic compounds (skin) is
not precisely the one that demonstrated the most increased antioxidant activity (husk).
Nevertheless, both have this bioactivity (and the values obtained are of the same order of
magnitude). These results are a strong indicator of the potential use of the ethanolic extracts
of A. hippocastanum in food or pharmaceutical applications. A similar level of antioxidant
activity was previously found in Turkish samples of the species studied herein [47]. Other
studies reporting the antioxidant activity of A. hippocastanum are available in the literature
but used different techniques, such as the DPPH radical scavenging assay and oxygen
radical absorbance capacity (ORAC) methods [45,48], methodologies less precise than
those used in this work. The authors of [47] have studied a so-called “escin mixture”
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obtained from the ethanol extract of A. hippocastanum seeds, administering it orally to male
mice. They concluded that it increased the antioxidative defence system of the body and
prevented high-fat-diet-induced lipid peroxidation in male mice.

Regarding A. hippocastanum antibacterial activity (Table 4), none of the tested ex-tracts
revealed bactericidal effects on Gram-positive and Gram-negative bacteria up to the maxi-
mum assayed concentration (20 mg/mL). However, it was possible to observe an inhibitory
effect mainly against Gram-positive bacteria (Enterococcus faecalis, Listeria monocytogenes,
and MRSA) for all the studied extracts. MRSA showed the highest sensitivity, whereas
Listeria monocytogenes turned out to be the most resistant. The extract obtained from
the skin was also particularly active against the tested Gram-negative species, obtaining
better MIC values compared with the pulp and husk. Given these results, it can be inferred
that perhaps the phenolic compounds are the molecules responsible for the antimicrobial
properties of the samples under study since the horse chestnut skin revealed the highest
content of total phenols and flavonoids. However, this correlation was not observed for
all the assayed parts (MIC values for bark extracts were closer to the ones from pulp than
those from skin), which indicates that other compounds besides phenolics contributed to
the antibacterial activity. Other authors [49] also tested an ethanolic extract from A. hip-
pocastanum bark against E. coli, P. mirabilis, and M. morganii, recording lower MICs than
those of this work, but with the same order of magnitude (1–2 mg/mL).

Analysing the results obtained for the cytotoxicity of the studied extracts against
human tumour cell lines (Table 5), the same tendency observed for the antioxidant and
antibacterial activities was verified. Generally, the extracts obtained from the skin and
husk showed higher activity, as evidenced by the obtained GI50 values (ranging from 52 to
100 µg/mL). Higher GI50 values were shown by the pulp, ranging from 238 to >400 µg/mL.
HepG2 was the most sensitive tumour cell line, closely followed by HeLa and MCF7,
whereas NCI-H460 showed slightly higher resistance. The effect over the non-tumour cells
was less pronounced, but this might also be related with the higher division rate of tumour
cell lines. In addition, it should be considered that horse chestnut is rich in saponins that are
known for their associated toxicity; hence its consumption is not recommended. Therefore,
these compounds may be related to the cytotoxicity observed on tumour and non-tumour
cells. Effectively, even though there is little information regarding the cytotoxic potential
of A. hippocastanum, some in vitro studies were performed using different tumour models,
including breast cancer, cervical cancer, and leukaemia cell lines. The studies infer that the
extracts’ mechanism of action may be via DNA fragmentation, apoptosis, and suppression
of the hypoxia-induced VEGF secretion [50–52]. However, it is important to highlight that
these properties are typically associated with the saponins present in the extracts, mainly
aescin, with no reference to other compounds, such as phenolics.

In addition to the previously mentioned assays, the anti-inflammatory activity of
the hydroethanolic extracts under study was evaluated in a RAW 264.7 cell line (data
not shown). Pulp extracts showed no activity up to the maximum assayed concentration
(400 µg/mL of extract), whereas the highest activity was again obtained with husk extracts
(bark GI50 = 98 ± 2 µg/mL; skin GI50 = 125 ± 5 µg/mL). These results corroborate the
previous ones, suggesting the potential use of horse chestnut skin and bark extracts in
therapeutic applications.

Given the lack of information regarding the chemical characterization and bioactive
potential of A. hippocastanum that still exists, this work intended, through a more in-depth
chemical description, to focus on bioactive compounds, go beyond the state-of-the-art,
and try to relate these compounds to the bioactivity presented by the samples. Therefore,
it offers new data proving the bioactivity of the matrix under investigation, making it a
potential candidate for incorporation into pharmaceutical or nutraceutical formulations.
Moreover, another strength of the present study is to promote the reuse of bio-residues that
have no use and are mostly disposed of in landfills.
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5. Conclusions

The main goal of this study was to characterize different bioactive compounds in spe-
cific parts of A. hippocastanum fruits, namely the pulp, skin, and husk, and further evaluate
their bioactivity. Regarding the phenolic compound profile, kaempferol-O-pentoside-O-
hexoside-O-hexoside was the main compound in pulp, whereas (-)-epicatechin and β-type
(epi)catechin dimer were the major phenolic compounds in husk and skin, respectively. In
all cases, flavonoids stood out as the major subgroup of phenolic compounds. Comparing
the studied parts, skin proved to be the best source of these bioactive compounds. In turn,
organic acids were particularly abundant in the husk, mainly due to its content of quinic
acid. Regarding the bioactivity assays, the hydroethanolic extracts of A. hippocastanum
husk showed the highest antioxidant activity, cytotoxicity, and anti-inflammatory activity,
whereas skin revealed the strongest antibacterial potential.

Overall, A. hippocastanum fruit proved to be a valuable source of bioactive compounds,
especially flavonoids and organic acids. Lastly, using a circular economy approach, the
by-products of A. hippocastanum fruit (mainly husk and skin) could have interesting appli-
cations to obtain value-added compounds that are likely to be used in different sectors,
such as the food, cosmetic, and pharmaceutical industries.

Future studies may test the stability of these extracts in food, cosmetic, and pharma-
ceutical formulations to confirm whether they remain after incorporation.
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2014, 19, 14625–14636.

41. Paterska, M.; Bandurska, H.; Wysłouch, J.; Molińska-Glura, M.; Moliński, K. Chemical composition of horse-chestnut (Aesculus)
leaves and their susceptibility to chestnut leaf miner Cameraria ohridella Deschka & Dimić. Acta Physiol. Plant. 2017, 39, 105.
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47. Küçükkurt, I.; Ince, S.; Keleş, H.; Akkol, E.K.; Avcı, G.; Yeşilada, E.; Bacak, E. Beneficial effects of Aesculus hippocastanum L. seed
extract on the body’s own antioxidant defense system on subacute administration. J. Ethnopharmacol. 2010, 129, 18–22. [CrossRef]

48. Makino, M.; Katsube, T.; Ohta, Y.; Schmidt, W.; Yoshino, K. Preliminary study on antioxidant properties, phenolic contents, and
effects of Aesculus hippocastanum (horse chestnut) seed shell extract on in vitro cyclobutane pyrimidine dimer repair. J. Intercult.
Ethnopharmacol. 2017, 6, 414–419. [CrossRef]

49. Khar’kov, Y.K.; Arsene, M.M.; Aliya, M.V.; Viktorovna, P.I.; Elena, V.G.; Azova, M.M.; Amira, A.A. Assessment of Antimicrobial
activity of ethanolic and aqueous extracts of Aesculus hippocastanum L. (horse chestnut) bark against bacteria isolated from urine
of patients diagnosed positive to urinary tract infections. Front. Biosci. 2022, 14, 11.

50. Fedotcheva, T.A.; Sheichenko, O.P.; Sheichenko, V.I.; Fedotcheva, N.I.; Shimanovskii, N.L. Preparation of a horse chestnut extract
with a 50% content of escin and its actions on tumor cell proliferation and isolated mitochondria. Pharm. Chem. J. 2019, 53, 57–64.
[CrossRef]

51. Mojžišová, G.; Mojžiš, J.; Pilátová, M.; Varinská, L.; Ivanová, L.; Strojný, L.; Richnavský, J. Antiproliferative and antiangiogenic
properties of horse chestnut extract. Phytother. Res. 2013, 27, 159–165. [CrossRef]

52. Owczarek-Januszkiewicz, A.; Kicel, A.; Olszewska, M.A. Aesculus hippocastanum in the pharmaceutical industry and beyond–
Phytochemistry, bioactivity, present application, and future perspectives. Ind. Crop. Prod. 2023, 193, 116187. [CrossRef]

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.

http://doi.org/10.1016/j.foodres.2017.09.024
http://doi.org/10.1016/j.foodchem.2012.07.083
http://www.ncbi.nlm.nih.gov/pubmed/22980784
http://doi.org/10.1002/rcm.1611
http://www.ncbi.nlm.nih.gov/pubmed/15384138
http://doi.org/10.1590/1981-6723.17616
http://doi.org/10.3389/fpls.2017.01021
http://www.ncbi.nlm.nih.gov/pubmed/28659960
http://doi.org/10.1039/C7NJ01743J
http://doi.org/10.1016/j.foodchem.2016.05.052
http://www.ncbi.nlm.nih.gov/pubmed/27283625
http://doi.org/10.1021/jf800488x
http://doi.org/10.1016/S0031-9422(00)88735-X
http://doi.org/10.3390/molecules20022176
http://doi.org/10.1371/journal.pone.0098581
http://www.ncbi.nlm.nih.gov/pubmed/24911788
http://doi.org/10.1016/j.indcrop.2016.03.034
http://doi.org/10.1016/j.bse.2019.103980
http://doi.org/10.1016/j.jep.2010.02.017
http://doi.org/10.5455/jice.20170814074812
http://doi.org/10.1007/s11094-019-01956-7
http://doi.org/10.1002/ptr.4688
http://doi.org/10.1016/j.indcrop.2022.116187

	Introduction 
	Materials and Methods 
	Sampling of Aesculus hippocastanum L. Fruits 
	Bioactive Compounds of Aesculus hippocastanum L. Fruits 
	Bioactivity Evaluation of Aesculus hippocastanum L. Fruits 
	Extract Preparation 
	Antioxidant Properties 
	Antibacterial Properties 
	Cytotoxic and Anti-Inflammatory Properties 

	Statistical Analysis 

	Results 
	Bioactive Compounds of Aesculus hippocastanum L. Fruits 
	Phenolic Profile of Aesculus hippocastanum L. Fruits 
	Bioactivity of Aesculus hippocastanum L. Fruits 

	Discussion 
	Conclusions 
	References

