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Introduction: Sanguisorba officinalis L. is classified as a medicinal plant and used
in traditional medicine. The root of this plant is mainly used as a medicinal raw
material, but the above-ground parts are also a valuable source of health-
promoting biologically active compounds.

Method: The study aimed to evaluate the antioxidant activity and total polyphenol
content (TPC) of extracts prepared in 70% and 40% aqueous ethanol solution (dry
extract content 50–500 g/L) from the aerial parts of S. officinalis. The essential oil
was isolated from the tested raw material, and its composition was determined
using GC-MS. Ethanolic extracts and essential oil have been tested for
antibacterial activity. The extract in 70% v/v ethanol (dry extract content:
500 g/L) was subjected to HPLC analysis for the content of selected phenolic
acids and an ex vivo skin permeation study. The ability of these metabolites to
permeate and accumulate in the skin was analysed.

Results: Extracts prepared at both ethanol concentrations showed similar
antioxidant activity and TPC. Depending on the method, concentration of
solvent, and dry extract content (50–500 g/L), the activity ranged from 1.97 to
84.54 g Trolox/L. TPC range of 3.80–37.04 g GA/L. Gallic acid (424 mg/L) and
vanillic acid (270mg/L) had the highest concentrations among the phenolic acids
analysed. Vanillic acid (10 μg) permeates the skin at the highest concentration.
The highest accumulation in the skin was found for 2,5-dihydroxybenzoic acid
(53 μg/g skin), 2,3-dihydroxybenzoic acid (45 μg/g skin), and gallic acid (45 μg/g
skin). The tested ethanolic extracts exhibited antibacterial activity. Samples with a
dry extract concentration of 500 g/L showed the largest growth inhibition zones.
The most sensitive strains to these extracts were P. aeruginosa (24 mm), S. lutea
(23 mm), and S. pneumoniae (22 mm). The smallest inhibition zones were
observed for B. subtilis (17 mm). The essential oil showed weaker antimicrobial
activity (growth inhibition zone 8–10 mm). The GC-MS method identified 22
major components of the essential oil, including aliphatic hydrocarbons,
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unsaturated terpene alcohols, aliphatic aldehydes, unsaturated and saturated fatty
acids, sesquiterpene, phytyl ester of linoleic acid, nitrogen compound, phytosterol,
terpene ketone, phenylpropanoids, aliphatic alcohol, diterpenoid, aromatic
aldehyde, and aliphatic carboxylic acid.

Discussion: The conducted research has shown that ethanolic extracts from
Sanguisorbae herba are a valuable source of compounds with antibacterial and
antioxidant potential, including phenolic acids. The fact that selected phenolic
acids contained in the tested extract have the ability to permeate and accumulate in
the skin provides the basis for conducting extended research on the use of extracts
from this plant rawmaterial in cosmetic and pharmaceutical preparations applied to
the skin.
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1 Introduction

Recently, there has been an increased interest in the use of plants
and raw materials of plant origin as potential ingredients of drugs
and oral supplements, as well as topically applied preparations, both
pharmaceuticals and cosmetics. The reason for the increasing
interest is, among others, the growing ecological awareness of
consumers, as well as the frequent belief that plant preparations
are healthier than those made from synthetic ingredients (Antignac
et al., 2011; Fonseca-Santos et al., 2015; González-Minero and
Bravo-Díaz, 2018; Nadeeshani Dilhara Gamage et al., 2022). One
such interesting plant seems to be S. officinalis L., commonly called
great burnet (Bunse et al., 2020). The genus Sanguisorba belongs to
the Rosaceae family and includes 18 to 34 species and subspecies that

are common in Europe, Asia, and North America. One of the most
common species of the genus Sanguisorba is S. officinalis (Tocai
et al., 2022). It is known as Zi-Yu in Japan and South Korea, Di-Yu in
China, and Burnet in Western countries. This plant reaches a height
of 30–120 cm and is characterized by pinnate leaves with a serrated
margin, sturdy and spindle-shaped roots, as well as dark red flowers.
The generative stage lasts from August to November. Traditional
medicine uses this plant’s health-promoting properties. The roots
(Sanguisorbae radix) and the aerial parts of the plant (Sanguisorbae
herba) are used as botanical drugs. Traditional medicine uses the
root of S. officinalis to heal wounds, cool blood, clear heat, and
soothe snake bites. In Korea, great burnet root is used to regenerate
the skin and alleviate inflammation, while the whole plant is used to
treat hemorrhoids and female diseases. The aerial parts of this plant
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are also used to treat many diseases in Armenia. Many studies have
confirmed the pharmacological activities of this vegetal product. The
most frequently mentioned effects include anti-inflammatory,
antimicrobial, antitumor, hemostatic and hematopoietic,
hypoglycemic and lipid-lowering, neuroprotective, and
antioxidant. S. officinalis, among others, uses its anti-
inflammatory effect to treat airway inflammation (for example,
bronchial asthma), contact and specific dermatitis, nephritis, and
colitis (Zhou et al., 2021). Yu et al. (2011) and Yang et al. (2015)
confirmed the anti-inflammatory effect of ethanol extracts from
great burnet root, while Seo et al. (2016) and Yang et al. (2016)
confirmed the anti-inflammatory effect of water extracts from
Sanguisorbae radix. Su et al. (2018) suggest that phenolic
compounds and linear monoterpenes are primarily responsible
for the anti-inflammatory effect of S. officinalis root extracts (Su
et al., 2018). In addition to its anti-inflammatory effect, great burnet
has confirmed antimicrobial properties (Zhou et al., 2021). Tocai
et al. (2022) confirmed the antibacterial effect of ethanolic crude
extract from roots, leaves, and flowers against selected Gram-
positive (S. aureus) and Gram-negative (E. coli and P.
aeruginosa) strains (Tocai et al., 2022). Gawron-Gzella et al.
(2016) showed the antibacterial effect of water and methanol
extracts from the herb S. officinalis. The extracts showed activity
against both Gram-positive (among others S. aureus, S. epidermidis,
and E. faecalis) and Gram-negative (among others E. coli and K.
pneumoniae) strains. In addition to their antibacterial activity, these
extracts exhibited antifungal activity against C. albicans (Gawron-
Gzella et al., 2016). Great burnet extracts also have proven antiviral
activity. Kim et al. (2010) confirmed the anti-coronavirus effect of
methanolic extracts from great burnet (Kim et al., 2010). Kim et al.
(2022) also confirmed the antiviral effect of S. officinalis root extracts
against enterovirus 71 (Kim et al., 2022). The anti-cancer potential
of great burnet is also indicated (Zhou et al., 2021). Research has
confirmed the antitumor potential of this plant in human gastric
carcinoma (Zhu et al., 2013), human prostate cancer (Choi et al.,
2012), and breast cancer (Wang et al., 2012). Great burnet (raw plant
and charcoal) is known for its hemostatic effect. This plant also has
hematopoietic properties. The extract of S. officinalis increases the
number of white blood cells and reduces the bone marrow toxicity
caused by antitumor treatments (Zhou et al., 2021). Son et al. (2015)
indicate the potential of great burnet roots as a source of metabolites
with antidiabetic effects due to, among others, lowering the level of
glucose, insulin, and glycated hemoglobin in the blood. The authors
also confirmed the protective effect of these metabolites on the
kidneys and liver in patients with type 2 diabetes (Son et al., 2015).
The neuroprotective effect of Sanguisorbae radix is described,
among others, by Song et al. (2019). The authors describe the
protective effect of Sanguiin H-11 on HT22 murine hippocampal
cells against glutamate-induced death (Song et al., 2019). The
therapeutic potential of S. officinalis in the treatment of other
neurodegenerative disorders, such as Alzheimer’s disease or
stroke, is also confirmed (Zhou et al., 2021). Many researchers
(Byun et al., 2021; Lachowicz et al., 2020; Liao et al., 2008) confirmed
the antioxidant potential of great burnet. The extracts (for example,
aqueous, ethanolic, and methanolic) prepared from various parts of
this plant (roots and aerial parts) showed this activity. The
antioxidant potential of this plant may be the basis for many
pharmacological activities (Zhou et al., 2021).

In addition to its medicinal effects, S. officinalis can be a valuable
ingredient in cosmetic preparations. Both aerial parts and roots of
great burnet are used in cosmetology. The S. officinalis root extract is
classified as a cleansing, refreshing, skin conditioning, and tonic
agent (Gawron-Gzella et al., 2016). Great burnet root extracts also
indicate anti-wrinkle and moisturizing properties (Yoshida
et al., 2019).

Species of the genus Sanguisorba contain numerous secondary
metabolites with significant bioactive properties. Extracts (mainly
methanolic and ethanolic) from Sanguisorbae radix and
Sanguisorbae herba are a source of triterpenes, phenols,
flavonoids, and other compounds (among others, neolignans,
sterols, phenylpropanoid and monoterpenoid glycosides,
saponins, lignans, and fatty acids) (Zhou et al., 2021). The high
content of polyphenolic compounds (14,445 mg/100 g d.w. in
flowers, 9,963 mg/100 g d.w. In leaves, 8,687 mg/100 g d.w. in
roots, and 4,606 mg/100 g d.w. in stalks) suggests that this group of
metabolites is responsible for the antioxidant activity of this plant.
About 130 polyphenols were identified in the aerial parts and roots
of S. officinalis. The following groups of polyphenolic compounds
were identified in the leaves, flowers, stalks, and roots of great
burnet: hydrolyzable tannins, sanguinis, sanguisorbic acids,
phenolic acids, catechins, proanthocyanins, anthocyanins, and
flavonols. The total content of hydrolyzable tannins in the leaves
was 4,091 mg/100 g d.w., in the flowers 5,497 mg/100 g d.w., in the
stalks 1,687 mg/100 g d.w., and in the roots it was 3,866 mg/
100 g d.w. In all raw materials, the highest concentration was
observed for Lambertianin C (3,029, 2,233, 899, and 1,237 mg/
100 g d.w., respectively, for flowers, leaves, roots, and stalks).
Sanguiin H-6 was found in the highest concentration in all raw
materials (3,566, 621, 764, and 290 mg/100 g d.w., respectively, for
flowers, leaves, roots, and stalks). The leaves had the highest
concentration of sanguisorbic acids (116 mg/100 g d.w.), but the
flowers did not contain them. In the leaves, the main compound
belonging to this group was sanguisorbic acid glucoside (109 mg/
100 g d.w.). Leaves were the richest source of phenolic acids
(2,044 mg/100 g d.w.), primarily caffeoylquinic acid (1,364 mg/
100 g d.w.). The content of this group of metabolites in flowers was
1,432 mg/100 g d.w., in stalks 361 mg/100 g d.w., while the roots
contained less than 7 mg/100 g d.w. In stalks, similarly to leaves, the
highest concentration was found for caffeoylquinic acid (183 mg/
100 g d.w.), while in flowers, 5-caffeoylquinic acid (673 mg/
100 g d.w.). Anthocyanins were identified only in flowers
(550 mg/100 g d.w., mainly cyanidin 3-O-glucoside). All raw
materials were sources of catechins and proanthocyanidins
(1,889, 739, 3,239, and 1,208 mg/100 g d.w., respectively, in
flowers, leaves, roots, and stalks). The main compound in this
group of metabolites in all raw materials was B-type (epi)catechin
dimmer. Flavonols were present primarily in leaves (1,970 mg/
100 g d.w.). The concentration of these metabolites in flowers and
stalks was at a similar level (718 and 788 mg/100 g d.w.,
respectively), while in leaves it was 48 mg/100 g d.w. In flowers,
leaves, and stalks, the main flavonol was quercetin 3-O-
glucuronide (Lachowicz et al., 2020).

Although S. officilinalis is a medicinal raw material with a long
tradition and its composition is quite well researched, it is difficult to
find in the available literature studies on penetration and
accumulation in the skin its active compounds, including
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phenolic acids. There are also no studies about the composition of
essential oils obtained from the vegetal product of great burnet.
Therefore, the aim of the study was to evaluate the antioxidant
activity (using DPPH• and ABTS•+ methods) and total polyphenol
content (using the Folin-Ciocalteu technique) of extracts prepared
in 70% and 40% aqueous ethanol solution (dry extract content
50–500 g/L) prepared from S. officinalis herb (aerial part). The
essential oil isolated through the distillation was analysed for
composition using GC-MS. Extracts prepared in ethanol 70% and
40% v/v (dry extract content 50–500 g/L) and essential oil were
analysed for antibacterial activity. The extract in 70% v/v ethanol
(dry extract content: 500 g/L) was subjected to HPLC-UV analysis
for the content of selected phenolic acids and an ex vivo skin
permeation study. We assessed the ability of identified phenolic
acids to permeate and accumulate in pig skin.

2 Material and methods

2.1 Reagents

2,2-diphenyl-1-picrylhydrazyl (DPPH•), 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox), 2,2′-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS),
Folin–Ciocalteu reagent, gallic acid, were from Merck (Darmstadt,
Germany). Sigma Aldrich (Darmstadt, Germany) provided the
standards used for HPLC analysis. Ethanol, methanol, potassium
persulfate, 99.5% acetic acid, sodium acetate anhydrous, and sodium
carbonate were from Chempur (Piekary Śląskie, Poland). Aqueous
ethanol solutions with a concentration of 70% and 40% v/v were used
to prepare the extracts. All reagents were of analytical grade.

2.2 Plant material

The dried and cut aerial parts of S. officinalis (Sanguisorbae herba,
size 0.5 to 1 cm)were purchased from the herbal store AromatikaAdam
Iwańczuk (Hajnowka, Poland). According to the manufacturer’s
declaration, the plant material was collected from conventional or
natural crops in the Podlasie and Lublin regions (Poland). The
portion of the plant material was deposited (No. SA-2022-01) in the
place indicated in the affiliation of the corresponding author.

2.3 Extraction of plant raw material

The ethanolic extracts were prepared by ultrasound-assisted
extraction (40 kHz, 45°C ± 1.0°C, 60 min) using the ultrasonic
bath with a thermostat (FSF-031S, ChemLand, Poland). All extracts
were filtered through Whatman filter paper No. 10. In the first stage
of the research, to select the concentration of ethanol used to prepare
extracts for further analyses, 5 g of the dried raw material was
weighed in a conical flask, and 100 mL of ethanol at different
concentrations was added as a solvent (Supplementary Table S1). In
the second stage of the study, we prepared the extracts using 40 g of
plant material and 160 mL of ethanol in water at a concentration of
40% or 70% v/v to assess the antioxidant and antimicrobial
properties, conduct ex vivo skin permeation studies, and perform

HPLC analysis. We used the same extract preparation technique as
in the preliminary study. The obtained extracts were evaporated
under reduced pressure at 57°C using a vacuum evaporator (INGOS
s.r.o., Type RVO 400, Czech Republic). Before analyses, dry extracts
were diluted with ethanol with the appropriate concentration (40%
or 70% v/v) to obtain samples with a dry extract concentration of 50,
125, 250, and 500 g/L. The samples were stored in the dark at 4°C
until further analysis.

2.4 Essential oil isolation

The essential oil was isolated in a steam distillation process using
a Clevenger-type apparatus. The distillation was carried out until the
last portion of the essential oil was obtained from the raw material
(~6 h). The oil was obtained in portions by distilling 50 g of the raw
material in 500 mL of distilled water. Finally, all portions obtained in
the 30 distillation series were mixed into one sample and dried over
anhydrous sodium sulfate. The essential oil sample was stored in the
dark at 4°C until analysis.

2.5 Antioxidant activity and total polyphenol
content (TPC)

The antioxidant activity of extracts was assessed using the
DPPH• and ABTS•+ methods described by Nowak et al. (2023).
The methodology described by these authors (Nowak et al., 2023)
was also used to evaluate the total polyphenol content using the
Folin-Ciocalteu technique. The results were calculated based on the
curves determined for standard solutions of Trolox (DPPH• and
ABTS•+ methods) and gallic acid (Folin-Ciocalteu method). Curve
equation for the DPPH•method: y = −0.9795x + 0.9342 (R2 = 0.977),
for the ABTS•+ method: y = −0.2718x + 0.9324 (R2 = 0.998), and for
the Folin-Ciocalteu technique: y = −0.9947x – 0.0032 (R2 = 0.998). In
the DPPH• and ABTS•+ methods, the results of antioxidant activity
were expressed as g Trolox/L, while the total polyphenol content was
presented as g gallic acid/L [g GA/L].

2.6 Antibacterial activity of extracts and
essential oil

We analysed the antimicrobial properties of ethanolic extracts
prepared using 40% and 70% v/v ethanol at dry extract concentrations
of 50, 125, 250, and 500 g/L. The control sample was pure ethanol in
both concentrations. The essential oil was used in concentrated form.
Antibacterial properties were assessed for ten strains: Sarcina lutea
ATCC 9341, Enterococcus faecalis ATCC 29212, E. faecium,
Escherichia coli, Pseudomonas fluorescens, P. aeruginosa,
Streptococcus pneumoniae ATCC 49619, Bacillus coagulans, B.
subtilis, and B. megaterium. The sensitivity of test microorganisms
to the tested extracts and essential oil was determined by the diffusion
method into an agar medium using the well variant (Oke et al., 2013;
Valgas et al., 2007). We used TSA (Tryptone Soya Agar) medium to
cultivate the bacteria. The medium (20 mL) was poured into Petri
dishes (⌀ 90 mm), and after solidification of the medium, 7 wells (⌀
6 mm) were cut using a sterile cork borer. 0.1 mL of a 24-h bacterial
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culture in liquid tryptic soy medium (TSB) was placed on the Petri
dishes. The inoculum was spread evenly over the surface of the
medium using a glass smoother. The density of bacterial cultures
ranged from 1 to 5•107 CFU/mL. The dishes with the sown strains
were left to completely absorb the liquid for about 30 min, and then
10 µL of the tested extracts in various concentrations were introduced
into individual wells. In the case of essential oil, sterile blank paper
discs (⌀ 6 mm, BioMaxima, Poland) were placed on solidified
substrates, and 10 μL of the tested substance was placed on them.
Each experimental set was performed in three repetitions. Incubation
of bacterial cultures was carried out for 72 h at 30°C, and E. coli
bacteria were incubated at 37°C. The inhibitory effect of the tested
samples was assessed based on the growth inhibition zone of the
culture. Measurements were performed every 24 h, and the results
after 72 h were used for final analyses.

2.7 GC-MS analysis of essential oil

Gas Chromatography-Mass Spectrometry (GC-MS) analysis
was performed using a Shimadzu GC-MS-QP2020 NX
(Shimadzu, San Jose, CA, United States) with a Shimadzu SH-I-
5MS column (30 m × 0.25 mm × 0.25 μm). The column temperature
was kept at 40°C for 2 min, and programmed to 300°C at a rate of
10°C/min and kept constant at 300°C for 2min. Helium’s flow rate as
a carrier gas is 35 cm/s (1 μL/min). MS were taken at 70 eV with split
10. The analysis duration was 30 min, and the sample volume was
1 µL. Identification of the constituents of the oil was made by
comparison of their mass spectra located in the spectra library
(NIST-2020). All samples were tested three times.

2.8 HPLC analysis

The concentration of tested metabolites in S. officinalis extract (dry
extract content: 500 g/L prepared in 70% v/v ethanol) was determined
by high-performance liquid chromatography (HPLC-UV), using the
HPLC system from Knauer, Germany, according to the modified
method described by Nowak et al. (2021a), Nowak et al. (2021b).
The tested compounds were separated on a 125 mm × 4 mm column
containing Eurospher, particle size 5 μm. Themobile phase consisted of
a 1% aqueous solution of acetic acid and MeOH (120:10 by vol.), the
flow rate was 1 mL/min 20 μL of the sample was injected into the
column. The correlation coefficient of the calibration curve was
0.9999 for gallic acid (y = 1312425x – 3.4735, tR – 5.450 min);
0.9997 for chlorogenic acid (y = 115454x + 3.9602,
tR – 44.704 min); 0.984 for 3,4-dihydroxybenzoic acid (y = 56067x
+ 27.274, tR – 10.574 min); 0.9997 for 2,5-dihydroxybenzoic acid (y =
76485x – 1.4553, tR – 14.567 min); 1.000 for 2,3-dihydroxybenzoic acid
(y = 51612x + 1.4847, tR – 21.167 min); 1.000 for caffeic acid (y =
210699x + 0.8081, tR – 39.438 min); and 0.9998 for vanillic acid (y =
43645x + 3.1166, tR – 19.027). All samples were analysed three times.

2.9 Ex vivo skin permeation study

The permeation experiments were performed using Franz
diffusion cells (Phoenix DB-6, ABL&E-JASCO, Wien, Austria)

according to the previously described methodology (Jacobi et al.,
2007; Khiao et al., 2019). The Franz diffusion cell consists of a donor
chamber with a capacity of 1 mL and an acceptor chamber with a
capacity of 10 mL. The acceptor chambers were filled with a PBS
solution (pH 7.4). During the experiment, a constant temperature of
37.0°C ± 0.5°C was maintained in each chamber. The buffer in the
acceptor chamber was stirred (350 rpm). An extract prepared in 70%
ethanol with a dry extract content of 500 g/L was used for the
transdermal diffusion study. In the experiment, we used the
abdominal part of porcine skin purchased from a local
slaughterhouse. Skin samples with a thickness of 0.5 mm were
cut with a dermatome, and then fragments with a diameter of
2 cm were cut out of them. The skin samples were wrapped in
aluminum foil and stored at −20°C until use, but no longer than
3 months. This method of storage was safe for preserving the skin’s
barrier properties (Badran et al., 2009). On the day of the
experiment, the skin samples were slowly thawed at room
temperature for 30 min and hydrated with PBS buffer pH 7.4
(Haq and Michniak-Kohn, 2018; Kuntsche et al., 2008; Simon
et al., 2016). Undamaged pieces of skin (checked by measuring
skin impedance) were placed between the donor and acceptor
chambers. The impedance measurement verified its integrity. For
this purpose, an LCR meter 4,080 (Voltcraft LCR 4080, Conrad
Electronic, Germany), which was operated in parallel mode at an
alternating frequency of 120 Hz (error at kΩ values < 0.5%), was
used. The tip of the measuring probe was dipped in the donor and
acceptor chambers and filled with PBS buffer (pH 7.4), as described
previously by Kopečná et al. (2017) and Makuch et al. (2020). Only
skin samples with impedance >3 kΩ were used. These values are
similar to the electrical resistance of human skin (Davies et al., 2004).
After placing the skin in the Franz diffusion cells, all chambers were
allowed to equilibrate at 37°C for 15 min. Thereafter, a defined dose
(1 mL) of the S. officinalis extract was applied to the skin’s outer side.
All donor chambers were closed with plastic stoppers to prevent
excessive evaporation of the solution. The experiment was
conducted over 24 h. During this time, samples of the acceptor
fluid (0.5 mL) were taken every hour (1–8 h of permeation and after
24 h from the beginning of the test), and the acceptor chamber was
refilled with fresh PBS solution. The phenolic acid concentrations in
the acceptor phase were measured by the HPLC method. The
cumulative mass (µg) of each phenolic acid studied was
calculated based on the obtained concentration. The antioxidant
activity of the samples collected after completing the permeation
study was also tested. After 24 h of experimentation, the diffusion
cells were disassembled, and the skin samples were analysed for the
content of selected phenolic acids. The accumulation of phenolic
acids in the skin after permeation was determined using
modification methods described by Haq and Michniak-Kohn
(2018) and Janus et al. (2020). After 24 h of the experiment, each
skin sample was removed and carefully rinsed in PBS (pH 7.4)
(Kopečná et al., 2017). The skin was then cut around the diffusion
area (1 cm2) and dried at room temperature. Each of the skin
samples was cut into small pieces, placed in 2 mL of methanol, and
incubated for 24 h at 4°C. After this time, skin samples were
homogenized for 3 min using a homogenizer (IKA®T18 digital
ULTRA TURRAX, Germany). The homogenate was centrifuged at
3,500 rpm (RCF 1776) for 5 min. The supernatant was analysed by
HPLC. The accumulation of phenolic acids in the skin was
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calculated by dividing the amount of substances remaining in the
skin by the mass of the skin sample and was expressed as the mass of
phenolic acid per mass of the skin (μg/g).

2.10 Statistical analysis

The results are presented as the arithmetic mean ± standard
deviation (SD) of the measurements of three independent samples.
Pearson correlations (r) were determined between the results
obtained using the DPPH•, ABTS•+, and Folin-Ciocalteu
methods. The results of extracts prepared in 70% and 40% v/v
ethanol were analysed using one-way analysis of variance (ANOVA,
Tuckey test). The results of antimicrobial activity were assessed by a
multivariate analysis of variance. Differences between the growth
inhibition zones after using extracts with different dry extract
contents (50–500 g/L) for individual strains were assessed using
the Duncan test. Statistical analysis was performed using Statistica
v.13.3 (StatSoft, Poland). The level of significance was α < 0.05.

3 Results

3.1 Antioxidant activity and total polyphenol
content in extracts

The results of antioxidant activity (DPPH• and ABTS•+
methods) and total polyphenol content (TPC) in great burnet

ethanolic extracts at various concentrations are presented in
Figure 1. The antioxidant activity of the extracts assessed by the
DPPH• method, depending on the extract concentration
(50–500 g/L), was in the range of 2.08–20.76 g Trolox/L
(extracts in 70% ethanol) and 1.97–19.46 g Trolox/L (extracts in
40% ethanol). In the case of activity assessed by the ABTS•+
method, these ranges were 13.11–82.39 g Trolox/L and
7.72–84.54 g Trolox/L, respectively. The total polyphenol
content in extracts prepared with 70% ethanol was
4.37–37.04 g GA/L, whereas for samples prepared with 40%
ethanol, it was 3.80–34.83 g GA/L. The extracts prepared using
both ethanol concentrations showed similar antioxidant activity
and total polyphenol content but generally differed statistically
significantly (Figure 1). The exceptions were extracts at dry extract
concentrations of 500 g/L (ABTS•+ method), as well as 125 and
500 g/L (TPC), for which the differences between the obtained
results were statistically insignificant (p > 0.05). There were
statistically significant correlations (r ≥ 0.991; p ≤ 0.0001)
between the results from the different methods (DPPH•,
ABTS•+, and F-C) for extracts in 70% and 40% ethanol
(Supplementary Figures S1–S3). The results obtained using the
ABTS•+ and DPPH• methods correlated statistically significantly
with each other in the case of extracts prepared in 70% and 40%
ethanol (r = 0.995 and r = 0.997; p ≤ 0.01, respectively). The
concentration of polyphenolic compounds was significantly
correlated with the antioxidant activity determined by the
DPPH• and ABTS•+ methods (0.993–0.999; p < 0.01). We also
observed statistically significant correlations between the activity

FIGURE 1
Mean (±SD) antioxidant activity and total polyphenol content (TPC) of S. officinalis ethanolic extracts in different concentration. Vertical lines
represent standard deviation (SD), n = 3. Different letters mean significant differences between activity of extracts prepared in 70% and 40% ethanol.
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of extracts prepared in 70% and 40% v/v ethanol, assessed using the
samemethod (r = 0.99 (9), r = 0.999, and r = 0.995 (p < 0.01) for the
DPPH•, ABTS•+, and F–C methods, respectively). By analysing
the correlations between the results obtained by individual
methods, regardless of the ethanol concentration used in the
extraction process, correlation coefficients of r ≥ 0.991 and p <
0.0001 were obtained.

3.2 Antibacterial activity of extracts and
essential oil

The results of the antibacterial properties of the extracts are
shown in Table 1 and Figure 2. Table 2 presents the results of the
antibacterial activity of the essential oil. Figure 3 shows the growth
inhibition zones of selected strains: S. lutea, P. aeruginosa, and
B. subtilis.

Regardless of the ethanol concentration used as a solvent, the
analysed extracts inhibited or limited the growth of the tested
bacterial strains, both Gram-positive and Gram-negative. The
diameter of the growth inhibition zone depended on the
concentration of the extract and the type of strain
(Supplementary Table S2).

Depending on the dry extract concentration (50–500 g/L),
regardless of the type of strain tested, growth inhibition ranged
from 8.7 to 23.7 mm (Table 1). If we assume that inhibition zones
less than 10 mm signify bacterial resistance to the tested substance,
we can observe that B. subtilis exhibited the least sensitivity to the
tested extract. For this strain, inhibition zones <10 mm were
observed for samples with dry extract contents of 50 and 125 g/
L. Depending on the content of the dry extract, the following strains
were the most sensitive: P. aeruginosa, S. pneumoniae, P. fluorescens,
and S. lutea.

After application of the essential oil, no zone of inhibition larger
than 10 mm was observed for any tested strain.

3.3 Isolation and composition of S. officinalis
essential oil

The distillation process had an efficiency of 0.04%. Table 3
displays the composition of the great burnet essential oil. We
recognized 22 main components of the oil. The essential oil of S.
officinalis consisted mainly of aliphatic hydrocarbons (2-
Methylhexacosane, 1-Nonacosene, Triacontane, and
Tetrapentacontane), unsaturated terpene alcohols (Linalool,
Geraniol, and Phytol), aliphatic aldehydes (Eicosanal and
Nonacosanal), unsaturated and saturated fatty acids (Dihomo-γ-
linolenic and Undecanoic acids), sesquiterpene (Fragranyl acetate),
phytyl ester of linoleic acid (Phytyl linoleate), nitrogen compound
(N-hexatriacontane), phytosterol (Stigmastane-3,6-dione), terpene
ketone (Farnesyl acetone), phenylpropanoids (Eugenol and
Chavibetol), aliphatic alcohol (1-Nonen-3-ol), diterpenoid
(Geranyl linalool), aromatic aldehyde (M-Tolualdehyde), and
aliphatic carboxylic acid (10,12-Pentacosadiynoic acid).

3.4 HPLC analysis of S. officinalis extract

The great burnet extract prepared in 70% ethanol (dry extract
concentration 500 g/L) was analysed by HPLC, and then it was used
for an ex vivo skin permeation study. Table 4 presents the
quantitative composition of the identified phenolic acids, while
Figure 4 displays the chromatogram of this analysis. We
identified the following phenolic acids in the great burnet extract:
gallic acid, 3,4-dihydroxybenzoic acid, 2,5-dihydroxybenzoic acid,
vanillic acid, 2,3-dihydroxybenzoic acid, caffeic acid, and
chlorogenic acid. The highest concentration of the identified
phenolic acids was found for gallic acid (424 ± 10 mg/L) and
vanillic acid (270 ± 5 mg/L). The lowest concentration of the
analysed phenolic acids was found for chlorogenic acid (13 ±
3 mg/L) and caffeic acid (21 ± 3 mg/L).

TABLE 1 Antimicrobial activity of S. officinalis herb extract prepared in 70% ethanol.

Type of bacteria Strain of bacteria Dry extract concentration [g/L]

50 125 250 500

Growth inhibition zone [mm]

Gram-positive S. lutea 11.3 ± 0.6a 16.3 ± 0.6b 19 ± 1c 23 ± 1d

E. faecalis 10.7 ± 0.6a 14 ± 2b 18.7 ± 0.6c 21.3 ± 0.6d

E. faecium 11.3 ± 0.6a 16 ± 2b 19.3 ± 0.6c 20.7 ± 0.6c

S. pneumoniae 12.3 ± 0.6a 17.3 ± 0.6b 20.3 ± 0.6c 22.3 ± 0.6d

B. coagulans 12 ± 1a 17 ± 1b 18.7 ± 0.6c 20.3 ± 0.6d

B. subtilis 8.7 ± 0.6a 9.7 ± 0.6a 12.7 ± 0.6b 16.7 ± 0.6c

B. megaterium 11.7 ± 0.6a 15.7 ± 0.6b 18.3 ± 0.6c 19 ± 1c

Gram-negative E. coli 10.7 ± 0.6a 14.7 ± 0.6b 16.7 ± 0.6c 20 ± 1d

P. fluorescens 11.7 ± 0.6a 18.7 ± 0.6b 19.7 ± 0.6cd 20.7 ± 0.6d

P. aeruginosa 12.3 ± 0.6a 18.3 ± 0.6b 20.3 ± 0.6c 23.7 ± 0.6d

Values marked with the same letters (a-d) do not differ statistically significantly.
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3.5 Ex vivo skin permeation study

The extract prepared in 70% ethanol (dry extract concentration:
500 g/L) was used for transdermal diffusion studies. Table 5 shows
the content of the analysed phenolic acids in the acceptor fluid after
24-h permeation and in the skin collected after the completion of the
permeation of the great burnet extract. We did not identify any
phenolic acids in the samples collected during the first 8 h of
permeation. Therefore, we presented the results of samples
collected after 24-h permeation. Figure 5 shows the HPLC
chromatograms of the acceptor fluid after 24-h permeation (A)
and the fluid obtained after skin extraction (B). Among the tested
phenolic acids, vanillic acid permeated to a higher degree than
others. Their cumulative content in the acceptor fluid after 24-h
permeation was 10 ± 1 µg. The highest accumulation in the skin [µg/
g skin] was observed for 2,5-dihydroxybenzoic acid (53 ± 4), 2,3-
dihydroxybenzoic acid (45 ± 3), gallic acid (45 ± 3), and vanillic acid
(31 ± 3) (Table 5).

4 Discussion

The reports in the literature confirm the antioxidant activity of
various parts of S. officinalis. Byun et al. (2021) assessed the
antioxidant activity, total polyphenol, and flavonoid content in S.
officinalis dry root extracts prepared using ethanol at different

concentrations (20%, 40%, 80%, 100%). To prepare the extracts,
they used a conventional reflux extraction technique. Extracts in
40% and 80% ethanol contained a similar concentration of
polyphenols (121.96 mg GAE/g). The total flavonoid content was
slightly higher in the extract prepared in 80% ethanol. Depending on
the evaluation method, the antioxidant activity was generally the
highest for extracts in 80% ethanol (TAC assay) and 40% alcohol
(ABTS•+ and FRAP assay). In general, they obtained lower results
(except for the DPPH• method) for extracts prepared in 20% and
100% ethanol (Byun et al., 2021). The preliminary analysis of the
presented research revealed a similar relationship. Extracts in 40%
and 70% ethanol exhibited comparable high antioxidant activity and
total polyphenol content, whereas extracts in 96% alcohol
demonstrated significantly lower tested properties. Therefore, we
conducted extended analyses on extracts prepared using 70% and
40% v/v ethanol. Many researchers emphasize the importance of
ethanol concentration as a solvent in the extraction of biologically
active compounds from plant material (Hikmawanti et al., 2021;
Nour et al., 2013; Spigno et al., 2007). Their polarity is one of the
factors influencing the differences in the tested potential of extracts
prepared using different solvents (Freije et al., 2013; Herrera-Pool
et al., 2021; Nawaz et al., 2020). Gawron-Gzella et al. (2016)
compared the antioxidant activity (DPPH• method) and the total
content of polyphenols, including flavonoids and phenolic acids, in
aqueous and methanolic extracts from the powdered herb of S.
officinalis. The IC50 determined by the DPPH• method for the

FIGURE 2
Growth inhibition zones [mm] for individual bacterial strains after using S. officinalis herb extracts prepared in 70% and 40% ethanol. (A – S. lutea,
B – E. faecalis, C – E. faecium, D – E. coli, E – P. fluorescens, F – P. aeruginosa, G – S. pneumoniae, H – B. coagulans, I – B. subtilis, J – B. megaterium).
Vertical lines represent standard deviation (SD).
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methanolic extract was 2.95 mg/mL, while for the aqueous extract it
was 3.65 mg/mL. Aqueous extracts were characterised by a higher
total content of polyphenols and phenolic acids, while methanolic
extracts contained more flavonoids (Gawron-Gzella et al., 2016).
Nzor et al. (2024), based on studies of Anthocleista vogelii leaf
extracts’ antioxidant activity, emphasize the importance of solvent
polarity’s influence on the tested potential. These authors claim that
polar solvents, such as ethanol or methanol, are more effective in
extracting compounds with antioxidant potential than non-polar
solvents, such as n-hexane or dichloromethane. For this reason, it
seems important to optimise the extraction process, including the
solvent used, for the specific group of biologically active compounds
that we want to isolate from the tested plant material (Nzor et al.,
2024). Lachowicz et al. (2020) compared the antioxidant activity of
great burnet leaves, flowers, stalks, and roots. In their studies, leaf
extracts were characterised by the highest antioxidant activity
among all the tested morphological parts of the plant. The
ABTS•+ method was used to measure the antioxidant activity of
leaves, which was 6.63 mmol/g dry basis. This was statistically
significantly different from the activity of flowers, roots, and
stalks, which were 5.56, 5.08, and 0.52 mmol/g dry basis,
respectively. The results obtained using the FRAP method
showed a similar relationship. The iron ion reduction capacity
for leaves, flowers, roots, and stalks, respectively, was 0.3, 0.2,
0.13, and 0.09 mmol/g on a dry basis (Lachowicz et al., 2020).
Tocai et al. (2021) compared the antioxidant activity and TPC in
extracts from different parts of two Sanguisorba varieties: S.
officinalis (great burnet) and S. minor (small burnet). In their
study, extracts from great burnet leaves were characterised by

significantly higher antioxidant activity (assessed by DPPH• and
FRAP methods) and TPC than extracts from small burnet leaves.
However, in this study, extracts from the roots of both varieties were
the most valuable source of compounds with antioxidant potential,
including polyphenols (Tocai et al., 2021). According to Pelc et al.
(2011), these differences may be due to the lower content of tannins
and phenolic acids in the herb S. officinalis compared to
underground organs (Pelc et al., 2011). The results of our
research and those of other authors indicate that both the
aboveground and underground parts of S. officinalis may be a
valuable source of compounds with antioxidant potential,
including polyphenols. However, various factors, including the
pre-extraction treatment of the raw material, solvent
concentration, and extraction parameters, may significantly affect
the activity of the extracts.

Tocai et al. (2022) assessed the antimicrobial activity of leaves,
flowers, and root extracts in 70% ethanol prepared from S. officinalis
and S. minor. They analysed three strains of bacteria: S. aureus,
E. coli, and P. aeruginosa. S. officinalis leaf extracts (SOL) showed
significantly higher activity than root (SOR) and flower (SOF)
extracts. Depending on the strain, the diameter of the inhibition
zone in the case of SOL was 8.4–11.5 mm, SOR was 5.5–6.6 mm, and
SOF was 2.5–4.6 mm. In the case of great burnet extracts, the most
sensitive strains were P. aeruginosa (inhibition zone 11.3 mm,
6.5 mm, and 4.6 mm, respectively for SOL, SOR, and SOF) and
E. coli (11.5 mm, 6.6 mm, and 2.6 mm, respectively for SOL, SOR,
and SOF). The antimicrobial activity of small burnet extracts was
more varied, depending on the extracted raw material. The leaf
extract had relatively strong antibacterial activity against S. aureus

FIGURE 3
Zones of inhibition of the growth of (A) S. lutea, (B) P. aeruginosa, and (C) B. subtilis strains after using S. officinalis extract prepared in 70% ethanol.

TABLE 2 Antibacterial activity of S. officinalis essential oil.

Strain of bacteria Growth inhibition zone [mm] Strain of bacteria Growth inhibition zone [mm]

B. megaterium 10 ± 1 S. lutea n.i

P. aeruginosa 9.5 ± 0.6 S. pneumoniae n.i

B. subtilis 9.5 ± 0.6 B. coagulans n.i

E. coli 8 ± 1 E. faecalis n.i

P. fluorescens n. i E. faecium n.i

n. i., no inhibition.
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(inhibition zone 15.5 mm), while E. coli was most sensitive to root
and flower extracts (inhibition zones 10.5 mm and 11.6 mm,
respectively) (Tocai et al., 2022). In our study, the great burnet
extracts also showed the strongest activity against P. aeruginosa (the
inhibition zone, depending on the dry extract content in the sample,
was 12.3–23.7 mm). The activity of the extracts against E. coli was
also higher compared to the results obtained by Tocai et al. (2022)
(the average inhibition zone was 15.5 mm) (Tocai et al., 2022). Do

et al. (2005) analysed the antimicrobial activity of extracts prepared
from selected medicinal plants. They evaluated the S. officinalis root
extract prepared in 70% ethanol. Among the analysed Gram-
positive strains, the extract showed activity against B. subtilis and
S. typhimurium (MIC 62.5 and 61.5 μg/mL, respectively), while in
the group of Gram-negative bacteria, it was mainly against S. aureus,
P. aeruginosa, and E. coli (MIC for all strains was 62.5 μg/mL).
However, the researchers noted no bactericidal properties against L.
plantarum (Do et al., 2005). Gawron-Gzella et al. (2016) assessed the
antimicrobial activity of aqueous andmethanolic extracts from great
burnet herb. These extracts showed similar antibacterial activity
against Gram-positive strains (S. aureus, S. epidermidis, M. luteus,
and B. subtilis—MIC for methanolic extract 0.7 mg/mL and aqueous
extract 0.7–0.15 mg/mL) and Gram-negative strains (E. coli, K.
pneumoniae—MIC for all extracts 0.3 mg/mL). In both extracts,
they observed the lowest activity against E. faecalis (MIC 2.5 mg/
mL). They used gentamicin as the reference antibiotic (the MIC,
depending on the strain, ranged from 1 to 32 μg/mL) (Gawron-
Gzella et al., 2016). In our study, E. faecalis was also one of the least
sensitive strains. The average growth inhibition zone was 16.3 mm,
which was the same as for B. megaterium. A smaller average zone of
growth inhibition was observed only for E. coli (15.5 mm) and B.
subtilis (12 mm), which was the least sensitive strain of all tested

TABLE 3 Composition of S. officinalis essential oil.

Class Compound Rt [min] Ref.

aliphatic alcohol 1-Nonen-3-ol 8.191 Petri et al. (1991)

aromatic aldehyde M-Tolualdehyde 9.740 Hamedeyazdan et al. (2013)

unsaturated terpene alcohol Linalool 9.810 Esmaeili et al. (2010)

unsaturated terpene alcohol Geraniol (2,6-Octadien-1-ol) 11.269 Silva et al. (2021), Guimarães et al. (2019)

sesquiterpene Fragranyl acetate 11.690 Bader et al. (2022)

saturated fatty acid Undecanoic acid (Lauric acid) 12.023 Bhuiyan et al. (2009)

phenylpropanoid Eugenol 12.693 Srivastava et al. (2022)

phenylpropanoid Chavibetol (3-Allyl-6-methoxyphenol) 14.051 Niculau et al. (2018)

terpene ketone Farnesyl acetone 15.075 Sotubo et al. (2016)

unsaturated terpene alcohol Phytol 15.250 Islam et al. (2018)

diterpenoid Geranyl linalool 15.484 Sahoo et al. (2021)

aliphatic aldehyde Eicosanal 15.959 Servi H (2019)

unsaturated fatty acid Dihomo-γ-linolenic acid 18.573 Freije et al. (2013)

aliphatic hydrocarbons 2-Methylhexacosane 18.610 Ryu et al. (2020)

phytosterol Stigmastane-3,6-dione 18.705 Radulovic and Djordjevic (2011)

aliphatic hydrocarbons 1-Nonacosene 18.829 Onocha et al. (2016)

aliphatic carboxylic acid 10,12-Pentacosadiynoic acid 21.990 Macias Socha and Reyes Cuellar (2020)

aliphatic aldehyde Nonacosanal 22.075 Trivedi et al. (2022)

aliphatic hydrocarbons Triacontane 26.645 Bouazzi et al. (2020)

phytyl ester of linoleic acid Phytyl linoleate 27.103 Krauß et al. (2016)

nitrogen compound N-hexatriacontane 28.117 Szymański et al. (2020)

aliphatic hydrocarbons Tetrapentacontane 28.539 Değirmenci and Erkurt (2020)

TABLE 4 The content (Mean ± SD) of phenolic acids in S. officinalis extract
(n = 3).

Phenolic acid Concentration [mg/L]

gallic acid 424 ± 10

3,4-dihydroxybenzoic acid 222 ± 9

2,5-dihydroxybenzoic acid 169 ± 15

vanillic acid 270 ± 5

2,3-dihydroxybenzoic acid 207 ± 7

caffeic acid 21 ± 3

chlorogenic acid 13 ± 3
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(Figure 2; Table 1). Zhu et al. (2019) evaluated the antibacterial
activity of crude polyphenolic extract (CPE) and purified
polyphenolic extract (PPE) prepared from S. officinalis in 70%
ethanol. PPE showed higher antibacterial activity against both
Gram-positive (S. aureus, B. subtilis, and L. monocytogenes) and
Gram-negative bacteria (E. coli and S. typhimurium). The diameter
of the growth inhibition zone of Gram-positive bacteria, depending
on the strain, was 24.7–29.4 mm, while for Gram-negative strains it
was 10.9–14.7 mm. These ranges for CPE were 13.9–15.2 mm and
7.2–10.6 mm, respectively. They observed the largest zones of
growth inhibition for both PPE and CPE for S. aureus and the
smallest for E. coli (Zhu et al., 2019). In our study, we also noted that
E. coli was one of the least sensitive strains. The extraction method
selection and the different content of plant material may cause
differences in results. The content of biologically active ingredients

in the raw material may also depend on the geographical zone of
growth, the date of harvest, the method of processing the material
after harvesting, and the plant’s pre-extraction treatment. The
available literature contains no information regarding the
antimicrobial activity of great burnet essential oil. However, it
should be noted that the antimicrobial activity of essential oil is
much lower than that of ethanolic extracts, and many of the tested
strains are not sensitive to this essential oil. Some essential oils may
have weak or no antimicrobial activity (Elhawary et al., 2021). The
better and more effective antibacterial effect of alcohol extracts
from S. officinalis is probably due to differences in the composition
of active substances that limit the growth of the tested strains. The
polyphenols in them may be responsible for the tested extracts’
antimicrobial potential. There are many reports in the literature
confirming the strong antibacterial and antifungal properties of

FIGURE 4
Chromatogram of phenolic acid identified in S. officinalis extract. A – gallic acid; B – 3,4-dihydroxybenzoic acid; C – 2,5-dihydroxybenzoic acid;
D – vanillic acid; E – 2,3-dihydroxybenzoic acid, F – caffeic acid, and G – chlorogenic acid. Extracts were diluted 100-fold before HPLC analysis.

TABLE 5 Mean (±SD) the content of phenolic acids in acceptor fluid and skin extract obtained after 24-h permeation study (n = 3).

Phenolic acid Accumulation in the skin [µg/g skin] Acceptor fluid after 24-h of permeation [µg]

gallic acid 45 ± 3 n.i

3,4-dihydroxybenzoic acid 21 ± 3 5.4 ± 0.7

2,5-dihydroxybenzoic acid 53 ± 4 1.6 ± 0.3

vanillic acid 31 ± 3 10 ± 1

2,3-dihydroxybenzoic acid 45 ± 3 3.7 ± 0.6

caffeic acid 3.2 ± 0.2 n.i

chlorogenic acid 2.0 ± 0.5 1.6 ± 0.3

n.i., not identified.
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polyphenolic compounds (Daglia, 2012; Manso et al., 2021;
Othman et al., 2019). Othman et al. (2019) emphasise that the
antimicrobial potential of polyphenols is closely related to their
antioxidant activity (Othman et al., 2019). In addition, some
phenolic acids, e.g., gallic and caffeic acid, which were identified

in the tested S. officinalis extracts, also have proven antibacterial
properties. Their antimicrobial activity against strains of Gram-
positive bacteria (e.g., S. aureus and L. monocytogenes) and Gram-
negative bacteria (e.g., E. coli and P. aeruginosa) is indicated
(Daglia, 2012).

FIGURE 5
Chromatogram of phenolic acid identified in fluid after skin extraction (A) and acceptor fluid taken after 24 h of extract permeation (B): A – gallic
acid; B – 3,4-dihydroxybenzoic acid; C – 2,5-dihydroxybenzoic acid; D – vanillic acid; E – 2,3-dihydroxybenzoic acid, F – caffeic acid, and
G – chlorogenic acid.
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A similar efficiency of the distillation process of essential oil
from the herb Epilobium angustifolium L. (0.035%) was obtained by
Nowak et al. (2021). In the research of Esmaeili et al. (2010)
concerning the extraction of essential oil from S. minor they
achieved a yield based on dry weight of 0.2% (w/w) (Esmaeili
et al., 2010). No analysis of the composition of the essential oil
of great burnet has been found in the literature, but analyses of the S.
minor essential oil are available. In the S. minor essential oil,
Wieteska et al. (2013) identified 33 components (60.52%). The
relative amount (%) of the compounds were: nerol (13.87%),
geraniol (5.70%), and phytol (5.16%). They also identified
compounds that are classified as fragrances: lavandulol (3.07%),
linalool (2.78%), hexahydrofarnesyl acetone (2.35%) (E)-β-Ionone
(2.05%), eugenol (1.72%), farnesyl acetone (1.01%), and methyl
cinnamate (0.40%) (Wieteska et al., 2013). Esmaeili et al. (2010)
identified 17 compounds (93.2%) in the essential oil of S. minor,
mainly aliphatic hydrocarbons (40.6%), five sesquiterpenes (36.8%),
one oxygenated monoterpene (7.3%), and one aliphatic aldehyde
(8.3%). The major components in this oil were (E, E) Farnesyl
acetate (13.4%) – a terpene compound, nonadecane (11.2%), and
docosane (11.0%), followed by β-caryophyllene (9.7%), nonanal
(8.5%), and linalool (7.3%) (Esmaeili et al., 2010). Our S.
officinalis essential oil contained similar classes of compounds
(terpene ketone, aliphatic hydrocarbons, sesquiterpene, and
aliphatic aldehyde) as the S. minor essential oil analysed by
Esmaeili et al. (2010). Small burnet essential oil was richer in
sesquiterpene, while great burnet essential oil contained more
fatty acids (saturated and unsaturated). This comparison suggests
that essential oils obtained from different varieties of the same plant
may have variable chemical compositions, which may result in
various biological activities. Unsaturated terpene alcohols and
unsaturated fatty acids are the main components of the S.
officinalis essential oil (Table 3) (Nowak et al., 2021a). The
identified components of S. officinalis essential oil have a variety
of biological effects. Linalool is a valuable molecule with significant
therapeutic potential, making it a valuable marker in assessing the
authenticity of aromas, fragrances, and essential oils. At
concentrations of 0.1% (v/v), linalool exhibits antimicrobial
activity against microorganisms such as S. aureus, B. subtilis,
E. coli, and P. multocida, being more active against Gram-
positive bacteria compared to Gram-negative bacteria. Its
antimicrobial activity was attributed to functional destabilisation
of the bacterial membrane and the increased sensitivity of bacterial
strains to classical antimicrobials. Linalool has been shown to have
remarkable activity against periodontopathic and carious bacteria,
with minimum inhibitory MIC concentrations ranging from 0.1 to
1.6 mg/mL. Linalool also acts as an anti-lipoperoxidant. Essential
oils containing linalool have demonstrated an increase in
antioxidant activity, likely due to the synergy between the
components. Linalool protects guinea pig brain tissue from
oxidative stress caused by hydrogen peroxide at relatively high
concentrations (120 mg/kg) and for a long time. Its effects are
similar to those of lipoic acid and vitamin E (Aprotosoaie et al.,
2014). By increasing the permeability of the skin and mucous
membranes, linalool promotes the transdermal penetration of
therapeutic agents, making it a useful promoter of absorption in
topical preparations. Meanwhile, hydrogel-type preparations appear
to absorb more linalool in the stratum corneum than emulsions or

oil solutions (Aqil et al., 2007). Geraniol has antimicrobial activity
against 78 different microorganisms, but Candida and
Staphylococcus are the most frequently tested types of this
monoterpene using the broth microdilution technique. Geraniol
showed synergistic activity in combination with chloramphenicol,
norfloxacin, and tetracycline. MIC values (indicating excellent
antimicrobial activity) were ≤600 μg/mL against E. aerogenes, S.
aureus, E. coli, L. monocytogenes, S. epidermidis, B. cereus, S.
typhimurium, T. rubrum, T. mentagrophytes, M. canis, M.
gypseum, C. albicans, C. krusei, C. glabrata, C. tropicalis,
Curcuma parapsilosis, T. asahii, and C. neoformans (Chouhan
et al., 2017; Lira et al., 2020). Essential oil from aboveground
parts of A. nobilis L. subsp. neilreichii (Kerner) was tested for
composition, antioxidant activity, and antimicrobial activity.
Fragranyl acetate (32%) was the main component of the obtained
essential oil. The essential oil was found to be effective against the
human pathogenic microorganisms tested, showing MIC values in
the range of 0.5 to >2 mg/mL and DPPH• (IC50 > 0.5 mg/mL) (Bala
et al., 2009). High antimicrobial and antioxidant activity classify
eugenol as an absorption promoter. Cosmetic formulas for acne skin
care recommend eugenol because it improves the complexion of
people with acne and psoriasis, reducing the appearance of lesions
and speeding up their healing (Kucharska et al., 2024).

In our study, phenolic acids such as gallic acid, 3,4-
dihydroxybenzoic acid, 2,5-dihydroxybenzoic acid, vanillic acid,
2,3-dihydroxybenzoic acid, caffeic acid, and chlorogenic acid
were identified in the tested S. officinalis extract. Other authors
have also identified chlorogenic acid and caffeic acid in great burnet,
as well as gallic acid, 3,4-dihydroxybenzoic acid, and vanillic acid
(Biernasiuk et al., 2015). Not only S. officinalis leaves are rich in
polyphenolic compounds. For example, in the roots were identified
ellagic acid, caffeic acid, p-coumaroylquinic acid, and chlorogenic
acid (Tocai et al., 2022), as well as methyl 4-O-β-D-glucopyranosy-
5-hydroxy-3-methoxylbenzoate, 3,3′,4′-tri-O-methylellagic acid,
fisetinidol-(4α-8)-catechin, and (+)-catechin (Zhang et al., 2012).
In flowers were identified, among others, punicalagin gallate, ellagic
acid, caffeic acid, and chlorogenic acid (Tocai et al., 2022). In our
study, gallic acid was found in the highest concentration. The
content of gallic acid in the tested extract may affect its
antioxidant and antibacterial potential.

The solvent may have a significant effect on the permeation of
natural active substances through the skin (Nowak et al., 2021b;
Bertges et al., 2020). In our study, an extract prepared in a 70% v/v
aqueous ethanol solution was applied to pig skin. This concentration
is considered optimal for topical drugs (Nowak et al., 2021a;
Tuntiyasawasdikul et al., 2017). Ethanol is a promoter of
transepidermal transport, which affects the effectiveness of active
substances permeation into the skin. This alcohol can reversibly
transform the structure of the laminar system of the lipid matrix of
the epidermis, which probably accelerates the diffusion of molecules
through the stratum corneum. Ethanol can disrupt the skin’s barrier
function by affecting the cells located between the cellular cement. It
loosens the lipid layer, increases its fluidity, and consequently the
permeation (Jaworska et al., 2011). Tuntiyasawasdikul et al. (2017)
demonstrated that applying an ethanol/water mixture increased the
permeation of diarylheptanoids from a Curcuma longa L. extract
compared to a propylene glycol/water solution (Tuntiyasawasdikul
et al., 2017). The phenolic acids present in S. officinalis may be

Frontiers in Pharmacology frontiersin.org13

Muzykiewicz-Szymańska et al. 10.3389/fphar.2024.1390551

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1390551


valuable therapeutic ingredients with antioxidant or antimicrobial
properties. This is very important in preparations applied to the skin
(Liu et al., 2020). There is also not much information in the literature
about the permeation of these compounds through the skin and
their accumulation in it, as well as their possible permeation into
deeper tissues. In our study, we observed that some phenolic acids
contained in the analyzed extracts permeated and accumulated in
the skin. For topical use, the ingredients contained in the
preparation must reach all layers of the skin (Bertges et al.,
2020). Substances that penetrate and accumulate in the skin’s
deeper layers may increase its antioxidant potential. It is
important because oxidative stress can accelerate skin ageing and
disrupt the wound-healing process (Nowak et al., 2021a). Therefore,
the topical application of natural plant substances might help
improve the endogenous cutaneous protection system (Alonso
et al., 2014). However, the plant’s active substances can penetrate
tissues to varying degrees, and this parameter depends on many
factors, among them the physicochemical properties of the active
substances or the use of the vehicle (Nowak et al., 2021b; Klebeko
et al., 2021). We presented the permeation results of selected
phenolic acids after 24 h. Vanillic acid and 3,4-dihydroxybenzoic
acid permeated to a high degree. In another study, 3,4-
dihydroxybenzoic acid also permeated through human skin to a
high degree from Epilobium angustifolium ethanolic extract (Nowak
et al., 2021a). Interestingly, we did not identify the caffeic acid in the
acceptor fluid after 24-h permeation. Bertges et al. (2020) also did
not note the penetration of caffeic acid from coffee extract in the oil-
in-water (O/W) emulsion. These authors suggested that this vehicle
was not suitable for delivering this bioactive compound to the skin
(Bertges et al., 2020). However, an increase in caffeic acid
permeation was observed through the pig ear after using
liposomes (Katuwavila et al., 2016) and nanostructured lipid
carriers (Nitthikan et al., 2018).

It is commonly believed that the permeation of active substances
through the skin increases the effectiveness of the applied
preparation. On the other hand, the accumulation of active
substances in the skin is also very beneficial, especially in the
case of topical preparations or cosmetics (Nicolai et al., 2020).
We also observed the accumulation of analysed phenolic acids in
the skin, with 2,5-dihydroxybenzoic acid, gallic acid, 2,3-
dihydroxybenzoic acid, and vanillic acid accumulating in the
highest concentration. Bertges et al. (2020) suggested that in the
case of cosmetic preparation, lower permeation to the deeper layers
will result in a more significant antioxidant effect on the skin
(Bertges et al., 2020).

As mentioned, many studies confirm the pharmacological
effects of S. officinalis extracts, including their antioxidant and
antimicrobial potential. However, most of the published research
focuses on Sanguisorbae radix extracts rather than Sanguisorbae
herba. The novelty of this study consists of a GC-MS analysis of the
composition of the essential oil isolated from the aerial parts of S.
officinalis and an assessment of the ability of selected phenolic acids
contained in the ethanolic extract of great burnet to permeate and
accumulate in the skin. However, there are some limitations to this
study. The tested extracts were not optimized. No reference
antibiotics were used in antibacterial activity tests. Further
research focusing, among others, on MIC determination will
allow for the optimal selection of extract concentrations. The

processes of separating individual oil components are often time-
consuming, therefore, it is a great challenge to isolate the oil
components to additionally confirm the structures of the main
components (identified by mass spectrometry) based on the
NMR spectroscopy method.

5 Conclusion

The presented study constitutes a preliminary analysis of the
usefulness of using ethanolic extracts from S. officinalis in
preparations applied to the skin. The confirmed antioxidant and
antibacterial potential, as well as the ability to permeate and
accumulate selected phenolic acids with therapeutic effects in the
skin, constitute an introduction to extended research on the use of
great burnet extracts in cosmetic and pharmaceutical preparations.
In the next stages, it is necessary to optimise the S. officinalis
extraction process and then extend the analysis of the obtained
extract in terms of its health-promoting properties on the skin,
including the assessment of its potential toxicity. Additional
microbiological tests should also be performed, considering
pathogens closely associated with the skin and the MIC
assessment. The extended research on an essential oil should
include a thorough analysis of its composition and isolation of its
components to confirm its structure.
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