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ABSTRACT

Scutellaria baicalensis (S. baicalensis) root extract has been used for a long time in Oriental medicine and the cosmetics
industry due to its natural anti-oxidant properties in disease treatment. However, comprehensive studies comparing the
physiological activities of different S. baicalensis root extracts are lacking. Specifically, there is a need to compare S.
baicalensis root hydrothermal extract (SBHE), S. baicalensis root 75% ethyl alcohol extract (SBAE), and S. baicalensis
root supercritical fluid extracts (SBSEs) simultaneously. In this study, we extracted S. baicalensis roots using three
different methods: hydrothermal, 75% ethyl alcohol, and supercritical fluid extraction. We then evaluated their radical
scavenging activities, SOD-like activity, anti-bacterial activities, and the production of inflammatory factors. Among the
extracts tested, the S. baicalensis root supercritical fluid 35°C extract (SBSE35) exhibited superior overall physiological
activities. Notably, only the SBSEs demonstrated anti-bacterial activity against Staphylococcus aureus, whereas SBHE
and SBAE did not. SBHE and SBAE increased interleukin (IL)-6 levels (p < 0.05). Additionally, SBHE and SBAE
showed a slight decrease in IL-8 at low concentrations, but an increase in IL-8 production in a concentration-dependent
manner. In contrast, SBSE35 significantly reduced both IL-6 and IL-8 levels (p < 0.05). These findings suggest that
SBSE35 has greater potential for improving human health in the cosmetics and pharmaceutical fields.
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of S. baicalensis root are flavonoids such as glycoside

(baicalin, wogonoside) and aglycone (baicalein, wogonin)
which have been reported to exhibit various physiological

activities such as anti-inflammatory diseases (Tong et al.,

2012; Wen et al. 2023). Moreover, more than 40

flavonoids have been identified in S. baicalensis root (Li

etal., 2011).

Since extracting the maximum yield of active
compounds contained in plants determines the efficacy of
the extract, leading to numerous studies aiming to
enhance active compounds extraction efficiency (Oracz et
al., 2023). In recent time, researches on separating
phytochemicals using supercritical carbon dioxide (SC-
CO») extraction are ongoing (Oman et al. 2013). Previous

INTRODUCTION

Throughout the world, natural products are
extensively employed in the fields of food, cosmetics,
and pharmaceuticals for disease prevention and treatment
due to their inherent properties as natural antioxidants,
particularly phenolic compounds (Chaughule ef al., 2023;
Andrade et al., 2023; Jing et al. 2023; Rahaman et al,,
2023). Another reason behind the preference for natural
products is the belief that they are natural itself and safe
for the human body, in contrast to the hazards associated
with chemical synthetic substances (Rahaman et al., 2023;
Banfonan ef al., 2023). Moreover, the utilization of
discarded by-products (such as fruit seeds and stalks)

from plant consumption contributes to environmental
sustainability and economic benefits through upcycling
practices (Rashid et al., 2023).

Scutellaria baicalensis (S. baicalensis) root has
been widely utilized from the Orient since ancient times
(Zhao et al., 2016). It is renowned for its potent anti-
convulsant, anti-cancer, anti-oxidant, anti-bacterial, and
anti-inflammatory effects (Zhao et al., 2016; Liu et al.,
2023; Chmiel et al., 2023). The main active constituents
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studies have applied SC-CO, extraction to isolate
compounds such as baicalin, wogonoside, and wogonin
(Gao et al., 2016; Vinitha et al., 2022).

Supercritical ~ fluids  exhibit  exceptional
solubility due to the properties of gases (low viscosity,
high diffusivity, and low surface tension), as well as the
properties of liquids (high density) (Temelli, 2009).
These distinctive  characteristics  facilitate  rapid
penetration into the raw material and form clustering
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around the active ingredients, subsequently enabling their
dissolution and extraction (Uwineza et al., 2020). Carbon
dioxide is commonly employed as a supercritical fluid
than alternative solvents due to its relatively low critical
temperature and pressure (31.1°C and 73.8 bar)
(Esfandiari, 2015). These critical parameters enable
carbon dioxide to more readily attain a supercritical fluid
state compared to other sol-vents (Esfandiari, 2015).
These properties of carbon dioxide necessitate low
energy consumption for maintaining a supercritical fluid
state, making it an economical choice. Furthermore, it
allows extraction without compromising the heat-
sensitive active ingredients that may be destroyed during
hydrothermal extraction (Cossuta et al., 2008).

Scutellaria biogcalensis root powder

1

Extract process
{(Hydrothermal, ethly alcohaol,
supercritical fluid extraction)

N

In vitro assay
[Evaluation of anti-oxidant, anti-bacterial and
anti-inflammatory activities)

1

Determination of
optimal extraction method

Figure 1. The research flowchart of this study.

Based on the results in the existing literature,
we aimed to confirm that active compounds can be
isolated from S. baicalensis roots using water, organic
solvent, and SC-CO; by evaluating the efficacy (Shen et
al., 2019; Yoon et al., 2009). However, organic solvents
are very hazardous to the human health, and there is a
risk of organic solvents remaining in the extract. (Joshi et
al., 2019). Considering these concerns, ethyl alcohol,
which is commonly used in the cosmetic industry and
comparatively safer than other organic solvents, was
selected as the organic solvent in this study. Therefore,
the extraction of S. baicalensis root was conducted using
biocompatible solvents (water and SC-CO,) and the
organic solvent (ethyl alcohol). No prior studies have
been reported that simultaneously compare S. baicalensis
root extracts obtained through hydrothermal extraction,
ethyl alcohol extraction, and supercritical fluid extraction.

Inflammation is one of the immunological

1411

J. Anim. Plant Sci., 34 (6) 2024

responses triggered by external factors, including
microbiological antigens, physical stimuli, or chemical
stimuli (Suzuki et al., 2020; Gopinath et al, 2023).
Especially, excessive inflammatory response promotes
skin aging and induces pruritus and pain, and
subsequently diminishing the overall the quality of life
(Kanaki et al. 2016; Borg et al. 2013). There are
representative skin inflammation diseases, as exemplified
by psoriasis, atopic dermatitis, and allergic contact
dermatitis (Albanesi et al., 2005). Given the exposure to
external harmful environments (e.g., fine dust, exhaust
gas) and the frequent use of masks in the 21st century,
effectively managing inflammation diseases with a
disrupted skin barrier has become a challenging task
(Alves et al, 2023; Lugovic-Mihi¢ et al, 2023).
Therefore, constant management of skin lesions becomes
necessary. This can be achieved through the continuous
use of effec-tive skincare products or medications.

Our objective was to determine the optimal
extraction method by identifying the most effective
extract from an efficacy perspective. To achieve this, we
adopted three different extraction methods (hydrothermal,
ethyl alcohol, and supercritical fluid extraction) and
conducted in vitro experiments to evaluate their
biological activities, including anti-oxidant, anti-bacterial,
and anti-inflammatory properties. The ultimate goal of
our study was to develop a valuable material that can
contribute to achieving healthy and well-balanced skin
for individuals seeking such benefits.

MATERIALS AND METHODS

Extraction Method

Hydrothermal extraction: Hydrothermal extraction
method is inexpensive, easy to handle, non-toxic, and
abundant availability (Yulianto et al, 2019). Plus, water
can dissolve water soluble compounds and po-lar
substances (Chuo et al., 2022). S. baicalensis root used in
this study was obtained from a Korean company
(Kunhwa Pharm, Gwangju, Korea). Initially, we
pulverized S. baicalensis root finely with a blender. In the
next step, 20 g of the pulverized root was mixed with 200
g of triple distilled water and extract it with hot water
(70°C) for 2 h, using a thermostat. The ratio of raw
material to solvent was set at 1:10, taking into account
the amount of solvent necessary to sufficiently immerse
the raw material. To ensure effective extraction of active
compounds while minimizing their degradation due to
heat, the extraction temperature was set at 70°C (Antony
et al., 2022). The resulting mixture was then filtered with
a sieve net, followed by centrifuge (Hanil Science,
Gimpo, Korea), and further filtration through 5 um filter
(Advantec, Tokyo, Japan) to remove the solid residue. As
a final step, the frozen aqueous extract was sublimed in a
freeze dryer and obtained S. baicalensis root
hydrothermal extract (SBHE).
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Ethyl alcohol extraction: Ethyl alcohol exhibits good
miscibility with water and can efficiently extract the
target substance by adjusting the water-ethyl alcohol ratio
(Hashim et al, 2021; Lyu et al, 2022). Additionally,
ethyl alcohol has the capability to dissolve both polar and
non-polar substances (Le et al., 2021). Based on previous
studies demonstrating excellent results with plant
extractions using 70% ethyl alcohol, this experiment
utilized 75% ethyl alcohol. This adjustment was made to
account for the evaporation of ethyl alcohol during the
extraction process (Oracz et al., 2023; Shen et al., 2019;
Stoica et al., 2013; Zhang et al., 2007). S. baicalensis
root was finely pulverized using a blender with a blender.
Subsequently, 20 g of the crushed S. baicalensis root was
added to an extraction container containing 200 g of 75%
ethyl alcohol, and the mixture was thoroughly combined.
It was immersed and allowed to extract at room
temperature for 2 h, while being shielded from ultraviolet
rays. The resulting mixture was filtered using a sieve net,
followed by centrifugation, and further filtration through
a 5 um filter to eliminate solid residues. The 75% ethyl
alcohol solution containing the extracts was subjected to
vaporization using a rotary vacuum evaporator (EYELA,
Tokyo, Japan) at 50°C. As the final step, the remaining
solvent was frozen in a deep freezer and subsequently
sublimed in a freeze dryer. This process yielded the S.
baicalensis root 75% ethyl alcohol extract (SBAE).

Supercritical carbon dioxide extraction: We conducted
the extraction of S. baicalensis root using two different
temperatures. A total of 100 g of pulverized S.
baicalensis root was placed into the extraction container,
and the SC-CO; extraction process was performed using
the SC-CO, extraction system (Ari instrument,
Namyangju, Korea) for 2 h for each extract. The
extraction conditions were as follows. The extractor
temperature was set to 35°C and 60°C respectively, with
a pressure of 350 bar. Under fixed pressure conditions,
increasing the temperature of the supercritical fluid
decreases the solvent density, thereby reducing its
solvating power, while simultaneously increasing the
vapor pressure, which facilitates compound extraction.
To determine whether the changes in the solvent's
solvating power or the compounds' vapor pressure
predominantly influence extraction, the temperature was
set between 35°C and 60°C. Since temperatures above
60°C can lead to the degradation of thermolabile
compounds, the extraction was conducted at 35°C, near
the critical point of carbon dioxide, and 60°C to prevent
compound degradation due to excessive heat. (Reverchon
et al., 2006). The separator was maintained at a
temperature of 25°C and a pressure of 30 bar. Ethyl
alcohol was used as a co-solvent. The ethyl alcohol with
the extracts was vaporized using a rotary vacuum
evaporator at 50°C, resulting in the production of S.
baicalensis root supercritical fluid extracts (SBSEs).
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These SBSEs include the S. baicalensis root supercritical
fluid 35°C extract (SBSE35) and the S. baicalensis root
supercritical fluid 60°C extract (SBSE60). The process
diagram for supercritical fluid extraction is depicted in
Figure 2.
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2. Summarized schematic diagram of
supercritical fluid extraction for extracting
natural products.

Figure

Sample preparation: To dissolve the extracts obtained
from various solvents, which have differing solubilities,
dimethyl sulfoxide (DMSO) was used as a solubilizing
agent to aid in their dissolution. (Di, L. et al., 2006).
These extracts were dissolved in 99.50% DMSO
beforehand and stored in a deep freezer at -80°C. The
stock solutions, prepared at a concentration of 40 mg/mL
were thawed at room temperature immediately before the
commencement of experiment. For the assays, the
samples were diluted to specific concentrations using
either DMSO or a medium (for cell-based assays). It has
been reported that DMSO concentrations below 2% have
only a negligible effect on cell viability and other
biological mechanisms. (Hoyberghs et al., 2021; Sumida
et al. 2011). Nevertheless, to account for any potential
effects caused by DMSO, an equal amount of DMSO was
added to the control group in all experiments.

Anti-oxidant Assays

2,2-diphenyl-1-picrylhydrazy (DPPH) assay: We
prepared 0.2 mM DPPH solution by dissolving DPPH
powder (Sigma Aldrich, St. Louis, USA) in 99.90% ethyl
alcohol. 10 pL of four S. baicalensis root extracts
(SBREs) was placed in a transparent 96-well microplate
(max volume of 300 pL) in triplicate. Subsequently, 190
puL of DPPH solution was added to the wells, and allowed
to react in the absence of light for a half hour (25°C). The
96-well microplate containing the reaction solution was
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inserted into a microplate reader (BioTek, Winooski,
USA) and shak-en for 1 min. Then, we measured the
absorbance of reacted solution (DPPH solution + SBREs)
at 520 nm (n = 3). L-ascorbic acid (Daejung, Siheung,
Korea) was employed as a positive control (PC). The
values of the 50% inhibitory concentration (IC50) values
were calculated using the log-linear interpolation method.

2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic  acid
(ABTS) assay: Each 14.80 mM ABTS and 5.20 mM
potassium persulfate in phosphate buffered saline (PBS)
were prepared. Next, we mixed them and allow them to
react to form ABTS cation radical for 20 h in a dark
refrigerator (4°C). The produced ABTS+ radical solution
was diluted 1/45 in PBS, and the absorbance of it at the
wavelength of 734 nm (Ab734) was adjusted to 0.70-
0.75 and used in the experiment. 10 pL of SBREs was
mixed with 190 pL of ABTS+ radical solution (Ab734 =
0.70-0.75) and left to react in a 96-well microplate in the
absence of light for 20 min (25°C). The 96-well
microplate containing the reaction solution was inserted
into a microplate reader and shaken for 1 min. Then, we
measured the absorbance of reacted solution (ABTS
working solution + SBREs) at 734 (n = 3). L-ascorbic
acid was used as a PC.

Superoxide dismutase (SOD) assay: SOD assay was
conducted by modifying the method of the OxiTec™
SOD Assay Kit (Biomax CO., Guri, Korea). 170 puL of
water-soluble tetrazolium salt (WST)-1 solution was
combined with 10 pL of sample on a transparent 96-well
microplate. Subsequently, 20 pL of enzyme working
solution was dispensed, and then the mixture was allowed
to react for 40 min in an incubator at 37°C. We inserted
the 96-well microplate containing this reaction solution
into a microplate reader and mixed it for 1 min. We
gauged the absorbance of reacted solution at 450 nm (n =
3). L-ascorbic acid was used as a PC.

Total polyphenol content assay: 10 pL/well of each
SBRE was placed, followed by the addition of 40 uL of 1
N Folin-ciocalteu’s reagent diluted with triple distilled
water (Sigma Aldrich, St. Louis, USA). They were
allowed to react for 3 min. After that, we dispensed 150
pL of 20% Na2CO3 to each well. Immediately after
shaking for 1 min with a microplate reader, we gauged
the absorbance of reacted solution at 760 nm. A linear
standard curve was prepared using gallic acid (R? =
0.9962). The total polyphenol content in four extracts was
expressed as gallic acid equivalents (mg) per weight (g)
of the extract (mg GAE/g extract).

Anti-bacterial Assays

Paper disc diffusion assay: Staphylococcus aureus (S.
aureus, ATCC 6538) is a common microorganism that
can cause food poisoning, skin infections, and atopic
dermatitis (Liu, A. et al., 2024; Braun et al., 2024) In
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other words, this bacterium contributes to the induction
of inflammation in the human body. To evaluate the anti-
bacterial property, the disc diffusion method was
performed. Using sterile Mueller-Hinton (MH) medium
(KisanBio, Seoul, Korea), S. aureus strain was
subcultured once after culturing for 24 h in a shaking
incubator (500 rpm) at 37°C. The experiment was
performed once the bacteria reached the mid-exponential
phase, indicated by an optical density at 600 nm of 0.5
(OD600 = 0.5). After inoculating 150 pL of the bacterial
suspension on a semi-solid agar plate medium, it was
uniformly spread on all sides with a spreader. After
sufficient drying, an 8 mm paper disc (Advantec, Tokyo,
Japan) was put on the plate and it was impregnated with
50 pL of the sample (10-20 mg/mL). In the case of S.
aureus strain experiment, 40 mg/mL of methylparaben
was adopted as a PC (Lee et al., 2018). Methylparaben is
widely used as a preservative in cosmetics and
pharmaceuticals. After incubation (37°C) for 18 h, the
petri dishes with paper disc impregnated were observed
for measuring the diameter of the inhibition zones.

Minimal inhibitory concentration (MIC) assay: In
order to find out the minimum growth inhibitory
concentration, MIC assay was carried out by applying the
broth dilution method in a transparent and aerated 96-
well microplate. S. aureus strain was cultured in a
shaking incubator for 24 h and subsequently subcultured
once. It was confirmed that the exponential phase was
entered (OD600 = 0.5). The bacterial suspension (OD600
= (.5) was inoculated into sterile MH medium to achieve
a bacterial suspension concentration of 1.00%. 100 puL of
this sus-pension was mixed with 100 uL of SBREs (6.25-
800 pg/mL) and a PC (625-5000 pg/mL), which were
diluted using a two-fold serial dilution method. After
culturing in an incubator at 37°C for 12 h, the results of
the MIC assay for S. aureus strain were visually
confirmed.

Cell-based Assays and Anti-inflammatory Assays

Cell culture: RAW 264.7 cells (mouse macrophage)
were received from Korean cell line bank (Seoul national
university, Seoul, Korea). RAW 264.7 cells are suitable
for immunological research as they are macrophages and
play a crucial role in immune responses (Shi et al., 2017).
HaCaT cells (human keratinocyte cell line) were obtained
from a cosmetic R&D center (Amore Pacific, Yongin,
Korea). HaCaT cells were selected for this experiment to
examine changes in the production of factors related to
inflammatory responses when treated with SBREs from
the perspective of skin cells. RAW 264.7 cells were
incubated in Dulbecco’s modified eagle high glucose
medium (DMEM; Welgene, Gyeongsan, Korea),
supplemented with 10% fetal bovine serum (FBS; Gibco,
New York, USA) and 1% penicillin/streptomycin (PS;
Lonza, Basel, Switzerland) in a humified atmosphere
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with 37°C and 5% CO,. HaCaT cells were incubated in
DMEM, supplemented with 10% FBS (Samchun, Seoul,
Korea) and 1% PS in the same incubation conditions
adopted for RAW 264.7 cells. After we observed cell
density (70-80%) and normal cell morphology using by
TS100 optical microscope (Nikon, Tokyo, Japan) with a
4x magnification lens, subculture was carried out.

Cell cytotoxicity: We investigated changes in cell
viability after treating cells with our samples (25-200
pg/mL for RAW 264.7 cells and 2.5-80 pg/mL for
HaCaT cells). Each RAW 264.7 cells and HaCaT cells
were seeded onto an aerated 96-well microplate for 24 h,
respectively (1.0 x 10* cells/well). We utilized the
Quanti-Max ™ WST-8 assay kit (Biomax Co., Guri,
Korea), which measures cell viability by the conversion
of WST-8 to WST-8 formazan dye (orange color) in the
presence of active cells, as electrons are transferred from
the living cells (Teo et al., 2014). After 24 h in the
incubator, the medium was suc-tioned. Cells attached to
the surface of the plate were treated with SBREs for 48 h.
Subsequently, after the medium was aspirated, 100 puL of
10% WST-8 solution was treated for 2 h. Throughout the
experiment, except for the time of treating cells with
substances, they were maintained at 37°C and 5% CO,.
We monitored the absorbance of WST-8 formazan at 450
nm at ambient temperature. The concentration at which
the cell viability of the experimental groups treated with
the extracts started to decrease statistically significantly
was regarded as the toxic concentration of SBREs on
cells.

NO assay: The subsequent experiments were conducted
at concentrations below the cytotoxic levels of SBREs to
RAW 264.7 cells, as determined by the cytotoxicity assay
results. To ensure accurate comparisons, the experiments
were performed at the same concentrations, specifically
12.5-50 pg/mL, which are below the toxic levels for
RAW 264.7 cells. 1 x 10* RAW 264.7 cells per well were
seeded on a transparent 96-well microplate for 24 h. After
that, our samples (12.5-50 pg/mL) were treated for 48 h
with lipopolysaccharide (LPS; Sigma Aldrich, St. Louis,
USA) of 100 ng/mL, and the supernatants were collected.
We used Griess Reagent System (Promega, Madison,
USA) and followed the manufacturer’s protocol
instructions. 50 pL of the supernatant and standard
solution were placed in wells, and 50 pL of sulfanilamide
solution was rapidly added with a multi-channel pipette
(Eppendorf, Hamburg, Germany). After 10 min, 50 pL of
N-1-napthylethylenediamine  dihydrochloride (NED)
solution was quickly added with a multi-channel pipette
and allowed to react for 10 min. The light was blocked
during the reaction. We measured the absorbance of
reacted solution at 540 nm (Amax = 520-550nm) to
determine the NO production.

Enzyme-linked immunosorbent assay (ELISA; IL-6
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and IL-8): Based on the cytotoxicity assay results, the
experiments were conducted at concentrations of SBREs
below the toxic levels for HaCaT cells. To accurately
compare the efficacy of SBREs, all experiments were
performed at the same concentrations, specifically 0.625-
2.5 pug/mL. 4 x 10* cells per well were seeded on a
transparent 24 well cell culture plate for 24 h. After
ensuring that HaCaT cells are attached to the surface, we
removed the medium. Then 5 nanograms of tumor
necrosis factor-alpha (TNF- a; R&D systems, Minne-
apolis, USA) per mL were simultancously treated with
the SBREs (0.625-2.5 ng/mL) for 48 h. After the
incubation period, the supernatants were taken and the
cells were spun down by a centrifugal separator, and then
the supernatants were used for the experiment. The
ELISA for interleukin (IL)-6 and IL-8 kits were
employed according to the manufacturer's protocol, and
the principle of a sandwich-type ELISA was used.

Statistical Analysis: All data were represented as mean
and standard deviation (SD). All experiments were
conducted in triplicate except for paper disc diffusion
assay (n = 4). Statistical analysis was carried out to
analyze the differences in values between the control
group and experimental group using the student t-test.
Additionally, the differences in values between the
groups were evaluated using one-way analysis of
variance (ANOVA). In cases where a significant
difference was observed following ANOVA analysis (p <
0.05), Tukey's post-hoc test was applied. P-value less
than 0.05 (p < 0.05) was considered statistically
significant, and the analysis was performed using SPSS
29 version (IBM, New York, USA).

RESULTS

Evaluation of Anti-oxidant Efficacy

DPPH assay: Four different extracts scavenged DPPH
free radical, which is very stable, in a concentration-
dependent manner (Figure 3A,B,C,D). IC50 of SBHE,
SBAE, SBSE35, and SBSE60 were determined as 67.51
pg/mL, 92.28 pg/mL, 42.72 pg/mL, and 111.05 pg/mL,
respectively. Among them, SBSE35 showed the best
DPPH free radical scavenging ability. SBSE35 exhibited
86.16% scav-enging ability at 100 pg/mL (Figure 3C),
and SBHE and SBSE35 at 200 pg/mL showed over 90%
radical scavenging ability, effectively removing almost
all radicals (Figure 3D). On the other hand, SBAE and
SBSE60 showed only 80.18% and 71.62% radical
scavenging, respectively, at the highest concentration of
200 pg/mL (Figure 3D). ANOVA demonstrated
significant differences in the scavenging power of the
SBREs (p <0.001).

ABTS assay: All extracts scavenged ABTS cation
radical, which is lipophilic and hydrophilic, as the
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concentration of the extracts was elevated (Figure
3E,F,G,H). The IC50 values of SBHE, SBAE, SBSE35,
and SBSE60 were determined as 16.09 pg/mL, 16.58
pg/mL, 5.08 pg/mL, and 7.30 pg/mL, respectively. At
the highest concentration of 20 pg/mL, SBSE35 and
SBSE60 scavenged more than 90% of radicals (very
transparent ABTS working solution) (Figure 3H).
However, SBHE and SBAE did not scavenge less than 60%
at the same concentration (Figure 3H). ANOVA showed
highly significant differences in the scavenging activity
of the SBREs (p < 0.001). SBSE35 exhibited the most
excellent scavenging activity against ABTS+ radical, as
confirmed at the four different concentrations tested. At
concentrations of 2.5 ug/mL, 5 pg/mL, and 20 ug/mL, no
significant difference was observed between SBHE and
SBAE (Figure 3E,F,H).

SOD assay: SBREs demonstrated SOD-like activity
surpassing 70% at the highest concentration of 400
pg/mL  (Figure 3LJK,L). The SOD-like activity
increased with the escalating concentrations of SBHE,
SBAE, SBSE35, and SBSE60. Among them, SBHE was
the lowest the IC50 value (46.57 pg/mL), while SBAE,
SBSE35, and SBSE60 had IC50 values of 109.14 pg/mL,
61.78 pg/mL, and 143.18 pg/mL, respectively. At a
concentration of 50 pg/mL, SBHE, SBAE, SBSE35, and
SBSE60 did not show significant differences in SOD-like
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activity (p > 0.05). However, at concentrations above 100
pg/mL, a statistical significance began to emerge between
SBSE35 and SBSE60 groups (Figure 3J), and at
concentrations 400 pg/mL, SBAE and SBSE35 groups
also exhibited statistical significance (Figure 3L).
Notably, although the IC50 value of SBHE was lower
than that of SBSE35, post-hoc tests revealed no
significant differences within the range of 50-400 pg/mL.
SBSE35 displayed superior SOD-like activity compared
to SBAE and SBSE60 at a concentration of 400 pg/mL
(Figure 3LJK,L) (p < 0.05). ANOVA indicated
statistically significant differences in the SOD-like
activity among SBREs (p < 0.05).

Total polyphenol assay: The total polyphenol content of
SBREs were shown in Table 1. Total polyphenol content
differed among extracts obtained by different solvents
and temperatures. Among the four extracts, SBSE35 had
the highest polyphenol content. SBSE35 contained
approximately 2.40, 3.02, and 1.65 times more
polyphenols compared to SBHE, SBAE, and SBSE60.
The amount of polyphenol in SBREs followed this order:
SBSE35 > SBSE60 > SBHE > SBAE. ANOVA revealed
significant differences in the amount of polyphenols in
SBRESs expressed mg GAE/g (p < 0.001). Tukey's post-
hoc test confirmed significant differences in total
polyphenol content among all groups (p < 0.05).
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Figure 3. Evaluation of Anti-oxidant Efficacy: (A-D) DPPH free radical scavenging effect of S. baicalensis root
extracts; (E-H) ABTS+ radical reduction effect of S. baicalensis root extracts; (I-L) SOD-like activity of S.
baicalensis root extracts; Data offered are the means and SD. Same letters represent non-significant
differences according to the post-hoc Tukey’s HSD test (p > 0.05).
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Evaluation of Anti-bacterial Efficacy

Paper disc diffusion assay: As a result of the paper disc
diffusion assay on S. aureus, only SBSEs showed a
detectable anti-bacterial activity, as evidenced by the
formation of inhibition zones. It was observed that the
size of the inhibition zone is expanded as the
concentration in-creased from 10 mg/mL to 20 mg/mL.
For comparison and ensuring the reliability of the
experiment, methylparaben, a preservative commonly
used in cosmetics and drugs, was used as a PC. The
inhibition zone diameter of methylparaben (40 mg/mL)
was measured as 10.38 + 0.48 mm, while the inhibition
zones of SBSE35 and SBSE60 (20 mg/mL) were 13.38 +
0.48 mm and 11.88 + 0.75 mm, respectively. SBSE35 (20
mg/mL) shows a significant difference in the size of
inhibition zone compared to SBSE60 (20 mg/mL) (p <
0.05). Further details of the experimental results are as
follows (Table 2).

MIC assay: The following table shows the experimental
results of minimal growth inhibitory concentration of S.
aureus (Table 3). Consistent with the findings from the
paper disc diffusion assay, we could not verify the MIC
values of SBHE and SBAE at 6.25-800 pg/mL
concentrations. However, we confirmed the MIC values
of SBSE35 at 200 pg/mL. It was visually observed that
SBSE60 inhibited the growth of bacteria in a
concentration-dependent manner, but did not completely
inhibit it at the highest tested concentration of 800 pg of
SBSE60 per mL. For this reason, SBSE60 was marked as
“> 800 pg/mL” in Table 3.

J. Anim. Plant Sci., 34 (6) 2024

Table 1. Total polyphenolic content contained in four

extracts.
Total

Sample Extraction method polyphenol
(mg GAE/g)

SBHE Hydrothermal extraction 134.17£1.69
SBAE Ethyl alcohol extraction 106.47+4.27
SBSE35  Supercritical fluid extraction  321.36£16.20
SBSE60  Supercritical fluid extraction  194.25+10.83

Table 2. The diameter values of the inhibition zone of
paper disc impregnated with four S.
baicalensis root extracts on S. aureus.

Inhibition zone

Sample  Concentration (mg/mL) (mm)
DW - -
DMSO - -
PC 40 10.38 £ 0.48
10 -
SBHE 20 i
10 -
SBAE 20 i
10 11.00 £ 0.48
SBSE3S 20 1338 + 0.48
10 10.63 £ 0.48
SBSEGO 20 11.88 +0.75

Table 3. MIC values on S. aureus treated with four S. baicalensis root extracts.

Strain Sample Concentration (ng/mL)
PC 2500
SBHE > 800
S. aureus SBAE > 800
SBSE35 200
SBSE60 > 800
Cytotoxicity and Evaluation of Anti-inflammatory cytotoxicity.
Efficacy Cell cytotoxicity in HaCaT cells: The toxic
Cell cytotoxicity in RAW 264.7 cells: The toxic concentrations of the extracts in HaCaT cells were
concentrations of the extracts in RAW 264.7 cells were depicted  graphically  (Figure 4E,F,G,H). The

shown graphically (Figure 4A,B,C,D). SBHE and SBAE
exhibited a statistically significant decrease in cell
viability above the concentration of 200 pg/mL (Figure
4A,B). Similarly, in the case of SBSEs, the cell viability
showed a statistically significant decrease compared to
the control group at concentrations above 100 pg/mL
(Figure 4C,D). Therefore, to ensure a fair comparison of
the efficacy of SBREs under identical conditions, NO
assay was conducted at the same concentration (12.5-50
pg/mL), which are below the concentrations that showed
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concentrations at which the cell viability began to
decrease statistically significantly, in comparison to the
control group, varied among the extracts. For SBHE, cell
viability exhibited a significant decrease at a
concentration of 80 pg/mL (p < 0.05), while for SBAE,
the decrease was observed at a concentration of 40
pg/mL (p < 0.05) (Figure 4E,F). On the other hand,
SBSE35 and SBSE60 demonstrated cytotoxic effect on
HacCaT cells, beginning at concentrations of 5 pg/mL and
10 pg/mL (p < 0.05), respectively (Figure 4G,H).
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Therefore, in order to compare the efficacy of the extracts
under identical conditions, ELISA experiments for both

J. Anim. Plant Sci., 34 (6) 2024

IL-6 and IL-8 were conducted at the same concentration
(0.625-2.5 pg/mL), which exhibited no cytotoxicity.
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Figure 4. Cell cytotoxicity in RAW 264.7 cells and HaCaT cells treated with four extracts for 48 h: (A) Toxic
concentration in cells treated with SBHE (25-200 pg/mL); (B) Toxic concentration in cells treated with
SBAE (25-200 pg/mL); (C) Toxic concentration in cells treated with SBSE35 (25-200 pg/mL); (D) Toxic
concentration in treated with SBSE60 (25-200 pg/mL); (E) Toxic concentration in cells treated with SBHE
(10-80 ng/mL); (F) Toxic concentration in cells treated with SBAE (5—40 pg/mL); (G) Toxic concentration in
cells treated with SBSE35 (2.5-20 pg/mL); (H) Toxic concentration in cells treated with SBSE60 (5-40

pg/mL). All data offered are the means and SD.;

NO production: All extracts were evaluated for their
ability to inhibit NO production (Figure 5). Among the
extracts, SBSEs was particularly effective in inhibiting
NO production. At 12.5 ug/mL concentration, SBSE35
and SBSE60 reduced NO levels by 60.37% and 58.88%,
respectively, compared to the only LPS treatment group.
Furthermore, at the highest concentration of 50 pg/mL,
SBSE35 and SBSE60 demonstrated substantial re-
ductions in NO production, achieving levels of 90.93%
and 78.26%, respectively, versus the only LPS treatment

154 150 »
g A
g ]

o 100 g
! T
= 3
g .-
2 s e
o =8
=] )
= =
[
1LS 1% 1&S 145

SEHE SBAE SESE}S SESELD wonlrol

control

*p <0.05, ** p<0.01 and *** p <0.001 vs. control.

group after 48 h (Figure 5C). On the other hand, SBHE
and SBAE only reduced NO production in RAW 264.7
cells by 55.15% and 52.92%, respectively, at 50 pg/mL
after 48 h (Figure 5C). ANOVA revealed significant
differences among groups treated with SBREs (p <
0.001). These results indicate that SBSEs exert a potent
inhibitory effect on NO production compare to SBHE and
SBAE (p < 0.01). Notably, SBSE35 exhibited the highest
level of inhibition in NO production, highlighting its
exceptional ability to suppress NO production.
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Figure 5. Change of NO production in RAW 264.7 cells treated with LPS and LPS + four extracts: (A) The reduction
of NO in cells treated with SBHE, SBAE, SBSE35, and SBSE60 (12.5 ug/mL); (B) The reduction of NO in
treated with SBHE, SBAE, SBSE35, and SBSE60 (25 pg/mL); (C) The reduction of NO in cells treated
with SBHE, SBAE, SBSE35, and SBSE60 (50 pg/mL). All data offered are the means and SD. Same letters
represent non-significant differences according to the post-hoc Tukey’s HSD test (p > 0.05).
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IL-6 production: IL-6 is a cytokine involved in the
pathogenesis of inflammatory and autoimmune diseases
(Nishi et al., 2023; Kimura et al., 2010). Hence, reducing
overproduction of IL-6 is crucial for managing skin
barrier disruption caused by inflammation. To investigate
the effect of SBREs on the reduction of the inflammatory
cytokine levels, we induced the inflammation reaction in
HaCaT cells by TNF-o. SBHE and SBAE did not exhibit
any reduction in IL-6 production but rather increased the
levels of IL-6 in HaCaT cells (Figure 6A,B,C) (p < 0.05).
However, when HaCaT cells were treated with SBSEs, it
was confirmed that IL-6 was statistically significantly
decreased (p < 0.05) (Figure 6A,B,C). Treatment of TNF-
a with SBSE35 and SBSE60 in HaCaT cells for 48 h led
to a decline in IL-6 levels as the concentration of extracts
increased. At the concentration of 2.5 pg/mL of SBSE35
and SBSEG60, IL-6 production was reduced by 45.24%
and 28.76%, respectively, compared to the control
induced by TNF-a. ANOVA showed significant
differences in inhibitory effect of SBREs on IL-6
production (p <0.001).

IL-8 production: It has been reported that a lot of IL-8

J. Anim. Plant Sci., 34 (6) 2024

inflammatory diseases (Liao et al, 2023). Thus, it is
important to inhibit the levels of IL-8 in order to alleviate
inflammatory conditions. In our study, HaCaT cells were
stimulated with TNF-a, resulting in an increase in IL-8
production. To investigate the effect of SBREs on
regulating IL-8 secretion in HaCaT cells, we performed
an ELISA for IL-8. We confirmed the group treated with
TNF-o  statistically  significantly increased IL-8
production compared to the untreated group. As a result
of IL-8 ELISA, SBHE and SBAE incurred the rise of IL-
8 production. In other words, SBHE and SBAE showed a
slight decrease in IL-8 at 0.625 pg/mL and 1.25 pg/mL (p
<0.05) (Figure 6D,E), but an increase in IL-8 production
in a concentration-dependent manner (p > 0.05) (Figure
6D,E,F). Conversely, SBSEs showed the efficacy of
reducing the levels of IL-8 as the con-centration of
extracts was elevated (Figure 6D,E,F). At the
concentration of 2.5 ng/mL of SBSE35 and SBSE60, IL-
8 production was reduced by 38.36% and 10.00%,
respectively, compared to the control induced by TNF-a.
ANOVA revealed significant differences in suppressive
effect of SBREs on IL-8 production (p < 0.001).

chemokine is produced in patients with various
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Figure 6. Change of IL-6 and IL-8 production in HaCaT cells treated with TNF-o and TNF-o + four extracts: (A)
Change of IL-6 production in cells derived from human Kkeratinocytes treated with SBHE, SBAE,
SBSE3S, and SBSE60 (0.625 pg/mL); (B) Change of IL-6 production in cells treated with SBHE, SBAE,
SBSE3S, and SBSE60 (1.25 pg/mL); (C) Change of IL-6 production in cells treated with SBHE, SBAE,
SBSE3S, and SBSE60 (2.5 pg/mL). (D) Change of IL-8 levels in cells treated with SBHE, SBAE, SBSE35,
and SBSE60 (0.625 pg/mL); (E) Change of IL-8 levels in cells treated with SBHE, SBAE, SBSE35, and
SBSE60 (1.25 pg/mL); (F) Change of IL-8 levels in cells treated with SBHE, SBAE, SBSE35, and
SBSE60 (2.5 pg/mL). All data offered are the means and SD. All data offered are the means and SD.
Same letters represent non-significant differences according to the post-hoc Tukey’s HSD test (p > 0.05).
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DISCUSSION

All extracts exhibited significant DPPH radical
(relatively hydrophobic) and ABTS+ radical (hydrophilic
and lipophilic) scavenging activity. In the DPPH
experiment, the DPPH radical scavenging abilities of
SBHE and SBSE35 at a concentration of 200 pg/mL
were found to be 95.37% and 92.98%, respectively (p <
0.05). However, at concentrations of 25-100 pg/mL,
SBSE35 exhibited better DPPH radical scavenging
activity than SBHE (p < 0.05). Based on the IC50 values,
it can be concluded that among SBREs, SBSE35 (IC50 =
42.72 pg/mL) demonstrated the best DPPH radical
scavenging activity. Since the scavenging abilities of the
extracts for DPPH radicals and ABTS+ radicals were
different, the concentration used in the ABTS assay was
one-tenth that of the DPPH assay. In all tested
concentrations in the ABTS assay, SBSE35 showed the
highest ABTS+ radical scavenging ability. Therefore,
based on the results of these two radical scavenging
experiments, it can be confirmed that SBSE35 possesses
the strongest anti-oxidant power. In the SOD assay, no
significant differences were observed among the four
extracts at a concentration of 50 pg/mL, but as the
concentration increased, significant differences became
apparent. However, it was concluded that even at a
concentration of 400 pg/mL, SBHE and SBSE35 did not
exhibit a significant difference, indicating similar SOD-
like activity. As the result of the SOD assay did not show
a trend consistent with the results of radical scavenging
activities, it can be inferred that the compounds
responsible for SOD-like activity are distinct from the
compounds involved in radical scavenging.

We confirmed the anti-bacterial effect of only
SBSEs against S. aureus. S. aureus, which is a Gram-
positive, is a bacterium widely distributed in nature,
especially on the skin and nasal cavity (Moreno-Gria et
al., 2020). It is associated with various infections such as
otitis media, pneumonia, food poisoning, and atopic
dermatitis (Zhou et al., 2023; Andersen et al, 2015;
Alminderej et al, 2021; Shimamori et al, 2020;
Demessant-Flavigny et al, 2023). However, it is
important to note that the human body harbors both
beneficial and pathogenic microbes, and maintaining a
balanced microbial ecosystem is essential (Panthee et al.,
2022). Therefore, excessive anti-bacterial activity can
have unintended consequences and side effects. Given
that SBSE35 (MIC = 200 pg/mL) has moderate anti-
bacteria effect, it is believed that it can contribute to
preventing bacterial colonizations, infections, and the
release of superantigens by S. aureus, avoiding adverse
effects when used as an additive in cosmetics and topical
drug.

We demonstrated that only SBSEs could lower
the levels of IL-6 and IL-8. The classical mechanism of
polyphenols assumes that the anti-oxidant capacity
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required transfer of electron from the polyphenol
structure to the radical (Lamien-Meda et al., 2008;
Gebicki et al, 2021). Polyphenols exhibit anti-
inflammatory activity as well as anti-oxidant activity,
generally (Afonso ef al., 2020). Although we confirmed
the presence of polyphenols in all four extracts by
applying the Folin-ciocalteu method (Table 1), SBHE and
SBAE did not decrease IL-6 production, but rather
increase the IL-6 cytokine levels (p < 0.05) and also
exhibited in a concentra-tion-dependent increase in IL-8
production. In contrast, SBSE35 reduced the production
of IL-6 and IL-8 (p < 0.05). SBSE60 decreased IL-6
production (p < 0.05). IL-6 plays a crucial role in
regulating Th17/ Regulatory T cell (Treg) (Kimura ef al.,
2010). Balanced Th17 cell and Treg are crucial for
immune homeostasis, and if the balance is disrupted,
inflammatory diseases are triggered (Kiselova et al., 2006;
Cardoneanu et al., 2022). Also, it is reported that IL-8
correlates with angiogenesis, neutrophil activation,
tumorigenicity, metastasis of tumor, and dry skin (Ghazy
et al., 2023; Waugh et al., 2008; Murata ef al., 2021). In
addition, excessive production of NO is known to act as a
vasodilator and promote an inflammatory response (Fan
et al., 2023). In our study, the supernatant of RAW 264.7
cells stimulated with LPS and treated with 50 pg/mL of
SBSE35 reduced NO production by 90.93% compared to
control stimulated with LPS. It is deduced that the
inflammatory response can be alleviated due to the
decrease in the substances that induce the vasodilation,
thereby suppressing the migration of cells and substances
involved in various immune responses at the site of skin
lesions. It is imperative to note that SBHE and SBAE
pose a safety concern as they elevate inflammatory
cytokine and chemokine. Consequently, SBSE35, which
demonstrates effective regulation of NO, IL-6, and IL-8,
holds significant potential for application in various
industries aimed at improving human health, avoiding
adverse effects.

Based on the assessment of anti-oxidant, anti-
bacterial, NO assay and ELISA (IL-6 and IL-8), SBSE35
exhibited superior effects in terms of anti-oxidative stress,
anti-bacterial properties, and anti-inflammatory activity
compared to SBHE and SBAE. This superiority can be
attributed to the extraction of specific components with
exceptional biological activities, facilitated by the unique
properties of supercritical fluid. In other words,
supercritical fluids with gas-like and liquid-like
characteristics can con-tinuously change their density,
enabling efficient extraction of bioactive compounds
(Uwineza et al., 2020; Cooper et al., 2009; Okumura et al.
2001). In particular, when comparing the efficacy of
SBSE35, and SBSE60, SBSE60 demonstrated lower
physiological activities than SBSE35. This disparity
could be attributed to the degradation of bioactive
ingredients, which exhibit excellent effects, caused by
high temperatures (60°C) during supercritical fluid
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extraction, similar to the destruction of heat-sensitive
components by hydrothermal extraction (Cossuta et al.,
2008). Moreover, the supercritical carbon dioxide fluid at
60°C exhibits a lower solvent density compared to that at
35°C, leading to a decrease in solvating power, while the
vapor pressure of the compounds increases. However,
based on the results of in vitro assays, this paper suggests
that the strong solvating power due to higher density is
deemed more crucial for the extraction of bioflavonoids
than the increase in vapor pressure of the compounds.
(Reverchon et al. 2006). Therefore, it is believed that the
extraction of more active ingredients, without
degradation, can be achieved by conducting the
extraction process near the critical temperature of carbon
dioxide (relatively low temperature) (Quitério et al.,
2022).

To clearly interpret the experimental results of
this study, future research should incorporate quantitative
analysis of the bioactive constituents contained in the ex-
tracts. Furthermore, conducting anti-oxidant, anti-
bacterial, and anti-inflammatory experiments using the
active ingredients would enable the determination of
which specific components are responsible for the anti-
oxidant, anti-bacterial, and an-ti-inflammatory effects
exhibited by the extracts.

Conclusion: In the current work, we tried to find the
optimal extraction method. To investigate, four types of
extracts were obtained by three different extraction
methods. We demonstrated SBSE35 had a powerful
radical scavenging activity and significant SOD-like
activity. Moreover, only SBSE35 had moderate anti-
bacterial activity, while SBHE and SBAE had no anti-
bacterial effect against S. aureus. Furthermore, we
demonstrated that SBSE35 remarkably suppresses
inflammation in vitro by reducing NO, IL-6, and IL-8.
Based on these results, we concluded that SBSE35 holds
great abilities as a valuable natural resource and a highly
promising agent in the fields of cosmetics and
pharmaceuticals, particularly for its anti-inflammatory
properties.

Acknowledgments: This research was supported by the
Hwaseong Industry Promotion Agency.

REFERENCES

Afonso, A.F., O.R. Pereira and S.M. Cardoso (2020).
Health-promoting effects of thymus phenolic-
rich extracts: Antioxidant, anti-inflammatory
and antitumoral properties. Antioxidants, 9(9):
814. DOI: 10.3390/antiox9090814

Albanesi, C., C. Scarponi, M. L. Giustizieri and G.
Girolomoni (2005). Keratinocytes in
inflammatory skin diseases. Curr. Drug Targets,
4Q3): 329-334. DOI:

1420

J. Anim. Plant Sci., 34 (6) 2024

10.2174/1568010054022033

Alminderej, F., S. Bakari, T.I. Almundarij, M. Snoussi, K.
Aouadi and A. Kadri (2021). Antimicrobial and
wound healing potential of a new chemotype
from Piper cubeba L. essential oil and in silico
study on S. aureus tyrosyl-tRNA synthetase
protein. Plants, 10(2): 205. DOI:
10.3390/plants10020205

Alves, M., P. Asbell, M. Dogru, G. Giannaccare, A. Grau,
D. Gregory, D.H. Kim, M.C. Marini, W. Ngo,
A. Nowinska, 1.J. Saldanha, E. Villani, T. H.
Wakamatsu, M. Yu and F. Stapleton (2023).
TFOS lifestyle report: Impact of environ-
mental conditions on the ocular surface. Ocul.
Surf,, 29: 1-52. DOI:
10.1016/j.jt0s.2023.04.007

Andersen, J. L., G. X. He, P. Kakarla, R. K¢, S. Kumar,
W. S. Lakra, M. M. Mukherjee, I. Ranaweera,
U. Shrestha, T. Tran and M. F. Varela (2015).
Multidrug efflux pumps from
Enterobacteriaceae, Vibrio cholerae and
Staphylococcus aureus bacterial food patho-
gens. Int. J. Environ. Res. Public Health, 12(2):
1487-1547. DOI: 10.3390/ijerph120201487

Andrade, S., D. Nunes, M. Dabur, M.J. Ramalho, M.C.
Pereira and J.A. Loureiro (2023). Therapeutic
potential  of  natural compounds in
neurodegenerative diseases: Insights from
clinical trials. Pharmaceutics, 15(1): 212. DOI:
10.3390/pharmaceutics15010212

Antony, A. and M. Farid (2022). Effect of temperatures
on polyphenols during extraction. Applied
Sciences, 12(4): 2107.

Banfonan, L., M. Farooq, S. Peper, V. Aryaprema, W. H.
I. T. N. E. Y. Qualls and R.D. Xue (2023).
Laboratory evaluation of bicshot maxim,
repelcare, and clove essential oil, Syzygium
aromaticum  against the lone startick
Amblyomma americanum. J. Florida Mosq.
Control  Assoc., 70(1): 37-44. DOL
10.1186/s13071-024-06246-0

Borg, M., S. Brincat, G. Camilleri, P. Schembri-
Wismayer, M. Brincat and J. Calleja-Agius
(2013). The role of cytokines in skin aging.
Climacteric, 16(5): 514-521. DOLI:
10.3109/13697137.2013.802303

Braun, C., C. Badiou, A. Guironnet-Paquet, M. Iwata, V.
Lenief, A. Mosnier and M. Vocanson, (2024).
Staphylococcus aureus-specific skin resident
memory T cells protect against bacteria
colonization but exacerbate atopic dermatitis-
like flares in mice. J. Allergy Clin. Immunol.,
154(2): 355-374. DOI:
10.1016/j.jaci.2024.03.032

Cardoneanu, A., A. M. Burlui, L. A. Macovei, 1. Bratoiu,
P. Richter and E. Rezus (2022). Targeting



Lee et al.,

systemic sclerosis from pathogenic mechanisms
to clinical manifestations: why IL-6?.
Biomedicines, 10(2): 318. DOI:
10.3390/biomedicines10020318

Chaughule, R. S. and R. S. Barve (2023). Role of herbal
medicines in the treatment of infectious
diseases. Vegetos, 1-11. DOI: 10.1007/s42535-
022-00549-2

Chmiel, M. and M. Stompor-Goracy (2023). Promising
role of the Scutellaria baicalensis root
hydroxyflavone—baicalein in the prevention and
treatment of human diseases. Int. J. Mol. Sci.,
24(5): 4732. DOI: 10.3390/ijms24054732

Chuo, S. C., H. M. Nasir, S. H. Mohd-Setapar, S. F.
Mohamed, A. Ahmad, W. A. Wani, M.
Muddassir and A. Alarifi (2022). A glimpse
into the extraction methods of active
compounds from plants. Crit. Rev. Anal. Chem.,
52(4): 667-696. DOLI:
10.1080/10408347.2020.1820851

Cooper, A. I. and M. J. Rosseinsky (2009). Improving
pore performance. Nat. Chem., 1(1): 26-27.
DOI: 10.1038/nchem.157

Cossuta, D.; B. Simandi, E. Vagi, J. Hohmann, A. Prechl,
E. Lemberkovics, A. Kéry and T. Keve (2008)
Supercritical fluid extraction of Vitex agnus
castus fruit. J. Supercrit. Fluids, 47(2): 188-194.
DOI:10.1016/j.supflu.2008.07.014

Demessant-Flavigny, A. L., S. Connétable, D. Kerob, M.

Moreau, L. Aguilar and A. Wol-lenberg (2023).

Skin microbiome dysbiosis and the role of

Staphylococcus aureus in atopic dermatitis in

adults and children: A narrative review. Eur.

Acad. Dermatol. Venereol., 37(S5): 3-17. DOI:

10.1111/jdv.19125

and E.H. Kerns (2006). Biological assay

challenges from compound solubility: strategies

for bioassay optimization. Drug discovery

today, 11(9-10), 446-451. DOLI:

10.1016/j.drudis.2006.03.004

Esfandiari, N. (2015). Production of micro and nano
particles of pharmaceutical by supercritical
carbon dioxide. J. Supercrit. Fluids, 100: 129-
141. DOI: 10.1016/j.supflu.2014.12.028

Fan, Z., T. Liu and W. Na (2023). Association of nitric
oxide synthase gene polymorphism with
asthma: A systematic review and meta-analysis.
Clin. Respir. J., 17(6): 516-526. DOI:
10.1111/crj.13617

Gao, Y., S. A. Snyder, J. N. Smith and Y. C. Chen (2016).
Anticancer properties of baicalein: a review.
Med. Chem. Res., 25: 1515-1523. DOI:
10.1007/s00044-016-1607-x

Gebicki, J. M. and T. Nauser (2021). Initiation and
prevention of biological damage by radiation-
generated protein radi-cals. Int. J. Mol. Sci.,

1421

J. Anim. Plant Sci., 34 (6) 2024

23(1): 396. DOI: 10.3390/ijms23010396

Ghazy, A. A. (2023). Influence of IL-6 rs1800795 and
IL-8 rs2227306 polymorphisms on COVID-19
outcome. J. Infect. Dev. Ctries., 17(03): 327-
334. DOI: 10.3855/jidc.17717

Gopinath, A., P. M. Mackie, L. T. Phan, M. G. Tansey
and H. Khoshbouei (2023). The complex role
of inflammation and gliotransmitters in
Parkinson's disease. Neurobiol. Dis., 176:
105940. DOI: 10.1016/.nbd.2022.105940

Hashim, N., S. Abdullah, L. S. Hassan, S. R. Ghazali and
R. Jalil (2021). A study of neem leaves:
Identification of method and solvent in
extraction. Mater. Today: Proc., 42: 217-221.
DOI: 10.1016/j.matpr.2020.11.726

Hoyberghs, J., C. Bars, M. Ayuso, C. Van Ginneken, K.
Foubert and S. Van Cruchten (2021). DMSO
concentrations up to 1% are safe to be used in
the zebrafish embryo developmental toxicity
assay. Frontiers in toxicology, 3, 804033. DOI:
10.3389/ft0x.2021.804033

Jing, J., C. Zhu, R. Gong, X. Qi, Y. Zhang and Z. Zhang
(2023). Research progress on the active
ingredients of traditional Chinese medicine in
the intervention of atherosclerosis: A promising
natural immunotherapeutic adjuvant. Biomed.
Pharmacother., 159: 114201. DOI:
10.1016/j.biopha.2022.114201

Joshi, D. R. and N. Adhikari (2019). An overview on
common organic solvents and their toxicity. J.
Pharm. Res. Int., 28(3): 1-18.
DOI:10.9734/jpri/2019/v281330203

Kanaki, T., E. Makrantonaki and C. C. Zouboulis (2016).
Biomarkers of skin aging. Rev. Endocr. Metab.
Disord., 17, 433-442. DOI: 10.1007/s11154-
016-9392-x

Kimura, A. and T. Kishimoto (2010). IL-6: regulator of
Treg/Th17 balance. Eur. J. Immunol., 40(7):
1830-1835.

Kiselova, Y., D. Ivanova, T. Chervenkov, D. Gerova, B.
Galunska and T. Yankova (2006). Correlation
between the in vitro antioxidant activity and
polyphenol content of aqueous extracts from
Bulgarian herbs. Phytother. Res., 20(11): 961-
965. DOI: 10.1002/ptr.1985

Lamien-Meda, A., C. E. Lamien, M. M. Compaoré, R. N.
Meda, M. Kiendrebeogo, B. Zeba, J. F. Millogo
and O. G. Nacoulma (2008). Polyphenol
content and antioxidant activity of fourteen
wild edible fruits from Burkina Faso.
Molecules, 13(3), 581-594. DOI:
10.3390/molecules13030581

Le,H. Q. V., T. D. Tong, X. C. Luu and X. T. Le, (2021).
Preliminary extraction of catechin in cashew
testa. IOP Conf. Ser.: Earth Environ. Sci.,
947(1): 012003 DOI: 10.1088/1755-



Lee et al.,

1315/947/1/012003

Lee, Y.S., Y.J. Lee and S.N. Park (2018). Synergistic
antimicrobial effect of Lonicera japonica and
Magnolia obovata extracts and potential as a
plant-derived natural preservative. J. Microbiol.
Biotechnol.,  28(11), 1814-1822. DOI:
10.4014/jmb.1807.07042

Li, C., G. Lin and Z. Zuo (2011). Pharmacological effects
and pharmacokinetics properties of Radix
Scutellariae  and its bioactive flavones.
Biopharm. Drug Dispos., 32(8): 427-445. DOLI:
10.1002/bdd.771

Liao, H., H. Li, J. Song, H. Chen, H. Si, J. Dong, J. Wang
and X. Bai (2023). Expression of the prognostic
marker IL-8 correlates with the immune
signature and epithelial-mesenchymal transition
in breast cancer. J. Clin. Lab., 37(3): ¢24797.
DOI: 10.1002/jcla.24797

Liu, A., S. Garrett, W. Hong and J. Zhang (2024).
Staphylococcus aureus Infections and human
intestinal microbiota. Pathogens, 13(4), 276.
DOI: 10.3390/pathogens 13040276

Liu, Z., H. Xiang, Q. Deng, W. Fu, Y. Li, Z. Yu, Y. Qiu,
Z. Mei and L. Xu (2023). Baicalin and
baicalein attenuate hyperuricemic nephropathy
via inhibiting PI3K/AKT/NF-kB signaling
pathway. Nephrology, 28(6): 315-327. DOI:
10.1111/nep.14159

Lugovié-Mihi¢, L., B. Spiljak, T. Blagec, M. Dela3
Azdaji¢, N. Franceschi, A. Gasi¢ and E. Parac,
(2023). Factors participating in the qccurrence
of inflammation of the lips (Cheilitis) and
perioral skin. Cosmetics, 10(1): 9. DOI:
10.3390/cosmetics 10010009

Lyu, P., L. Xia, X. Jiang, X. Liu, W. Xu, C. Hurren and
X. Wang (2022). Efficient extraction of
technical fibers from hemp in an ethanol-water
mixture. Ind. Crops Prod., 178: 114620. DOI:
10.1016/j.indcrop.2022.114620

Moreno-Grua, E., S. Pérez-Fuentes, D. Viana, J. Cardells,
V. Lizana, J. Aguilo, L. Selva and J. M. Corpa
(2020). Marked presence of methicillin-
resistant  Staphylococcus aureus in wild
lagomorphs in Valencia, Spain. Animals, 10(7):
1109. DOI: 10.3390/ani10071109

Murata, S., S. Kaneko and E. Morita (2021). Interleukin-
8 levels in the stratum corneum as a biomarker
for monitoring therapeutic effect in atopic
dermatitis patients. Int. Arch. Allergy Immunol.,
182(7): 592-606. DOI: 10.1159/000512965

Nishi, K., H. Izumi, T. Tomonaga, C. Nagano, Y.
Morimoto and S. Horie (2023). IL-6-mediated
upregulated miRNAs in extracellular vesicles
derived from Lund human mesencephalic
(LUHMES) cells: Effects on astrocytes and
microglia. Biomolecules, 13(5): 718. DOL:

1422

J. Anim. Plant Sci., 34 (6) 2024

10.3390/biom13050718

Okumura, H. and F. Yonezawa (2001). Expansion type of
model fluids. J. Phys. Soc. Japan, 70(4): 1006-
1009. 10.1143/JPSJ.70.1006

Oman, M., M. Skerget and Z. Knez (2013). Application
of supercritical fluid extraction for separation
of nutraceuticals and other phy-tochemicals
from plant material. Maced. J. Chem. Chem.
Eng., 32(2): 183-226. DOI:
10.20450/mjcce.2013.443

Oracz, J., S. Kowalski, D. ZyZelewicz, G. Kowalska, D.
Gumul, K. Kulbat-Warycha, J. Rosicka-
Kaczmarek, A. Brzozowska, A. Grzegorczyk
and A. Areczuk (2023). The influence of
microwave-assisted extraction on the phenolic
compound profile and biological activities of
extracts from selected Scutellaria species.
Molecules, 28(9): 3877. DOI:
10.3390/molecules28093877

Panthee, B., S. Gyawali, P. Panthee and K. Techato
(2022). Environmental and human microbiome
for health. Life, 12(3): 456. DOI:
10.3390/1ife12030456

Quitério, E., C. Grosso, R. Ferraz, C. Delerue-Matos and
C. Soares (2022). A Critical Comparison of the
Advanced Extraction Techniques Applied to
Obtain Health-Promoting Compounds from
Seaweeds. Mar. Drugs, 20(11): 677. DOI:
10.3390/md20110677

Rahaman, M. M., R. Hossain, J. Herrera-Bravo, M. T.
Islam, O. Atolani, O. S. Adeyemi, O. A.
Owolodun, L. Kambizi, S. D. Dastan, D. Calina
and J. Sharifi-Rad (2023). Natural antioxidants
from some fruits, seeds, foods, natural products,
and associated health benefits: An update. Food
Sci.  Nutr.,, 11(4): 1657-1670. DOI:
10.1002/fsn3.3217

Rashid, R. S. M. Wani, S. Manzoor, F. A. Masoodi and
M. M. Dar (2023). Green extraction of
bioactive compounds from apple pomace by
ultrasound assisted natural deep eutectic
solvent extraction: Optimisation, comparison
and bioactivity. Food Chem., 398: 133871.
DOI: 10.1016/j.foodchem.2022.133871

Reverchon, E. and I. De Marco (2006). Supercritical fluid
extraction and fractionation of natural matter.
The J. Supercritical Fluids, 38(2), 146-166.
10.1016/j.supflu.2006.03.020

Shen, J., P. Li, C. N. He, H. T. Liu, Y. Z. Liu, X. B. Sun,
R. Xu and P. G. Xiao (2019). Simultaneous
determination of 15 flavonoids from different
parts of Scutellaria baicalensis and its
chemometrics analysis. Chin. Herb. Med.,
11(1): 20-27. DOI:
10.1016/j.chmed.2018.09.005

Shi, D., M. Xu, M. Ren, E. Pan, C. Luo, W. Zhang and Q.



Lee et al.,

Tang (2017). Immunomodulatory effect of
flavonoids of blueberry (vaccinium
corymbosum 1.) leaves via the NF-«kB signal
pathway in LPS-stimulated RAW 264.7 cells. J.
Immunology Research, 2017(1), 5476903. DOI:
10.1155/2017/5476903

Shimamori, Y., S. Mitsunaka, H. Yamashita, T. Suzuki, T.
Kitao, T. Kubori, H. Nagai, S. Takeda and H.
Ando (2020). Staphylococcal phage in
combination with Staphylococcus epidermidis
as a potential treatment for Staphylococcus
aureus-associated  atopic  dermatitis and
suppressor of phage-resistant mutants. Viruses,
13(1): 7. DOI: 10.3390/v13010007

Stoica, R., R. M. Senin and R. M. Ton (2013). Ethanol
concentration effect on the extraction of
phenolic compounds from Ribes nigrum
assessed by spectrophotometric and HPLC-
DAD methods. Rev. Chim, 64, 620-624.

Sumida, K., Y. Igarashi, N. Toritsuka, T. Matsushita, K.
Abe-Tomizawa, M. Aoki, T. Urushidani, H.
Yamada and Y. Ohno (2011). Effects of DMSO
on gene expression in human and rat
hepatocytes. Human & experimental toxicology,
30(10), 1701-17009. DOI:
10.1177/0960327111399325

Suzuki, T., T. Hidaka, Y. Kumagai and M. Yamamoto
(2020). Environmental pollutants and the
immune response. Nat. Immunol., 21(12):
1486-1495. DOI: 10.1038/s41590-020-0802-6

Temelli, F. (2009). Perspectives on supercritical fluid
processing of fats and oils. J. Supercrit. Fluids,
47(3): 583-590. DOI:
10.1016/j.supflu.2008.10.014

Teo, W. Z., E. L. K. Chng, Z. Sofer and M. Pumera
(2014). Cytotoxicity of exfoliated transition-
metal dichalcogenides (MoS2, WS2, and WSe2)
is lower than that of graphene and its analogues.
Chem. Eur. J., 2031): 9627-9632. DOI:
10.1002/chem.201402680

Tong, L., M. Wan, L. Zhang, Y. Zhu, H. Sun and K. Bi
(2012). Simultaneous determination of baicalin,
wogonoside, baicalein, wogonin, oroxylin A
and chrysin of Radix scutellariae extract in rat
plasma by liquid chromatography tandem mass
spectrometry. J. Pharm. Biomed. Anal., 70: 6-
12. DOI: 10.1016/j.jpba.2012.03.051

1423

J. Anim. Plant Sci., 34 (6) 2024

Uwineza, P. A. and A. Waskiewicz (2020). Recent
advances in supercritical fluid extraction of
natural bioactive compounds from natural plant
materials. Molecules, 25(17): 3847. DOI:
10.3390/molecules25173847

Vinitha, U. G., R. Sathasivam, M. S. Muthuraman and S.
U. Park (2022). Intensification of supercritical
fluid in the extraction of flavonoids: A
comprehensive review. Physiol. Mol., 118:
101815. DOI: 10.1016/j.pmpp.2022.101815

Waugh, D.J. and C. Wilson (2008). The interleukin-8
pathway in cancer. Clin. Cancer Res., 14(21):
6735-6741. DOI: 10.1158/1078-0432.CCR-07-
4843

Wen, Y., Y. Wang, C. Zhao, B. Zhao and J. Wang (2023).
The pharmacological efficacy of baicalin in
inflammatory diseases. Int. J. Mol. Sci., 24(11):
9317. DOI: 10.3390/ijms24119317

Yulianto, M. E., R. Amalia, V. Paramita, I. Hartati, N. A.
Maulinda and M. A. Shulthoni (2019). The
effect of operating conditions on curcumin
extracted from turmeric by hydrothermal
extraction. E3S Web Conf., 125: 19001. DOI:
10.1051/e3sconf/201912519001

Yoon, S.B., Y.J. Lee, S.K. Park, H.C. Kim, H. Bae, H.M.
Kim, S.G. Ko, H.Y. Choi, M.S. Oh and W.
Park  (2009). Anti-inflammatory effects of
Scutellaria baicalensis water extract on LPS-
activated RAW 264.7 macrophages. .
ethnopharmacology, 125(2), 286-290. DOI:
10.1016/j.jep.2009.06.027

Zhang, Z.S., D. Li, L.J. Wang, N. Ozkan, X.D. Chen, Z.H.
Mao and H.Z. Yang (2007). Optimization of

ethanol-water extraction of lignans from
flaxseed. Separation  and  Purification
Technology, 57(1), 17-24. DOL:

10.1016/j.seppur.2007.03.006

Zhao, Q., X. Y. Chen and C. Martin (2016). Scutellaria
baicalensis, the golden herb from the garden of
Chinese medicinal plants. Sci. Bull.,, 61(18):
1391-1398. DOI: 10.1007/s11434-016-1136-5

Zhou, Y., S. Yu, C. Su, S. Gao, G. Jiang, Z. Zhou and H.
Li (2023). Molecular characteristics of
methicillin-resistant and susceptible
Staphylococcus aureus from pediatric patients
in eastern China. Pathogens, 12(4): 549. DOI:
10.3390/pathogens12040549.



