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The phenolic compounds in Lonicera japonica & Chenpi distillation extract (LCDE) were thoroughly
examined for their antioxidant and anti-inflammatory properties. Phenolic compounds in LCDE were
analyzed for five peaks using high-performance liquid chromatography (HPLC) combined with mass
spectrometry (MS) and determined. Five phenolic compounds were identified from the samples and
MS data. Ultrafiltration with LC analysis was used to investigate the ability of bioactive compounds to
target DPPH. As a result, it was confirmed that the major compounds exhibited a high binding affinity
to DPPH and could be regarded as antioxidant-active compounds. In addition, the anti-inflammatory
effect of LCDE was confirmed in vitro, and signal inhibition of anti-inflammation cytokines, MAPK
and NF-kB pathways was confirmed. Finally, Molecular docking analysis supplements the anti-
inflammatory effect through the binding affinity of selected compounds and inflammatory factors. In
conclusion, the phenolic compounds of the LCDE were identified and potential active compounds for
antioxidant and anti-inflammatory activities were identified. Additionally, this study will be utilized
to provide basic information for the application of LCDE in the pharmaceutical and pharmaceutical
cosmetics industries along with information on efficient screening techniques for other medicinal

plants.

LCDE is a mixture of Lonicera japonica, Taraxacum, Chenpi, Forsythia and Licorice. It is used for acute mastitis
and various purulent infections. Lonicera japonica contains various active substances such as saponin, flavonoids,
tannins, alkaloids, and fatty acids in the outpost, and has excellent active oxygen removal, anti-inflammatory,
antibacterial, antipyretic, soothing, and diuretic effects, so it can also be used to treat colds, body aches, food
poisoning boils, immobility, and hyperlipidemia'. It is effective and is known to help prevent and treat various
infections'. Taraxacum is rich in vitamins and minerals and is known to have anti-inflammatory properties®. The
citrus peels, Chenpi stimulate blood circulation in capillaries to relieve stress on the skin surface, and are effective
for skin diseases such as acne, suppuration, eczema, and itching®. Forsythia is known to have the effect of lower-
ing fever and detoxifying®. Licorice harmonizes all medicinal materials to make the medicinal effect appear well
and is known to have detoxification, hepatitis, hives, dermatitis, eczema, diuretic and anti-inflammatory effects’.
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Inflammation is a defense process that causes fever, swelling, discomfort, and a variety of functional impair-
ments in response to various diseases and injuries®. In severe circumstances, acute inflammation can cause
severe harm and even death’. When acute inflammation progresses to chronic inflammation, various diseases
such as cancer, atherosclerosis, osteoarthritis, and Alzheimer’s disease might develop®. Controlling inflammation
and inflammation-related diseases remains a significant challenge’. Additionally, anti-inflammatory medication
research and development are key challenges in modern medicine!®. Antioxidant activity protects cell membranes
by removing free radicals and is closely related to anti-inflammatory mechanisms by inhibiting prostaglandins,
a major inflammatory factor produced during metabolism'"'%

The skin is the primary interface between the body and the environment and provides the first line of defense
against microbial and chemical agents'. Especially in skin inflammation, dermatitis (atopic, contact, and seb-
orrheic) are the most common types. While contact dermatitis is defined by itching and inflammation of the
skin as a result of contact with external substances, atopic dermatitis is an inflammatory condition brought on
by hereditary influences on immune cells and proteins that make up the skin. An inflammatory skin condition
known as seborrheic dermatitis affects regions with a lot of sebaceous gland'**>.

Oxidative stress and skin inflammation are one of the damages that the skin disease'®. Mechanisms of inflam-
mation and oxidative stress in skin diseases have already been identified'”'®. However, it was unknown whether
Lonicera japonica & Chenpi distillation extract (LCDE) treatment affects pro-inflammatory cytokines associ-
ated with the progression of skin damage in HaCaT cells'' and which selected compounds have the extent of
antioxidant effect.

Five phenolic compounds were selected with LC-MS/MS, and the antioxidant effect due to the difference
in HPLC-DPPH binding area value was confirmed. Additionally, investigated whether inflammation was sup-
pressed by LCDE inducing inflammation in HaCaT cells with lipopolysaccharide (LPS) treated. Through these
results, the phenolic compound having a significant effect on anti-inflammation in LCDE was bound to the
related inflammatory protein using molecular docking, and the docking score was analyzed. These docking data
and in vitro results suggest that phenolic compounds present and retained through the distillation extraction
method of LCDE, a plant extract, have potent antioxidant and anti-inflammatory activities and can be useful
cosmeceuticals for dermatitis. Our research method is differentiated from existing research methods that use
literature searches and individual standards to confirm physiological activity. Existing methods not only cost a lot
of charge and time, but also use standard substances, making it difficult to understand the competitive reactions
of compounds contained in the extract. However, because our research method induces a competitive reaction
for the compounds contained in the extract, we can quickly and accurately identify the most efficient compounds.
This research method not only saves researchers time and charge, but also helps in selecting effective compounds
among various compounds. Therefore, this study can be efficiently applied to the early screening stage of new
drug development as well as information on effective ingredients among the ingredients contained in LCDE.

Results

Phenolic compounds separation and characterization in LCDE

HPLC-MS/MS was used to analyze the compounds found in LCDE. A total of 5 peaks were identified based
on HPLC retention time and UV-vis spectrum. 5 compounds were identified according to the peaks obtained
by HPLC chromatograph at a wavelength of 284 nm (Fig. 1). The 5 phenolic compounds were identified as
sweroside', isoliquiritin®, cardamonin®!, riboflavin®? and arctigenin® based on fragmentation patterns. Table 1
provides a description of the mass spectrometry identification data based on reference compounds from pub-
lished sources. The following physiologically active compounds are the outcomes that, depending on the envi-
ronment or growing conditions of plants, can be different in various ways. The characterization of the identified
phenolic compounds is the main focus of this study. Phenolic compounds were identified based on chemical ion
peaks and mass patterns acquired by LC-MS/MS and contrasted with previously discovered literature data'®->.
Based on LC-MS/MS data, the cleavage process of the compounds and shown in Fig. 2.

Screening of Antioxidant phenolic compounds in LCDE

The antioxidant effect is typically confirmed using the DPPH radical scavenging activity assay, which is helpful for
validating the antioxidant activity of complex chemicals found in natural products. In this study, DPPH-HPLC
analysis was conducted to select potential antioxidant candidates present in LCDE. As shown in Fig. 1, various
active compounds contained in LCDE react with DPPH and the peak decreases. The reaction of the compounds
with DPPH is shown by the change in the peak area value in Table 2. Additionally, the difference between the peak
area values before and after DPPH binding in the reaction with DPPH shows stronger radical scavenging activity.

In Table 2, the difference between the initial peak area value of each phenolic compound in LCDE and the
area value following the DPPH reaction serves as evidence of the antioxidant impact. Riboflavin showed the
highest change in area value at 405.43mAU, and the rate of change was also 93.05%, showing high DPPH binding
capacity. Sweroside, cardamonin, and arctigenin showed high area change ratios of 90.16%, 95.04%, and 94.50%,
respectively, but the area changes were 106.73mAU, 240.03mAU, and 268.83mAU, which were lower than those
of riboflavin. Isoliquiritin had an area value change of 269.60, similar to cardamonin and arctigenin, but the area
value change rate was low at 27.25%.

Due to the difference in DPPH binding ability of each phenolic compound, riboflavin, cardamonin, and
arctigenin have high DPPH activity and high antioxidant activity. In addition, these results showed that all five
compounds (sweroside, isoliquiritin, cardamonin, riboflavin, and arctigenin) had antioxidant effects and were
selected as major compounds for LCDE.
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Figure 1. The HPLC chromatograms of the phenolic compounds in LCDE. The blue line is the original
chromatogram at the beginning of the LCDE, while the orange line is the chromatogram after reaction with
DPPH solution. The detected compounds at the 284 nm wavelength are sweroside (1), isoliquiritin (2),
cardamonin (3), riboflavin (4) and arctigenin (5).

Peak no. Rt (min) | Formula Compound | UVmax | [M+H]" | MS/MS
197 (C,oH,04) [M + H-C¢H,,05]*

1 23.04 C6H,,04 Sweroside 245 359 169 (CyH,,0;) [M +H-C¢H,,05-COJ*
127 (C;H,40,) [M+H-C;H,00,-C,H, |*
2 30.24 C,H,,04 Isoliquiritin | 370,235 | 419 257 (C,sH},0,) [M +H-CgH,,05]*

193 (C,,H0,) [M +H-C¢H¢]*

3 48.48 Ci6H140, Cardamonin | 340 271 179 (CoH¢O,) [M + H-C¢H¢-CH, ]+

151 (CgH¢O3) [M + H-C,H,-COJ*

257 (C3H,N,0,) [M +H-CHO,]*

4 48.92 C,;H,N,O¢ | Riboflavin 440,365 | 377 243 (C;,H(N,0,) [M +H-C;H,,0,]*

214 (C;,H,,N,0) [M + H-C,H;O,-HNCO]*
237 (C4H,60,) [M +H-CgH;0,]*

137 (CH0,) [M+H-C,3H,,0,]*

5 5223 C,,H,,04 Arctigenin | 280,230 | 373

Table 1. The HPLC-MS/MS data of phenolic compounds from LCDE. Rt retention time.

The effect of LCDE on the cell viability of HaCaT Cells

To determine the cytotoxicity of the LCDE, the 3-(3,4-dimethyl-thiazolyl-2)-2,5-diphenyl tetrazolium bromide
(MTT) assay was carried out in HaCaT cells (Fig. 3). With or without 1 pg/mL of LPS, the LCDE treated HaCaT
cells at concentration of 0, 0.1, 0.25, 0.5, 0.75, 1, 1.25, 2.5, 5, 7.5 and 10 ug/mL for 24 h. As a results, We found
that the LCDE was non-toxic at 0.1 to 0.75 ug/mL (Fig. 3A). In Fig. 3B, even when inflammation was induced
through LPS, there was no toxicity of the extract at the same concentration. As a result, the concentration judged
to be the least cytotoxic was selected and used for follow-up research.

Effects of LCDE on COX-2 and iNOS expression of LPS induced HaCaT cells

NO (Nitric Oxide) is an inflammatory mediator that produced by iNOS and COX-2. Therefore, the down-
regulation of the inflammatory factors COX-2 and iNOS are important in regulating inflammation?*. The anti-
inflammatory effect was explored using western blot to evaluate the expression of iNOS and COX-2 proteins,
and we discovered that LCDE decreased COX-2 and iNOS expression in a dose-dependent manner in HaCaT
cells (Fig. 4).

Inhibition of LPS-induced MAPKs pathways activation by LCDE

MAPKs (JNK, ERK, and P38) are present in the cytoplasm, but when activated by LPS, they are phosphoryl-
ated and translocate to the nucleus. LPS-treated cells expressed more JNK, p38, and ERK, as shown in Fig. 5.
Co-treatment with LPS and LCDE, on the other hand, phosphorylation of MAPKs (JNK, ERK, and P38) are
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Figure 2. Fragmentation scheme of the phenolic compounds contained in LCDE.

suppressed by the expression of these markers in a dose-dependent manner. These data suggest that LCDE has
anti-inflammatory effects on LPS-stimulated HaCaT cells by modulating MAPK pathways.

Inhibition of LPS induced NF-kB pathways activation by LCDE
We performed western blotting to look at the effect of LCDE on the NF-kB pathway in LPS-stimulated HaCaT
cells. The phosphorylation and degradation of IxBa are required steps in the activation of NF-«kB. LCDE treat-
ments significantly reduced LPS-induced IkBa and P65 degradation (Fig. 6). LCDE treatments reduced the
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1 Sweroside | 118.37+2.44% | 11.63+0.70% (1;)8'17 ° 53352%
2 Isoliquiritin | 989.47+9.45% | 719.87+7.858 (22679"262 tig 57;3 f)
3 Cardamonin | 252.57+2.81% | 12.53+1.80% f;ggjjg;fgg
4 Riboflavin | 435.70£535° | 30.27+1.914 ?835.6153 o 'if;;)
5 Arctigenin 284.50+4.79¢ 15.67+1.31* (296533;33‘6;5)

Table 2. Screening of antioxidant potential of LCDE compounds. All values are mean +SD (n=3). #PMeans
with different superscripts in the same column are significantly different at p <0.05 by Duncan’s multiple range
tests.
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Figure 3. The effects of LCDE on HaCaT keratinocytes cell viability. Data were from three independent
experiments. LCDE (0, 0.1, 0.25, 0.5, 0.75, 1, 1.25, 2.5, 5, 7.5 and 10 pg/mL) was treated by concentration, and
then (A) the toxicity of LCDE to cells for 24 h were measured. (B) Cell viability when LPS and LCDE were
treated with or without for 24 h. Comparison with LCDE and LPS treated group **p <0.01; ***p <0.001.

expression of p-IkBa and p-P65 in a dose-dependent manner. These data suggest that LCDE has anti-inflam-
matory properties because it inhibits NF-kB activation in LPS-induced HaCaT cells.

Molecular docking analysis with NF-kB and selected phenolic compounds

As shown in Table 2, the phenolic compounds sweroside, isoliquiritin, cardamonin, riboflavin, and arctigenin are
thought to have a high peak area change rate to demonstrate potential antioxidant properties using DPPH bind-
ing HPLC. In addition, these compounds are included in LCDE, which is effective for anti-inflammation, using
NEF-«B, a typical inflammatory factor, molecular docking was used to confirm the difference in binding affinity.

The ligand—-protein docking was analyzed using the UCSF Chimera program. Figure 7A shows active sites by
sweroside and NF-xB. Additionally, several active sites (ARG237, CYS149, GLU187, GLU233, PHE146, PRO147)
have been demonstrated to facilitate ligand binding. In Table 3, the molecular binding energy score was found
to be — 6.6 kcal/mol.

In Fig. 7B, the active sites by isoliquiritin and NF-xB and several active sites (ARG,232, ARG237, ARG239,
ALA234, ASN240, CYS149, GLU233, LEU236) have been demonstrated to promote ligand binding. The molecu-
lar binding energy score was — 6.0 kcal/mol in Table 3.

In Fig. 7C, the docking active sites (ARG232, ARG237, CYS149, GLU184, HIS183, LEU236) with cardamonin
and NF-xB have been showed to promote ligand binding. The molecular binding energy score was found to be
—6.7 kcal/mol in Table 3.

Figure 7D shows that the active sites and active sites (ARG232, ARG239, ASP194, CYS149, GLU184, LEU236,
TYR227) by riboflavin and NF-kB enable ligand binding. The molecular binding energy score was found to be
—6.9 kcal/mol in Table 3.

Figure 7E demonstrates how the docking and active sites (ARG232, ARG237, CYS149, GLU115, GLU184,
HIS193, ILE148, LEU236, PHE146, TYR227) of arctigenin and NF-kB promote ligand binding. The molecular
binding energy score was found to be —7.9 kcal/mol in Table 3.

Looking at the docking results of five selected phenolic compounds and NF-xB with arctigenin had the highest
relative binding affinity score and the binding sites were diverse. On the other hand, isoliquiritin had a relatively
low binding affinity score of — 6.0 kcal/mol, but interacted with various binding sites.
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Figure 4. Effect of LCDE on COX-2 and iNOS expression in with or without LPS-stimulated HaCaT cells.
HaCaT cells were treated with LCDE (0, 0.1 and 0.25 ug/mL) with or without LPS (1 ug/mL) for at 37 °C 24 h.
(A) The expression of COX2 and iNOS was quantified by western blot analysis. (B) Relative density of COX-2
expression. (C) Relative density of iINOS expression. Comparison with LCDE and LPS treated group **p <0.01;
***p <0.001. Comparison with LPS treated group *p <0.01; **p <0.001.

Discussion

The phenolic compounds of the LCDE were identified in this work, and a high potential for antioxidant activ-
ity was found using a combined analysis of DPPH and HPLC. Following antioxidant studies, additional anti-
inflammatory studies supported the finding that inflammation-induced keratinocytes showed suppressed phos-
phorylation of COX2 and iNOS, two representative inflammatory factors, and phosphorylation of MAPK and
NE-xB pathway-related factors (Fig. 8).

Additionally, it was established that the phenolic compounds of LCDE had a noticeably high binding score in
terms of structural binding through molecular docking of representative inflammation-related receptors NF-xB.

As aresult, our work is the first to identify LCDE substances and screen DPPH ligand using UF-LC-MS analy-
sis, based on the idea that unique organic chemicals and enzymes bind to target receptors®. These findings point
to a way for screening complex compounds simultaneously in the early phases of drug development, as well as a
strong tool for identifying possible oxidative stress and inflammatory ligands from a variety of medicinal plants.

However, research that links complex plant chemicals to biological targets or activities are difficult to con-
duct, and studies that provide experimental proof of components and targets are also missing?. Therefore, these
results are good research data for research, and the extract and its components can be effective inhibitors of skin
inflammation and act as antioxidants.

LCDE is a composite extract mixed with various medicinal substances extracted through distillation again.
Even though it was a complex distillation extract called LCDE using the distillation method, phenolic com-
ponents were identified, and antioxidant and anti-inflammatory effects were observed. Among the phenolic
compounds identified in this distillation extract, the selected five compounds were sweroside, isoliquiritin,
cardamonin, riboflavin and arctigenin. Sweroside regulates oxidative stress by inhibiting Keap1 and promoting
Nrf2 signaling pathway in the pathway through the activation of Nrf2 (Nuclear factor E2-related factor 2) and
Keap1 (Kelch-like ECH-associated protein) through ROS¥. It also has a mechanism of reducing inflammatory
cytokines and inhibiting the NF-kB signaling pathway®. Isoliquiritin contains antioxidant and anti-inflammatory
properties and is used in the prevention and treatment of a variety of deseases?”. Cardamonin also has antioxidant
and anti-inflammatory effects, is involved in various pathways such as Nrf2, ERK and mTOR, and downregulates
COX2 and iNOS through inhibition of NF-kB**!. Riboflavin is also known as vitamin B2, and when oxidative
stress increases, riboflavin intake activates antioxidant enzymes®?. Arctigenin has an anti-inflammatory effect
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Figure 5. Effect of LCDE on with or without LPS induced MAPKSs protein expression in HaCaT cells. HaCaT
cells were treated with LCDE (0, 0.1 and 0.25 pug/mL) with or without LPS (1 pug/mL) for at 37 °C 24 h. (A) The
expression of MAPKs was quantified by western blot analysis. (B) Expression of p-ERK affected by LCDE. (C)

Expression of p-JNK affected by LCDE. (D) Expression of p-P38 affected by LCDE. Comparison with only LPS
*p<0.05; ***p <0.001. Comparison with LCDE and LPS treated group *p<0.01; *** p<0.001.

through iNOS inhibition due to inactivation of the JAK-STAT pathway, and the anti-inflammatory effect caused
by the decrease in iNOS is related to the antioxidant effect, suggesting that it has an antioxidant effect by reduc-
ing ROS production®.

All of these five phenolic compounds have antioxidant and anti-inflammatory effects, and are noteworthy in
that they exist and show effects even after extraction through pure distillation after plant extraction.

In molecular docking assay, one thing to note about results is to keep in mind that the outcomes of the
molecular docking scores are not examined by determining the precise binding affinity. Even when high results
are reached, there are situations where the interaction structures do not align properly, in which case absolute
docking results are useless and need to a procedure to visually check the structural binding is essential.

Looking at Table 3, arctigenin showed the highest relative binding affinity score. On the other hand, isoriquiri-
tin had a relatively low binding affinity score, but interacted with various binding sites. Therefore, it is important
to note that all five candidate phenolic compounds selected for docking with the inflammatory factor NF-xB are
proposed as excellent anti-inflammatory candidates.

In this result, the greater the change in relative area value among the phenolic components of the LCDE
selected through HPLC-MS/MS binding with DPPH, that is, the higher the docking affinity score of the com-
ponent considered to have a higher antioxidant effect. This is because the antioxidant and anti-inflammatory
effects of the phenolic component of the selected LCDE are closely related® and it is expected that the selected
ingredients will be widely used in antioxidant and anti-inflammatory research in the future.

Although many studies on the anti-inflammatory and antioxidant effects of various herbal preparations have
already been conducted by distillation extraction®, there are not many contents through isolation and identi-
fication of the components as in this study and molecular docking binding ability. Therefore, it is expected that
this method will be widely used.

Scientific Reports|  (2023) 13:20883 | https://doi.org/10.1038/s41598-023-48170-w nature portfolio



www.nature.com/scientificreports/

A
LPS (101g/mL) - + * +
LCDE (0 g/mL) = N 0.1 0.25
p-IkBa o - '
IKBA | — ———
p-P65 pu——
PE5 | s S — —
B-Actin | "EEENN. S—— A —
B 1.5 Cc 157 e
T
i > .
%? 1.0 —— @ = 1.0
§2 ge
o= o
@ L - x @ 3
2% 2a
§ ._"; 0.5 g 2 0.5 e
® = T
0.0- T I T I 0.0- T T
LPS (1pg/mL) - + + + LPS (1pg/mL) - + + +
LCDE (upg/mL) - - 0.1 0.25 LCDE (pg/mL) - - 0.1 0.25

Figure 6. Effect of LCDE on with or without LPS induced protein expression of NF-kB in HaCaT cells. HaCaT
cells were treated with LCDE (0, 0.1 and 0.25 pg/mL) with or without LPS (1 pug/mL) for at 37 °C 24 h. (A)

The expression of NF-kB were quantified by western blot analysis. (B) Relative density of p-IxBa for IxBa. (C)
Relative density of p-P65 for P65. Comparison with only LPS *p <0.05; **p <0.01; ***p <0.001. Comparison with
LCDE and LPS treated group *p<0.01; ***p <0.001.

Material and methods

Plant material

The Lonicera japonica ¢ Chenpi distillation extract (LCDE) was made by mixing Lonicera japonica, Taraxacum
(Code Number: 00225A), Chenpi (00891A), Forsythia (00232A), and Licorice (00258A). The plants used in this
study were cultivated by farmers at a specialized farm in the Jirisan Mountain of Gyeongsangnam-do, and are
assigned a code number after complete identification of the material by professional identification personnel at
the Animal Bio Resource Bank (http://www.abrb.or.kr). Afterwards, it was stored in the herbarium for distribu-
tion and research purposes. The Animal Biologically Active Substances Resource Bank is a nationally designated
research data bank that has optimal storage conditions for the storage and distribution of research materials.
These plants were washed with water, then cut into small pieces, and dried in an oven (55 °C for 72 h). Until use,
the mixture plants are stored in sealing polyethylene bags with silica gel at —20 °C.

Reagents and standards

The DPPH (2,2-Diphenyl-1-picrylhdrazyl) was provided by Sigma-Aldrich Corp (St. Louis, MO, USA. cas no.
1898-66-4). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was purchased from Duchefa
Biochemie (Haarlem, the Netherlands). Antibodies to COX-2 (cat. no. 12282S), iNOS (cat. no. 13120S), p65 (cat.
no. 8242S), phosphorylated p65 (p-p65) (cat. no. 3033S), IxkBa (cat. no. 4812S), phosphorylated IxBa (p-IxBa)
(cat. no. 2859S), INK (Jun N-terminal kinase) (cat. no. 9258S), phosphorylated JNK (p-JNK) (cat. no. 4671S),
ERK (Extracellular-signal-regulated kinase) (cat. no. 4695S), phosphorylated ERK (p-ERK) (cat. no. 4370S),
P38 (cat. no. 8690S), phosphorylated p38 (p-p38) (cat. no. 4511S), and B-actin (cat. no. 4970S) were purchased
from Cell Signaling Technology (Danvers, MA, USA). Horseradish peroxidase (HRP)-conjugated secondary
antibodies to antirabbit (cat. no. A120-101P) and antimouse (cat. no. A90-116P) were obtained from Bethyl
Laboratories, Inc. (Montgomery, AL, USA).
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Figure 7. Molecular docking of phenolic compounds and NF-kB in LCDE. The 3D structure of NF-kB bound
efficiently with (A) sweroside, (B) isoliquiritin, (C) cardamonin, (D) riboflavin, and (E) arctigenin.

Extraction and purification of LCDE phenolic compounds
Boil the plants mixture of Lonicera japonica (15 g), Taraxacum (10 g), Chenpi (10 g), Forsythia (10 g) and Licorice
(5 g) in 4L of water at 90 °C for two days. By heating distilled water, the active ingredients were evaporated
together with the water and extracted. Filter paper Whatman qualitative No. 6 was used to separate the mixture.
The mixture was concentrated to 500 mL at decreased pressure and 45 °C using a rotary evaporator (N-1110,
Eyela, Tokyo, Japan) spinning at 100 revolutions per minute. To get rid of fatty particles, the concentrate was
washed three times with 500 mL of hexane. With 250 mL of ethyl acetate, the residual filtrate was extracted three
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Sweroside ARG237, CYS149, GLU187, GLU233, PHE146, PRO147 —6.6 kcal/mol
Isoliquiritin ARG,232, ARG237, ARG239, ALA234, ASN240, CYS149, GLU233, LEU236 —6.0 keal/mol
Cardamonin ARG232, ARG237, CYS149, GLU184, HIS183, LEU236 —6.7 kcal/mol
Riboflavin ARG232, ARG239, ASP194, CYS149, GLU184, LEU236, TYR227 —6.9 kcal/mol
Arctigenin ARG232, ARG237, CYS149, GLU115, GLU184, HIS193, ILE148, LEU236, PHE146, TYR227 | —7.9 kcal/mol

Table 3. Molecular docking studies of LCDE phenolic compounds with NF-kB complex and their binding
energy.

[ Anti-inflammation

x. — - -
duced inflammation [ Antioxidants
.._."'
-
‘-..’..“ W’wﬁfl

Figure 8. Anti-inflammatory effects of LCDE in HaCaT cells.

times. To get rid of the highly polar components, the residue was first dehydrated with MgSO4 and then eluted
using silica gel solvent (40 cm 2.5 cm) and ethyl acetate. Under lower pressure, the solvent was condensed. After-
ward, it was frozen dried to produce a mixed phenolic powder (0.2 g, 0.4% of raw dried plants). It was dissolved
at 1000 ppm for further study and stored at —70 °C.

HPLC and LC-MS/MS analysis

HPLC and LC-MS/MS was performed on a 1260 series HPLC system (Aglient Technologies, Inc., California,
USA) and ultra quadrupole time of flight LC-MS/MS X500R system (AB Scies, Framingham, MA) operated in
positive ion mode. A gradient system with a flow rate of 0.5 mL/min was used for analysis, and a Prontosil C18
column (length, 250 mm; inner diameter, 4.6 mm,; particle size, 5 m; Phenomenex Co., Ltd., California, USA; Bio-
choff Chromatography) was used. Acetonitrile and DW, both of which contained 0.1% formic acid, served as the
solvent. The mobile phases were subjected to the following solvent conditions: 0-10 min at 10-15% B, 10-20 min
at 20% B, 20-30 min at 25%, 30—-40 min at 40%, 40-50 min at 70%, 50-60 min at 95%, and 60-70 min at 95%.
The analysis was carried out at a temperature of 35 °C at a wavelength of 284 nm. Calculations of the peak areas
obtained from UV and reference materials were utilized to determine the concentration of phenolic compounds.

Antioxidant activity using DPPH binding HPLC technology
1000 ppm LCDE powder and 0.2 mg/mL DPPH reagents were mixed in a ratio of 6:1 (v:v) and reacted at room
temperature for 15 min. Prior to HPLC analysis, the mixture was filtered through a 0.45 m filter, and methanol

Scientific Reports |

(2023) 13:20883 | https://doi.org/10.1038/541598-023-48170-w nature portfolio



www.nature.com/scientificreports/

was employed as a control in place of the DPPH reagent. By looking at the chromatographic peak values and
standard curve values of the samples and controls that underwent the DPPH reaction, it was possible to identify
the composition of the chemical that reacted with it. This allows for the identification of the primary antioxidant
elements in LCDE phenolic compounds.

Cell culture and LCDE treatment

The HaCaT cells obtained from the thermo fisher Scientific were grown in full DMEM with 10% heat-inactivated
fetal bovine serum (FBS) with 100 U/ml penicillin and 100 pg/ml streptomycin. The cells were incubated at
37 °C in a humidified environment with 5% CO,. After seeding the cells, At 37 °C, the cells were incubated in a
humid environment with 5% CO2.

Cell viability assay

HaCaT cells were seeded at a density of 1 x 10%cells per well in 96 well plates and then cultured, with LPS (1 ug/
mL) and co-treatment with various concentrations of LCDE (0, 0.1, 0.25, 0.5, 0.75, 1, 1.25, 2.5, 5, 7.5 and 10 pg/
mL) at 37 °C for 24 h. After incubation, MTT solution (10 pl; 5 mg/ml) was added to the plate and incubated at
37 °C for ~ 2 h. The insoluble formazan crystals were then dissolved in DMSO after the growth media was entirely
washed away. And the absorbance of the converted dye was measured at a wavelength of 560 nm by microplate
reader Multiskan FC (Thermo Scientific, Rockford, IL, USA).

Western blot

For western blot analysis, HaCaT cells were seeded into 60 mm plates at a density of 1 x 10° cells/well and treated
with 0.1 and 0.25 pg/mL LCDE for 24 h at 37 °C. Then the cells were lysed in ice-cold RIPA buffer (50 mM
Tris-HCL (pH 8.0), 0.5% sodium deoxycholate, 1 mM EDTA, 150 mM NaCl, 0.1 SDS and 1% NP-40). Protein
concentrations were determined using the Pierce™ BCA Protein Assay (Thermo Scientific, Rockford, IL, USA)
according to the manufacturer’s instructions. Equal amounts of protein (10 pug) were separated via SDS-PAGE on
10% gels and transferred onto PVDF membranes using the JP/WSE-4040 HorizeBLOT 4 M-R WSE-4045 (ATTO
Blotting System, USA). The blots were then blocked with EzBlockChemi (ATTO Blotting System, Japan) for 1 h
at room temperature. Membranes were further incubated with 1:1000 dilutions of primary antibodies overnight
at 4 °C. The membranes were washed three times for 10 min with TBS-T and probed with a second antibody
until 2 h at room temperature. The second antibody was diluted at 1:5000. The blots were visualized using Clar-
ity™ ECL substrate reagent (Bio Rad Laboratories, Inc.) and quantified by densitometry using Image ] software
(National Institutes of Health) with B-actin as the loading control. The experiment was performed in triplicate.

Molecular docking

The structure of NF-kB was obtained at high resolution from a protein data bank (PDB) (https://www.rcsb.org/,
accessed on 28 April 2022) with PDB ID 4Q3]J (NF-kB), and the three-dimensional structures of the selected
phenolic compound of LCDE were obtained from PubChem (https://pubchem.ncbi.nlm.nih.gov/, accessed on
28 April 2023) with PDB sweroside (Compound CID: 161036), isoliquiritin (Compound CID: 5318591), car-
damonin (Compound CID: 641785), riboflavin (Compound CID: 493570), and arctigenin (Compound CID:
28125531). The protein and ligand were docked using the USCF Chimera tool, and all possible conformations
were returned using default parameters. The results were visualized by PYMOL and Discovery Studio (DeLano,
2002). The estimated free energy of binding and total intermolecular energy was used to evaluate the results.

Statistical analysis

The test measurements were expressed as mean + standard deviation (M + SD) in triplicate measurements. Sta-
tistical analysis was performed using spss version 12.0 (SPSS Inc, m Chicago, IL, USA), and one-way factorial
analysis of variance (ANOVA). Statistical significance was analyzed by Duncan’s multiple range and Student’s test
at p <0.05 level, after one-way analysis of variance. (# p<0.05, ## p<0.01, ### p<0.001 vs. untreated, positive
control group; and * p <0.05, ** p<0.01, *** p<0.001 vs. LPS-treated, negative control group).

Conclusion

Through this study, phenolic compounds were identified in LCDE, a complex distillation extract, and the antioxi-
dant effect of each selected component was confirmed, and the anti-inflammatory effect of LCDE was observed by
inducing inflammation in the target skin keratinocytes. In addition, the binding affinity of the selected phenolic
compound with the inflammation-related protein was confirmed through molecular docking. Depending on
the phenolic compound composition of these complex distillate extracts, LCDE could be a potential drug for
various inflammation-related pathways, structural binding affinity and antioxidant effects.

Data availability

The data used to support the findings of this study are available upon request from the corresponding author.
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