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Abstract

Myricetin (MYR) and dihydromyricetin (DHM) are classified as natural flavonoids. Both substances are known for their anti-inflammatory
and antioxidant properties. In this study, an in vitro model of inflammation was demonstrated on monolayers of scratched fibroblasts
or keratinocytes exposed to LPS from Pseudomonas aeruginosa for six hours. MYR and DHM were subsequently applied to the cells for
24 hours at sub toxic concentrations (5-15 pM). Inflammatory parameters were analysed in collected cell medium and lysate after the
incubation period using the Enzyme-Linked ImmuneSorbent Assay (ELISA) and Western blot. Both flavonoids inhibit the production of
pro-inflammatory cytokines (IL-6, IL-8) in LPS-stimulated skin cells as well as the decreased level of MMP-1 in fibroblasts. However, the
application of MYR and DHM dose dependently increased the level of MMP-1 in keratinocytes. In our experiments, we focused on the
anti-glycation activity of MYR and DHM, where the higher concentration of MYR seems to be more effective.
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Highlights:

+ Mpyricetin and dihydromyricetin induced a molecular mechanism involved in the wound healing process in vitro.

+ Myricetin and dihydromyricetin decreased the selected inflammatory parameters in LPS stimulated dermal human fibroblasts and
keratinocytes.

+ It was demonstrated that myricetin and dihydromyricetin supported anti-glycation activity.

Abbreviations:

AGEs, Advanced Glycation End Products; MYR, Myricetin; DHM, Dihydromyricetin; NF«B, nuclear factor kB; Nrf2, nuclear factor
erythroid 2-related factor 2; COX-2, cyclooxygenase-2; MMPs, metalloproteinases; IL-6, interleukin 6; IL-8, interleukin 8; TIMP 1,
tissue inhibitor of metalloproteinase 1; MTT, [3-(4,5-dimethyltiazol-2 yl) 2, 5 diphenyltetrazolium bromide]; MAPK, mitogen-activated
protein kinase; TNF-a, tumor necrosis factor a; LPS, lipopolysaccharide; DMEM, Dulbecco’s modified Eagle’s medium; FBS, fetal bovine
serum; EPI, EpiLife growth medium; KBM-2, Keratinocyte basal medium; HKGS, Human Keratinocyte Growth Supplement kit; NHDFs,
Normal human dermal fibroblasts; NHEKs, Normal human epidermal keratinocytes; C, control untreated cells; CS, untreated scratched
cells; CL, untreated scratched cells with LPS; PBS, phosphate buffered saline; TBS/T, Tris-buffered saline with 0,05% Tween 20; BSA,
Bovine Serum Albumin; PVDF membrane, Polyvinylidene fluoride membrane; TMB substrate, 3,3’,5,5-Tetramethylbenzidine substrate;
ABTS substrate, [2,2-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)] substrate

increase the production of high amounts of pro-inflammatory
cytokines. LPS from the gram-negative bacteria Pseudomonas
aeruginosa is well known as a potent stimulator of inflamma-

Introduction

Wound healing is a complex system consisting of inflamma-
tion, cellular proliferation and remodelling of the extracellular
matrix (Takeo et al., 2015). Although these phases play a key
role in the physiological process of wound healing, persistent
inflammation may cause prolongation of the wound healing
process and damage healthy tissue (Valluru et al., 2011; Zhao
et al., 2016). Healing complications are characterised by an
excess of bacteria, massive biofilm formation, overproduc-
tion of ROS and overexpression of MMPs that consequently

tory cytokines that ultimately induce connective tissue break-
down. This inducer of inflammation is able to interact with
Toll-like receptors and stimulate the secretion of pro-inflam-
matory cytokines (e.g. IL-6 and IL- 8) (Arranz-Valsero et al.,
2014; Wang et al., 2003). It plays an important role in the acti-
vation of the nuclear factor (erythroid-derived 2)-like 2 (Nrf2)
and nuclear factor kappa B (NF-«B) signalling pathways.
NF-kB and Nrf2 are the two key transcription factors that reg-
ulate cellular responses to oxidative stress and inflammation
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respectively. Their activity is essential for maintaining and co-
ordinating the cellular responses that resolve the inflammatory
status of the cell/tissue (Wardyn et al., 2015). Pro-inflamma-
tory cytokines cause degradation of the IkB inhibitor. NF-kB
can be translocated to the nucleus to start the expression of
target genes and activate the signal pathway that triggers the
production of AGEs (Khan et al., 2018; Liu et al., 2018). Thus,
AGEs can inhibit the proliferation of fibroblasts and keratino-
cytes via the transduction NF-kB signal (Qing, 2017).

One possible method to regulate the healing process is
the therapeutic use of natural compounds such as flavonoids.
They are studied due to their anti-inflammatory, antioxidant,
anti-cancer, anti-photoaging, and immunomodulatory activity
(Jing and Li, 2019; Ma et al., 2019; Xie and Zheng, 2017). They
are also a significant source of AGE inhibitors. In this study,
two flavonoids were selected: the plant secondary metabolites
MYR and DHM. These flavonoid compounds have low toxicity
and differing pharmacological properties. Although MYR and
DHM differ only in the double bond between C2 and C3 on
the flavon ring (Fig. 1), MYR, which is found in many foods
and fruits and its important natural producer is also Myrica
nagi (esculenta) (Preeti Panthari et al., 2012), has been re-
searched more thoroughly to date. The anti-inflammatory ac-
tivity of MYR has been demonstrated in a variety of in vitro
assays, where the inhibition of pro-inflammatory cytokines
and MMPs was evaluated. Further, MYR prevents activation of

(A) Myricetin (MYR)

the NF-kB signalling pathway (Grenier et al., 2015). Elshamy
et al. (2020) recently published a study carried out on albino
rats. The rats were injured and treated with 10% and 20% MYR
for 14 days to indicate its healing properties. Treatment with
20% MYR increased the percentage of wound closure, reduced
scarring and induced reepithelialization with a high density of
fibroblasts and blood capillaries.

DHM is a plant flavonoid isolated from Hovenia dulcis or
Ampelopsis grossedentata and is often used in traditional Chi-
nese medicine (Zhang et al., 2014). Previously, Hovenia dulcis
extract has been extensively investigated for its effects in the
suppression of acute EtOH intoxication (Shen et al., 2012).
Recent studies of DHM have dealt with its cardioprotective,
anti-cancer and antibacterial properties (Liang et al., 2019;
Shevelev et al., 2020; Sun et al., 2020, Wu et al., 2017; 2018).

Despite the limited available knowledge of the effect of
DHM on the mechanisms of the wound healing process, it
has emerged as a promising substance for the treatment of
inflammation. The present study evaluated the anti-inflam-
matory and anti-glycation effect of MYR and DHM on an in
vitro model of scratched monolayers of normal human dermal
fibroblasts (NHDFs) and normal human epidermal keratino-
cytes (NHEKS) pre-treated with LPS (P. aeruginosa). The select-
ed pro-inflammatory cytokines, production of AGEs, MMPs,
as well as NF-kB, Nrf2, COX-2 and MMP-2 were clarified.

(B) Dihydromyricetin (DHM)
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Fig. 1. The structure of myricetin (A) and dihydromyricetin (B)

Materials and methods

Chemicals

DHM (APIChem, 98% purity, People’s Republic of China,
Hangzhou APIChem Technology Co., Ltd.) and MYR (TCI,
Japan, 97% purity, Tokyo Chemical Industry Co., Ltd.) were
tested flavonoids. DMEM, FBS, ATB (penicillin, streptomycin,
ampicillin), EPI, KBM 2 with KGM-2, HKGS kit and LPS from
Pseudomonas aeruginosa were used for cell culture.

Polyclonal antibodies that were used in Western blot:
rabbit anti-MMP-2 (sc-10736), rabbit anti-Nrf2 (sc 722),
rabbit anti COX-2 (sc-7951), rabbit anti-NF-kB (sc-372) and
goat anti-P-actin (sc 1616) were purchased from Santa Cruz
Biotechnology. ELISA Human IL-6 Kit (PeproTech), ELISA
Human IL-8 Kit (PeproTech), Human Total MMP-1 DuoSet
ELISA (R&D Systems), Human MMP-2 DuoSet ELISA (R&D
Systems), Human TIMP-1 DuoSet ELISA (R&D Systems) and
TMB substrate, streptavidin-HRP, Avidin-HRP, ABST substrate
were used to detect MMPs and interleukins (IL-6, IL-8) by
ELISA. DMSO+NHj3, MTT (3-(4,5-dimethyltiazol-2 yl) 2, 5 di-
phenyltetrazolium bromide) were used to measure cell viabili-
ty. Methylglyoxal and aminoguanidine were used to determine
anti-glycation activity.

Cell culture

Normal human dermal fibroblasts (NHDFs) and Normal hu-
man epidermal keratinocytes (NHEKs) were obtained from
healthy tissue samples taken from plastic surgery patients
from Faculty Hospital Olomouc after informed consent. The
study was performed according to the Code of Ethics of the
World Medical Association.

NHDFs were cultivated in DMEM with 10% FBS and an-
tibiotics (1% penicillin-streptomycin) under standard con-
ditions (5% CO,, 37 °C). For the experiments, NHDFs were
cultured in serum free medium (DMEM containing 1 % pen-
icillin-streptomycin).

NHEKs were cultivated in KBM-2 with KGM-2 supple-
ments for 3 days under standard conditions (5% CO,, 37 °C).
After this period, the medium was exchanged for medium EPI
containing HKGS and antibiotics (1% penicillin-streptomycin,
ampicillin) (Frankova et al., 2016).

Cell viability assay

Cell viability was assessed using an MTT assay (Kumar et al.,
2018). NHDFs were isolated from tissue section from six pa-
tients. The cells were seeded in 96 well plates at 0.2 x 10% cells/
well. As soon as cells reached confluence, they were washed
with PBS. MYR and DHM were diluted at 9 concentrations
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(2.5-100 pM) in the serum-free DMEM and applied to cells
for 24 h. Then, the plates were washed with PBS and incubated
with MTT solution for 4 h. The MTT mixture was poured out
and a solution containing DMSO + NHj was added. Absorb-
ance was measured at 540 nm.

Treatment experiment

The cells were used at the third passage and seeded on Petri
dishes (10 cm). When the cells reached confluence, they were
scratched with 10 ml plastic pipettes. LPS from Pseudomonas
aeruginosa (final concentration 10 pg/ml) was added for 6 h to
stimulate the pathological inflammatory response (Jurdiova
et al., 2019). For controls, only cells with the cultivation me-
dium (without scratch) (C), untreated scratched cells (CS) and
untreated scratched cells with LPS (CL) were used. A 100 mM
solution of MYR and DHM in DMSO was prepared and indi-
vidual samples were diluted in serum free medium to final con-
centration (5 uM, 10 pM and 15 pM). After the pre incubation
period with LPS, MYR and DHM were applied for 24 h. At the
end of the incubation period, the cell culture medium was col-
lected, and the cells were lysed with RIPA buffer supplement
with protease inhibitors and stored at -80 °C.

Western blot analysis

Western blot analysis was used for the detection of transcrip-
tion factors, such as NF-kB and Nrf2, as well as parameters
connected to inflammation (COX 2 and MMP 2). B-actin
was selected as a reference protein and protein level in the
cell lysate was quantified by the Bradford method (Bradford,
1976). The cell lysate was diluted 4 : 1 with Treatment sam-
ple buffer. Subsequently, the sample was boiled for 5 min and
cooled on ice. It was tempered to 37 °C before electrophohesis.
Equal amounts of protein cell lysates (40 ug) were subjected
to SDS-PAGE in 10% polyacrylamide gel. Then, the proteins
were transferred to PVDF membranes, blocked in 5% low-fat
milk in TBS/T or in 5% BSA in TBS/T (MMP-2) for 2 h at room
temperature. The primary antibodies were diluted 1 : 500 and
incubated overnight at 4 °C. The following day, the membranes
were washed in TBS/T for 30 min and secondary antibodies
(diluted 1 : 10 000) were subsequently applied for 1.5 h before
the membranes were washed again. A chemiluminescent blot-
ting substrate was used for detection and the intensity of the
bands on the films was quantified by densitometry analysis
using ImageJ (Juranova et al., 2019).

Detection of IL-6 and IL-8

ELISA Human IL-6 Kit and ELISA Human IL-8 Kit were used
for analyses of IL 6 and IL-8 in the cell culture medium after
the treatment as per the manufacturer’s protocol. Briefly,
the plates were coated with capture antibody diluted in PBS
and incubated overnight at room temperature. The following
day, the plates were washed and incubated with Block buffer
for 2 h. After the incubation period, standards and samples
were added. After 2 h, the plates were washed, and detection
antibodies were applied. After washing, Avidin-HRP was ap-
plied for 30 min and then the plates were washed again. Final-
ly, substrate solution (ABST) was added and absorbance was
measured at 405 nm with wavelength correction set at 650 nm
using an ELISA 96 - plate reader.

Detection of MMP-1, MMP-2 and TIMP-1
Human Total MMP-1 DuoSet ELISA, Human MMP-2 Duo-
Set ELISA, and Human TIMP-1 DuoSet ELISA were used to

analyse MMP-1, MMP-2 and TIMP-1 in cell culture medium
according to the manufacturer’s protocol. Briefly, the capture
antibody was diluted to the working concentration in PBS
and pipetted onto 96-well plates. The plates were incubated
overnight at room temperature. Subsequently, the plates were
washed with Wash buffer and blocked with Reagent diluent. In
the next step, standards and samples were added and incubat-
ed for 2 h. After the incubation period, the plates were washed
and detection antibodies were pipetted into each well. The
plates were washed after 2 h, Streptavidin-HRP was applied for
20 min and they were washed again. Substrate solution (TMB)
was added and, after 20 min, the reaction was stopped with
sulphuric acid solution (2 M H,SO,) and absorbance was meas-
ured at 450 nm with wavelength correction set at 540 nm.

Detection of anti-glycation activities by fluorescence
spectroscopy
Fluorescence spectroscopy is a widely used method for the
identification and measurement of glycation or anti-glycation
activities. This method is based on the detection of the intrin-
sic fluorescence of AGEs within the protein structure at the
ex/em wavelengths 350/420 nm. For the purposes of this
study, fluorescence intensities of 5 mg/ml BSA samples in
0.1 M PBS (pH 7.4) were evaluated at 420 nm after excitation
at 350 nm, using a fluorescence microplate reader (Infinite
M200 PRO, Tecan) operating at room temperature (integra-
tion time 20 ps; excitation bandwidth 9 nm; emission band-
width 20 nm). For more details, see Yanagisawa et al. (1998).
The final concentration of BSA was 5 mg/ml, glycation was
performed by the incubation of BSA in the presence of 100 uM
methylglyoxal for 48 h at 37 °C. Incubation of a sample in the
presence of 100 pM aminoguanidine was used as the control.

Statistical analysis
Unless stated otherwise, the measurements were carried out
in five independent experiments with different cell donors and
were expressed as the mean + SEM.

Statistical differences were determined using the Student’s
t test. Values of *P < 0.05, **P < 0.01 and **P < 0.001 were
considered significant.

Results

Cell viability assay

Cell viability was evaluated by MTT assay, which measured
the mitochondrial reduction of MTT [3-(4,5-dimethyltiazol-
2-y1)-2, 5-diphenyltetrazolium bromide] to insoluble purple
formazan.

On the basis of the MTT assay, sub-toxic concentrations
were chosen (5, 10 and 15 uM MYR and DHM). The higher
concentrations were considered to be toxic, e.g. 20 uM concen-
tration caused a 46% decrease in cell viability with MYR and
24% with DHM and concentrations in the range from 30 uM
to 100 pM MYR, and DHM caused a 70% decrease in cell via-
bility (data not shown).

Western blot analysis

Western blot analysis was used to evaluate if the treatment
of MYR and DHM regulated the expression of inflammatory
proteins and transcription factors (COX-2, Nrf2, NF-kB and
MMP-2) in the cell lysate of fibroblasts and keratinocytes
(Figs. 2 and 3).
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Fig. 2. The effects of MYR and DHM on the expression of (A) COX-2, (B) Nrf2, (C) NF-kB, (D) MMP-2 determined by Western blot in cell lysate
of NHDFs. Representative Western blot (E). * P < 0.05 were considered significant compared to the scratch control (CS). The control (C) was
NHDFs that were not scratched and treated. The other controls were untreated scratched cells (CS) and untreated scratched cells with LPS (CL).

Number of measurements: n = 5.

Analysis of the selected flavonoids used to inhibit the in-
ducible pro-inflammatory enzyme COX-2 showed that its lev-
el was increased in scratched NHDFs, but only treatments of
15 pM MYR and 10 pM DHM decreased the level of COX-2
compared to the CS. On the other hand, the level of COX-2 was
decreased at all tested concentrations of MYR and DHM in LPS
stimulated NHDFs compare to the CL. Further, COX-2 levels
were reduced in a dose dependent manner by MYR and DHM
in NHEKs (Fig. 24, 3A).

Next, we examined the antioxidant activity of MYR and
DHM and their effect on the Nrf2 signalling pathway. The ac-
tivation and repression of Nrf2 provides protection against

oxidative stress. In our study, we found that the level of the
transcription factor Nrf2 was decreased in scratched NHDFs
and NHEKs for all tested concentrations of MYR and DHM
compared to the CS. Likewise, DHM and MYR diminished the
level of Nrf2 in LPS-stimulated NHDFs and NHEKs compared
to the CL (Fig. 2B, 3B).

NF-«B is a transcription factor that is implicated in the ini-
tiation of pro-inflammatory target gene expression. We deter-
mined its level in scratched NHDFs and NHEKSs and, surpris-
ingly, it was significantly decreased by a 10 pM concentration
of DHM compared to the CS. The other tested concentrations
of MYR and DHM did not significantly affect the level of



Sklenatova et al. / J Appl Biomed 153

NF-kB in scratched cells. Concurrently, treatment with MYR
and DHM resulted in a slight reduction in the level of NF-kB
in LPS-stimulated NHDFs compared to the CL (Fig. 2C, 3C).
Western blot results revealed that 10 uM DHM signifi-
cantly decreased the level of MMP-2 in scratched NHDFs and

>

NHEKs compared to the CS. For the other tested concentra-
tions applied to NHDE, the level of MMP-2 was identical to the
control CL and CS. Concurrently, MMP-2 levels decreased with
increasing concentrations of MYR and DHM in LPS-stimulat-
ed NHEKSs compared to the CL (Fig. 2D, 3D).
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Fig. 3. The effects of MYR and DHM on the expression of (A) COX-2, (B) Nrf2, (C) NF-kB, (D) MMP-2 determined by Western blot in cell lysate
of NHEKs. Representative Western blot (E). * P < 0.05 were considered significant compared to the scratch control (CS). The control (C) was
NHEKs that were not scratched and treated. The other controls were untreated scratched cells (CS) and untreated scratched cells with LPS (CL).

Number of measurements: n = 5.
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Enzyme-Linked InmunoSorbent Assay (ELISA)
Determination of IL-6 and IL-8
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Fig. 4. The effects of MYR and DHM on IL-6 (A) and IL-8 (B) production by NHDFs and IL-6 (C) and IL-8 (D) production by NHEKs. The
control (C) was cells that were not scratched and treated. The other controls were untreated scratched cells (CS) and untreated scratched cells

with LPS (CL). Number of measurements: n = 5.

To evaluate the inhibitory effects of MYR and DHM on
inflammatory cytokines and chemokines of human skin cells,
IL-6 and IL-8 were measured using ELISA kits. The level of
IL-6 was lower after a 24 hours treatment with MYR and DHM
in scratched NHDFs compared to the CS. On the other hand,
the level of IL-8 was raised compared to the CS. In addition,
treatment with MYR and DHM resulted in a slight reduction
in pro-inflammatory cytokines production in LPS-stimulated
NHDFs (Fig. 4A, 4B).

Cytokine IL-6 levels were lessened in a dose dependent
manner by MYR and DHM in scratched and LPS-stimulated
NHEKs. Further, MYR and DHM also diminished the level of
chemokine IL-8 in LPS-stimulated NHEKs compared to the CL
(Fig. 4C, 4D).

In cutaneous wounds, MMPs are synthesized by kerati-
nocytes, fibroblasts, macrophages, and endothelial cells and
are upregulated within hours after injury. In our study, we
observed different reactions in the secretion of MMPs after
MYR and DHM treatments of skin cells. The level of MMP-1
decreased with increasing concentrations of MYR and DHM in
scratched and LPS-stimulated NHDFs (Fig. 5A).

For all selected concentrations of MYR and DHM, the level
of MMP-2 was higher in scratched NHDFs compared to the CS.
MMP-2 in LPS-stimulated NHDFs was intensified compared to
the CL after treatment with MYR; nevertheless 10 and 15 pM

concentrations of DHM reduced the level of MMP-2 compared
to the CL (Fig. 5B).

The selected flavonoids affected TIMP production. It was
observed that MYR and DHM at concentrations of 5 and
15 pM increased TIMP-1 in scratched NHDFs compared to
the CS. Further, in LPS-stimulated NDHFs, the production of
TIMP-1 at all concentrations of MYR and DHM was compara-
ble to the CL (Fig. 5C).

NHDFs and NHEKs produced matrix metalloprotein-
ases (MMPs) and tissue inhibitors of metalloproteinases
(TIMPs) at differing intensities. The secretion of collagenase-1
(MMP-1) was greater after the treatment by MYR and DHM
in NHEKs compared to NHDFs. Its level increased relative to
increasing concentrations of MYR and DHM in scratched and
LPS-stimulated NHEKSs (Fig. 6A).

On the other hand, the production of MMP-2 was dimin-
ished by treatment with MYR and DHM in scratched NHEKs
compared to the CS. In addition, the level of MMP-2 in
LPS-stimulated NHEKs was increased at all tested concentra-
tions except 10 pM MYR compared to the CL (Fig. 6B).

The level of TIMP-1 was increased in a dose dependent
manner when treated with MYR and DHM in scratched NHEKs
compared to the CS. Stimulation of LPS-treated NHEKs with
MYR induced secretion of TIMP-1. The level of TIMP-1 rose
with increasing concentrations of MYR in LPS-stimulated
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Determination of MMP-1, MMP-2 and TIMP-1
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Fig. 5. The effects of MYR and DHM on MMP-1 (A), MMP-2 (B) and TIMP-1 (C) production by NHDFs. The control (C) was NHDFs that was
not scratched and treated. The other controls were untreated scratched cells (CS) and untreated scratched cells with LPS (CL). Number of

measurements: n = 5.

NHEKs. However, TIMP-1 level was reduced with increasing
concentrations of DHM in LPS-stimulated NHEKs compared
to the CL (Fig. 6C).

Anti-glycation activities

The dependence of BSA glycation rates on the concentration of
MYR and DHM is shown in Fig. 7. Glycated BSA in the absence
of MYR/ DHM was set as 1. For example, 50 pM MYR reduced
the glycation rate by almost 30%, while 50 pM DHM reduced
the glycation rate by 26%. For MYR and DHM, the specific flu-
orescence was decreased over 48 h of methylglyoxal mediat-
ed BSA glycation at 37 °C in a dose-dependent manner up to
50 pM. For the control, for samples where the methylglyoxal
glycation of BSA was suppressed with 10 mM aminoguanidine,
the protein fluorescence signal was completely unchanged, i.e.
equal to 100% of the original fluorescence signal (data not
shown).

Discussion

Wound healing is comprised of a cascade of biochemical pro-
cesses, with three main phases - inflammation, reepitheliza-
tion and tissue remodelling (Schreml et al., 2010). Based on
recent studies, it is obvious that extension of the inflamma-

tion phase gives rise to non-healing wounds. This presents
considerable problems in wound care and it is therefore ap-
propriate to regulate pathological inflammation. One possible
way to manage it is the therapeutic use of natural substances.
In this study, the effects of natural flavonoids such as MYR
and DHM on LPS-stimulated scratched NHDFs and NHEKs
were analysed. These flavonoids, with six hydroxyl groups, are
known for their strong antioxidant effect. Despite their sim-
ilar structure, some studies have shown MYR to have more
pronounced antiviral effects (Zhong et al., 2014). Treatment
with DHM also has many benefits, e.g. it could be used to ac-
celerate wound repair during the stages of scar formation, as
described in a recent in vivo study (Shevelev et al., 2020). One
of the main goals of this study is to compare the effect of these
two flavonoids on the regulation of the inflammatory response
in vitro.

In order to ascertain whether or not MYR and DHM af-
fect NF-kB and Nrf2 signalling pathways (Lei et al., 2018), the
cells were treated with LPS. At the time when a wound was
established and treated with LPS, NF-kB was activated and
translocated to the nucleus as p65 NF-kB, where it bound to
DNA and activated the transcription of the pro-inflammato-
ry target genes (Alvira, 2014; Ambrozova et al., 2017). Both
flavonoids, in a concentration range from 5 to 15 pM, were ef-
fective in suppressing expression of NF-kB in LPS-stimulated
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Fig. 7. The effect of MYR and DHM on BSA glycation rate. ** P < 0.01
and ** P < 0.001 were considered significant compared to glycated
BSA.

NHDFs and NHEKs compare to the control (CL). Our results
demonstrated that DHM at a concentration of 10 uM signifi-
cantly decreased this transcription factor (NF-xB) in scratched
NHDFs and NHEKs. The fact that DHM could be a potential
natural inhibitor of NF-kB was postulated in an article pub-
lished by Tang et al. (2016), who found that DHM decreased
translocations of p65 NF-kB into the nucleus in TNF-a stimu-
lated HeLa cells.

This is in line with an article published by Hou et al., who
carried out studies on Balb/c and suggest that DHM possess-
es many biological effects, such as inhibiting the activity of
NF-kB, mitogen-activated protein kinase (MAPK), and sup-
pressing the expression of cyclooxygenase-2 (COX-2) and
levels of pro-inflammatory cytokines, e.g. IL-1pB, IL-6, TNF-a
(Hou et al., 2015). Cyclooxygenases represent enzymes that
are important for the transformation of arachidonic acid to
prostaglandins, which are important markers of inflammation
(Surowiak et al., 2014). COX-2, in an induced form, was de-
tected in the scratched cells (also in NDHFs and NHEKSs) and
in the presence of LPS, compared to the control, confirming
stimulation of inflammation. MYR and DHM were effective
in the suppression of COX-2 in LPS stimulated NHDFs and
NHEKs, respectively. According to more recent studies (Jang
etal., 2020; Jing and Li, 2019), pre-treatment with these flavo-
noids also diminished the secretion of COX-2 in LPS stimulat-
ed BV2 microglia. Thus, the present findings further support
the potential of MYR and DHM as neuroprotective agents that
inhibit inflammation. On the other hand, lower concentra-
tions (e.g. 5 pM) of MYR and DHM caused a pro-inflammato-
ry effect in NHDFs. We speculate that low concentrations of
these flavonoids could help to improve the physiological de-
fence of the injury by increasing levels of COX-2 and activating
the interleukin cascade. Nrf2 is a key regulator of the expres-
sion of pro-inflammatory cytokines and has been shown to
inhibit the level of LPS-induced inflammatory cytokine genes
(IL-1P and IL 6) (Kobayashi et al., 2016). On the other hand,
the transcription factor Nrf2 primarily regulates the ex-
pression of antioxidant genes (Ahmed et al., 2017). In addi-
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tion, in vivo studies have recently been published in which
MYR tested on chondrocytes demonstrated the capability of
MYR to suppress the NF-kB signalling pathway through the
Nrf2/HO-1 axis mediated Nrf2 signalling pathway (Liao et al.,
2019; Pan et al,, 2019). In our study, the expression of Nrf2
was decreased in NHDFs and NHEKs after treatment with
MYR and DHM at all tested concentrations.

Many studies have shown that cytokines, especially in-
flammatory cytokines (IL-6 and IL 8) are involved in the reg-
ulation of the healing process and play an important role in
immune response and tissue repair (Kuhn et al., 2014). In-
deed, in our study we observed decreases in the production of
IL-6 and IL-8, caused by MYR and DHM respectively. Moreo-
ver, the observed inhibitory effect of MYR and DHM on the
secretion of both interleukins was dose-dependent. The over-
expression of selected cytokines (IL-6 and IL-8) may initiate
the production of MMP-1 and MMP-2 that often persist in
non-healing wounds. Raised levels of these MMPs may cause
the wound healing time to be prolonged and cause damage to
healthy tissue (Hayden et al., 2011; Martins et al., 2013). It
was found that the level of MMP-1 decreased with increasing
concentrations of MYR and DHM in scratched NHDFs com-
pared to the CS. Contrary to the results for NHDFs, the level of
MMP-1 increased in a dose dependent manner relative to
MYR and DHM levels NHEKs. This discrepancy between two
selected in vitro models (scratched NHDFs and NHEKSs) could
be explained due to different responses to the scratch assay
and the different basal levels of individual MMPs in NHDFs
and NHEKs, as published by Tandara and Mustoe (2011). So,
MMP-1 was induced more strongly in cells that were in contact
with collagen type I, such as basal keratinocytes. Raised levels
of the MMP-1 enzyme often lead to the activation of gelatinase
MMP-2 (Visse and Nagase, 2003). According to our results, the
level of MMP-2 was diminished by DHM in scratched NHEKs
compared to the CS. Interestingly, with decreasing concentra-
tions of DHM, the effect was stronger. In contrast, the level
of MMP-2 was increased in scratched NHDFs after treatment
with DHM and MYR compared to the CS. The activity of
MMP-1 is also regulated by tissue inhibitors of metalloprotein-
ase, e.g. TIMP-1. The level of TIMP-1 increased in a dose de-
pendent manner relative to MYR and DHM levels in scratched
NHEKs compared to the CS, which was in line with the anti-in-
flammatory potential of the tested flavonoids.

Glycation is a non-enzymatic reaction between proteins
and reducing saccharides that results in the generation of
AGEs. It is obvious that the process of anti-glycation is consid-
ered useful for slowing down human ageing, disease recovery
and wound healing, because an accumulation of AGEs in the
extracellular matrix causes abnormal cross-linking and results
in reducing the elasticity of tissues (Hwang et al., 2018; Yeh et
al., 2017). The anti-glycation activity of MYR was described by
Urios et al. (2007), who wrote that MYR was more effective in
the regulation of Pentosidine production than Quercetin. The
effect of MYR was also descibed in a later study, which affirmed
that flavonoids with 3’, 4, 5, 7-hydroxyl substituents demon-
strate stronger AGE inhibition (Patil et al., 2019). In our study,
we observed that the anti-glycation activity of MYR at higher
concentrations seems to be more effective than DHM.

Conclusions

In conclusion, our experiments demonstrated that the flavo-
noids MYR and DHM decreased the selected inflammatory
parameters in LPS stimulated human fibroblasts and keratino-

cytes. The outcomes of the present investigation showed that
MYR and DHM supressed the production of AGEs. Based on
these results, we suggest that these flavonoids could support
the wound-healing process.
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