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Abstract: Using repositioning to find new indications for existing functional substances has become
a global target of research. The objective of this study is to investigate the anti-inflammatory po-
tential of psoralen derivatives (5-hydroxypsoralen, 5-methoxypsoralen, 8-hydroxypsoralen, and
8-methoxypsoralen) in macrophages cells. The results indicated that most psoralen derivatives exhib-
ited significantly inhibited prostaglandin E2 (PGE2) production, particularly for 8-hydroxypsoralen
(xanthotoxol) in lipopolysaccharide (LPS)-stimulated macrophage RAW 264.7 cells. In addition,
xanthotoxol treatment decreased the PGE2, IL-6, and IL-1β production caused by LPS stimulation
in a concentration-dependent manner. Moreover, Western blot results showed that the protein
levels of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2), which activated
with LPS treatment, were decreased by xanthotoxol treatment. Mechanistic studies revealed that
xanthotoxol also suppressed LPS-stimulated phosphorylation of the inhibitor of κBα (IκBα), p38
mitogen-activated protein kinase (MAPK), and c-Jun N-terminal kinase (JNK) in RAW 264.7 cells.
The Western blot assay results show that xanthotoxol suppresses LPS-induced p65 translocation
from cytosol to the nucleus in RAW 264.7 cells. Moreover, we tested the potential application of
xanthotoxol as a cosmetic material by performing human skin patch tests. In these tests, xanthotoxol
did not induce any adverse reactions at a 100 µM concentration. These results demonstrate that
xanthotoxol is a potential therapeutic agent for topical application that inhibits inflammation via the
MAPK and NF-κB pathways.

Keywords: 5-hydroxypsoralen; 5-methoxypsoralen; 8-hydroxypsoralen; 8-methoxypsoralen;
xanthotoxol; NF-κB; MAPK

1. Introduction

Most small molecule drugs interact with one target protein or more. Drug disco-
very—via drug repositioning, one of the most popular and successful strategies—is being
promoted under the polypharmacology premise. Various in vitro assays and in silico
methods, including omics- and molecular-docking-based methods, have been used to
perform systematic assessments of the potential for existing drugs to be used outside of
their original medical indication [1–6].

Our screening process to discover existing drugs with the potential to be used outside
of their current scope included skin inflammation and melanogenesis drugs which deviated
from the original medical indication. We observed that several antibiotics have novel func-
tionaries on inflammation and melanogenesis. These results suggest that tobramycin and
fosfomycin enhanced melanogenesis via MAPK signaling pathways in B16F10 melanoma
cells [7,8]. In addition, it was reported that spiramycin, cycloserine, and nojirimycin at-
tenuate inflammation via NF-κB and MAPK signaling pathways in LPS-induced RAW
264.7 macrophages [9–11]. Furthermore, we have identified that spiramycin and cycloser-
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ine inhibited melanogenesis via MAPK/PKA/AKT signaling pathways in α-MSH-treated
mouse melanoma B16F10 cells (unpublished data).

Although this strategy is similar to drug repurposing in terms of drug discovery, the
repositioning of natural products is also garnering attention [12]. While most drug repur-
posing campaigns rely on compounds derived from chemical synthesis, natural products
offer significant opportunities due to their unique and beneficial properties, significant
structural diversity, and large number of pharmacological activities [13]. Therefore, interest
in developing new drugs from natural products is once again growing; however, the way
this phenomenon is developed currently differs significantly from the past. Recently, this
method has been accelerating the “reuse” of nature-inspired compounds [14,15].

During our ongoing screening program, designed to reuse natural compounds, we
reported that several flavonoids and coumarins have anti-inflammatory, adipogenesis-
inhibitory, and melanogenic activities applicable to cosmeceuticals and nutraceuticals. As
an extension of this study, we screened several psoralen derivatives, which have a similar,
simple structure, to identify the structural features involved in the bioactivities of this class
of molecules [16–20].

Psoralen is a furocoumarin natural product which consists of a coumarin moiety-fused
furan ring [21]. Psoralen and its derivatives are known for clinical efficacy in several
skin diseases, including cutaneous lichen planus, graft-versus-host disease, mycosis fun-
goides, vitiligo, and psoriasis [22,23]. Given the therapeutic relevance of psoralen and its
derivatives, many studies aim to synthesize psoralens with even greater potency [24,25].

In this study, we observed that, among the compounds screened, four psoralen
derivatives—5-hydroxypsoralen (bergaptol), 5-methoxypsoralen (bergapten), 8-hydroxy-
psoralen (xanthotoxol), and 8-methoxypsoralen (xanthotoxin), which have similar and
simple structures (Figure 1)—exhibit distinct potency which is derived from their structural
differences. In addition, the anti-inflammatory potential of each of the psoralen derivatives
was evaluated based on their capacity to reduce NO and PGE2 levels in LPS-induced RAW
264.7 macrophages, selected due to it being the most promising psoralen derivative. Then,
a mechanistic study was conducted.
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Figure 1. Structure of psoralen derivatives. (a) Psoralen, (b) 5-hydroxypsoralen (bergaptol), (c) 5-
methoxypsoralen (bergapten), (d) 8-hydroxypsoralen (xanthotoxol), and (e) 8-methoxypsoralen 
(xanthotoxin). 

  

Figure 1. Structure of psoralen derivatives. (a) Psoralen, (b) 5-hydroxypsoralen (bergaptol),
(c) 5-methoxypsoralen (bergapten), (d) 8-hydroxypsoralen (xanthotoxol), and (e) 8-methoxypsoralen
(xanthotoxin).

2. Results
2.1. Effect of Psoralen Derivatives on the Viability of RAW 264.7 Cells

To investigate whether psoralen derivatives exerted cytotoxicity on RAW 264.7 cells,
the cells were treated with various concentrations (62.5, 125, 250, 500, and 1000 µM) of
psoralen derivatives with LPS (1 µg/mL) for 24 h. The results showed that there were
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no significant differences up to a 250 µM concentration of psoralen derivatives in RAW
264.7 cells (Figure 2). Therefore, we used psoralen derivative concentrations of 62.5, 125,
and 250 µM for further experiments.
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Figure 2. Effect of psoralen derivatives on the cell viability in LPS-induced RAW 264.7 cells. The
cells were treated with psoralen derivatives (62.5, 125, 250, 500, and 1000 µM) and L-NIL (40 µM) for
24 h with LPS (1 µg/mL). L-NIL was used as a positive control. The cell viability of LPS-induced
RAW 264.7 cells subjected to (a) 8-hydroxypsoralen (xanthotoxol), (b) 5-hydroxypsoralen (bergaptol),
(c) 8-methoxypsoralen (xanthotoxin), and (d) 5-methoxypsoralen (bergapten) were measured using
an MTT assay. The results are presented as the mean ± SD from three independent experiments.
** p < 0.01 vs. untreated control group.

2.2. Effect of Psoralen Derivatives on NO Production of RAW 264.7 Cells

To evaluate the NO production of psoralen derivatives on RAW 264.7 cells, the cells
were treated with psoralen derivatives (62.5, 125, and 250 µM) and L-NIL (40 µM) with LPS
(1 µg/mL) for 24 h. As shown in Figure 3, the generation of NO increased remarkably in
response to stimulation with LPS when compared with the control group. However, NO
production decreased significantly with psoralen derivative treatments (bergaptol, xantho-
toxol, and xanthotoxin). Among these treatments, the inhibitory effect of NO production
by xanthotoxol was greater than that of other psoralen derivatives. Therefore, further
experiments were performed to evaluate the anti-inflammatory effects of xanthotoxol.

2.3. Effect of Xanthotoxol on PGE2 and Inflammatory Cytokines

We investigated whether xanthotoxol inhibits PGE2 and inflammatory cytokines (IL-6,
IL-1β and TNF-α) in LPS-stimulated RAW 264.7 cells. Our results showed that xanthotoxol
inhibited PGE2, IL-6, and IL-1β production in a concentration-dependent manner. When
compared with the LPS-only treatment group at 250 µM, the amount of PGE2 production
reduced by 93.24%; when compared with the positive control NS-398, xanthotoxol inhibited
production more (Figure 4). However, xanthotoxol pretreatment had no significant effect
on TNF-α production compared to the control group in this assay.
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Figure 3. Effect of psoralen derivatives on nitric oxide production in LPS-induced RAW 264.7 cells.
The cells were treated with psoralen derivatives (62.5, 125, and 250 µM) and L-NIL (40 µM) for
24 h with LPS (1 µg/mL). L-NIL was used as a positive control. NO production of LPS-induced
RAW 264.7 cells subjected to (a) 8-hydroxypsoralen (xanthotoxol), (b) 5-hydroxypsoralen (bergaptol),
(c) 8-methoxypsoralen (xanthotoxin), and (d) 5-methoxypsoralen (bergapten) treatment were mea-
sured using Griess reagents. The results are presented as the mean ± SD from three independent
experiments. # p < 0.01 vs. untreated control group. ** p < 0.01 vs. LPS alone.
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Figure 4. Effect of xanthotoxol on the production of PGE2 and inflammatory cytokines in LPS-induced
RAW 264.7 cells. The cells were treated with xanthotoxol (62.5, 125, and 250 µM) and LPS (1 µg/mL)
for 24 h. NS-398 was used as a positive control. (a) PGE2, (b) IL-6, (c) IL-1β, and (d) TNF-α production
were determined by ELISA kit. The results are presented as the mean ± SD from three independent
experiments. # p < 0.01 vs. untreated control group. ** p < 0.01 vs. LPS alone.

2.4. Effect of Xanthotoxol on INOS and COX-2 Production

We investigated whether the inhibition of NO and PGE2 production by xanthotoxol
in RAW 264.7 cells stimulated with LPS was due to the downregulation of iNOS and
COX-2 production inhibition. This was investigated by performing a Western blot exper-
iment. The results showed that xanthotoxol inhibited iNOS and COX-2 production in a
concentration-dependent manner. Therefore, xanthotoxol reduced LPS-induced NO and
PGE2 by suppressing the expression of iNOS and COX-2 (Figure 5).
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Figure 5. Effect of xanthotoxol on the protein expression level of iNOS and COX-2 in LPS-induced
RAW 264.7 cells. The cells were treated with xanthotoxol (62.5, 125, and 250 µM) and LPS (1 µg/mL)
for 24 h. (a) Western blotting results, and protein expression of (b) iNOS and (c) COX-2. β-actin
was used as a loading control. The results are presented as the mean ± SD from three independent
measurements using the Image J. # p < 0.01 vs. untreated control group. ** p < 0.01 vs. LPS alone.
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2.5. Effect of Xanthotoxol on the MAPK Signaling Pathway

It has been reported that the phosphorylation of MAPK activates signaling pathways
and increases the production of various inflammatory cytokines. Therefore, to investigate
and confirm whether xanthotoxol inhibits NO and production of inflammatory cytokines
through the MAPK signaling pathway in LPS-stimulated RAW 264.7 cells, a Western blot
experiment was conducted. The results show that xanthotoxol inhibited LPS-induced
phosphorylation of JNK and p38. This suggests that xanthotoxol regulates inflammation
through the JNK and p38 signaling pathways (Figure 6).
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Figure 6. Effect of xanthotoxol on phosphorylation level of MAPK in LPS-induced RAW 264.7 cells.
The cells were treated with xanthotoxol (62.5, 125, and 250 µM) and LPS (1 µg/mL) for 20 min.
(a) Western blotting results, and protein expression of (b) P-ERK/T-ERK, (c) P-JNK/T-JNK, and
(d) P-p38/T-p38. β-actin was used as a loading control. The results are presented as the mean ± SD
from three independent measurements using the Image J. # p < 0.01 vs. untreated control group.
* p < 0.05 and ** p < 0.01 vs. LPS alone.

2.6. Effect of Xanthotoxol on the NF-κB Signaling Pathway

It has been reported that, when the macrophage is stimulated with LPS, IκBα is phos-
phorylated and ubiquitinated. Accordingly, phosphorylated NF-κB is translocated from
the cytoplasm to the nucleus to increase the inflammatory cytokine [9–11]. Western blot
experiments were performed to investigate whether xanthotoxol inhibits the production
of inflammatory cytokines through the NF-κB signaling pathway in LPS-stimulated RAW
264.7 cells. The results show that xanthotoxol increased IκBα expression induced by LPS
treatment and decreased phosphorylated IκBα induced by LPS treatment (Figure 7). Next,
we confirmed the translocation of NF-kB (p65) from the cytoplasm to the nucleus. In the cy-
toplasm, p65 expression was reduced in cells stimulated by LPS. However, it was confirmed
that xanthotoxol increased p65 expression in a concentration-dependent manner. In the
nucleus, p65 expression was increased in cells stimulated by LPS, but xanthotoxol reduced
p65 expression in a concentration-dependent manner. These results indicate that xantho-
toxol inhibits inflammation by preventing IκBα degradation and the nuclear translocation
of NF-κB (Figure 8).
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Figure 7. Effect of xanthotoxol on protein expression level of P-IκBα and IκBα in LPS-induced RAW
264.7 cells. The cells were treated with xanthotoxol (62.5, 125, and 250 µM) and LPS (1 µg/mL)
for 20 min. (a) Western blotting results, and protein expression of (b) IκBα and (c) P-IκBα. β-actin
was used as a loading control. The results are presented as the mean ± SD from three independent
measurements using the Image J. # p < 0.01 vs. untreated control group. * p < 0.05 and ** p < 0.01 vs.
LPS alone.
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Figure 8. Effect of xanthotoxol on protein expression level of NF-κB (p65) in LPS-induced RAW
264.7 cells. The cells were treated with xanthotoxol (62.5, 125, and 250 µM) and LPS (1 µg/mL) for
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15 min. (a) Western blotting results; protein expression of (b) p65 (cytoplasm) and (c) p65 (nuclear).
β-actin and Lamin B1 were used as a loading control. The results are presented as the mean ± SD
from three independent measurements using the Image J. # p < 0.01 vs. untreated control group.
** p < 0.01 vs. LPS alone.

2.7. Skin Primary Irritation Test

Xanthotoxol at a concentration of 100 µM was applied to a patch and tested for 24 h
with skin contact. Then, the area was observed 48 h after the patch was removed. As shown
in Table 1, the test substance (xanthotoxol) was classified in the “none to slight” category.
Squalene was used as a negative control.

Table 1. Results of human skin primary irritation test (n = 31).

No. Test Samples No. of
Responder

24 h 48 h Reaction Grade

+1 +2 +3 +4 +1 +2 +3 +4 24 h 48 h Mean

1 Xanthotoxol
(100 µM) 0 - - - - - - - - 0 0 0

2 Control
(Squalene) 0 - - - - - - - - 0 0 0

3. Discussion

The strategy of developing new ingredients applicable to human health by verifying
the newfound efficacy of existing natural products has become a topic of global interest and
is comparable to drug repurposing [12,13]. Madecasic acid and asiaticoside, ingredients for
wound healing ointment derived from Centella asiatica, have become global raw materials
applied in wrinkle-improving cosmetics [26,27]. In addition, magnolol and honokiol,
antibacterial substances derived from Magnolia kobus, are topical applications for acne skin
diseases [28,29].

In the process of screening strategies for existing natural products, our researchers
reported various research results, such as the whitening and antiobesity effects of pinos-
tilbene [16,17], the whitening effect of acanthotic acid [20], and the improvement of skin
diseases in methyl jasmonate [19]. In this study, we tried to verify the new efficacy of
psorlene, and first applied it to anti-inflammatory or skin diseases using four psoralene
derivatives. In the present study, we showed the inhibitory effects of psoralen derivatives
(5-hydroxypsoralen, 5-methoxypsoralen, 8-hydroxypsoralen, and 8-methoxypsoralen) on
inflammatory pathogenesis, based on their capacity to reduce cellular NO and PGE2 lev-
els. In addition, 8-hydroxypsoralen (xanthotoxol) exhibited more potent effects against
PGE2 production in LPS-induced RAW 264.7 macrophages than 5-hydroxypsoralen, 5-
methoxypsoralen, and 8-methoxypsoralen. The present study showed that xanthotoxol
alleviated inflammation through suppressing the secretions of NO, IL-6, and TNF-α and
expressions of iNOS and COX-2 in LPS-induced RAW 264.7 cells. These results were con-
sistent with the previous study, which reported that xanthotoxol has an anti-inflammatory
effect [30]. However, this earlier study only excludes the role of NO; the underlying
molecular mechanisms remain to be explored. Of note, we were the first to suggest that xan-
thotoxol exhibits anti-inflammatory activity. Our results strongly suggest that xanthotoxol
has protective effects against inflammation in LPS-treated macrophages.

The inhibition of NF-κB and MAPKs signaling has been used as the important indica-
tor for the development of anti-inflammatory drugs [10,19]. We examined the underlying
mechanism, MAPKs and NF-κB signaling pathways, modulating inflammatory responses
in RAW 264.7 cells. Here, we found that xanthotoxol reduced the phosphorylation levels of
JNK and p38 of the MAPK family, participating in numerous pathological processes such
as inflammation, cell apoptosis, gene transcription, and differentiation. In addition, xantho-
toxol attenuated the phosphorylation levels of IκBα and inhibited the nuclear translocation
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of NF-κB p65 in the NF-κB pathway. These results indicated that the anti-inflammatory
effects of xanthotoxol are at least partially mediated by inhibiting MAPK and NF-κB activa-
tion. Contradictions in the expressions of IκBα in LPS-induced macrophages were found in
previous studies. In some studies, LPS treatment increased overall protein expression and
inhibited phosphorylation, whereas other studies showed only increased phosphorylation
in IκBα without increasing protein expression. These different results may be caused by
differences in the processing time and/or antibody source [31,32]. Our present results
showed that LPS-treatment-induced phosphorylation of IκBα was reversed by xanthotoxol
at a concentration of 250 µM, while also increasing the expression of total IκBα.

In conclusion, our data reveal that xanthotoxol exhibits anti-inflammatory activity that
is dependent on its ability to regulate the production of NO, PGE2, and other cytokines in
LPS-induced RAW 264.7 cells through the suppression of NF-κB activation and MAPKs
phosphorylation. Moreover, xanthotoxol did not induce any severe adverse reactions in the
human skin irritation tests. Considering these results, we suggest that xanthotoxol could
be considered as a possible anti-inflammatory candidate for topical application. Further
research is required to determine its anti-inflammatory properties against skin diseases
such as acne and atopic dermatitis.

4. Materials and Methods
4.1. Chemicals and Reagents

Xanthotoxol (8-hydroxypsoralen), bergaptol (5-hydroxypsoralen), and bergapten
(5-methoxypsoralen) were purchased from ChemFaces (Wuhan, China), and xanthotoxin
(8-methoxypsoralen) was purchased from TCI (Tokyo, Japan). Lipopolysaccharide from
Escherichia coli (LPS), Griess reagent, protease inhibitor cocktail, α-melanocyte stimulat-
ing hormone (α-MSH), sodium hydroxide (NaOH), and L-dopa were purchased from
Sigma-Aldrich (St. Louis, MO, USA). 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) and dimethyl sulfoxide (DMSO) were purchased from Biosesang (Seong-
nam, Gyeonggi-do, Korea). Dulbecco’s Modified Eagle’s Medium (DMEM), penicillin–
streptomycin, and NE-PER nuclear and cytoplasmic extraction reagents were purchased
from Thermo Fisher Scientific (Waltham, MA, USA). Fetal bovine serum (FBS) was pur-
chased from Merck Millipore (Burlington, MA, USA). PGE2 was purchased from Abcam
(Cambridge, CB2 0AX, UK), and TNF-α, IL-1β, IL-6 were purchased from BD Biosciences
(Franklin Lakes, NJ, USA). The primary antibodies used for Western blot, p-ERK, ERK,
p-JNK, JNK, p-p38, p38, p-IκB-α, IκB-α, β-actin, p65, and Lamin B, were purchased from
Cell Signaling Technology (Danvers, MA, USA). Anti-iNOS antibody was purchased from
Merck Millipore (Burlington, MA, USA) and Anti-COX-2 antibody was purchased from BD
Biosciences (Franklin Lakes, CA, USA). All the reagents used were of analytical grade.

4.2. Cell Culture

RAW 264.7 murine macrophage cells were purchased from Korean Cell Line Bank.
The cells were cultured in DMEM supplemented with 1% penicillin/streptomycin and 10%
FBS at 37 ◦C under a humidified incubator of 5% CO2. RAW 264.7 cells were subcultured
every 2 days.

4.3. Cell Viability

Cell viability was measured using the MTT assay. RAW 264.7 cells were seeded in a
24-well plate at 1.5× 105 cells/well and incubated for 24 h. Next, the cells were treated with
various concentrations of samples (62.5, 125, 250, 500, and 1000 µM) for 24 h. The medium
was removed and DMSO was added into each well to dissolve purple formazan crystals,
and absorbance was measured at 570 nm using a spectrophotometric microplate reader.

4.4. Nitric Oxide

The NO production was measured in the form of nitrite in the cell culture medium
using Griess reagent. RAW 264.7 cells were seeded in a 24-well plate at 1.5 × 105 cells/well
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for 24 h. The cells were treated with various concentrations of samples (15.6, 31.3, 62.5, 125,
and 250 µM) with LPS (1 µg/mL) for 24 h. Then, 100 µL of the supernatant and 100 µL of
Griess reagent were mixed in a 96-well plate. Absorbance was measured at 540 nm using
a microplate reader. L-NIL (40 µM), the inhibitor of inducible nitric oxide synthase, was
used as positive control.

4.5. PGE2 and Cytokines

PGE2 and cytokines (IL-6, IL-1β, and TNF-α) were measured using an ELISA Kit.
RAW 264.7 cells were seeded in a 24-well plate at 1.5 × 105 cells/well for 24 h. The cells
were treated with various concentrations (62.5, 125, and 250 µM) of xanthotoxol with LPS
(1 µg/mL) for 24 h. NS-398, a COX-2 inhibitor (100 nM), was used as a positive control in
the PGE2 production experiment. The supernatant was obtained from each well, and the
levels of PGE2, IL-6, IL-1β, and TNF-α were measured according to the manufacturer’s
protocols of the ELISA kit.

4.6. Preparation of Nuclear and Cytoplasmic Extraction

Nuclear and cytoplasmic extracts were isolated using an extraction reagent kit. RAW
264.7 cells were seeded in 60 mm cell culture dishes at 6.0 × 105 cells for 24 h. The cells
were treated with various concentrations (62.5, 125, and 250 µM) of xanthotoxol with LPS
(1 µg/mL) and incubated according to each protein expression time. After incubation, a
nuclear extract was obtained according to the manufacturer’s protocols for the extraction
reagent kit.

4.7. Western Blotting

RAW 264.7 cells were seeded in 60 mm cell culture dishes at 6.0 × 105 cells for 24 h.
The cells were treated with xanthotoxol (62.5, 125, and 250 µM) and LPS (1 µg/mL) for
each protein expression time. After incubation, they were washed with 1× PBS buffer and
lysed using lysis buffer at 4 ◦C for 10 min. Then, the cells were scraped with a cell scraper
and transferred to a 1.5 mL e-tube. After vortexing three times at 10 min intervals, lysates
were centrifuged at 15,000 rpm, −8 ◦C for 20 min to obtain supernatants. The protein level
was quantified using a BCA protein assay kit, and heated at 100 ◦C for 5 min. Then, 20 µg
of protein in each sample was loaded on 10% (v/v) sodium dodecyl sulfate-polyacrylamide
gel (SDS-PAGE). The proteins were separated by size by electrophoresis. Proteins were
transferred to a polyvinylidene fluoride (PVDF) membrane. The membrane was blocked
with 5% (w/v) skimmed milk for 1 h and washed with 0.1% Tween 20 (TBS-T) for 10 min
a total of six times. The membrane was incubated overnight at 4 ◦C with the primary
antibody (1:1000). Then, the membranes were washed with 1× TBS-T and reacted for 2 h at
room temperature using a secondary antibody (1:2000). After washing, specific proteins
were detected using an ECL kit.

4.8. Human Skin Patch Test

Overall, 31 volunteers between 20 and 60 years of age who have never experienced
irritation and/or allergic contact dermatitis were included in the study. Their ages ranged
from 23 to 51 years, with the average age being 42.03 years. The xanthotoxol formulated
with squalane was prepared as the negative control and applied at 100 µM concentrations.
The primary skin irritation response was evaluated in accordance with the PCPC guide-
lines. The skin reaction results for each test substance were calculated from the formula
shown below [33,34]. This study was approved by the Institutional Review Board (IRB) of
Dermapro Inc. and conducted according to the Declaration of Helsinki as a statement of
ethical principles for medical research after obtaining written informed consent from each
volunteer (IRB no. 1-220777-A-N-01-DICN20189).

Response =
∑(Grade× No. o f Responders)

4 (Maximum Grade)× n (Total Subjects)
× 100× 1/2
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4.9. Statistical Analyses

All experiment results were expressed as the mean ± standard deviation (SD) of at
least three independent experiments. Statistical analyses were performed using Student’s
t-tests or one-way ANOVA using IBM SPSS (v. 20, SPSS Inc., Armonk, NY, USA); p-values
< 0.05 (*) or 0.01 (**) were marked as statistically significant.
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