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A B S T R A C T

The Japanese larch, (Larix kaempferi) is known to contain abundant taxifolin (dihydroquercetin) in its xylem. In
this study, to assess the bioactivities of taxifolin rich methanol extract of L. kaempferi (LK-ME), anti-inflammatory
effect, and the anti-lipid accumulation effect of LK-ME were investigated. The results showed that nitric oxide
(NO) and reactive oxygen species (ROS) were reduced after treatment with LK-ME, and that lipid accumulation in
adipocyte differentiated 3T3-L1 cells was inhibited after the cells were grown in medium containing LK-ME.
Taxifolin, the major compound contained in LK-ME, and its related compounds, quercetin and luteolin also
exhibited similar effects with LK-ME. The LK-ME exhibits relatively strong anti-inflammatory and anti-lipid
accumulation activities compared with that of similar amounts of taxifolin contained in LK-ME, suggesting that
other minor compounds contained in LK-ME is involved in the effects. These results indicate the potential of
taxifolin-rich L. kaempferi extract for use as a supplement to prevent excess inflammation and obesity.
1. Introduction

A deciduous conifer, the Japanese larch (Larix kaempferi) is a Japa-
nese endemic species and widely planted in Hokkaido, Japan. The same
genus of larches, the Dahurian larch (Larix gmelinii), and the Siberian or
Russian larch (Larix sibirica) contain abundant taxifolin (dihy-
droquercetin) in the xylems [1, 2]. Taxifolin is known to be an antioxi-
dant agent [3], and is known for the many beneficial effects of taxifolin,
such as improvement of microcirculation [4], hepatoprotective effects
[5], anti-viral activity [6], and prevention of diabetic nephropathy [7] as
well as diabetic cardiomyopathy [8]. In vitro studies have demonstrated
that taxifolin exhibits anti-bacterial [9], anti-fungal [10], and
anti-parasitic [11] effects, and also inhibitory activities against acetyl-
cholinesterase and carbonic anhydrase isoenzymes [12]. Further, olig-
omer formation of amyloid β proteins is significantly inhibited by
taxifolin in mice, suggesting that taxifolin is effective to prevent Alz-
heimer's disease [13]. The European Food Safety Authority (EFSA)
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assessed safety of supplements containing L. gmelinii extract, and
concluded that the taxifolin rich Dahurian larch extract is safe under the
proposed conditions of use [14, 15]. Due to this, taxifolin rich L. gmelinii
and L. sibirica extracts are included in supplements to maintain human
health, and its safety as a supplement is well validated. However,
L. kaempferi extract has not so far been used in supplements to maintain
human health.

Previously, we have demonstrated that the L. kaempferi methanol
extract (LK-ME) exhibits anti-glycation activity [16]. High perfor-
mance liquid chromatography (HPLC) analysis has indicated that
taxifolin is the main compound in LK-ME, and most of the flavonoids
contained in LK-ME are assumed to be taxifolin. Anti-glycation of the
activity of taxifolin is equivalent to other taxifolin related flavonoids,
quercetin and luteolin. At the same time, the cytotoxicity and in-
flammatory cytokine induction by taxifolin have been found lower
than quercetin and luteolin in a human monocyte derived cell line,
THP-1 cells.
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In this study, for a further assessment of the biological activities of
taxifolin-rich L. kaempferi extract, the anti-inflammatory activity of
taxifolin on lipopolysaccharide (LPS) induced nitric oxide (NO) produc-
tion in a mouse macrophage like cell line, RAW264.7 cells [17], was
investigated. In addition, the effects of LK-ME on reactive oxygen species
(ROS) production, and on LPS induced IL-1β and TNF-α mRNA expres-
sions were examined. The effects of LK-ME on the expression of lipid
metabolism related genes in macrophage differentiated THP-1 cells [18]
were also investigated. Further, the effects of LK-ME on the lipid accu-
mulation in adipocytes differentiated 3T3-L1 cells [19], which are known
to be a mouse pre-adipocyte cell line and widely used in the study of lipid
metabolism [20], were assessed.

2. Results

2.1. The effects of methanol extract of L. kaempferi (LK-ME) on NO and
ROS production

To investigate the anti-inflammatory activity of LE-ME, the effects of
LK-ME on LPS induced NO production in a mouse macrophage like cell
line, RAW264.7 cells, were examined. The NO generation after stimu-
lation with LPS was monitored by measuring the accumulation of NO2, a
stable degradation product of NO in culture supernatants using Griess
reagent. The results show that LK-ME effectively reduces NO2 in culture
supernatants (Figure 1A). Taxifolin, a main compound in LK-ME also
reduces NO2 levels in the culture supernatant suggesting that taxifolin
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inhibits LPS induced NO production (Figure 1B). The taxifolin related
flavonoids, quercetin and luteolin, also reduced NO2 concentrations in
the culture supernatant of LPS stimulated RAW264.7 cells, and the
reduction was stronger than that of taxifolin treated cells (Figure 1C and
D).

Next, the effects of LK-ME on ROS production in RAW264.7 cells were
investigated. As shown in Figure 2A, LK-ME suppressed ROS production
in the tert-Butyl hydroperoxide (TBHP) treated RAW264.7 cells in a dose-
dependent manner. Taxifolin, quercetin and luteolin also suppressed the
ROS production (Figure 2B-D). The ROS suppression activities of LK-ME
and taxifolin were weaker than that of quercetin and luteolin.

2.2. The effects of LK-ME on IL-1β and TNF-α mRNA expression in LPS
stimulated RAW264.7 cells

To further evaluation of anti-inflammatory effects of LK-ME, the ef-
fects of LK-ME on LPS-induced expression of IL-1β and TNF-α mRNAs
were investigated. As shown in Figure 3, the expression of IL-1βmRNA as
well as TNF-α mRNA were increased after stimulation with LPS. The
increased expression of IL-1β and TNF-α mRNAs were significantly sup-
pressed after treatment with LK-ME in a dose-dependent manner
(Figure 3A and Figure 3E). Taxifolin, quercetin and luteolin also effec-
tively suppressed LPS induced expression of IL-1β and TNF-α mRNAs in
RAW264.7 cells (Figure 3B-D and Figure 3F-H).

To further evaluate the influence of the treatment with taxifolin and
its related compounds on the cell viability was monitored. As shown in
Figure 1. Effect of taxifolin-rich methanol
extract of L. kaempferi extract (LK-ME) on
LPS induced NO production in RAW264.7
cells. RAW264.7 cells were stimulated with
100 ng/ml LPS and cultured in medium
containing the indicated amounts of LK-ME
(A), taxifolin (B), quercetin (C), or luteolin
(D) for 24 h. The NO2 concentrations in the
culture supernatants were measured by Gri-
ess assay as described in the Materials and
Methods section. The taxifolin concentra-
tions at the indicated dilution of LK-ME are
given in parentheses. Error bars indicate
standard deviation calculated from three in-
dependent experiments. The asterisks (*) and
the double asterisks (**) indicate that the
difference is larger than two-fold compared
with that of the control, and statistically
significant; *: p < 0.05, **: p < 0.01.



Figure 2. Effect of taxifolin-rich methanol
extract of LK-ME on TBHP induced ROS
production in RAW264.7 cells. RAW264.7
cells were cultured in medium containing the
indicated amounts of LK-ME (A), taxifolin
(B), quercetin (C), or luteolin (D) for 24 h.
Then, the cells were stimulated with 150uM
TBHP and concentrations of ROS in the cul-
ture supernatants were measured using
DCFDA Cellular ROS Detection Assay Kit
(abcam). Data represent relative ROS pro-
duction values versus basal ROS production
in the unstimulated control cells. The taxi-
folin concentrations at the indicated dilution
of LK-ME are given in parentheses. Error bars
indicate standard deviation calculated from
three independent experiments. The double
asterisks (**) indicate that the difference is
larger than two-fold compared with that of
the control, and statistically significant (p <

0.01).
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Figure 4A and B, the results demonstrated that LK-ME and its main
compound, taxifolin, strongly inhibited cell viability at high concentra-
tions, a 300 fold dilution and 300 μM, respectively. The cell viability is
not strongly inhibited after treatment with quercetin at 30 μM
(Figure 4C), while it is strongly inhibited when the cells were grown in
the same concentration of luteolin containing medium (Figure 4D). To
compare the effect on the cell viability of taxifolin and quercetin, the cell
viability after treatment with quercetin at the same concentrations as
taxifolin shown in Figure 4B was monitored. The results showed that
quercetin strongly inhibited cell viability at concentrations above 37.5
mM (Figure 4E).

2.3. Effects of LK-ME on the expressions of liver X receptor β (LXRβ) and
the ATP-binding cassette sub-family G member 1 (ABCG1) mRNA in
macrophage differentiated THP-1 cells

The effects of LK-ME on the gene expressions which are involved in
the lipid metabolismwere investigated, and it was found that expressions
of liver X receptor β (LXRβ) and the ATP-binding cassette sub-family G
member 1 (ABCG1) mRNAs were markedly induced after stimulation
with LK-ME in the macrophage differentiated THP-1 cells (Figure 5A and
E). The LXRβ mRNA expression was also significantly increased after
stimulation with taxifolin, the major compounds of LK-ME (Figure 5B),
while the ABCG1 mRNA expression was not increased (Figure 5F). The
expression of LXRβ mRNA was more weakly induced after stimulation
3

with quercetin and luteolin than with taxifolin, and stimulation with
quercetin and luteolin did not increase the expression of ABCG1 mRNA
(Figure 5C, D, G, and H). These lower induction activities of quercetin
and luteolin on the expressions of LXRβ and ABCG1 mRNAs are thought
to be involved in cell cytotoxicity. Our previous study demonstrated that
cell cytotoxicity of taxifolin is significantly lower than that of quercetin
and luteolin in undifferentiated (monocyte like) THP-1 cells [16]. As
shown in Figure 6, taxifolin cytotoxicity is also weaker in quercetin and
luteolin in macrophage differentiated THP-1 cells.

2.4. The treatment with LK-ME effectively reduced lipid accumulation in
adipocyte differentiated 3T3-L1 cells

As shown in Figure 5, our results show that LK-ME and its main
compound taxifolin exhibit induction activity of genes related to the lipid
metabolism in macrophage differentiated THP-1 cells. This finding sug-
gests that stimulation with LK-ME modulates the lipid metabolism,
especially lipid accumulation. To verify this, and using adipocyte
differentiated 3T3-L1 cells, the effects of LK-ME on the lipid accumula-
tion in the cells were investigated. The adipocyte differentiated 3T3-L1
cells were grown for 3 days in medium containing LK-ME, taxifolin,
quercetin, and luteolin, and the accumulated lipids were monitored by
Oil Red O staining. Berberine chloride, a well known inhibitor for lipid
accumulation, was used as a positive control. The results show that the
lipid accumulation in the adipocyte differentiated 3T3-L1 cells were



Figure 3. The Effects of LK-ME on IL-1β and TNF-α mRNA expression in LPS stimulated RAW264.7 cells. RAW264.7 cells were stimulated with 100 ng/ml LPS
and cultured in medium containing the indicated amounts of LK-ME (A), taxifolin (B), quercetin (C), or luteolin (D) for 24 h. Then, the cells were harvested and total
RNAs isolated from the cells were subjected to real-time RT-PCR analysis using specific primer set for IL-1β (A–E) and TNF-α (F–H) mRNAs. Data represent relative
expression values versus mRNA expression in the unstimulated control cells after normalization with the GAPDH mRNA expression. The taxifolin concentrations at the
indicated dilution of LK-ME are given in parentheses. Error bars indicate standard deviation calculated from three independent experiments. The double asterisks (**)
indicate that the difference is statistically significant compared with that of the LPS-stimulated control cells (p < 0.01).
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reduced after treatment with LK-ME to be similar to that with berberine
chloride (Figure 7). Quercetin also indicates inhibition activity of the
lipid accumulation (Figure 7C), and luteolin exhibited inhibition activity
at lower concentrations than taxifolin and quercetin (Figure 7D). How-
ever, the maximum inhibition activity after treatment with taxifolin
(21.6% at 600μM) was stronger than that of quercetin (42.8% at 600μM)
and luteolin (65.0% at 37.5μM).

The data for the inhibition activity of lipid accumulation shown in
Figure 7 were normalized with the protein concentration of cell lysate,
and the results of the lipid accumulation assay suggest that the cell
viability is influenced. To elucidate this further, the effects of LK-ME and
the taxifolin related compounds on the cell viability of adipocyte
differentiated 3T3-L1 cells were investigated. The results demonstrated
that LK-ME and taxifolin inhibit the cell growth of adipocyte differenti-
ated 3T3-L1 cells at high concentrations, however they did not inhibit the
cell growth at concentrations which exhibit significant inhibition effects
on lipid accumulation (Figure 8A and B). Quercetin exhibits a moderate
inhibition activity of the cell growth of adipocyte differentiated 3T3-L1
cells (Figure 8C), while luteolin strongly inhibits the cell growth at
lower concentrations than those of other compounds (Figure 8D). At the
high concentrations, above those in the figure, the cell growth was
completely inhibited after treatment with luteolin, and could not be
determined by the assay.

3. Discussion

In this study, the anti-inflammatory activity and effects on lipid
metabolism of LK-MEwere investigated, and the results demonstrate that
LK-ME inhibits NO and ROS production in RAW264.7 cells, suppressed
LPS-induced expression of IL-1β and TNF-α mRNAs in RAW264.7 cells,
increases LXRβ and ABCG1 mRNA expressions in Macrophage differen-
tiated THP-1 cells, and reduces lipid accumulation in adipocyte differ-
entiated 3T3-L1 cells.
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NO and ROS are produced by immune cells, such as monocytes,
macrophages, and neutrophils after stimulation with extracellular
pathogens. These molecules are important for the deactivation of
pathogens through its cytotoxic activity. However, excess amounts of
NO and ROS exacerbate inflammation and causes severe tissue damage
[21, 22]. In this study, to assess the anti-inflammatory activity of
LK-ME, the effects of LK-ME on LPS induced NO production was
investigated by monitoring the concentration of NO2, a stable degra-
dation product of NO, in a culture supernatant. The results show that
the concentration of NO2 in the culture supernatant of LPS-stimulated
RAW264.7 cells decreased after treatment with LK-ME, suggesting
that LK-ME effectively suppresses LPS induced NO production
(Figure 1). The half maximal inhibitory concentration (IC50) calculated
from the data obtained in this study is shown in Table 1. The
anti-inflammatory activity of taxifolin against LPS induced NO pro-
duction in RAW264.7 cells is substantially lower than that provided by
quercetin and luteolin. At the same time, LK-ME exhibits strong inhib-
itory activity against the LPS induced NO production at lower taxifolin
concentrations than with the IC50 of taxifolin. Our previous study
demonstrated that taxifolin is the major compound of LK-ME by the
reverse phage chromatography using high performance liquid chroma-
tography (HPLC) with a UV-detector (A280nm). The HPLC analysis sug-
gested that there are unknown minor compounds in LK-ME. The several
minor compounds in a methanol extract of L. kaempferi were reported as
dihydrokaempferol, naringenin, 4-Hydroxybenzaldehyde, and p-Cou-
maryl aldehyde [23], and these minor compounds or other undetectable
compounds by HPLC analysis may be involved in the stronger inhibition
activities of LK-ME on LPS induced NO production. On the other hand,
IC50 value of LK-ME against ROS production is equivalent to taxifolin,
suggesting that minor compounds in LK-ME do not influence ROS
production.

As shown in Figure 5, the LXRα mRNA is effectively induced after
treatment with LK-ME and taxifolin. The LXRs are important to maintain



Figure 4. Effect of LK-ME and taxifolin
related compounds on the growth of
RAW264.7 cells. RAW264.7 cells were
stimulated with 100 ng/ml LPS and cultured
in medium containing the indicated amounts
of LK-ME (A), taxifolin (B), quercetin (C, E)
or luteolin (D). After 24 h, the cell viability
was monitored with a modified MTT assay
kit (Cell Counting Kit 8, Dojindo). The cell
viability (%) was expressed as a percentage
relative to the unstimulated control cells.
The taxifolin concentrations at the indicated
dilution of LK-ME are given in parentheses.
Error bars indicate standard deviation
calculated from three independent experi-
ments. The double asterisks (**) indicate
that the cell viability is lower than 80%
compared with the control cells, and the
difference is statistically significant (p <

0.01).
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lipid homeostasis. Originally, Liver X receptors (LXRs) were determined
as orphan nuclear receptors [24, 25], and later, oxygenated derivatives
of cholesterols (oxysterols) have been identified as ligands for LXRs [26,
27, 28]. There are two isoforms in LXRs, LXRα and LXRβ: The LXRα is
restrictively expressed in cells with high cholesterol turnover, such as
hepatocytes and macrophages, whereas LXRβ is expressed in various
tissues. A previous report demonstrated that treatment with synthetic
LXR ligands ameliorate the development of atherosclerosis in mice [29],
suggesting that activation of LXR mediated signaling is important for
the prevention of atherosclerosis. Further, macrophages derived from
LXRα and LXRβ deficient mice have been shown to cause lipid accu-
mulation and increases in aortic lesions in ApoE deficient mice which
5

are known to develop atherosclerosis spontaneously [30]. This may
suggest that L. kaempferi extract is effective to prevent the development
of atherosclerosis. In addition, ABCG1 mRNA expression is increased
after stimulation with LK-ME in THP-1 cells differentiated to
macrophage-like cells (Figure 5E). The ABCG1 is functioning to export
cellular cholesterol to high-density lipoproteins (HDL), and involved in
atherosclerosis [31, 32]. Also, ABCG1 mRNA is not induced after
stimulation with taxifolin (Figure 5F). These results suggest that com-
pounds other than taxifolin in LK-ME would be involved in the induc-
tion of ABCG1 mRNA.

Analysis of the effects of LK-ME on lipid accumulation using
adipocyte differentiated 3T3-L1 cells demonstrates that treatment with



Figure 5. Effect of LK-ME on mRNA expression of lipid metabolism related genes in the macrophage differentiated THP-1 cells. THP-1 cells were differen-
tiated into macrophage like cells using PMA. The cells were stimulated with the indicated concentrations of LK-ME (A, E), taxifolin (B, F), quercetin (C, G), and luteolin
(D, H). After 6 h, the cells were harvested, and LXRα and ABCG1 mRNA expressions were monitored by real-time RT-PCR analysis. Data represent relative expression
values versus mRNA expression in the unstimulated control cells after normalization with the GAPDH mRNA expression. The taxifolin concentrations at the indicated
dilution of LK-ME are given in parentheses. Error bars indicate standard deviations calculated from three independent experiments, and the double asterisks (**)
indicate that the difference is statistically significant (p < 0.01) and larger than two-fold, compared with that of the control. n.d.: no data.
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LK-ME effectively inhibit lipid accumulation (Figure 7A). The calcu-
lated IC50 values indicate that taxifolin, the major compound abundant
in LK-ME exhibits strong inhibition activity of lipid accumulation in
adipocyte differentiated 3T3-L1 cells, and it is comparable to that of
luteolin (Table 1). Taxifolin exhibits the weakest cell cytotoxicity
when compared with quercetin and luteolin. In the inhibition activity
of LPS induced NO production, the IC50 value of taxifolin is two orders
of magnitude higher than that of quercetin and luteolin. The IC50
value of taxifolin in cell growth of RAW264.7 cells is one order of
magnitude higher than that of other compounds, suggesting a weak
cytotoxicity of taxifolin, but it is difficult to determine any advantage
of taxifolin on the inhibition effects of LPS induced NO production.
However, the IC50 values of taxifolin on lipid accumulation in adipo-
cyte differentiated 3T3-L1 cells and on the inhibition activity of the
cell growth demonstrate the advantages of taxifolin as an agent for
prevention of lipid accumulation.

Like in other cell lines, the inhibition activity of taxifolin with cell
growth of adipocyte differentiated 3T3-L1 cells is lower than that of
quercetin and luteolin (Figure 8 and Table 1). The sensitivity of
adipocyte differentiated 3T3-L1 cells against these compounds is
lower than RAW264.7 cells and macrophage differentiated THP-1
cells, and the differences in sensitivity between the cell lines are
strongest in quercetin. The IC50 values shown in Table 1 indicate that
the growth inhibition activity of quercetin in adipocyte differentiated
3T3-L1 cells are 5–10 fold weaker than that in the other cell lines
used in this study. Here, the growth inhibition activity of taxifolin
and luteolin in adipocyte differentiated 3T3-L1 cells is only around 2
6

fold weaker than that in the other cell lines. Quercetin and the other
compounds used in this study are known to activate nuclear re-
ceptors, such as peroxisome proliferator-activated receptor γ (PPARγ)
and the vitamin D receptor [33, 34], and part of the effects of these
compounds are exhibited through its nuclear receptors. The differ-
ences in the nuclear receptor expressions between the cell lines used
in this study may play a role in the differences in quercetin
sensitivity.

In conclusion, the data shown in this study demonstrated that LK-ME
effectively inhibits NO and ROS production in RAW264.7 cells, sup-
presses LPS-induced expression of IL-1β and TNF-αmRNAs in RAW264.7
cells, induces genes for lipid metabolism in macrophage differentiated
THP-1 cells, and suppresses lipid accumulation in adipocyte differenti-
ated 3T3-L1 cells. The summary of findings in this study is shown in
Figure 9. These findings suggest a potential for taxifolin rich extract of
Larix kaempferi to be used as a supplement for the prevention of excess
inflammation and obesity.

4. Materials and Methods

4.1. Preparation of L. kaempferi extract (LK-ME)

The methods for the preparation of methanol extract from saw dust of
L. kaempferi used in this study was described previously [16]. Saw dust of
L. kaempferi was obtained from the Forestry cooperative of Shimokawa
town, Hokkaido, Japan. The dimethyl sulfoxide (DMSO) solution of the
dried methanol extract of L. kaempferi was used as LK-ME in this study.



Figure 6. Effect of LK-ME on the cell
viability of macrophage differentiated
THP-1 cells. THP-1 cells were differentiated
into macrophage like cells using PMA. The
cells were grown in medium containing the
indicated concentrations of LK-ME (A), taxi-
folin (B), quercetin (C), and luteolin (D).
After 24 h, the cell viability was monitored
using Cell Counting Kit 8. The cell viability
was expressed as a percentage relative to the
unstimulated control cells. The taxifolin
concentrations at the indicated dilution of
LK-ME are given in parentheses. Error bars
indicate standard deviations calculated from
three independent experiments. The double
asterisks (**) indicate that the cell viability is
lower than 80% compared with the control
cells, and the difference is statistically sig-
nificant (p < 0.01). n.d.: no data.
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4.2. Cell culture and monitoring of cell viability

A human monocyte-derived cell line, THP-1 cells (ATCC TIB-202)
[18], and a mouse macrophage-like cell line, RAW 264.7 cells (ATCC
TIB-71) [17] were grown in RPMI 1640medium supplemented with 10%
fetal bovine serum (FBS), 100 U/ml penicillin, 100 mg/ml streptomycin
(Life Technologies, Carlsbad, CA, USA). A mice preadipose cell line,
3T3-L1 cells (ATCC CL-173) [19] were obtained from the Japanese
Collection of Research Bioresources (JCRB), National Institutes of
Biomedical Innovation, Health and Nutrition (Osaka, Japan), and
cultured in the D-MEM supplemented with 10% FBS, 100 U/ml peni-
cillin, 100 mg/ml streptomycin. These cells were grown at 37 �C in 5%
CO2 in a humidified incubator.

The cell viability was monitored using a Cell Counting Kit-8 (Dojindo,
Kumamoto, Japan) according to the manufacturer's instructions.

The half maximal inhibitory concentration (IC50) values were calcu-
lated using the IC50 calculator (AAT Bioquest, Sunnyvale, CA, USA; https
://www.aatbio.com/tools/ic50-calculator).
7

4.3. Real-time reverse transcriptase polymerase chain reaction (RT-PCR)
analysis

Total RNA of the cultured cells was extracted using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). The isolated total RNA was treated with
DNaseI (Takara, Otsu, Shiga, Japan), and oligo-dT- and random-primed
reverse transcription was performed using ReverTra Ace (Toyobo, Osaka,
Japan). Real-time PCR was performed on the CFX96 Real-Time PCR
Detection System (Bio-Rad, Hercules, CA, USA) using Thunderbird SYBR
qPCR Mix (Toyobo). Each procedure was performed according to the
manufacturer's protocols. The following listed specific primer sets for IL-1β,
TNF-α, LXRβ, ABCG1, and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNAs were used in this study: IL-1β sense primer 50-
GCCTCGTGCTGTCGGACC -3’; IL-1β antisense primer 50-
TGTCGTTGCTTGGTTCTCCTTG -3’; TNF-α sense primer 50- GACCCTCA-
CACTCAGATCATCTTCT -3’; TNF-α antisense primer 50-
CCACTTGGTGGTTTGCTACGA -3’; LXRβ sense primer 50- ACAACCACGA-
GACAGAGTGT -3’; LXRβ antisense primer 50-

https://www.aatbio.com/tools/ic50-calculator
https://www.aatbio.com/tools/ic50-calculator


Figure 7. Effects of LK-ME on lipid accumulation in adipocyte differentiated 3T3-L1 cells. Adipocyte differentiated 3T3-L1 cells were grown in medium con-
taining the indicated dilutions of LK-ME (A) or indicated concentrations of taxifolin (B), quercetin (C), and luteolin (D). Berberine chloride (E) was used as positive
controls. After 3 days, the cells were fixed and the accumulated lipids stained with Oil Red O. Then the stained Oil Red O was extracted, and measured by spec-
trophotometer as described in the Materials and Methods section. Lipid accumulations are shown as percent versus lipid accumulation in the untreated control cells
after normalization with the protein concentration of cell lysate. The taxifolin concentrations at the indicated dilution of LK-ME are given in parentheses. Error bars
indicate standard deviation calculated from three independent experiments. The asterisks (*) and the double asterisks (**) indicate that the difference is larger than
two-fold compared with that of the control, and statistically significant; *: p < 0.05, **: p < 0.01.
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CGAGAACTCGAAGATGGGGT -3’; ABCG1 sense primer 50- GTGTACTG-
GATGACGTCGCA -3’; ABCG1 antisense primer 50- GTCACTGGGCCCAC-
GAAAG -3’; GAPDH sense primer 50- TTCTTTTGCGTCGCCAGCCG -3’; and
GAPDH antisense primer 50- GGTGACCAGGCGCCCAATACG -3’.

4.4. Quantification of NO2

NO production from the cells was evaluated by monitoring NO2
production in the culture supernatant using Griess reagent. RAW264.7
cells were seeded onto 96 well plates at 2.0 � 104/well. After growing
overnight, the cells were stimulated with 100 ng/ml LPS and grown in
various concentrations of LE-ME, taxifolin, quercetin, or luteolin con-
taining medium. After a 24 h incubation period, the culture supernatants
were collected, and the cell debris were removed by centrifugation. 50 μl
of the culture supernatants were diluted with ultrapure water up to 100
μl, and added to 50 μl of 2% sulfanilamide in 5% phosphoric acid. After a
brief mixing, 50 μl of N-(1-Naphthyl) ethylenediamine dihydrochloride
was added and mixed in. After 10 min incubation, the absorbance at 570
nm was monitored using a micro plate reader. The NO2 concentrations
were calculated using NaNO2 solution as the standard.

4.5. Monitoring ROS production

ROS production in RAW264.7 cells were monitored using DCFDA
Cellular ROS Detection Assay Kit (Abcam, Cambridge, MA) according to
the manufacturer instructions. Briefly, RAW264.7 cells were seeded onto
96 well plates at 2.0 � 104/well and grown in various concentrations of
8

LE-ME, taxifolin, quercetin, or luteolin containing medium. After
growing overnight, the medium was removed, and incubate with DCFDA
solution for 45 min at 37 �C in the dark. Then the cells were washed with
PBS, and treated with 150 μM TBHP. After 3 h incubation, the fluores-
cence at 570 nm was monitored using a fluorescence plate reader at Ex/
Em ¼ 475/500–550 nm.

4.6. Monitoring lipid accumulation in adipocyte differentiated 3T3-L1 cells

Differentiation of 3T3-L1 cells into adipocyte-like cells was performed
as previously described [17]. The 3T3-L1 cells were grown in D-MEM
supplemented 10% FBS, 0.1 μM dexamethasone, 0.5 mM 3-isobutyl-1--
methylxanthine (IBMX), and 10 μg/ml Insulin for 2 days, and cultured
in D-MEM supplemented 10% FBS, 10 μg/ml Insulin for additional 3
days. Then the cells were used as the adipocyte differentiated 3T3-L1
cells in this study.

For the measurement of lipid accumulation in the adipocyte differ-
entiated 3T3-L1 cells, the cells were grown in LK-ME, taxifolin or
berberine chloride (positive control) containing medium (D-MEM con-
taining 10% FCS) for 3 days. The cells were washed twice with PBS and
fixed in 10% formaldehyde for 10 min at room temperature. Then the
cells were washed three times with ultrapure water, and stained with Oil
Red O for 15 min at room temperature. After removal of the staining
solution, the cells were washed three times with 60% isopropanol, and
once with ultrapure water. The lipid stained Oil Red O was extracted
using 100% isopropanol, and quantified by the measurement of absor-
bance 492 nm.



Figure 8. Effect of LK-ME on cell viability
of adipocyte differentiated 3T3-L1 cells.
Adipocytes differentiated 3T3-L1 cells were
grown in medium containing the indicated
dilution of LK-ME (A) or indicated concen-
tration of taxifolin (B), quercetin (C), and
luteolin (D). After 3 days, the cell viability
was monitored using a Cell Counting Kit-8.
The cell viability was expressed as a per-
centage relative to the unstimulated control
cells. The taxifolin concentrations at the
indicated dilution of LK-ME are given in pa-
rentheses. Error bars indicate standard devi-
ation calculated from three independent
experiments. The double asterisks (**) indi-
cate that the cell viability is lower than 80%
compared with the control cells, and the
difference is statistically significant (p <

0.01).

Table 1. Half maximal inhibitory concentration (IC50) of LK-ME in the experiments performed in this study.

LK-ME Taxifolin Quercetin Luteolin

Biological activity

NO production �1333.3 dil. 123.8 μM 6.9 μM 4.6 μM
(7.7 μM)

ROS production �41.5 dil 239.5 μM 28.4 μM 36.3 μM
(247.1 μM)

Lipid accumulation �319.5 dil. 118.4 μM 361.9 μM 74.8 μM
(32.1 μM)

Cell cytotoxicity

RAW264.7 cells (-LPS) �237.9 dil. 360.5 μM 54.7 μM 20.6 μM
(43.1 μM)

RAW264.7 cells (þLPS) �147.6 dil. 358.4 μM 101.3 μM 25.7 μM
(69.5 μM)

THP-1 cells (Macrophage differentiated) n.d. 662.9 μM 124.5 μM 31.5 μM
3T3-L1 cells (Adipocyte differentiated) �73.5 dil. 615.0 μM 574.5 μM 57.3 μM

(139.5 μM)

The taxifolin concentrations at the indicated dilution of LK-ME are given in parentheses. n.d.: not determined.

D. Muramatsu et al. Heliyon 6 (2020) e05505

9



Figure 9. The summary of findings in this study.
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4.7. Statistical analysis

To determine statistically significant differences between data pairs, a
two-tailed unpaired Student's t-test was performed in this study.
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