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Abstract Alpha lipoic acid (LA) and conjugated linoleic
acid (CLA) have been well-documented on a variety of
functional effects in health foods. The main purpose of this
study was focused on the additive anti-inflammatory
activity of the combination of LA and CLA in vitro. Raw
264.7 cells induced by lipopolysaccharide were treated
with LA and CLA individually or in combination at a
variety of concentration ranges. Co-treating 25 pM of LA
and 25 uM of CLA significantly inhibited pro-inflamma-
tory cytokines compared to the same concentration of
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single LA- or CLA-treated group. The molecular mecha-
nism of anti-inflammation by a combination of these
compounds was attributed to extracellular signal-regulated
kinase-1 (ERK1) and peroxisome proliferator-activated
receptor gamma (PPARY). Also, the molecular interaction
between both compounds was confirmed by NMR. Our
findings suggested that the combination of CLA and LA
showed potential additive effect on anti-inflammation
through the molecular interaction of both compounds.

Keywords Anti-inflammation - Alpha lipoic acid (LA) -
Conjugated linoleic acid (CLA) - Extracellular signal-
regulated kinase-1 (ERK1) - Peroxisome proliferator-
activated receptor gamma (PPARY)

Abbreviations
AP-1 Activator protein 1

BCA Bicinchoninic acid

CDCl; Deuterated chloroform

CLA Conjugaeted linoleic acid

DMEM Dulbecco’s modified Eagle’s Media

DMSO Dimethyl sulfoxide

ELISA Enzyme linked Immunosorbent Assay

ERK Extracellular signal-regulated kinase

EtOH Ethanol

IL Interleukin

iNOS inducible nitric oxide synthase

LA Lipoic acid

LPS Lipopolysaccharide

MAPK Mitogen-activated protein kinase

MEK Mitogen-activated protein kinase kinase

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide

NMR Nuclear magnetic resonance

NO Nitric oxide
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NF-xB Nuclear factor kappa-light chain-enhancer of
activated B cells

PBS Phosphate buffered saline

PPARY Peroxisome proliferator-activated receptor
gamma

gRT-PCR Quantitative real-time polymerase chain
reaction

RIPA Radioimmunoprecipitation assay

SEM Standard error of the mean

SUMO Small ubiquitin-like modifier

TMS Tetramethylsilane

TNF-a Tumor necrosis factor alpha

TRAF Tumor necrosis factor receptor-associated
factor

Introduction

In modern society, inflammation as a complex physiolog-
ical response to pathogens or non-microbial endogenous
molecules underlies the pathogenesis of many diseases
such as diabetes, cardiovascular disease, bowel disease,
neurodegeneration and cancer (Colotta et al., 2009; Deeks,
2011; Parimisetty et al., 2016) although it has a very
complex mechanism. Currently, drug therapies have been
used to suppress inflammation mainly focused on several
methods such as interference with non-steroidal anti-in-
flammatory drugs, blocking of pro-inflammatory cytokine
signaling pathway using tumor necrosis factor oo (TNF- o)
and interleukin-1 (IL-1) (Vane and Botting, 1987) and
usage of agonists of the glucocorticoid receptor (Baschant
and Tuckermann, 2010). However, some of these approa-
ches result in therapeutic efficiency with significant side
effects, although only limited numbers of key molecules
are involved in each particular disease. Hence, recently
nutriceutical treatments have been attracted to overcome
the limitation of the drugs as an alternative.

Conjugated linoleic acid (CLA) mixed of positional and
geometric octadecadienoic acid isomers derived from
linoleic acid have two double bonds in the cis configuration
(O’Quinn et al., 2000) although most beneficial properties
of CLA were reported by its two main isomers of c9,t11-
CLA and t10,c12-CLA (Pascual et al., 2005). Among the
biological activities of the CLA, beneficial effects of CLA
on inflammatory responses have been reported in many
animal models as well as human clinical trials (Ochoa
et al., 2004). It was already reported that the CLA had
many immune responses such as decrease of chronic
inflammation, reduction of antigen-induced cytokine pro-
duction, the decrease of an adverse effect of immune
challenges and modulation of inflammatory modulators
(Stachowska et al., 2009).
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Alpha lipoic acid (LA) as a naturally occurring dithiol
compound obtained enzymatically in the mitochondrion by
octanoic acid can be found in some entrails and in various
vegetables (Shay et al., 2009). It was already reported that
the LA modulated the plasma concentration of pro-in-
flammatory cytokines (Zhang and Frei, 2001) such as
tumor necrosis factor-o¢ (TNF-o) and interleukin-6 (IL-6)
and suppressed genes involved in inflammatory activity
such as nuclear factor kappa-light-chain enhancer of acti-
vated B cells (NF-xB) (Moura et al., 2015; Suzuki et al.,
1992).

Because evidence to date suggests that the effects of
CLA and LA on the anti-inflammation activity are medi-
ated through the same cellular mechanism of the NF-kB
(Cheng et al., 2004; Demarco et al., 2004), it is expected
that when a combination of CLA and LA is used, there will
be an additive effect in increasing anti-inflammation in
immune cells. Also, it is hypothesized that the molecular
interaction between both compounds can occur because the
LA as the solid form can be soluble in CLA as the liquid
one. The research on the molecular interaction through
hydrogen bonds or hydrophobic interactions between drugs
is very important to find out new drug candidates or health
foods because the interaction of the drugs can affect the
preparation process, improvement of solubility, physical
properties, drug stability and oral bioavailability (Onak-
poya et al., 2012; Teichert et al. 2003).

This research was aimed to study the additive anti-in-
flammation activity of the combination of CLA and LA
in vitro through the molecular interaction between both
compounds. We analyzed the expression of the represen-
tative inflammatory mediators and evaluated the resolving
effect of fatty acids. We also elucidated the mechanism of
additive effect in the view of both biological and chemical
aspects. To the best of our knowledge, this is the first report
that shows the improvement of the additive anti-inflam-
matory effect by the molecular interaction of CLA and LA.

Materials and methods
Materials

Cell culture medium DMEM and penicillin/streptomycin
were provided from Hyclone (Logan, UT, USA). Fetal
bovine serum was provided from GenDEPOT (Barker, TX,
USA). CLA was purchased from HK Biotech (Jinju,
Gyeongnam, Korea). Antibodies were purchased from
Abcam (Cambridge, England). LA and other materials
were purchased from Sigma-Aldrich (St. Louis, MO,
USA).
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Cell line and cell culture

The murine macrophage cell line Raw 264.7 (American
Type Culture Collection ATCC) was cultured in DMEM
high glucose containing 4.0 mM L-glutamine with 10%
fetal bovine serum and 1% penicillin—streptomycin. Raw
264.7 cells were grown at 37 °C and 5% CO, in fully
humidified condition. Cell passage numbers used for this
experiment were between passage 15 and 25.

Cytotoxicity assay

Mitochondrial reduction of MTT to formazan was deter-
mined as an indicator of cell viability. Briefly, after
removing the supernatant for measuring nitrite accumula-
tion, the cells were incubated with MTT (0.5 mg/mL) for
1 h at 37 °C and solubilized in DMSO. The extent of
formazan production was determined at 560 nm.

Measurement of nitrite accumulation by Griess
assay

RAW 264.7 cells were cultured in 96-well plates (Corning,
NY, USA). Cells were treated with bacterial LPS (E. coli
serotype 055:B5, 1 pg/mL) in the presence or absence of
various concentrations of CLA and LA (0-200 uM) for
18 h (Cheng et al., 2004). CLA and LA were firstly dis-
solved in ethyl alcohol (EtOH) and further diluted with the
medium. Final EtOH concentrations on the cells were
< 0.1 vol% and were shown not to interfere with the assay.
After 20 h, the concentration of nitrite, a stable metabolite
of nitric oxide, was measured in the culture supernatant by
the Griess assay. Griess reagent (Sigma-Aldrich, St. Louis,
MO, USA) was mixed with an equal volume of sample in
96 wells, then read the absorbance at 540 nm after 15 min.

Enzyme-linked immunosorbent assay (ELISA)

Supernatants were collected from the wells from which
total RNA was harvested immediately. Cells were stimu-
lated with bacterial LPS for 24 h, both with and without a
1 h pretreatment of CLA and LA. Control wells were
treated with the same volume of the EtOH vehicle used to
dilute these compounds. Supernatants were obtained by
centrifugation (5 min, 12,902 g at 4 °C), aliquoted and
immediately stored at — 70 °C until used. These samples
were thawed once and used in ELISA assays to quantify
the secreted cytokine. The assays were performed accord-
ing to the manufacturer’s instructions (Komabiotech,
Seoul, Korea) and the target protein concentration was
normalized to the total protein content determined by the
Pierce BCA protein assay kit (Thermo Fisher Scientific,
San Jose, CA, USA). Pro-inflammatory cytokine level was

measured using TNF-o/IL-1f and IL-6/IL-12 combo
ELISA kit (Komabiotech, Seoul, Korea). All groups were
measured with TECAN infinite pro-2000 at 450 nm
absorbance.

Quantification of mRNA expression

A total of 3 x 10’ cells were grown for 24 h in each well
of six-well plates, de-induced by incubation for 6 h in
culture medium without fetal bovine serum and stimulated
with LPS (1 pg/mL) for 24 h, both with and without a 1 h
pretreatment of CLA and LA. Control wells were treated
with the same volume of the EtOH used to dilute these
compounds. Total RNA was isolated from the cells with
Trizol reagent (Invitrogen Corp., Carlsbad, CA, USA)
according to the manufacturer’s instructions. The RNA was
quantified by spectrophotometry, and 1 pg RNA was
reverse-transcribed into cDNA. The relative abundance of
the transcripts of the candidate inflammatory genes
described in supplement 1, were determined by quantitative
real-time reverse transcription-PCR (qRT-PCR) with
SYBR green (Thermo Fisher Scientific, San Jose, CA,
USA).

Western blot analysis

Cell culture for Western blot analysis was also progressed
with the same pattern as previously described in the
quantification of mRNA expression. Lysates were har-
vested by scraping the cells in sodium dodecyl sulfate
sample buffer on ice, followed by heat-denaturation at
95 °C for 5 min. For the preparation of nuclear and cyto-
plasmic extracts, the cells were washed and scraped into
PBS. Cells were lysed with RIPA buffer following the
presented protocol, and total protein was quantified by
Pierce BCA assay. For Western blotting, 20 pg of total
protein were separated on polyacrylamide gels at 110 V for
50 min. Subsequently, the sample was transferred to
nitrocellulose membranes for another 60 min. The mem-
branes were blocked with 5% skim milk for 1 h at room
temperature. The blocked membrane was probed with the
primary antibodies overnight at 4 °C. The primary anti-
bodies were detected using horseradish peroxidase-conju-
gated secondary antibodies. Western blot imaging was
performed with GelDoc XT Bio-Rad and quantified by the
image analysis software.

Solubility test
The solubility in this study was defined as the amount of
LA that is soluble in CLA solvent to achieve a saturated

solution at 25 °C and 1 atm. The oversaturated amount of
LA was added to CLA, and then vortexed for 15 min to
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dissolve LA at the saturated level. The solution was filtered
by 25 mm hydrophilic nylon net filter with a 30 um pore
size and weighed the remaining LA to substrate from the
initial weight of LA. The final concentration of LA in CLA
was expressed in g/L.

T1 analysis of "H NMR

For 'H NMR analysis, 5 mg CLA and LA were dissolved
in 0.7 ml of CDCl; in a 5 mm NMR tube. All spectra were
recorded at 25 £ 0.1 °C under temperature control, using
an Avance III HD 850 MHz nuclear magnetic resonance
spectrometer (Bruker, Rheinstetten, Germany). Chemical
shift values were reported in ppm by referencing them to
TMS used as the internal standard. Longitudinal relaxation,
T1, was measured using a conventional inversion recovery
pulse program. T1 values were estimated with Bruker
Dynamics center 2.4.9 in Topspin 3.5 software.

Statistical analysis

All experiments were performed at least three times in
independent experiments. Data were expressed == SEM.
Values with P < 0.05 were considered statistically differ-
ent compared to 100% (LPS-treated cells) by one sample or
student’s ¢ test. Statistical analysis was performed with
Graph Pad Prism (version 5.00).

Results and discussion

Optimization of the treatment concentration of CLA
and LA with factorial design

Experiments related to cell growth and toxicity are the
most necessary experiments to obtain stable and uniform
result values. Most fatty acid compounds have cytotoxicity
due to their hydrophobic property and damages in the
cellular membrane (Ibarguren et al., 2014). The treatment
of CLA and LA in the presence of LPS did not affect
cytotoxicity up to 200 uM of each compound as shown in
Fig. 1A and 1B although each compound was found to be
cytotoxic above 250 uM or more. Based on the results, we
decided that the proper maximum treatment range of each
compound was 250 pM, suggesting that the subsequent
fatty acid treatment did not affect the results of the
experiment.

Then, the factorial design was progressed with mea-
suring nitrite accumulation because of an indicator of anti-
inflammation and simplicity of experiment. Total groups
were divided into three experimental groups as low, med-
ium and high concentration. There are numerical ten folds
difference among each concentration group. Efficient and
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optimum concentration was determined at medium-range
of both compounds. So, both medium-range concentration,
such as 25 uM and 50 uM were fixed as final concentration
candidates.

Effects of combined CLA and LA on pro-
inflammatory activity by ELISA assay

Nitric oxide (NO), as a representative index of inflamma-
tion, was confirmed by Griess assay. The optimum con-
centration of fatty acid treatment was also determined by
the factorial design of nitrite accumulation (Chen and Kitts,
2008). When CLA 25 uM and LA 25 uM were combined, it
was found to be a more effective decrease of nitrite accu-
mulation than 25 pM of CLA and 25 uM of LA alone as
well as 50 pM of CLA and 50 uM of LA alone (Fig. 2A).
Optimal concentrations of CLA and LA were determined
as 25 and 50 pM, respectively, and the best effect of the
decreasing nitrite accumulation was obtained when the
ratio of CLA to LA was from 1:1 to 2:1.

Additionally, we confirmed the gene expression of
inducible nitric oxide synthase (iNOS), the source of NO,
and it was found that the expression of the iNOS was
inhibited. Furthermore, pro-inflammatory cytokines such as
TNF-a (Fig. 2B), IL-1B (Fig. 2C), and IL-6 (Fig. 2D) were
significantly decreased by co-treatment of 25 and 50 pM of
CLA and LA compared to the same concentration of single
treatment of CLA and LA, indicating additive effect of
anti-inflammatory activity although IL-12 as the pro-in-
flammatory cytokine was not much changed by co-treat-
ment (Fig. 2E).

When the inflammatory reaction proceeds under LPS
induction, resting macrophages are activated in the form of
M1 macrophages (Martinez and Gordon, 2014). The M1
macrophages produce TNF-a, IL-1f3, IL-6, IL-12 and NO
through NF-xB and activator protein 1 (AP-1) signaling
transcription factors (Chen et al., 2007). TNF-a, IL-1, IL-
6, and IL-12 transmit signals to various type of cells to
boost the immune system, while NO is produced from
arginine with the help of iNOS, as a type II NO enzyme.
The TNF-o primarily produced by macrophages has some
actions on various organ systems. Also, the TNF-o func-
tions together with IL-1f and IL-6. It was already reported
that IL-1p and IL-6 showed the similar repression tendency
with TNF-o whereas the IL-12 known as an important
factor for priming Th1 cells and stimulating NK cells was
not directly related to the production of TNF-a (Zwirner
and Ziblat, 2017). Therefore, it can be speculated that the
co-treatment of CLA and LA does not affect the activation
of NK cells.
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Fig. 1 A Cytotoxicity of CLA and LA with LPS. B Optimization of
concentration by factorial design with nitrite accumulation. Cell
viability was determined by mitochondrial reduction of MTT test as
described in ‘Materials and methods’. The viability of cells treated

Effects of combined CLA and LA on anti-
inflammatory activity by qRT-PCR

When the combined CLA and LA were treated, the inhi-
bitory effect of the inflammation-related indicators was
higher than that of each single treatment group. To clarify
more the additive anti-inflammatory activity by the com-
bination of CLA and LA, the mRNA expression level was
confirmed by qRT-PCR. As shown in Fig. 3A, expression
of TNF receptor associated factor 6 (TRAF6) by co-treat-
ment of 25 uM of CLA and LA and 50 pM of CLA and LA
was lower than a single treatment of 25 uM or 50 uM of
CLA and LA, indicating the additive anti-inflammatory
activity of CLA and LA. However, the expression of
PPARY was not affected by the co-treatment of CLA and
LA (Fig. 3B), because CLA itself increased the expression
of PPARY. Also, the expression of MEK and ERK were
also checked (Fig. 3C, D). The expression of IL-6 and
TRAF6 by co-treatment of 25 or 50 uM of CLA and LA
was lower than by a single treatment of 25 or 50 pM of
CLA and LA.

To understand the criteria for selecting these gene
expressions, it must be taken into consideration the
mechanism of anti-inflammation. There are two well-
known signaling pathways that control the inflammation
activity genes such as NF-kB (Bouwmeester et al., 2004)
and AP-1(Wang et al., 2013a). The inhibition of the
expression level of NF-kB by the co-treatment of CLA and
LA may be attributed to two main reasons. First, The TNF
receptor- associated factor 6 (TRAF-6) and mitogen-acti-
vated protein kinase kinase (MEK1) as the upper signaling
pathway of NF-xB and AP-1 were downregulated by the
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with LPS only was referred to as 100%. N = 5. ***P < (0.001 and
*P < 0.05 represent significant differences compared to the values
seen in LPS-activated cells

co-treatment of CLA and LA. Second, a SUMOylation-
dependent pathway mediated transrepression of inflam-
matory response genes by PPAR gamma (Pascual et al.,
2005). The activated PPAR gamma-induced SUMOylation
of NF-xB transcription factor downregulated NF-kB
expression. Another master regulatory gene of inflamma-
tion of AP-1 may be regulated by MAPK signaling path-
way (Karin, 1995). Especially, extracellular signal-
regulated kinase 1 (ERK1) signaling may be highly related
to the anti-inflammatory effect of CLA and LA (Maeng
et al., 2006). Both mechanisms may induce the suppression
of NO and pro-inflammatory cytokines. Schematic additive
mechanism of anti-inflammation by co-treatment of CLA
and LA in Raw 264.7 cells was shown in Fig. 4F.

The effect of CLA and LA on the inflammatory
signaling pathway

To make clear the effect of CLA and LA on anti-inflam-
matory signaling pathways, NF-xB, ERKI1 and PPARY
were analyzed at the protein level by Western blot analysis.
The ratio of pp65 to p65 (the subunit of NF-kB) was
smaller in co-treatment of CLA and LA than a single
treatment of CLA and LA as shown in Fig. 4A, B. Also,
the ratio of pPERK1/ERK1 was lower in the co-treatment of
CLA and LA than a single treatment of CLA and LA,
indicating that co-treatment of CLA and LA additively
suppressed the ERKI1 signal although the LA inhibited
more ERKI1 signal than the CLA (Fig. 4A, C). The
expression of NF-kB and pERK1 was found to be additive
by the co-treatment group.
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Fig. 2 A Nitrite accumulation, B TNF-a, C IL-1, D IL-6, and E IL-
12. F mRNA gene epxression level of iNOS. Nitrite accumulation in
the supernatant was measured 20 h after LPS stimulation by the
Griess reaction. ELISA assay was measured 24 h after LPS stimu-
lation by cytokine combo ELISA kit as described in ‘Methods’. Data

On the other hand, in the case of PPARY, both CLA and
LA were expected to show an increasing pattern because
both substances as the fatty acid family shared similar
receptors such as free fatty acid receptor 1 (Wang et al.,
2013a; 2013b). However, only the CLA group increased
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the expression of PPARY (Fig. 4D, E), which is different
results from the previous report that LA increased the
expression of PPARYy (Hara et al., 2013). It is believed that
there may be an interference with each other by their
molecular interaction between CLA and LA.
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Fig. 3 A TRAF6, B PPARY, C MEK1 and D ERKI1. Expression level
was measured 24 h after LPS stimulation with or without CLA & LA
by the SYBR green qRT-PCR as described in ‘Methods’. For the
statistical analysis, one-way ANOVA and Tukey’s HSD test were
carried out. Data were expressed as a percentage of relative

Molecular interaction between CLA and LA

The molecular interaction of CLA and LA is one of the
important clues to explain the mechanism of anti-inflam-
matory additive effect because co-treatment of them were
effective in improving anti-inflammation. The solubility
test of LA in CLA as a solvent was carried out before
performing the '"H NMR experiment. By saturating LA at
53.56 g/L. (0.26 mol/L) in CLA, the mole ratio of LA and
CLA in the solution of LA/CLA was determined as 4 to 1.
The molecular interactions of CLA and LA were con-
firmed through the change of chemical shift and T1
relaxation time by NMR measurement. The conditions of
'"H NMR and chemical structure of LA and CLA are
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expression in LPS-treated groups and represent the mean = SEM of
three experiments performed in triplicate. N = 3. ***P < (.001,
**P < 0.01 and *P < 0.05 represent significant differences compared
to the values seen in LPS-activated cells

shown in Fig. 5. The corresponding peak shifts of 'H
NMR are summarized in the Table 1. With the addition of
LA to CLA, the peak shifts of LA were observed. The LA
carboxylic acid peak at 10.49 ppm was shifted to
11.02 ppm (CLA:LA = 1:1) and 11.29 ppm (CLA:LA =
4:1) of higher frequency (deshielding). The T1 relaxation
time of LA carboxylic acid peak was also decreased from
4.05 (LA) to 3.69s (CLA:LA=1:1) and 3.33s
(CLA:LA = 4:1). The changes of chemical shift and T1
relaxation time of carboxylic acid peaks indicate the
interaction of LA and CLA with each other through
hydrogen bonds. In addition, a shielding of chemical shift
and decreasing of T1 relaxation time were found a little bit
in the protons of LA 2-H and 3-H near the acid. A
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percentage of only LPS-treated cells (100%) and represent the

shielding of chemical shift and decreasing of T1 relaxation
time were also slightly observed in LA 7-H and 8-H
of sulfur ring, suggesting the minor interaction of
hydrophobic aliphatic long chains of two materials. Also,
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"H NMR experiments were performed by changing the
temperature conditions (5 °C, 20 °C and 35 °C) to find the
dominant interaction groups. The chemical shift change
(1.16 ppm) of LA carboxylic acid peak in CLA at 35 °C is
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Fig. 5 '"H NMR (CDCls, 25 °C) of (a) 5 mM of CLA, (b) 5 mM of
LA, (c) 5 mM of CLA and 5 mM of LA (CLA:LA = 1:1, mole ratio)
and (d) 20 mM of CLA and 5 mM of LA (CLA:LA = 4:1, mole

ratio). A "H NMR chemical shift change of acid peaks, and B 'H
NMR chemical shift change of LA

Table 1 'H NMR chemical

shift (CS) and T1 relaxation # of carbon LA

CLA:LA = 1:1 (mole ratio) CLA:LA = 4:1 (mole ratio)

time at 25 °C

CS (ppm) T1 (s) CS (ppm) T1 (s) CS (ppm) T1 (s)
Acid-OH 10.4958 4.05 11.0156 3.69 11.2877 333
1 _ _ _ _ _ _
2 2.3819 1.58 2.3796 1.51 2.3775 1.46
3 1.7108 1.45 1.7096 1.40 1.7084 1.33
4 1.5185 1.52 1.5172 1.42 1.5161 1.32
1.4811 1.46 1.4796 1.38 1.4787 1.28
5 1.6777 1.45 1.6759 1.40 1.6744 1.33
6 3.5773 2.96 3.5764 2.95 3.5752 2.82
7 2.4702 2.50 2.4692 243 2.4679 2.35
1.9171 2.35 1.9136 2.32 1.9152 2.20
8 3.1883 3.60 3.1874 3.61 3.1861 3.48
3.1218 3.68 3.1208 3.65 3.1196 3.65

much more deshielding than the chemical shift change
(0.73 ppm) of LA carboxylic acid peak at 5 °C (data not
shown). On the other hands, the chemical shift change of
the hydrophobic long chain and sulfur ring did not change
significantly at various temperatures. Also, the predomi-
nant interaction between CLA and LA suggests hydrogen
bonding of the acid as the result of chemical shift and T1
relaxation variation of '"H NMR (Nanny and Maza, 2001).
The temperature-dependent T1 NMR results are very
useful indicators of the dominance of the chemical reactor
(Bottomley et al., 1984). Thus, these results suggested that
strong hydrogen and hydrophobic interaction between the

two substances influenced the anti-inflammatory activity
in co-treatment group. The corresponding peak shifts of "H
NMR and T1 relaxation time are summarized in the sup-
plementary materials from number 3 to 5.

In this study, Our study group confirmed that the two
fatty acids resolved the inflammation and showed the
additive effect of the anti-inflammation when the two
substances were treated together. We analyzed the
expression of pro- and anti-inflammatory cytokines and
searched the molecular mechanism. The combination of
CLA and LA could reduce inflammatory state by reducing
the expression level of NF-kB and the PPARY. Also, it was
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explored that the molecular interaction of hydrogen bond-
ing and hydrophobic bonding between CLA and LA
influenced the additive effect of the anti-inflammation. As
far as we know, this is the first report to demonstrate the
additive effect of the anti-inflammation by the combination
of CLA and LA through the molecular interaction. Also,
the combination of anti-inflammatory additive effects of
both fatty acids is expected to help to develop functional
health foods and feed additives in the future.
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