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Dietary coconut oil lowered circulating fetuin-A
levels and hepatic expression of fetuin-A

in KK/Talcl mice
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Although coconut oil has attracted great attention as a functional
food, enough supportive scientific evidence is lacking. In addition,
the beneficial effects of coconut oil consumption on the pre-
vention of metabolic disorders are controversial. Fetuin-A is a
plasma glycoprotein secreted by hepatocytes and adipocytes.
Circulating fetuin-A levels relate to insulin resistance due to
macrophage-mediated adipose tissue inflammation. This study
demonstrated that coconut oil feeding significantly down-
regulated the hepatic expression of fetuin-A and reduced its
plasma level in KK mice—an obese diabetic model animal. The
expression of monocyte chemoattractant protein-1, a potent
inducer for macrophage infiltration, decreased in epididymal
white adipose tissue in coconut oil-fed KK mice. The expression of
CD68 and CD11c, markers of proinflammatory M1 macrophages,
was significantly reduced by coconut oil feeding in epididymal
white adipose tissue of KK mice. However, the mice did not
exhibit improved insulin resistance. Our results may further
support the potential of coconut oil as a dietary trigger that
can reduce both circulating fetuin-A levels and infiltration of
proinflammatory macrophages in visceral adipose tissue.

Key Words: coconut oil, type 2 diabetes, fetuin-A, adipose
tissue inflammation, M1 macrophage

oconut o0il (CO) is one of the edible oils extracted from the

kernel of Cocos nucifera L. CO is rich in medium-chain
fatty acids (MCFAs), such as lauric acid (C12:0), caprylic acid
(C8:0), and capric acid (C10:0).(" These fatty acids are classified
as saturated fatty acids and are characterized by preferential
absorption directly into the portal vein and transport to the liver
for rapid oxidation without storage in adipose tissue.? CO has
attracted attention as a functional food with anti-obesity, anti-
hyperlipidemic, and other health effects in the wellness market.
However, Deen et al.® reviewed several human studies and con-
cluded that enough evidence for weight control through CO con-
sumption is lacking.

CO-associated antidiabetic effect is a target for health benefits.
In vivo, CO feeding improved hyperglycemia and insulin resis-
tance in obese or diabetic rodents.*® Insulin resistance is caused
by obesity-induced chronic low-grade inflammation in adipose
tissue. The expansion of white adipose tissue (WAT) associated
with obesity induces secretion of proinflammatory cytokines
and chemokines, such as tumor-necrosis factor-alpha (TNF-a),
interleukin-6 (IL-6), and monocyte chemoattractant protein-1
(MCP-1)." In high-fat diet-fed rodents, CO supplementation
lowered circulating proinflammatory cytokine levels and adipose
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tissue inflammation.®” Systematic review and meta-analysis
have indicated that CO-derived fat had no beneficial effects on
acute or long-term glycemic control.!9 Therefore, the efficacy of
CO consumption in preventing diabetes is controversial.

Glucose and lipid metabolism are partially regulated by the
hepatokine fetuin-A, which is a plasma glycoprotein secreted
from both hepatocytes and adipocytes, triggering adipose tissue
inflammation and insulin resistance.!Y Hyperglycemia and
hyperlipidemia are associated with the upregulation of fetuin-A
expression in the liver, and the complex of fetuin-A with free
fatty acid (FFA) activates inflammatory signaling and insulin
resistance in adipocytes through toll-like receptor 4 (TLR4).(1>14
In addition, a high level of circulating fetuin-A is related to
nonalcoholic fatty liver disease through the induction of insulin
resistance in skeletal muscles and hepatocytes.(! Therefore,
fetuin-A is a potential biomarker and therapeutic target for type 2
diabetes, dyslipidemia, fatty liver, and other related metabolic
disorders. Several studies have demonstrated that functional food
ingredients, such as curcumin and resveratrol, could regulate the
production and circulating levels of fetuin-A.(%!” The synthesis
of fetuin-A is mediated by signal transduction through nuclear
factor-kappa B (NF-kB), a key transcription factor for the inflam-
matory response.'” However, the effects of CO consumption on
NF-kB and fetuin-A associated with glucose and lipid metabo-
lism are unclear.

Therefore, we focused on the effects of CO on circulating
fetuin-A and its production in the liver and adipose tissue per-
taining to metabolic disorders associated with obesity, such as
type 2 diabetes, hyperlipidemia, and fatty liver. To evaluate if CO
is a healthy edible oil, this study examined the effects of CO con-
sumption on the relationship between fetuin-A production and
obesity-related metabolic disorders using KK/TaJcl (KK) mice as
obese diabetic model animals and C57BL/6JJcl (BL6) mice as
normal controls.

Material and Methods

Animals and diets. BL6 and KK male mice (aged 6 weeks)
were purchased from CLEA Japan (Tokyo, Japan) and housed
individually in a controlled environment at a temperature of 23 +
1°C, humidity of 50 +10%, and a 12-h light—dark cycle. The
mice were allowed free access to water and a commercial chow
diet (MF; Oriental Yeast, Tokyo, Japan) and were acclimated
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for 1 week to stabilize metabolic conditions. At 7 weeks of age,
BL6 and KK mice were divided into two groups (n =5) based
on body weight and administered the following experimental
diets: lard/safflower oil (LSO) and CO, for 8 weeks. The LSO
diet contained 25 energy% (en%) from lard (Oriental Yeast) and
safflower oil (Benibana Foods, Tokyo, Japan) in a mixture (4:6),
as described."® The CO diet was prepared by mixing 20 en% CO
(Fujifilm Wako Pure Chemical, Osaka, Japan) with 5 en% LSO.
The experimental diets contained 10.5% (wt:wt) of dietary fats.
The diet composition and fatty acid composition of the experi-
mental diet are listed in Supplemental Table 1 and 2*, respec-
tively. CO contains 60.2% MCFAs, such as C8:0, C10:0, and
C12:0, based on total fatty acid content. The analysis of fatty acids
in the experimental diet was conducted by Japan Food Research
Laboratories (Tokyo, Japan). During the experimental period,
we administered these diets to each mouse every other day and
monitored food intake. At the start of the experiments and at 4, 6,
and 8 weeks, blood glucose levels were measured from the tail
vein of mice fasted overnight for 12 h using a blood glucose
monitoring system (One Touch Ultra Vue; Life scan IP Holdings,
Malvern, PA). Then, the mice were euthanized by isoflurane.
Blood samples were collected from the heart with heparin under
anesthesia and centrifuged (700 x g, 4°C, 15 min) to separate
plasma. Samples of tissues, including the liver, epididymal WAT
(eWAT), inguinal WAT (iWAT), and interscapular brown adipose
tissue (BAT), were weighed and frozen in liquid nitrogen. All sam-
ples were stored at —80°C until analysis. All animal experiments
were performed in accordance with “the recommendations in the
Guide for the Care and Use of Laboratory Animals of Tokyo
Women’s Medical University (permission No. AE22-066-C)”.

Biochemical analyses. Plasma triglyceride (TG) and FFA
levels were determined using Triglyceride E-Test kit and NEFA
C-test kit (Fujifilm Wako Pure Chemical) by spectrophotometric
methods, respectively. Plasma insulin levels were measured using
an enzyme-linked immunosorbent assay (ELISA) kit (Ultra-
sensitive mouse insulin ELISA kit; Morinaga Institute of Biolog-
ical Science, Tokyo, Japan). The homeostasis model assessment
of insulin resistance (HOMA-IR) index was calculated as
described.™® Plasma fetuin-A and leptin were measured using
mouse Fetuin-A/AHSG Quantikine ELISA Kit (R&D Systems,
Minneapolis, MN) and Mouse/Rat Leptin Quantikine ELISA Kit
(R&D Systems), respectively. Total lipids from the liver were
extracted according to the method of Folch ez al."” Hepatic TG
content was measured using Triglyceride E-Test kit (Fujifilm
Wako Pure Chemical).

Quantitative determination of proinflammatory cytokines.
To estimate proinflammatory cytokines in eWAT, tissues were
homogenized with RIPA buffer containing a protease inhibitor
cocktail (Roche, Mannheim, Germany) without sodium dodecyl
sulfate. The tissue homogenates were centrifuged at 15,000 x g at
4°C for 10 min. The supernatants were collected, and protein
concentrations in the supernatants were measured using the
Bradford assay. The quantitative determination of TNF-o and
IL-6 in eWAT was performed using LEGENDplex (BioLegend,
San Diego, CA) and CytoFLEX Flow Cytometer (Beckman
Coulter Life Sciences, Indianapolis, IN), according to the manu-
facturer’s instructions. Data were analyzed using the online
QOGNIT LEGENDplex program. MCP-1 level was determined
using Mouse CCL2/JE/MCP-1 Quantikine ELISA Kit (R&D
Systems).

Western blotting. Total protein was extracted from the liver
and eWAT using lysis buffer containing a protease inhibitor
cocktail (Roche). The homogenates were centrifuged at 18,000 x
g at 4°C for 30 min. Nuclear proteins were isolated using a
nuclear extraction kit, according to the manufacturer’s instruc-
tions (Active Motif, Carlsbad, CA). The concentration of protein
in the supernatant was measured by the Bradford assay. The
protein samples were mixed with a sample loading buffer and
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separated using 10% sodium dodecyl sulfate polyacrylamide
gel electrophoresis. The membranes were blocked with 5% BSA
or nonfat dry milk for 1 h at room temperature and incubated
overnight at 4°C with the primary antibodies (described in
Supplemental Table 3*). Then, the membranes were incubated
with horseradish peroxidase-conjugated anti-rabbit (#7074,
1:2,000; Cell Signaling Technology, Danvers, MA), anti-goat
(sc-2768; Santa Cruz Biotechnology, Dallas, TX), and anti-
mouse immunoglobulin G (ab131368, 1:4,000; Abcam, Cam-
bridge, UK) antibodies for 1h at room temperature. Protein
bands were detected using a chemiluminescence reagent (Clarity
Western ECL Substrate; Bio-Rad, Hercules, CA) and AE-9300H
Ez-capture MG System (ATTO, Tokyo, Japan). The chemilumi-
nescence intensity of bands was quantified using Image] soft-
ware, ver. 1.52a (Wayne Rasband, NIH).

Morphological analysis. e¢WAT samples were fixed with
10% neutral buffered formalin (Muto Pure Chemicals, Tokyo,
Japan) and embedded in paraffin. The paraffin blocks were cut
into 5-um sections for immunohistochemical analysis. The sec-
tions were deparaffinized, rehydrated, and heated in Tris-EDTA
buffer (pH 9.0) for 20 min at 121°C for antigen retrieval.
Endogenous peroxidase activity was blocked using BLOXALL
Endogenous Blocking Solution (Vector Laboratories, Newark,
CA), according to the manufacturer’s instructions. Nonspecific
antibody binding was blocked using 2.5% normal horse serum
for 20 min at room temperature. The sections were stained at 4°C
overnight with primary antibodies against CD68 (28058-1-AP,
1:1,000; Proteintech Group, Rosemont, IL) or CD1lc (#97585,
1:200; Cell Signaling Technology) diluted with normal blocking
serum. ImmPRESS HRP Horse Anti-Rabbit IgG Polymer
Detection Kit (Vector Laboratories) was used as the secondary
antibody, according to the manufacturer’s instructions. Immuno-
reactivity was visualized using 3,3'-diaminobenzidine substrate
chromogen (Dako, Glostrop, Denmark). Finally, the sections
were counterstained with hematoxylin and scanned with a
Biorevo BZ9000 microscopy (Keyence, Osaka, Japan).

Statistical analysis. Data are presented as mean + SD. Com-
parisons between the LSO and CO groups of the same strain
were carried out using the unpaired Student’s ¢ test. We defined
p values of <0.05 as statistically significant. All statistical
analyses were performed using Microsoft Excel.

Results

CO feeding had no effect on obesity and fatty liver in BL6
and KK mice. Final body weight was not different between
LSO and CO groups in BL6 and KK mice. The weights of eWAT
and BAT significantly increased in the CO group compared with
the LSO group in KK mice; however, no significant differences
were observed between groups in BL6 mice. iWAT weight was
not affected by CO in both BL6 and KK mice. Although liver
weight was significantly higher in the CO group than the LSO
group in BL6 mice, there was no difference between groups in
KK mice (Table 1). The content of hepatic TG and FFA did not
significant change between LSO and CO groups in BL6 and KK
mice. However, the CO diet tended to increase (p=0.0611)
hepatic TG compared with the LSO diet in KK mice (Table 2).

In this study, CO feeding did not affect energy intake in BL6
mice. By contrast, energy intake significantly decreased by ~8%
in the CO group compared with the LSO group in KK mice
(Table 1). The difference in the level of plasma leptin, a peptide
hormone positively associated with body fat mass,*” was not
significant between LSO and CO groups in each strain (Table 2).
Body weight, WAT weight, hepatic lipid content, and plasma
leptin level were not lower in CO-fed KK mice than in LSO-fed
KK mice, suggesting that the difference in energy intake between
LSO and CO groups did not markedly obscure the effect of CO
feeding on at least obesity and fatty liver.
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Table 1. Energy intake, body weight, and tissue weights

C57BL/6 KK

Group

LSO co LSO co
Energy intake (kcal/day/mouse) 13.7+0.4 13.9+0.1 21.8+1.0 20.0 £ 0.7*
Initial body weight (g) 19.3+£0.5 19.3+0.5 249 +0.7 24.9 + 0.6
Final body weight (g) 27.6+1.1 288+ 1.0 39.6+1.5 39.7+0.6
Liver weight (g) 0.99 +0.06 1.09 + 0.06* 1.60+0.18 1.77£0.16
Epididymal WAT weight (g) 0.70 £0.12 0.78 £ 0.07 1.62 +0.06 1.77 £ 0.07*
Inguinal WAT weight (g) 0.45+0.07 0.49 +0.03 1.00 £ 0.09 1.01+0.08
BAT weight (g) 0.08 +0.01 0.07 £ 0.01 0.20 £ 0.01 0.23+0.01*

Data are presented as mean = SD (n = 5). *Significantly different (p<0.05) between LSO and CO group in each mouse using the unpaired Student'’s

t test.
Table 2. Blood glucose and biochemical parameters in the plasma and liver
C57BL/6 KK
Group
LSO co LSO co

Blood glucose level (mg/dl) 160 + 26 161+ 11 138 +18 110 £ 10*
Plasma insulin level (ng/ml) 0.14 + 0.05 0.23+0.08 0.81+0.22 1.11+0.42
HOMA-IR 1.5+05 24+09 7.2+25 7.7+27
Plasma TG level (mg/dl) 64+7 68+9 196 + 23 231+ 46
Plasma FFA level (mEqg/L) 1.18£0.49 0.93+0.34 0.74 + 0.06 0.72+0.12
Plasma fetuin-A level (ug/ml) 79.3+6.1 76.3+1.5 96.2 +4.4 84.2 +3.1*
Plasma leptin level (ng/ml) 54+1.0 54+1.2 65.3+4.3 51.7 +15.6
Liver TG level (mg/g liver) 38.8+5.6 457 +7.1 66.1+9.1 85.9 + 18.1
Liver FFA level (mEqg/g liver) 0.004 + 0.001 0.006 + 0.002 0.010 + 0.005 0.020 + 0.007*

Data are presented as mean = SD (n = 4-5). *Significant difference (p<0.05) between LSO and CO groups in each mouse was evaluated using the

unpaired Student’s t test.

Duration of antihyperglycemic effect due to CO feeding
varied with the health of mice. We evaluated the effects
of CO feeding on glucose metabolism in BL6 and KK mice. In
KK mice, blood glucose was significantly lower in the CO group
than in the LSO group from 4 to 8 weeks. In BL6 mice, blood
glucose significantly decreased in the CO group compared with
the LSO group at 4 and 6 weeks; however, there were no differ-
ence between the groups at 8 weeks (Fig. 1). At the end of the
experiment, the hepatic expression of glucose-6-phosphatase
(G6Pase) and phosphoenolpyruvate carboxykinase (PEPCK)—
rate-limiting enzymes of gluconeogenesis—was significantly
downregulated in the CO group compared with the LSO group in
KK mice. In BL6 mice, no significant differences were observed
in the hepatic expression of G6Pase and PEPCK (Fig. 2C and D).
Although the antihyperglycemic effect of CO feeding was seen in
obese KK mice, the plasma insulin levels and HOMA-IR indices
were unaffected by dietary fat in each strain (Table 2).

CO feeding decreased plasma fetuin-A level and fetuin-A
production in the liver associated with suppressing the
nuclear translocation of NF-kB in KK mice. Plasma fetuin-A
level was significantly lower in the CO group than the LSO
group in KK mice; however, there was no difference between the
groups in BL6 mice (Table 2). Consistently, the expression of
fetuin-A and the nuclear abundance of NF-kB in the liver were
significantly decreased in the CO group compared with the LSO
group in KK mice (Fig. 2J and K). In the CO group of KK mice,
NF-kB was predominately localized to the cytosol in liver cells
(Fig. 2L). By contrast, no significant changes were observed in
the expression of fetuin-A and the cellular localization of NF-kB
in the nucleus and cytosol between groups in the eWAT of KK
mice (Fig. 3C, G, and H). In BL6 mice, fetuin-A expression as
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well as nuclear translocation of NF-kB were unaffected by CO
feeding in the liver (Fig. 2J and K) and eWAT (Fig. 3C and G).
As a factor regulating the translocation of NF-«B to the nucleus
in eWAT, the phosphorylation of extracellular signal-regulated
kinases 1 and 2 (ERK1/2) was not affected by CO feeding in both
KK and BL6 mice (Fig. 2I). The expression of TLR4, a critical
receptor for NF-kB signaling, was unchanged by CO feeding in
each strain (Fig. 3D).

CO feeding induced lipogenesis-related hepatic expres-
sion of proteins in KK mice. We examined whether CO had an
impact on lipid metabolism in BL6 and KK mice. There was no
significant difference in plasma TG and FFA levels between
groups in each strain (Table 2). The hepatic expression of fatty
acid synthase and stearoyl-CoA desaturase 1—central enzymes
in the de novo lipogenesis pathway—was significantly upregu-
lated in the CO group compared with the LSO group in KK mice
(Fig. 2E and F). Regarding fatty acid B-oxidation-related
enzymes, the expression of carnitine palmitoyl transferase 1 and
medium-chain acyl-CoA dehydrogenase was unaffected by CO
feeding in KK mice (Fig. 2G and H). There were no significant
differences in the hepatic expression of fatty acid synthase,
stearoyl-CoA desaturase 1, carnitine palmitoyl transferase 1, and
medium-chain acyl-CoA dehydrogenase between groups in BL6
mice (Fig. 2 E-H).

CO feeding reduced MCP-1 protein level and macrophage
migration in the eWAT of KK mice. To investigate the effect
of lowering circulating fetuin-A by CO feeding on obesity-
induced chronic low-grade inflammation in eWAT, we evaluated
infiltrating macrophages and expression of proinflammatory
cytokines and chemokines. Immunostaining of the eWAT
revealed the formation of a crown-like structure by infiltrating
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Fig. 1. Fasting blood glucose levels in 12 h-fasting C57BL/6J and KK
mice during the experimental period. Data are presented as the mean
+SD (n =5). *p<0.05 vs LSO group. Comparisons of two sets of data at
the week of measurement in each strain were performed using the
unpaired Student'’s t test. BL6, C57BL/6)J mouse; CO, coconut oil; LSO,
lard/safflower oil.

macrophages in the LSO group compared with the CO group in
KK mice (Fig.4A). In the immunostaining of macrophage
marker and the Western blot data in eWAT of KK mice, CD68
and CD1lc positive cell around the adipocyte (Fig. 4A and B)
and these protein expression in tissue lysate (Fig. 3E and F) were
also lower in the CO group than the LSO group, respectively.
CO-fed KK mice showed a significant reduction in the expres-
sion of MCP-1 in eWAT (Fig. 3K). However, these findings were
rarely observed in BL6 mice. CO feeding failed to affect eWAT
expression of TNF-a and IL-6 in each strain (Fig. 31 and J).

Discussion

The effect of dietary lipids on circulating fetuin-A levels and
the expression of fetuin-A in the liver have been evaluated in
rodents and human;?'2» however, the beneficial effect of CO
intake on fetuin-A abundance and obesity-related metabolic dis-
orders is unclear. In this study, we found that CO intake
decreased plasma fetuin-A levels associated with the downregu-
lation of fetuin-A expression in the liver of KK mice with type 2
diabetes. Additionally, CO-fed KK mice showed a decrease in
blood glucose after CO feeding for 4, 6, and 8 weeks. Several
studies have reported that CO has a hypoglycemic effect in
rodent, improving insulin resistance due to the high content of
MCFAs.%>% By contrast, we did not observe changes in plasma
insulin levels and the HOMA-IR index in CO-fed KK mice, sug-
gesting that CO intake lowered blood glucose level independent
of insulin sensitivity. Gluconeogenesis is the main pathway for
endogenous glucose production in the liver to maintain blood
glucose during long-term fasting. However, hyperglycemia is
induced by the abnormal activation of hepatic gluconeogenesis in
type 2 diabetes.?¥ The expression of the rate-limiting enzymes
for gluconeogenesis, G6Pase and PEPCK, at the mRNA and pro-
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tein level was upregulated in the liver associated with hyper-
glycemia in obese and diabetic mice.®> Our findings suggest that
CO intake decreased blood glucose level by downregulating the
hepatic expression of G6Pase and PEPCK in KK mice. By con-
trast, BL6 mice did not exhibit any difference between the LSO
and CO groups in blood glucose levels and the hepatic expres-
sion of gluconeogenesis-related enzymes at 8 weeks; however,
blood glucose levels decreased at 4 and 6 weeks after the start of
the experiment. In BL6 mice, the low levels of G6Pase and
PEPCK expression may be associated with a decrease in blood
glucose level. It remains unclear why the hypoglycemic effect of
CO is not maintained until 8 weeks of treatment in BL6 mice.
The abundance of G6Pase and PEPCK in the liver might con-
tribute, in part, to the change in blood glucose level in CO-fed
mice.

During the development of obesity, adipose tissue dynamically
expands by TG accumulation into the adipocyte. This hyper-
trophic adipocyte secretes MCP-1 that promotes monocyte infil-
tration into the WAT; the monocytes differentiate into adipose
tissue macrophages (ATMs).?9 ATMs are classified into the
proinflammatory M1 phenotype and the anti-inflammatory M2
phenotype. Notably, M1 ATMs induce low-grade, chronic
inflammation by producing several chemokines and proinflam-
matory cytokines that promote infiltration of other immune cells
into the WAT and insulin resistance.”’ Fetuin-A also acts as a
chemoattractant similar to MCP-1 and polarizes ATMs from M2
to M1 in the WAT.?” In this study, CO feeding reduced plasma
fetuin-A and the expression of MCP-1 in the eWAT of KK mice.
Consistently, CO-fed KK mice exhibited a decrease in CD68
expression, indicating the presence of ATMs, and CDllc as
markers for M1 macrophages in the eWAT. Thus, our data indi-
cate that CO consumption may inhibit M1 macrophage infiltra-
tion into adipose tissue, accompanied with a decrease in, at least
partially, production of MCP-1 and fetuin-A. However, the level
of proinflammatory cytokines, such as TNF-o and IL-6, did not
change according to the fat source of diets and strains despite the
scarcity of ATMs, especially in BL6 mice. The limitation of
cytokine analysis is that the measurement was carried out without
isolation of immune cells and adipose tissue in our study. Several
cytokines are produced by both immune -cells, including
macrophages, and adipocytes, so that a CO diet does not change
the production of proinflammatory cytokines in the entire eWAT.
Additionally, it remains unclear whether the development of diet-
induced inflammation in adipose tissue is different between BL6
and KK mice. However, it is difficult to explain why the levels of
proinflammatory cytokine did not improve in spite of lower
CD68 and CD11c expression in the eWAT of CO-fed KK mice in
both cases. One possibility is that a larger decrease in Ml
macrophage infiltration may be needed for the variation in the
amount of proinflammatory cytokines.

Circulating fetuin-A is positively associated with dyslipidemia
as well as fatty liver in humans and rodents.®>?® In addition, obe-
sity correlated with high fetuin-A concentration.®” However, CO
feeding reduced plasma fetuin-A level associated with hepatic
expression in KK mice, although the body weight, plasma lipid
level, and liver fat content did not improve in these mice. The
hepatic expression of fatty acid synthase and stearoyl-CoA desat-
urase | increased in CO-fed KK mice. These are the rate-limiting
enzymes that catalyze the biosynthesis of fatty acids used as the
main substrates for the synthesis of hepatic TG.®%31 Consistently,
the CO diet increased hepatic FFA level and TG content (p =
0.0611) compared with the LSO diet in KK mice. Several studies
have used a high-fat diet (24-35% from lipids in total diet) with
or without CO and represented the beneficial effects of its CO oil
on obesity, dyslipidemia, and fatty liver in BL6 mice.®323% By
contrast, CO feeding decreased plasma TG level but increased
blood glucose level and plasma TC level in db/db mice, a severe
type 2 diabetic model animal, that were fed a standard chow diet

doi: 10.3164/jcbn.24-160
©2025 JCBN



A BL6 KK C
__ __ BL6
GoPase || [——|
- 1.
PEPCK [l (i 3 £
S 9
FAS [N IR (™ s | ©=05
el e | — 0
LSO CO
CPT 1o S S [ o - o
MCAD [ W 40
=5
no
S 2.0
e a—— 3L
~ 1.0
Fetuin-A ] (]
B-BCH N ] e LSO Co
SO €O LSO O 1
2.0r BL6
X
B Nuclear < 151
BL6 KK % 1o}
I 3 B i L
g o
Lamin A/C | S s s & 0
| ———— LSO CO
LSO
I— 2.0r
Cytosol c BL6
BL6 KK 25 o
n 1 0 L
e R L
3 7
[ Ta Ty — L 0.5
LSO CO LSO Co % so co

D E
- 157 BL6 KK 2.01 BL6 KK
£
E 1.0 * e b3 *
* -
S 28 10
O 05 o
& ~ 0.5
[a %
0 0
LSO CO LSO CO LSO CO LSO CO LSO CO
KK Gis BL6 KK H s BL6 KK
£
* ® 1.0 asg 10
s 3%
0.5 2 0.5
= <
O
0 0
LSO CO LSO CO LSO CO LSO CO LSO CO
T KK J 15; Bs KK K Q 151 BL6 KK
= <
L -+ c
@ 1.0 g g 1.0 *
L = * 2 ©
< g4
< o5 Z3 05
i £ 2
3 u
T 0 Z 0
Lsoco + LSO CO LSO CO LSO CO LSO CO
KK
*
LSO CO

Fig. 2. Hepatic expression of proteins in C57BL/6J and KK mice. Representative blots of immunoblot analysis in the total fraction (A) and nuclear-
cytosolic fraction (B). Expression of G6Pase (C), PEPCK (D), FAS (E), SCD1 (F), CPT1 (G), MCAD (H), ratio of phospho-ERK 1/2 and total ERK 1/2 (1),
fetuin-A (J), nuclear NF-kB (K), and cytosolic NF-kB (L). Data are presented as the mean + SD (n = 5) and fold-change of the mean value of the LSO
group. *p<0.05 vs LSO group. Comparisons of two data in each strain were performed using the unpaired Student’s t test. BL6, C57BL/6J mouse;
CO, coconut oil; CPT1, carnitine palmitoyl transferase 1; ERK, extracellular signal-regulated kinases; FAS, fatty acid synthase; G6Pase, glucose-6-
phosphatase; LSO, lard/safflower oil; MCAD, medium-chain acyl-CoA dehydrogenase; NF-«B, nuclear factor-kappa B; PEPCK, phosphoenolpyruvate

carboxykinase; SCD1, stearoyl-CoA desaturase 1.

(10.7% from lipids in total diet) with CO.®¥ The KK mouse is
also an animal model of mild obesity and type 2 diabetes. In our
study, CO feeding did not improve lipid levels in the plasma and
liver in KK mice. On the basis of these findings, it is reasonable
to assume that CO consumption showed positive and negative
effects on lipid metabolism depending on the health condition of
the mouse strain and the total amount of daily lipid intake. Taken
together, the reduction of fetuin-A in the plasma and liver by CO
feeding was not mediated through at least in part improvement of
obesity, dyslipidemia, and fatty liver in CO-fed KK mice.

The NF-kB-dependent pathway is an important mediator of
fatty acid-induced fetuin-A transcription in hepatocyte.'” TLR4
signaling pathway is one of the triggers for the translocation of
NF-kB to the nucleus.®® It has been reported that not only
palmitic acid but also lauric acid, rich in CO, activated TLR4
with the interplay of fetuin-A.G% Although KK mice were fed a
high amount of lauric acid from the CO diet, they showed a
decrease in the expression of fetuin-A, associated with sup-
pressing NF-kB translocation to the nucleus in the liver, but not
in the eWAT. These findings suggest that CO intake reduced

Y. lizuka et al.

hepatic fetuin-A production independent of the TLR4/NF-kB
signaling pathway. Fetuin-A expression in HepG2, a human liver
cell line, was induced by high levels of glucose through the
ERK1/2 signaling pathway.!'® Compared with the LSO diet, the
CO diet decreased blood glucose level in KK mice, assuming that
these mice showed attenuation of ERK1/2 activation in the liver.
Unexpectedly, no significant change was observed in the phos-
phorylation of hepatic ERK1/2 between the LSO and CO groups
in KK mice. Our findings highlight that CO feeding downregu-
lated fetuin-A expression in the liver, but not in the eWAT, and
inhibited the nuclear translocation of NF-kB in KK mice. Dietary
MCFAs are absorbed from the gut and transported directly to the
liver through the portal vein, making them more readily available
to the liver than other tissues, such as the heart and skeletal
muscle.®” Therefore, the liver may be more susceptible to dietary
CO, rich in MCFAs, than eWAT in mice. Further investigations
are needed to clarify the mechanism underlying the influence of
CO consumption on fetuin-A production.

In conclusion, our data demonstrated that CO feeding down-
regulated the hepatic expression of fetuin-A and reduced the
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Fig. 3. eWAT expression in C57BL/6J and KK mice. Representative blots of immunoblot analysis of total fraction (A) and nuclear-cytosolic fraction
(B). Expression of fetuin-A (C), TLR4 (D), CD68 (E), CD11c (F), nuclear NF-kB (G), and cytosolic NF-kB (H). Levels of TNF-a (1), IL-6 (J), and MCP-1 (K) in
tissue homogenates. Data are presented as the mean + SD (n =5) and fold-change of the mean value of the LSO group. *p<0.05 vs LSO group.
Comparisons of two data in each strain were performed using the unpaired Student’s t test. BL6, C57BL/6)J mouse; CO, coconut oil; IL-6, inter-
leukin-6; LSO, lard/safflower oil; MCP-1, monocyte chemoattractant protein-1; ND, not detected; NF-xB, nuclear factor-kappa B; TNF-o, tumor-
necrosis factor-alpha; TLR4, toll-like receptor 4.
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Fig. 4. Representative images of immunostaining in the eWAT of C57BL/6J and KK mice. Stained sections of CD68 (A) and CD11c (B). Arrow heads
indicate immunostained positive cells for CD68 or CD11c. Scale bar: 100 um. Original magnification: 100x. BL6, C57BL/6J mouse; CO, coconut oil;
LSO, lard/safflower oil.
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plasma levels of fetuin-A in KK mice. M1 macrophage infiltra-
tion in eWAT was inhibited in CO-fed KK mice associated with a
decrease in MCP-1 levels. However, CO consumption did not
improve insulin resistance. Further studies, including factors such
as severity of obesity and diabetes, strain of mouse, and amount
of CO intake, are needed to evaluate the benefits of CO con-
sumption on glucose and lipid metabolism.
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