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Introduction

Overweight and obesity are characterized by a pro-

inflammatory state associated with excessive fat mass and

elevated blood lipid profiles [1]. Obesity plays a role in the

increased risk of insulin resistance, type 2 diabetes, fatty

liver disease, atherosclerosis, degenerative disorders

(including dementia), airway disease, and some cancers

[2-4]. In addition to body weight gain due to energy

imbalance, the upregulation of various proinflammatory

molecules including cyclooxygenase-2 (COX-2), interleukin-

4 (IL-4), and intercellular adhesion molecule-1 (ICAM-1) is

associated with chronic inflammation in obesity [3, 5].

Despite the immense public health implications of obesity,

there has been a marked increase in obesity even among

children worldwide [6]. Obesity is typically treated through
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Cheonggukjang and chaga mushrooms have numerous health benefits, and have been used in

alternative medicine. Therefore, a powder mixture of 98: Cheonggukjang and 2: Chaga extracts

was fermented with Lactobacillus acidophilus KCTC3925 (FCC) and its anti-obesity effects in

high-fat diet (HFD)-induced obese mice were determined. Five-week-old male ICR mice were

fed a normal diet or HFD in the presence or absence of 3% and 5% FCC by weight (n = 10 per

group). After 12 weeks, the mice were sacrificed, and the serum and tissue samples were

collected for analysis. Body weight and epididymal fat pad weight were significantly lowered

in the 3% and 5% FCC groups compared with those in the HFD control group (p < 0.01). FCC

supplementation suppressed serum triglyceride and increased serum HDL-C levels (p < 0.01).

Serum GOT, GPT, and leptin levels, hepatic COX-2 mRNA expression, and splenic COX-2 and

IL-4 mRNA expression were significantly higher in the HFD groups than in the control group

(p > 0.05); however, except for splenic IL-4 levels, the increases were significantly attenuated

by FCC supplementation. Expression of ICAM-1, an aortic inflammatory marker, was

significantly increased in the HFD group; this effect was suppressed in the 3% FCC group (p <

0.01) but not in the 5% FCC group. FCC suppressed the body weight and epididymal fat pad

weight gain, as well as inflammatory responses in the liver and spleen of HFD-fed mice. Thus,

FCC supplementation will be beneficial for the treatment of obesity-related effects.

Keywords: Cheonggukjang, chaga mushroom, Lactobacillus acidophilus KCTC3925, high-fat diet,

anti-obesity, inflammatory molecules
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lifestyle modifications such as dietary changes, exercise,

and smoking cessation, as well as through pharmacologic

intervention with statin therapy, supported by the use of

niacin, bile acid sequestrants or cholesterol absorption

inhibitors. Though drug therapy can be used for weight

loss, no such therapy cures obesity, and weight typically

increases shortly after the cessation of drug therapy [7].

Moreover, the use of existing anti-hyperlipidemic drugs is

limited in normolipidemic, normoglycemic or normotensive

people who are approaching the risk levels. Statins also

have several limitations including treatment resistance,

intolerance due to adverse events, and a lack of adherence,

all of which contribute to poor outcomes [8]. It should be

noted that obesity-associated complications are not

mediated by a single cause or signaling pathway but by

multiple routes [7]. Thus, there is an imperative need for

preventative and therapeutic strategies [7].

Soybeans are rich in proteins and contain functional

components such as isoflavones, phytic acid, trypsin

inhibitor, saponins, phytosterol and phenolic compounds,

dietary fiber, and oligosaccharides [9-12]. Cheonggukjang

(also called natto, tempeh, and douchi in other Asian

regions) is a century-old Korean soybean-based fermented

food, that only takes 1–3 days for optimal fermentation,

unlike other soybean pastes/soy sources that require a few

months or years [13]. Cheonggukjang intake can improve

plasma lipid profiles and fasting blood glucose levels in

subjects with impaired fasting glucose control [14]. In

addition, cheonggukjang intake produces an inhibitory

effect on allergic asthma that is exacerbated by histamine

release from mast cells, as well as other allergic responses

[15, 16].

Like soybeans, mushrooms contain enormous amounts

of bioactive compounds, including polysaccharides, fibers,

terpenes, polyphenols, sterols, flavonoids, and alkaloids

[4]. Amongst them, the chaga mushroom (Inonotus obliquus)

has been used as a folk medicine in East Asian countries

and Russia for centuries [17]. Chaga can be used in

combination with other herbs to alleviate gastric and

duodenal ulcers, and gastritis [18].

Among the various technological options for food

processing, the fermentation of natural plants or their

products is an excellent choice for reducing the levels of

allergy-causing materials and enriching the bioavailability

of beneficial compounds [19-21]. To determine whether

the combination of chaga and cheonggukjang would cause

weight loss in obese mice, we prepared a secondary

fermented extract of cheonggukjang mixed with chaga

mushroom extract (Chaga-Cheonggukjang) through fermen-

tation with Lactobacillus acidophilus KCTC 3925, referred to

herein as FCC [22]. The consumption of a high-fat diet

(HFD) causes a positive energy balance in the body and

leads to an increase in visceral fat deposition [23]. After

mixing commercial HFD chow with 3% (FCC3) and 5%

FCC (FCC5) by weight, FCC3 and FCC5 were prepared as

pellets, and were made freely accessible to mice in meals to

minimize interventional stress. Then, we evaluated the

effects of 12-week FCC3 and FCC5 intake on HFD-induced

obesity parameters (body weight, epididymal fat pad

weight, and lipid profiles) and inflammatory responses in

the liver (COX-2 mRNA levels), spleen (IL-4 and COX-2

mRNA levels), and aorta (protein level of ICAM-1).

Materials and Methods

Chemicals and Reagents

Normal chow diet (D12450B; 10% kcal% fat) and high-fat diet
(D12492; 60% kcal% fat) were obtained from Research Diet, Inc.
(USA). Primary antibodies against intercellular adhesion molecule-1
(ICAM-1) and β-actin were purchased from Cell Signaling
Technology (USA). Triglycerides (TG) and total cholesterol (T-
Chol), high-density lipoprotein-cholesterol (HDL-C), low-density
lipoprotein-cholesterol (LDL-C) assay kits were obtained from
Biovision (USA). Aspartate aminotransferase (GOT) and alanine
aminotransferase (GPT) activity assay kits and simvastatin (SV)
were purchased from Sigma-Aldrich (USA). Chaga-Cheonggukjang
is a cheonggukjang containing 2% (weight/weight) chaga water
extract (Primorsky Territory, Russia) and was obtained from the
BARI Co., Ltd. (Korea).

Fermentation of Chaga-Cheonggukjang

Lactobacillus acidophilus KCTC 3925 has shown a strong capacity
for converting glycoside to aglycones, such as genistein, daidzein,
and glycitein, in fermented soybean paste [22]. L. acidophilus

KCTC 3925 was cultured in de Man, Rogosa and Sharpe (MRS)
medium (Difco, USA) for 2–3 days at 37°C without agitation. FCC
was obtained after secondary fermentation of Chaga-Cheonggukjang
at 40°C for 48 h with L. acidophilus KCTC 3925. As previously
reported [24], FCC contains 28% more total isoflavone aglycones
than the original Chaga-Cheonggukjang. FCC3 and FCC5, containing
3% and 5% (weight/weight) respectively, of FCC in HFD, were
prepared as pellets similar to normal chow diet by Raon Bio Co.
(Korea). The composition of the experimental diets and their
calories per gram are depicted in Table 1. To avoid auto-oxidation
of the fat components, experimental foods were stored at
approximately 4°C.

Experimental Animals and Diets

All animals received humane care. The experimental animal
facility and study protocols were approved by the Animal Care
and Use Committee of Kangwon National University (KW-
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161129-1). All experimental procedures were undertaken in
compliance with the Guide for the Care and Use of Laboratory
Animals (National Institutes of Health, USA) and the National
Animal Welfare Law of the Republic of Korea. Five-week-old ICR
male mice were obtained from Orient Bio Inc. (Korea). The mice
were maintained in a controlled environment of 22 ± 1°C and
humidity of 50 ± 10% with a 12 h light-dark cycle. The mice were
provided with sterile standard mouse chow and water ad libitum

during the acclimation and experimental periods. After acclima-
tion, mice were randomly divided into five groups (n = 10 per
group) and were fed with normal chow diet (ND), HFD, FCC3, or
FCC5 for 12 weeks. Simvastain (SV), a lipid-lowering statin drug
that is derived synthetically from the fermentation of Aspergillus

terreus, was delivered via oral gavage at a dose of 10 mg/kg body
weight for 6 days per week. During the experiment, clinical signs
and general appearance were observed twice per week. Weight
gain and food intake, as calculated by the collection and weighing
of uneaten food, were recorded twice per week.

Biochemical Analysis and Determination of Tissue Weight

At the end of the experiment, all animals were fasted for 12 h,
and blood was collected from the abdominal vena cava under

anesthesia. Blood was centrifuged at 3,000 ×g for 10 min at 4°C to
obtain serum. The following parameters were analyzed using a
Hemavet 950 Analyzer (Drew, USA): serum TG, T-Chol, HDL-C,
LDL-C, GOT, and GPT. Serum leptin  levels were measured with a
leptin assay kit (Sigma, USA) according to the manufacturer’s
protocol. The liver, spleen, and epididymal fat were carefully
excised, cleaned with sterile 0.9% NaCl solution, blotted dry with
filter paper, and then weighed. The weight of each tissue was
expressed as a relative value to the body weight (kg).

Histological Examination

The liver and epididymal fat tissue were removed. The liver
was perfused with 0.9% normal saline to remove blood, the
largest lobule was sectioned and fixed in 10% formaldehyde.
Paraffin-embedded liver and epididymal fat tissue sections (3 μm)
were stained with hematoxylin and eosin stain (H&E). Samples
were observed and photographed at 200× magnification. Blinded
histological analysis was performed by a trained histologist.

Quantitative RT-PCR (qRT-PCR) Analysis of COX-2 and IL-4

The mRNA expression levels of cyclooxygenase-2 (COX-2) and
interleukin-4 (IL-4) were determined using reverse transcription
polymerase chain reaction (RT-PCR). Total RNA was extracted
from the liver and spleen using the TRIzol reagent (Invitrogen,
USA) and processed using a cDNA Synthesis Kit (TAKARA,
Japan). A SYBR Master Mix Kit (TAKARA) was used for RT-PCR,
and cDNA was amplified using specific COX-2 (forward, 5’-
CGTAGCAGATGACTGCCCAA-3’; reverse, 5’-CTTGGGGGTCAG
GGATGAAC-3’), IL-4 (forward, 5’-ACAGGAGAAGGGACGCCA
T-3’; reverse, 5’- GAAGCCCTACAGACGAGCTCA-3’), and β-
actin (forward, 5’-TGTCCACCTTCCAGCAGATGT-3’; reverse, 5’-
AGCTCAGTAACAGTCCGCCTAGA-3’) primers. Quantitative
real-time RT-PCR reactions were performed on a Light Cycler 96
Instrument (Roche, Switzerland). Relative quantitative evaluation
of each gene was performed by the comparative cycle threshold
method [25].

Immunoblot Analysis

The aorta of the experimental animals were harvested and
washed with PBS, and the red blood cells were removed with Red
Blood Cell Lysis Buffer (Sigma-Aldrich, USA). The vascular
tissues were lysed with a homogenizer while immersed in PRO-
PREP Protein Extraction Buffer (Intron Biotechnology, Korea) for
1 h on ice. After centrifugation at 15,000 ×g for 30 min at 4°C, the
lysates were collected and the protein concentration was
determined using a protein assay kit (Bio-Rad Laboratories, USA)
with bovine serum albumin (BSA) as the standard. Equal amounts
of protein were boiled for 5 min, fractionated by 10% SDS-
polyacrylamide gel electrophoresis (PAGE) (Bio-Rad Laboratories),
and electrophoretically transferred to a nitrocellulose membrane.
The membrane was blocked with 5% skim milk and incubated
with primary antibodies against ICAM-1. The blots were

Table 1. Composition of experimental diets.

Ingredients(g/kg)
Experimental diets

ND HFD FCC3 FCC5

Casein 200 200 200 200

L-Cystine 3 3 3 3

Corn starch 315 0 0 0

Maltodextrin 10 35 125 125 125

Sucrose 350 68.8 68.8 68.8

Cellulose, BW 200 50 50 50 50

Soybean oil 25 25 25 25

Lard 20 245 245 245

Mineral mix S10026 10 10 10 10

D-calcium phosphate 13 13 13 13

Calcium carbonate 5.5 5.5 5.5 5.5

Potassium citrate 16.5 16.5 16.5 16.5

Vitamin mix V10001 10 10 10 10

Choline bitartrate 2 2 2 2

FD&C yellow dye #5 0.05 - - -

FD&C blue dye #1 - 0.05 0.05 0.05

FCC 30 50

Total (g) 1055.05 773.85 803.85 823.85

Calories per gram 4.057 5.243 5.220 5.203

ND: normal diet, HFD: high-fat diet, FCC; secondary fermented extract of

Chaga-cheonggukjang. FCC3; HFD containing 3% FCC (weight/weight); FCC5;

HFD containing 5% FCC (weight/weight).
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developed using enhanced horseradish peroxidase-conjugated
anti-rabbit secondary antibodies. Blots were re-probed with anti-
β-actin antibody as a control for protein loading. Bands were
visualized with the EZ-Western Lumi Pico reagent (Daeil Lab.,
Korea) according to the manufacturer’s instructions.

Statistical Analysis

Data were presented as mean ± standard deviation (SD).
Statistical significance in the differences between control and
experimental values was calculated by analysis of variance
(ANOVA) using the Tukey test, and was performed using
GraphPad Prism 5 (GraphPad Software, USA). Significant values
are denoted by hashes and asterisks (#p < 0.05 and ##p < 0.01
compared with the ND group, and *p < 0.05 and **p < 0.01
compared with the HFD group).

Results

Effect of FCC on Body Weight and Organ Weight in the

HFD Induced-Obesity Model

During the 12-week experiment, there was no treatment-

related mortality or behavioral changes such as salivation,

lethargy, and tremors at at any given dose. The effects of

FCC on body weight and organ weights are shown in

Table 2. There were no significant differences in baseline

body weights among the groups. After 12 weeks, the

weight gain of the HFD group was 2.9-fold higher than that

of the ND group (p < 0.01). The mice in the FCC3, FCC5,

and SV groups showed significant suppression of body

weight gain compared with the mice in the HFD group.

Fig. 1. Effects of FCC on body weight change, rate of food uptake and serum leptin levels.

Male ICR mice were fed ND and HFD in the presence or absence of SV, 3% and 5% FCC for 12 weeks (n = 10 per group). Changes in body weight

(A) and rate of food uptake (B) were measured weekly. After 12 weeks, serum leptin levels were determined using a commercial assay kit (C).

Values represent the mean ± SD. #p < 0.05 and ##p < 0.01 compared with the ND group; *p < 0.05 and **p < 0.01 compared with the HFD group. ND,

normal diet; HFD, high-fat diet; FCC; secondary extract of the mixture of Cheonggukjang and Chaga mushroom extract fermented by

L. acidophilus KCTC 3925; SV, simvastatin (10 mg/kg body weight).

Table 2. Changes in body weight and tissue weight of the spleen, liver, and epididymal fat. 

Parameters

(n = 10 per group)

 HFD

ND - FCC 3% FCC 5% SV 10mg/kg

Body weight (g)

Baseline 32.8 ± 0.53 31.1 ± 0.28 33.2 ± 1.29 31.7 ± 1.68 32.5 ± 1.90

Final 44.2 ± 3.19 64.4 ± 4.44## 45.4 ± 5.41** 44.4 ± 3.24** 55.2 ± 3.82**

Weight gain (g) 11.42 ± 2.85 33.23 ± 4.05## 12.20 ± 4.82** 12.72 ± 2.98** 22.66 ± 2.27**

Tissue weight (g/kg body weight)

Spleen 3.45 ± 0.09 2.68 ± 0.08# 2.61 ± 0.13 3.04 ± 0.09* 2.52 ± 0.16

Liver 36.20 ± 0.55 34.70 ± 3.61 31.38 ± 3.11 33.30 ± 3.88 30.76 ± 3.10

Epididymal fat pad 10.72 ± 1.27 43.02 ± 1.34## 37.10 ± 1.79* 11.25 ± 0.63** 49.43±0.78

ND; normal chow diet, HFD; high fat diet, FCC; fermented mixture of Chaga and Cheonggukjang with L. acidophilus KCTC 3925. SV; simvastatin (10 mg/kg body

weight) treatment on HFD mice. # and ## indicate p < 0.05 and p < 0.01 compared with the ND group, respectively; * and ** indicate p < 0.05 and p < 0.01compared with

the HFD group, respectively.
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FCC3 and FCC5 both prevented weight gain more

effectively than SV treatment (Table 2 and Fig. 1A). In

conjunction with the significant increase in body weight,

mice in the HFD group showed a significant accumulation

of epididymal fat (4-fold), but a decrease in spleen weight

(22.3%), compared with the ND group (Table 2). The liver

weight of HFD mice was slightly decreased compared with

that of ND mice, but was not statistically significant. SV

treatment significantly suppressed the increase in body

weight but did not suppress epididymal fat accumulation

(Table 2). FCC3 and FCC5 intake both significantly

suppressed the accumulation of epididymal fat mass.

In cases of obesity, the size of adipocytes is increased due

to the accelerated storage of TG in the adipose tissue. The

increase in epididymal fat weight may be associated with

enlargement of fat tissue. Qualitative evaluation of the

morphological changes in epididymal fat through H&E

staining revealed that HFD caused marked enlargement of

fat tissue in the epididymis, but this effect was suppressed

in the FCC3 and FCC5 groups (Fig. 2A). These results

indicate that FCC supplementation suppresses the increase

in adipocyte size, resulting in an associated reduction in

adipose tissue. In accordance with the weaker suppression

of epididymal fat mass by SV (Table 2), SV treatment was

less effective in suppressing the enlargement of fat in the

epididymal tissue than FCC supplementation (Fig. 2A).

Effect of FCC on the Body Weight, Rate of Food Uptake

and Serum Leptin Levels

FCC intake significantly decreased body weight gain in

HFD-fed mice (Fig. 1A). Gain or loss of body weight may

be associated with the rate of food uptake. There was no

significant difference in the rate of food uptake among the

FCC- or SV-treated groups (Fig. 1B). This result suggests

that the suppression of body weight gain caused by FCC

intake is not associated with the reduction in the rate of

food uptake, but with the potential anti-obesity effects of

FCC. Obesity initially leads to the secretion of leptin to

increase energy metabolism [7]. HFD significantly increased

leptin levels, but FCC supplementation significantly

reduced the increase in leptin levels in HFD mice (Fig. 1C).

Because serum leptin levels were determined at the end of

experiment, it is unclear whether FCC supplementation led

to the suppression of blood leptin level during the

experimental period. However, leptin levels are closely

related to body weight and thus, decreased leptin levels

indirectly reflect a reduced body weight in the FCC groups

than in the HFD group.

Effect of FCC on Serum Lipid Levels in HFD Mice

Twelve-week intake of HFD resulted in significant

increases in TG (Fig. 3A),  T-Chol (Fig. 3B), and LDL-C

(Fig. 3C) levels. SV treatment significantly suppressed the

Fig. 2. Histology of epididymal adipose tissue and liver.

Representative microphotographs of mouse epididymal fat pad (A) and liver (B). Male ICR mice were fed ND and HFD in the presence or absence

of SV, 3% and 5% FCC for 12 weeks (n = 10 per group). Fresh epididymal adipose tissue was fixed in 10% formalin, embedded in paraffin,

sectioned at a thickness of 5 μm and stained with hematoxylin and eosin (H&E). All images are shown at 200× magnification. ND, normal diet;

HFD, high-fat diet; FCC; secondary extract of mixture of Cheonggukjang and Chaga mushroom extract fermented by L. acidophilus KCTC 3925;

SV, simvastatin (10 mg/kg body weight).
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increase of TG, T-Chol, and LDL-C. FCC supplementation

significantly reduced the serum levels of TG and T-Chol in

HFD mice, but did not reduce LDL-C. In contrast to SV

treatment, FCC supplementation increased the serum level

of HDL-C (Fig. 3D) in HFD mice. These results suggest that

intake of FCC will be beneficial in reversing the undesired

changes in serum lipid profiles caused by HFD.

Effect of FCC on Serum Levels of GOT and GPT in HFD-

Fed Mice

The high uptake of fat associated with obesity causes

fatty liver. Thus, we evaluated the effect of FCC

supplementation on fat accumulation in the liver through

H&E staining (Fig. 2B). Unlike in the ND group, the HFD

group had abundant lipid droplets in the liver, which may

indicate excessive accumulation of fat. Although there

were no significant differences in liver weight among the

HFD-fed groups (Table 2), HFD mice showed a marked

increase in lipid droplets and the increased lipid accumulation

in the liver was attenuated by FCC3 and FCC5 supple-

mentation (Fig. 2B). Increased blood lipid levels caused by

HFD may impair liver function through accumulation of

fat in the liver. Along with accumulation of lipid droplets

in the liver, the levels of GOT (Fig. 3E) and GPT (Fig. 3F)

were significantly increased in HFD mice compared with

those in ND mice. However, FCC treatment resulted in a

significant decrease of GOT (p < 0.05) and GPT (p < 0.01)

levels.

Effect of FCC on Liver Histology and mRNA Expression

Level of COX-2 in HFD-Fed Mice

COX-2 is an important mediator in the process of liver

inflammation. HFD mice showed a significant increase in

the expression levels of COX-2 mRNA in the liver (Fig. 4A,

p < 0.01). FCC supplementation (FCC3 and FCC5) prevented

the increase in COX-2 mRNA exhibited by HFD mice. This

suppression of COX-2 upregulation seemed to be beneficial

in the alleviation of hepatic inflammatory response. 

Fig. 3. Effect of FCC on the blood lipid profiles, and GOT and GPT levels.

After 12 weeks, triglyceride (A), total cholesterol (B), LDL-C (C), HDL-C (D), GOT (E), and GPT (F) levels were determined by enzymatic

methods. ##p < 0.01 compared with the ND group; *p < 0.05 or **p < 0.01 compared with the HFD group. Values represent mean ± SD (n = 10 per

group). ND, normal diet; HFD, high-fat diet; FCC; secondary extract of the mixture of Cheonggukjang and Chaga mushroom extract fermented by

L. acidophilus KCTC 3925; SV, simvastatin (10 mg/kg body weight); LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-

cholesterol; GOT, aspartate aminotransferase; GPT, alanine aminotransferase.
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Effect of FCC on mRNA Expression Level of COX-2 and

IL-4 in the Spleen

As shown in Table 2, HFD caused significant loss of

splenic tissue weight. Thus, we investigated the effect of

FCC on the mRNA expression level of COX-2 (Fig. 4B) and

IL-4 (Fig. 4C), an important proinflammatory Th2-related

cytokine. Similar to the expression in the liver, the mRNA

expression level of COX-2 was significantly increased in

the spleen of HFD mice (p < 0.01). The mRNA expression

levels of IL-4, which plays an important role in regulating

allergic responses and inflammatory effects, were also

significantly increased in HFD mice (Fig. 4C, p < 0.01).

Although FCC or SV did not cause any changes in splenic

COX-2 levels, both caused significant reductions in the

mRNA expression levels of IL-4 in the spleen. These results

suggest that HFD may cause excessive IL-4 production in

the spleen, which can be inhibited by FCC. It was not

immediately clear why spleen weight was reduced in HFD

mice but excessive production of COX-2 and/or IL-4 may

play a part.

Effect of FCC on Protein Expression Levels of ICAM-1 in

the Aorta

ICAM-1 is an important mediator of vascular inflammation,

which can be stimulated by obesity [5]. As shown in

Fig. 4D, HFD mice showed a significant upregulation of

ICAM-1 expression (4-fold increase) in the aorta. However,

this increase of ICAM-1 was significantly suppressed by

FCC3 intake. For reasons that are unclear, FCC5 did not

show any reduction in the expression level of ICAM-1, and

this may need further elucidation in future experiments.

Discussion

In this study, we demonstrated that FCC supplementation

as a 3% (FCC3) or 5% (FCC5) fraction of total diet is

beneficial in the prevention of weight gain, lowering of

lipid profiles, and reduction of fat accumulation in HFD-

mediated obesity. In addition, FCC supplementation can

suppress HFD-mediated inflammatory response in the

liver via suppression of COX-2 expression, in the aorta via

Fig. 4. Changes in COX-2 mRNA level in the liver, COX-2 and IL-4 mRNA levels in the spleen, and ICAM-1 protein level in the

aorta.

After 12 weeks, the liver, spleen, and aorta tissues were removed from the mice. The mRNA expression levels of: hepatic COX-2 (A), splenic COX-

2 (B), and splenic IL-4 (C) were quantified by qRT-PCR. Values represent the relative ratio to β-actin as a mean ± SD (n = 10 per group). The

protein expression levels of ICAM-1 in the aorta were quantified by immunoblotting. ##p < 0.01 compared with the ND group; **p < 0.01 compared

with the HFD group. ND; normal chow diet, HFD; high-fat diet, FCC; secondary extract of the mixture of Cheonggukjang and Chaga extract

fermented by L. acidophilus KCTC 3925; SV, simvastatin (10 mg/kg body weight).
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suppression of ICAM-1 expression, and in the spleen via

suppression of IL-4 production.

Excessive weight and obesity ultimately result from an

excess of energy intake (diet) relative to energy expenditure.

With an increasing prevalence of overweight or obesity

across all age groups, dietary supplementation and use of

herbal remedies to achieve weight loss has become a major

focus for improving public health in many countries. There

are several classes of anti-obesity drugs: 1) modulators of

monoamine neurotransmission; 2) gastrointestinal and

pancreatic peptides that regulate food intake; and 3) peri-

pheral modulators of digestion, metabolism, and lipogenesis

[7]. Owing to the multi-causal etiology and complex

pathophysiology of obesity-associated complications, obesity

should be treated with well-chosen drug combinations

rather than with a single drug [7], and treatment with

multi-target herbs will be more effective in both preventive

and therapeutic approaches than with a single compound

[26, 27]. Practically, the individual intake of chaga

mushrooms and cheonggukjang for the purpose of obesity

control is inconvenient, because preparing optimal amounts

of each and consuming them with appropriate timing is not

easy on a day-to-day basis. To obtain the best synergistic

effect between chaga mushroom and cheonggukjang, the

two should be taken at the same time or prepared as a

mixture. FCC supplementation produced anti-obesity

effects and resulted in the reduction of body weight and fat

mass, and in improved blood lipid profiles. Weight loss can

be achieved by targeting and controlling specific molecules

crucial for energy balance modulation [7]. FCC was

effective in inhibiting weight gain induced by a HFD diet

(Fig. 1A and Table 2). SV treatment was more effective in

reducing blood lipid profiles than FCC supplementation.

However, FCC intake was more effective in the suppression

of weight gain and epididymal fat pad. The reduction of

weight gain in HFD mice via FCC supplementation was

not caused by reduced food intake as intake rate was

consistent across the groups. Thus, it can be assumed that

FCC intake may be exerting its effect by influencing energy

metabolism and lipid deposition in the epididymal fat pad

and liver tissue. HFD-mediated impairment of liver function

and accumulation of fat in the liver was significantly

ameliorated in the presence of FCC. Although the LDL-C

lowering effect was not significant, the serum level of

HDL-C was significantly augmented in HFD mice by FCC

supplementation (Fig. 3D). The increase in HDL-C levels

by FCC suggests it may be useful as a dietary supplement

in subjects treated with TG- or LDL-C-lowering medication.

The lowering of lipid profiles is not the only primary

method by which the negative effects of obesity can be

alleviated. The suppression of inflammatory responses is

also promising, because obesity-associated chronic infla-

mmation can eventually cause damage to the blood vessels,

liver, and spleen. COX-2 plays a role in the progression of

non-alcoholic fatty liver in HFD-induced obesity but a

COX-2 inhibitor (e.g. nimesulide) treatment attenuates

hepatic inflammation [28]. IL-4 plays a central role in

allergic inflammatory condition, and the inhibition of IL-4

through monoclonal antibodies has been clinically tested

[29]. The suppressive effect of FCC on IL-4 production may

be associated with the immunomodulatory action of chaga

extract, because chaga extract reduced the production of

IL-4 and suppressed allergic reaction in ovalbumin-

sensitized mice [30]. FCC supplementation decreased the

mRNA expression levels of COX-2 gene in the liver and

significantly suppressed the upregulated expression of IL-4

gene in the spleen (Fig. 4). This result is considered a Th2-

predominant effect caused by the addition of chaga

mushroom extract, which means that cheonggukjang

supplemented with chaga may exert enhanced anti-allergy

and anti-atopy effects. FCC supplementation also attenuated

the aortic expression of ICAM-1 proteins, the excessive

expression of which may be a risk factor in blood vessel

inflammation. Based on the findings in this study, the

regular intake of FCC may be beneficial in controlling high-

fat diet-mediated transition of obesity. However, the

underlying mechanism of FCC on the suppression of tissue

inflammatory markers is currently unclear.

Cheonggukjang is considered an excellent source of

proteins, lipids, amino acids, vitamins, and minerals, and is

commonly used for health benefits [11, 13, 31]. The anti-

obesity effects of cheonggukjang intake is mediated

through its interference with the adipogenesis process in

the liver and adipose tissues by down-regulating the

expression of primary adipogenic transcription factors [32].

Using health-promoting bacteria, there have been numerous

efforts to develop functional foods with enhanced

characteristics such as taste, bioavailability, and health-

promoting potential, compared with the classic forms [33].

It is difficult to compare our current study directly with

previous publications on the anti-obesity effects of

cheonggukjang, chaga extract and chaga-cheonggukjang

due to the differences in diet formulation, animal species,

and treatment duration [4, 34-38]. The enhanced functional

benefits of cheonggukjang may be associated with the

presence of isoflavones [39], which are actively involved in

mitigating metabolic diseases, and their bioavailability can

be increased with the aid of fermentation [40, 41].
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Isoflavone aglycone-rich diet can reduce liver and serum

total cholesterol levels, and liver triglyceride levels in

cholesterol-fed rats [42]. Our previous study demonstrated

that FCC possesses 28% more isoflavone aglycones than

unfermented chaga-cheonggukjang [24]. In addition, chaga

extract contains water-soluble melanin complex, which

plays a role in improving insulin sensitivity, and reducing

adiposity in HFD mice [43]. It is also effective in the

improvement of fat metabolism through the regulation of

adiponectin levels [44]. Considering the health-promoting

potential of isoflavone aglycones [39], it can be assumed

that FCC would be superior to general cheonggukjang in

controlling obesity, because FCC may possess combinatorial

effects from both cheonggukjang and chaga extracts which

may regulate either the same or different targets in the

various pathways associated with obesity [4, 34-38] and

inflammation [12, 18, 45-47].

Collectively, FCC supplementation attenuated obese

conditions caused by high-fat diet and suppressed infla-

mmatory responses in the liver and spleen. The underlying

molecular mechanisms involved in the anti-obesity effect of

FCC and the combinatorial effects of cheonggukjang and

chaga as related to the levels of isoflavone and aglycone

should be investigated in further studies.
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