저작자표시-비영리-변경금지 2.0 대한민국
이용자는 아래의 조건을 따르는 경우에 한하여 자유롭게
l

이 저작물을 복제, 배포, 전송, 전시, 공연 및 방송할 수 있습니다.

다음과 같은 조건을 따라야 합니다:

저작자표시. 귀하는 원저작자를 표시하여야 합니다.

비영리. 귀하는 이 저작물을 영리 목적으로 이용할 수 없습니다.

변경금지. 귀하는 이 저작물을 개작, 변형 또는 가공할 수 없습니다.

l
l

귀하는, 이 저작물의 재이용이나 배포의 경우, 이 저작물에 적용된 이용허락조건
을 명확하게 나타내어야 합니다.
저작권자로부터 별도의 허가를 받으면 이러한 조건들은 적용되지 않습니다.

저작권법에 따른 이용자의 권리는 위의 내용에 의하여 영향을 받지 않습니다.
이것은 이용허락규약(Legal Code)을 이해하기 쉽게 요약한 것입니다.
Disclaimer

A Thesis for the Degree of Master of Science

Anti-obesity Effect of Raphani Semen Extract
in Mice Fed a High-fat Diet

고지방식이 마우스에서 무씨추출물의 항비만 효과

February, 2017

By
Woo Jung Jang

Department of Agricultural Biotechnology
Seoul National University

ABSTRACT
Raphani Semen, a dried seed of radish, is used as a traditional
Asian medicine to treat hypertension and digestive disorders.
Sulforaphene (SFEN) is a main bioactive component in Raphani Semen,
which has been shown to exhibit anti-adipogenesis effect in vitro. Here
SFEN-enriched Raphani Semen extract (RSE) was prepared and effects
of RSE on obesity, fatty liver and glucose intolerance were examined in
mice fed a high-fat diet (HFD). Male C57BL/6J mice were fed a HFD
for 16 weeks with or without RSE or black bean peptide (BBP)
(n=9/group). Body weights of HFD-fed mice increased as compared to
standard diet (SD), whereas both RSE and BBP suppressed HFDinduced increase in body weight after 16 weeks. In addition, RSEsupplementation inhibited HFD-induced fatty liver in mice by reducing
hepatic triglyceride (TG) accumulation. To further investigate the
underlying mechanisms involved in the reduction of body weight and
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liver TG in RES-supplemented mice, the expression levels of fatty acid
metabolism related genes in epididymal white adipose tissue (eWAT)
and liver were evaluated. HFD significantly decreased the expression
levels of pgc1 as compared to SD, but RSE increased their levels in
eWAT. HFD also reduced the expression levels of cpt-1a and acox1 in
liver, whereas RSE significantly increased the levels of both genes.
These data indicate that RSE suppressed HFD-induced obesity and
fatty liver via upregulation of fatty acid metabolism. Moreover, RSE
supplementation dramatically improved glucose tolerance as compared
to HFD-fed mice. These results suggest that RSE can be used to
prevent obesity and metabolic syndromes.
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Ⅰ. INTRODUCTION

With the changing lifestyle caused by the sedentary lifestyle
and Western diet, individuals are likely to metabolic disorders such as
obesity, diabetes, fatty liver diseases, and others [1]. Obesity is the
major underlying cause of metabolic syndrome [2]. In addition to major
health problems and other common chronic diseases, the incidence of
obesity has been dramatically increasing all over the world in a short
time. For this reason World Health Organization refers obesity as
epidemic, and emphasizes the importance of preventing weight-related
disorders [3].
Currently available pharmaceutical products prescribed to
manage obesity have various limitations because there are a number of
adverse effects and secondary failure on alimentary system and nervous
system. Owing to these limitations, even though many medications for
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obesity have been suggested over the years, most of the anti-obesity
drugs have been withdrawn [4]. This has led professionals and patients,
who deal with metabolic syndromes, to opt for complementary and
conventional approaches. These include medicinal herbs, which
generally hold the perception that they are safer than prescription
medications, due to its long historical usage and natural origin.
One of the well-known medicinal herbs for anti-obesity
therapy is Raphani Semen. Raphani Semen is the dried ripe seed of
Raphanus sativus L. which is a scientific name of radish, and “Na-BokJa” is its common name in Korean. Raphani Semen is prescribed as one
of the major components of Taeyeumjowee-tang which is a traditional
Korean medicine preparation for Tae-eumins with obesity, people who
are prone to suffer from metabolic diseases such as obesity and diabetes
[5]. Also, it can be used to treat obesity [6]. Previous research has
reported that not only Raphani Semen attenuated obesity and
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hyperlipemia, and had anti-bacterial effects, but also herbal medicine
preparation including Raphani Semen inhibited lipotoxicity in HepG2
cell and had an improvement on diabetes [7-10]. In addition, there have
been no reports of adverse effects from this herb in humans. However,
these studies are limited because they focused on the basic
pharmacological effects of Raphani Semen rather than its bioactive
components. Also, the mechanisms by which the Raphani Semen
functions were not thoroughly evaluated.
Raphani Semen contains high levels of glucosinolates which
hydrolyze to form sulforaphene (SFEN) and sulforaphane (SFN) with
high bioactivity, and also the content of SFEN itself in Raphani Semen
is quite high [7, 11]. Little has been known about the effect of SFEN on
obesity, but the previous study from our lab reveals that SFEN
exhibited the most potent anti-adipogenic effects among other
compounds originating from cruciferous plants and other well-known
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phytochemicals such as genistein, resveratrol, and curcumin in vitro
[12]. Therefore, SFEN in Raphani Semen is considered to be a
promising candidate to treat obesity.
Herein, the current study was designed to identify the new
method to optimize a high-yield extraction of SFEN in Raphani Semen,
and to elucidate the mechanism of anti-obesity effect of SFEN-enriched
Raphani Semen extract in vivo.
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Ⅱ. MATERIALS AND METHODS

2.1. Chemicals and reagents
Raphani Semen was provided by Omniherb Inc. (Daegu, Korea)
and SFEN, as a reference standard was purchased from LKT
laboratories, Inc. (MN, USA). Also, black bean peptide (BBP) was
offered by Nongshim CO., LTD. (Seoul, Korea). BBP was used as a
positive control in that Nongshim earned certification from the
Ministry on BBP’s efficacy in reducing body fat, blood pressure and
blood sugar.
To obtain SFEN-enriched Raphani Semen extract (RSE),
Raphani Semen was firstly added into an analytical grinder and
homogenized. The 100 g of the obtained powder was immersed in 800
ml of aqueous or ethanol (EtOH) solvent in different concentrations
(water, 2% EtOH, 10% EtOH, 30% EtOH, 50% EtOH, 70% EtOH) and
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extracted for 12 hours at 40℃. Finally, the extraction solvents were
lyophilized using a vacuum evaporator and a freeze dryer. 10 mg of the
freeze-drying sample was dissolved into 1 ml of 60% EtOH, and filtered
through 0.45 μm filter. After these processes, the samples from each
condition were analyzed using HPLC to see how much composition of
SFEN contained. All these processes were performed by Hongcheon
Institute of Medicinal Herb (Hongcheon, Korea).
The enzyme-linked immunosorbent assay (ELISA) kits for
insulin were purchased from ALPCO (NH, USA). Also, triglyceride (TG)
was analyzed with triglyceride reagent, free glycerol reagent and treolin
which are purchased from Sigma-Aldrich (MO, USA). Total cholesterol
(TC) and high-density lipoprotein (HDL) cholesterol were determined
by using total cholesterol and HDL-cholesterol kit (Asan Pharm, Seoul,
Korea). Non-esterified fatty acid (NEFA) was analyzed with NEFA kit
from Zen-Bio, Inc. (NC, USA). Glutamic oxaloacetic transaminase
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(GOT), and glutamic pyruvic transaminase (GPT) levels were measured
using enzymatic assay kits (Asan Pharm, Seoul, Korea).

2.2. Animal diets and animal study
Male C57BL/6J mice (5-week-old) were purchased from Japan
SLC (Hamamatsu, Shizuoka, Japan) and fed the AIN-76 semi-purified
diet for a 1-week acclimation period. Mice were housed with free access
to food and water in the animal facility of the Seoul National University
and housed in climate-controlled quarters (23 ± 3°C, 50 ± 10% humidity)
with a 12-hour light-dark cycle. The mice subsequently divided
randomly into five different dietary groups. A standard diet (SD) group
was provided SD containing 10.0% (wt/wt) total fat (Research Diet,
USA) and a high-fat diet (HFD) group was provided HFD containing
60.0% (wt/wt) total fat (Research Diet, USA). In addition, 0.3% (wt/wt;
low concentration) and 1.5% (wt/wt; high concentration) of Raphani
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Semen extracts (RSE) blended HFD pellets, and 10% (wt/wt) of BBP
blended HFD pellets. These mixtures were processed by DooYeol
Biotech co., Ltd. (Seoul, Korea). 9 mice were allocated into each group
(SD; HFD; RSE-L; RSE-H; and BBP). All diets were provided in the
form of pellets for 16 weeks. Body weight and food intake were
monitored on a weekly basis.

2.3. Hematoxylin and eosin staining
Epididymal white adipose tissue (eWAT), brown adipose
tissue (BAT) and the liver were harvested and fixed in 4% neutralbuffered formalin. Tissues were embedded in paraffin for crosssectioning, and hematoxylin and eosin (H&E) staining. These tissues
were examined at 200 X magnification.

2.4. Lipid extraction of feces
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Collected feces at 16 week time point were lyophilized using a
vacuum evaporator and a freeze dryer overnight to eliminate possibility
of having moisture in feces. 100 mg of stool samples were weighed, and
homogenized in 3 mM CaCl2 with 0.75 ml of 3mM CaCl2. After
homogenized, supernatant part was transferred to 50 ml conical tube
with another 0.75 ml of 3 mM CaCl2. Then, 10 ml of folch solution
[chloroform: methanol (2:1)] was added and vortexed vigorously for 30
min. Each tube was centrifuged at 890 x g for 2 minutes. After
separating layer, the organic phase was transferred to another clean 50
ml conical tube and dried in fume hood overnight. The following day,
dried lipid was weighed.

2.5. Serum biochemistry
For measuring the amount of TG, TC, HDL-chol, and NEFA in
serum, all assays were examined through protocol of each kit. 4 μl of
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specimen was mixed with 200 μl of triglyceride working reagent (TWR)
and

incubated

at

37°C

for

5

minutes, then

measured

by

spectrophotometer at 550 nm to measure TG. 5 μl of specimen was
added with dilution buffer to total 50 μl and each well was added with
100 μl of free fatty acid (FFA) reagent A, then was placed at 37°C
incubator for 10 minutes. After that another 50 μl of FFA reagent B was
added and incubated at 37°C for another 10 minutes, then measured by
spectrophotometer at 540 nm to measure NEFA. TC and HDL-chol
were determined by using total cholesterol kit and HDL-cholesterol kit,
respectively. LDL cholesterol was calculated by Friedewald Formula of
[Total cholesterol] - [HDL-cholesterol] - [Triglyceride/5] with
substitution of each concentration value (mg/dl) [13].
For liver function test, glutamic oxaloacetic transaminase (GOT;
AST), and glutamic pyruvic transaminase (GPT; ALT) levels were
measured using enzymatic assay kits
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For basal glucose and basal insulin, blood samples were drawn
from the tail vein after a 6-hour fasting. Fasting glucose was measured
by the Accu-Chek Blood glucose meter and fasting insulin level was
analyzed by using mouse insulin ELISA kit. Homeostasis model
assessment-estimated insulin resistance (HOMA-IR) was calculated by
the equation of [glucose (mg/dl) × insulin (ng/ml)]/405 with substitution
of fasting glucose and insulin values.

2.6. Real-time quantitative polymerase chain reaction (RT-qPCR)
Liver, eWAT, GAS muscle were harvested and homogenized in
RNAiso Plus (Takara Bio Inc., Shiga, Japan). Total RNA was isolated
using the RNA Mini kit (CA, USA). The amount of RNA level was
confirmed using a NanoDrop ND-2000 spectrophotometer (Thermo
Fisher Scientific, MA, USA). cDNA was synthesized with a
PrimeScript™ 1st strand cDNA Synthesis Kit (Takara, Kyoto, Japan)
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and real-time quantitative polymerase chain reaction (RT-qPCR) was
conducted using specific primers and SYBR Green Master Mix (BioRad) with a Bio-Rad CFX96 real-time PCR detection system (Bio-Rad).
The forward and reverse primers for each transcript were as follows
(Bioneer, Daejeon, Korea): mouse GAPDH forward (Fw) 5’- AAC TTT
GGC ATT GTG GAA GG -3’ and mouse GAPDH reverse (Rv) 5’- ACA
CAT TGG GGG TAG GAA CA -3’; mouse Hsl Fw 5’- GCC GGT GAC
GCT GAA AGT GGT -3’ and

mouse Hsl Rv 5’- CGC GCA GAT

GGG AGC AAG AGT -3’; mouse Atgl Fw 5’- GAG CCC CGG GGT
GGA ACA AGA T -3’ and

mouse Atgl Rv 5’- AAA AGG TGG TGG

GCA GGA GTA AGG -3’; mouse Plin1 Fw 5’- CTC TGG GAA GCA
TCG AGA AG -3’ and

mouse Plin1 Rv 5’- GCA TGG TGT GTC

GAG AAA GA -3’; mouse Pgc1 Fw 5’- GAA AGG GCC AAA CAG
AGA GA-3’ and

mouse Pgc1 Rv 5’- GTA AAT CAC ACG GCG

CTC TT -3’; mouse Cidea Fw 5’- TGC TCT TCT GTA TCG CCC AGT-
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3’ and mouse Cidea Rv 5’- GCC GTG TTA AGG AAT CTG CTG -3’;
mouse Tfam Fw 5’- AAT GTG GAG CGT GCT AAA AG-3’ and
mouse Tfam Rv 5’- AGC TGT TCT GTG GAA AAT CG -3’; mouse
Nrf1 Fw 5’- TTA CTC TGC TGT GGC TGA TGG-3’ and

mouse Nrf1

Rv 5’- CCT CTG ATG CTT GCG TCG TCT -3’; mouse Ppar Fw 5’AGG CTG TAA GGG CTT CTT TCG -3’ and mouse Ppar Rv 5’GGC ATT TGT TCC GGT TCT TC -3’; mouse Cpt2 Fw 5’- ACC TGC
TCG CTC AGG ATA AA -3’ and mouse Cpt2 Rv 5’- TGT CTT CAG
AAA CCG CAC TG -3’; mouse Tgr5 Fw 5’- CCT GTC AGT CTT GGC
CTA TGA G-3’ and mouse Tgr5 Rv 5’- GCC CAA TGA GAT GAG
CGA TA -3’; mouse Dio2 Fw 5’- TTT GAT GTG TCA GGA GTC
GGG-3’ and mouse Dio2 Rv 5’- CCA ACA TTC CCT ACC CCA AGA 3’; mouse Ucp1 Fw 5’- CTG GGC TTA ACG GGT CCT C-3’ and
mouse Ucp1 Rv 5’-CTG GGC TAG GTA GTG CCA GTG -3’; mouse
Ucp3 Fw 5’- GGA GCC ATG GCA GTG ACC TGT-3’ and
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mouse

Ucp3 Rv 5’-TGT GAT GTT GGG CCA AGT CCC -3’; mouse Cpt-1a
Fw 5’- CTC AGT GGG AGC GAC TCT TCA - 3’ and mouse Cpt-1a Rv
5’- GGC CTC TGT GGT ACA CGA CAA-3’; mouse Pgc1 Fw 5’TGC CAT GGA CCA AAC TAG GG-3’ and mouse Pgc1 Rv 5’- AGT
GAA TGT CAG CCA GGG AC-3’; mouse Acox1 Fw 5’- GCC CAA
CTG TGA CTT CCA TTA A-3’ and mouse Acox1 Rv 5’- GTA GCA
CTC CCT CGA GTG AT-3’. Gapdh was used as a target transcript
relative to calculate a ratio of the target gene expression.

2.7. Liver lipid extraction
To quantify the amount of lipid from liver tissues, liver tissues
from each group weighing about 250 mg were homogenized for 3
minutes with 0.75 ml of 3 mM CaCl2. After homogenization, they were
transferred to 50 ml conical tubes and added another 0.75 ml of 3 mM
CaCl2. Then, 10 ml of folch solution [chloroform: methanol (2:1)] was
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added and vortexed vigorously for 30 minutes. Each tube was
centrifuged at 890 x g for 2 minutes. After separating layer, the organic
phase was transferred to another clean 50 ml conical tube and dried in
fume hood overnight. Dried lipid was weighed and dissolved in solution
[triton X-100: ethanol (1:3).

2.8. Lipid quantitative analysis
To quantify the amount of TG and TC from liver tissue, liver
lipid extraction dissolved in triton X 100: ethanol (1:3) solution was
used to measure. Free glycerol reagent was mixed with triglyceride
reagent (1:4) that called triglyceride working reagent (TWR), and TG
assay was examined. 4 μl of specimen was mixed with 200 μl of TWR
and incubated at 37°C for 5 minutes. After incubation, this solution was
measured by spectrophotometer at 550 nm to measure TG. TC were
determined by using total cholesterol kit
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2.9. Glucose tolerance test (GTT)
Intraperitoneal GTT (ipGTT) was performed by glucose
injection (10% glucose, 2 g/kg body weight) in mice fasted for 16 hours.
Blood glucose was measured from tail vein with Accu-Chek Blood
glucose meter (Roche Diagnostics, IN, USA) at 0, 15, 30, 60, 90, and
120 minutes after glucose injection.

2.10. Statistical analysis
Difference between CD-fed group and HFD-fed group was
marked using student’s t-test (P<0.05). Means with different letter were
significantly different among groups followed by One-way ANOVA post
hoc Duncan’s multiple range tests using SPSS 23.0 software (P<0.05).
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Ⅲ. RESULTS

3.1. Water and ethanol extraction methods were optimized to obtain
a high yield of SFEN in Raphani Semen
First of all, six different concentrations extraction methods were
optimized to maximize the yield of solids and SFEN in Raphanin Semen.
The total amount of SFEN was calculated by multiplying between the
yield of extract and concentration of SFEN from Raphani Semen. As a
result, RSE by using 10% EtOH solvent had the greatest concentration
of SFEN and total SFEN than the others (Table 1.). Moreover, when
Raphani Semen was extracted in large-scale, I found that the extraction
yield reached up to 23% (data not shown). For this reason, I used this
extraction for further in vivo experiment.
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Table 1. Preparation of SFEN-enriched Raphani Semen extracts
Extraction
conditions

Sample
amounts
(g)

Extract
amounts
(g)

SFEN
concentration
(mg/g)

Total
SFEN
amounts
(mg)

0% EtOH

100

5.51

0.17

0.92

2% EtOH

100

19.64

1.76

34.44

10% EtOH

100

14.64

20.90

305.93

30% EtOH

100

12.27

18.36

225.28

50% EtOH

100

10.89

6.27

68.35

70% EtOH

100

8.37

2.91

24.33

１８

3.2. RSE suppressed body weight gain by reducing fat mass in HFDfed mice
After diet feeding in each group, the HFD mice had significant

body weight gain, and became more obese than the other groups.

Photographic data (Fig. 1A) and H&E staining data (Fig. 1B) showed

that RSE treatment had less obese phenotype and fat accumulation

compared to HFD feeding. SD fed group gained about 8 g of body

weight, but HFD fed group gained about 20 g of body weight which

indicated that the weight of HFD fed group gained almost 2.5 fold to

that of SD fed group. Even though RSE and BBP were mixed with high

fat and treated to each group, both RSE low concentration and high

concentration, and BBP fed mice significantly (P<0.05) lowered the
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body weight gain (Fig. 1C). In addition to the weight gain, the necropsy

revealed that RSE significantly reduced eWAT mass, dose dependently

(Fig. 1D). RSE low concentration (RSE-L) significantly (P<0.05)

decreased the mass of BAT, alongside RSE high concentration (RSE-H)

showed a decreasing trend (Fig. 1E). However, neither food intake nor

free fatty acid excretion was the factor that led to the anti-obesity

effects (Fig. 1F, Fig. 1G).
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Figure 1
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Figure 1. Effect of RSE on HFD-induced obesity in mice
(A) The photographs of C57BL/6J mice showed reduced body mass by
RSE. (B) H&E staining data showed that adipocyte size of RSE
treatment group was smaller than that of HFD group in eWAT and BAT.
(C) RSE treatment for 16 weeks alleviated HFD-induced weight gain.
(D-E) The estimated weight of eWAT and BAT indicated that RSE
decreased fat masses. (F-G) Both food intake and fecal lipid excretion
were unaffected by RSE. Values were expressed as means ± SEM
values. * or letters (a-c) indicates significant differences between SD
and HFD-fed mice or HFD-fed mice and samples treated mice,
respectively (P<0.05).
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3.3. RSE improved dyslipidemia in the blood serum
Under anesthesia, blood samples were obtained from the vena
cava, and centrifuged. Blood serum was used to measure the level of TG,
TC, HDL-chol, LDL-chol, and NEFA. Significant increases in TG, TC,
HDL-chol, LDL-chol were observed in HFD-fed mice serum compared
to that of SD-fed mice (P<0.05). RSE groups showed significant
decrease (P<0.05) in TC and LDL-chol level indicating improvement in
dyslipidemia. RSE-L tended to lower NEFA level and RSE-H lowered
NEFA level significantly (P<0.05). The TG and HDL-cholesterol levels
in the RSE fed mice were not different from the HFD-fed mice.
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Table 2. The contents of serum biochemical parameters such as TG,
TC, HDL-chol, LDL-chol, and NEFA in experimental groups
Parameters

SD

HFD

RSE-L

RSE-H

Triglyceride
(mg/dl)

54.25±4.04

40.90±2.17*

39.32±1.82

43.46±2.82

109.76±4.54

175.26±6.87*b

138.35±7.04a

152.07±5.45a

67.58±6.08

98.86±6.88*

91.02±5.74

97.76±2.66

34.31±4.63

68.21±3.13*b

38.21±2.44a

45.62±3.99a

1.45±0.09

1.42±0.09b

1.24±0.09ab

1.08±0.07a

Total
Cholesterol
(mg/dl)
Serum
HDL-chol
(mg/dl)
Serum
LDL-chol
(mg/dl)
Nonesterified
Fatty Acid
(mmol/L)

*Significant difference between SD and HFD group. Different letters with superscript
indicate statistically significant differences between the HFD-treated groups.
Differences were considered significant at P < 0.05.

２４

3.4. RSE upregulated the expression of lipolysis-, fatty acid
oxidation-, and mitochondrial biogenesis-related mRNA in eWAT
To further investigate on the mechanisms involved in the
reduction of fat mass and circulating free fatty acid levels in serum in
RSE-fed group, RT-qPCR was conducted to analyze mRNA levels in
eWAT. Lipolysis related genes like atgl, perilipin1, and hsl were all
increased in RSE-fed group in comparison with HFD-fed group (Fig.
2A). Hsl and atgl were nearly 2 folds down-regulated in HFD fed mice
compared to SD fed one, but RSE-L group recovered to that of SD
group shown, and RSE-H treatment increased expression almost 2 to 3
folds that of SD groups. Perilipin1 had not shown significant difference
between HFD fed group and SD fed group, but RSE treatment group
showed significant up-regulation (P<0.05) compared to HFD fed group.
Moreover, mitochondrial biogenesis genes like pgc1 and cidea were
down-regulated in HFD feeding, but they were up-regulated in RSE
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feeding (Fig. 2B). This was similar in other mitochondrial biogenesis
related markers such as tfam and nrf1. Other than that, RSE increased
the expression levels of fatty acid oxidation related genes like ppar and
cpt2 when compared with HFD fed group (Fig. 2C).

２６

Figure 2
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Figure 2. Effect of RSE on regulating fatty acid metabolism and
beige adipocyte related genes in eWAT
Each mRNA level was analyzed by RT-qPCR. (A) Lipolysis related
markers such as hsl, perilipin1, and atgl were up-regulated in RSE
treated mice compared to HFD-fed mice in eWAT. (B) Mitochondrial
biogenesis related markers such as pgc1, cidea, tfam, and nrf1 were
up-regulated in RSE treated mice compared to HFD-fed mice in eWAT.
(C) Fatty acid oxidation related markers such as ppar, and cpt2 were
up-regulated in RSE treated mice compared to HFD-fed mice in eWAT.
Values were expressed as means ± SEM values. * or letters (a-c)
indicates significant differences between SD and HFD-fed mice or
HFD-fed mice and samples treated mice, respectively (P<0.05).
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3.5. RSE increased the expression of mitochondrial biogenesisrelated mRNA in BAT, and increased the expression of TGR5 and
downstream genes related to energy expenditure in brown fat and
skeletal muscle
To examine the effect of RSE on other peripheral tissues like
BAT and gastrocnemius (GAS) muscle, we also conducted RT-qPCR.
RSE enhanced the expression levels of mitochondrial biogenesis related
genes in BAT. Pgc1 tfam, and nrf1 were all increased when treated
with RSE compared to HFD feeding (Fig. 3A).
Transmembrane G protein-coupled receptor (Tgr5) in BAT and
skeletal muscle has been known for its key role in energy homeostasis
through activation of iodothyronine deiodinase 2 (Dio2) which is cAMP
dependent, leading to conversion of inactive thyroxine (T4) into active
thyroid hormone (T3). For this reason, as Tgr5 is activated in these
tissues, increasing energy expenditure leads to decrease in fat [14, 15].
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To investigate whether RSE treatment had an effect on energy
expenditure, the gene expression related to mitochondrial activity
modulation such as tgr5, dio2, and uncoupling protein gene was
measured by RT-qPCR in both BAT and skeletal muscle. RSE increased
tgr5 and ucp1 significantly, and dio2 was significantly (P<0.05) upregulated when treated with RSE-L, and RSE-H treatment was shown to
have a tendency to increase dio2 in BAT (Fig. 3B). Likewise, in GAS
muscle, tgr5, dio2, and ucp3 were up-regulated significantly (P<0.05;
Fig. 3C).
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Figure 3. Effect of RSE on regulating TGR5 and downstream genes
related to energy expenditure in BAT and skeletal muscle
Each mRNA level was analyzed by RT-qPCR. (A) Mitochondrial
biogenesis related markers such as pgc1, tfam, and nrf1 were upregulated in RSE treated mice compared to HFD-fed mice in BAT. (B-C)
Mitochondrial activity modulation related markers such as tgr5, dio2,
and ucp were up-regulated in RSE treated mice compared to HFD-fed
mice in both BAT and GAS muscle. Values were expressed as means ±
SEM values. * or letters (a-c) indicates significant differences between
SD and HFD-fed mice or HFD-fed mice and samples treated mice,
respectively (P<0.05).
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3.6. RSE prevented hepatic steatosis caused by HFD feeding and
increased the expression of fatty acid oxidation-related mRNA in
the liver
To identify the RSE role in ameliorating the lipid accumulation
in the liver caused by HFD, tissue morphology was analyzed. Consistent
with H&E staining and photographic data (Fig. 4A), liver weight, and
TG and TC levels in the RSE fed group were significantly (p<0.05)
lower than in the HFD fed group (Fig. 4B-4D). Furthermore, to further
check whether RSE affected the hepatic lipotoxicity, alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) levels
were measured in serum. ALT level in RSE treatment group was
normalized to SD level, while it was significantly (P<0.05) increased in
HFD group (Fig. 4E). AST level of RSE treatment group was
significantly (P<0.05) lower than that of HFD group (Fig. 4F). Also, RTqPCR analysis showed that the gene expression related to fatty acid
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oxidation in the liver tended to increase such as ppar cpt-1a, pgc1,
and acox1, and significantly (P<0.05) increased when treated with RSEH compared to HFD feeding.
Taken together, these results suggested that RSE should not
induce ectopic lipid accumulation in the liver, rather prevent HFDinduced hepatic steatosis.
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Figure 4
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Figure 4. Effect of RSE on hepatic steatosis
(A) H&E staining data visualized liver cross section indicating that RSE
treatment had less lipid droplet than HFD, and photographic data
showed the size of liver. (B) Liver weight examined that RSE treatment
was normalized to SD. (C-D) TC and TG levels from liver were dropped
significantly when treated with RSE compared to HFD. (E-F) ALT and
AST level showed that RSE treatment lowered significantly compared
to HFD. (G) mRNA level was analyzed by RT-qPCR. Fatty acid
oxidation related markers such as ppar, cpt-1a, pgc1, and acox1 were
up-regulated in RSE treated mice compared to HFD-fed mice. Values
were expressed as means ± SEM values. * or letters (a-c) indicates
significant differences between SD and HFD-fed mice or HFD-fed mice
and samples treated mice, respectively (P<0.05).
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3.7. RSE improved insulin sensitivity in HFD-fed mice
To determine the effect of RSE on insulin resistance, basal
glucose and insulin levels were analyzed using 6-hour fasted blood
samples. Although there were no significant differences among the
groups in exception to HFD (Fig 5A, Fig 5B), RSE as indicated by
HOMA-IR showed a trend in improvement of insulin sensitivity (Fig.
5C) [16].
To further investigate the effect of RSE on glucose metabolism,
ipGTT was conducted at the 14-week time point. Blood glucose from all
groups went up in response to 2 g/kg b.w. glucose, and RSE-H fed
group’s recovery was faster than that of HFD group as determined by
the GTT, especially at 60, 90, and 120 minutes (Fig. 5D). In addition,
RSE-H improved HFD-induced glucose intolerance characterized as
evident by its area under curve (AUC) value (Fig. 5E). These results
demonstrated that RSE effectively improved glucose intolerance
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induced by high-fat feeding.
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Figure 5
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Figure 5. Effect of RSE on glucose metabolism
(A) Basal glucose tended to lower in RSE treated mice compared to
HFD-fed mice. (B) Basal insulin had no significant differences between
HFD and RSE treated groups. (C) HOMA-IR lowered in RSE treated
mice than HFD-fed mice. (D) After 14 weeks, all the experimental mice
were fasted for 16 hours, and then 2 g /kg body weight glucose was
injected intraperitoneally. Intraperitoneal GTT (ipGTT) was measured at
0, 15, 30, 60, 90, and 120 minutes. (E) Quantification of AUC from the
GTT. Values were expressed as means ± SEM values. * or letters (a-c)
indicates significant differences between SD and HFD-fed mice or
HFD-fed mice and samples treated mice, respectively (P<0.05).
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Ⅳ. DISCUSSION

Raphani Semen is found to have a variety of phytochemicals
like alkaloids, glucosinolates, brassinosteroids, flavonoids, and some
essential oils [7]. However, none of the previous studies has been
adduced to explain SFEN as a reference component of Raphani Semen
and to elucidate the mode of action of RSE on diet-induced obesity
model. Besides, most of the researches whose major study objects were
to identify the pharmacological effect of Raphani Semen, had Raphani
Semen prepared in the water solution because oriental herbal medicines
were used to be widely prescribed in aqueous extract [6, 9, 17].
However, I found from the current study results that aqueous RSE
actually contained little amount of SFEN, 0.92 mg. Also, some reported
that separation and purification of SFEN from brassica plants was
carried out, but the analytic columns were quite hard to be applied to
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overall food industries [18, 19].
Therefore, this current study first optimized that SFEN was
obtained the highest amount among any other previous research data
through 10% of EtOH extraction method, and this method can be easily
applied to food industries for economic reasons. SFEN-enriched RSE
decreased high-fat diet-induced obesity and hepatic steatosis, and
increased expression of genes related to fatty acid oxidation in eWAT
and liver. It also increased TGR5 and downstream genes related to
energy expenditure in BAT and skeletal muscle, and improved insulin
sensitivity
Before I started to study the effect of SFEN-enriched RSE on
obesity, preceding researches were designed by our laboratory in order
to investigate the efficacy of a single chemical, SFEN, both 3T3-L1
preadipocytes and mice model. Data revealed that SFEN had the strong
anti-adipogenic effect, in that it down-regulated major regulators of
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adipogenesis such as ppar and c/ebp [12]. Consistent with the in vitro
data, SFEN significantly attenuated HFD-induced obesity in vivo by
reducing fat mass and adipocytes size (unpublished data). One
interesting thing is that, although the current study was designed to treat
mixed feed as equal concentration as that of SFEN single chemical study,
SFEN enriched RSE fed group showed more conspicuous health
promotion effects than only SFEN fed group. In other words, my
opinion is that there must have been other bioactive components besides
SFEN in RSE, whose key role is to increase energy expenditure around
organs, revealing multi-components may relieve symptom regarding
metabolic syndrome. Therefore, the future study needs to be done
whether RSE does really change O2 consumption and CO2 production
using metabolic cages, and by performing metabolic cages, precise and
accurate measurement of food intake, energy expenditure, and physical
activity can be taken. Other than that, with clamp study, glucose
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metabolism in individual organs can be measured [20].
In conclusion, RSE treatment prevents HFD-fed mice from
obesity, hepatic steatosis and insulin resistance. Taken together, based on
this new preparation, RSE formulation in human and veterinary food
and pharmaceuticals can lead to prevention of obesity, and related
metabolic syndromes.
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Ⅵ. 국문 초록

비만은 제 2형 당뇨, 심혈관질환, 고지혈증, 고혈압 등
다른 여러 합병증을 유발하기 때문에 단순한 미용 상의 문제
가 아니라 질병으로 인식되고 있다. 여러 선행 연구들을 통해
비만, 당뇨와 같은 질환들에서 설포라판의 이로운 효과들에 대
해

보고된

바가

있다.

설포라핀

또한

설포라판과

같은

isothiocyanate 계열로서 3T3-L1 지방전구세포의 지방세포분
화를 억제하는 효능이 확인된 바 있다. 설포라핀을 가장 많이
함유하고 있는 무씨는 현재 한의학계에서 태음인의 체중조절
을 목적으로 처방되는 태음조위탕의 주요성분으로 사용되어
왔지만 구체적인 유효 성분이나 작용 기작이 알려져 있지 않
았다. 이에 본 연구에서는 무씨의 활성 성분인 설포라핀을 고
수율로 분리하는 공정을 개발하고, 설포라핀의 농도가 서로 다
른 두 가지 무씨추출물의 체중조절 효능을 동물모델에서 평가
하였다. 16주간 일반식이, 고지방식이, 고지방식이에 무씨추출
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물 0.3% (wt/wt)와 1.5% (wt/wt)를 각각 함유한 식이, 그리고
고지방식이에 검은콩 펩타이드 10% (wt/wt)를 함유한 식이를
먹인 쥐를 비교한 결과, 무씨추출물이 체중감소 효능이 있음을
확인하였다. 이는 식품의약품안전처로부터 혈당 및 혈압 조절,
체지방 감소에 관련하여 생리활성기능 2등급을 받은 검은콩
펩타이드 보다 더 뛰어난 체중감소 효능을 보였음을 확인하였
다. 고지방식이 섭취 동물보다 무씨추출물을 섭취한 동물의 간
조직과 백색지방 조직에서 유의적으로 무게가 감소하였고, 간
에서 에너지 소비 마커인 cpt-1a, ppar, pgc-1, acox1의 발
현을, 백색지방에서 mitochondria biogenesis 관련된 마커인

pgc-1, tfam, cidea, nrf1의 발현을 통해서 조절되었음을 확
인하였다. 또한 갈색지방과 근육조직에서는 pgc-1, ucp의
mRNA 수준을 유의적으로 증가시키면서 지방산의 연소를 촉
진시킨 것을 확인하였다. 이러한 결과들을 종합하여 보았을 때,
무씨 추출물이 고지방식이로 유도된 비만을 억제하고, 혈당을
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개선시키며 비알콜성 지방간 개선 효능이 있음을 밝혔다. 따라
서, 무씨 추출물은 비만 및 대사성 질환 예방 및 치료제로 개
발될 가능성이 있을 것으로 사료된다.
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