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Abstract

The anti-obesity effects of a hot water extract from wasabi (Wasabia japonica Matsum.) leaves (WLE), without its specific pungent constituents,
such as allyl-isothiocyanate, were investigated in high fat-diet induced mice. C57J/BL mice were fed a high-fat diet (control group) or a high-fat
diet supplemented with 5% WLE (WLE group). Physical parameters and blood profiles were determined. Gene expression associated with lipid
metabolism in liver and white adipose tissue were analyzed. After 120 days of feeding, significantly lower body weight gain, liver weight and
epididymal white adipose tissue weight was observed in the WLE group compared to the control group. In liver gene expression within the WLE
group, PPARa was significantly enhanced and SREBP-1c was significantly suppressed. Subsequent downstream genes controlled by these regulators
were significantly suppressed. In epididymal white adipose tissue of the WLE group, expression of leptin, PPARY, and C/EBPa were significantly
suppressed and adiponectin was significantly enhanced. Acox, related to fatty acid oxidization in adipocytes, was also enhanced. Our results demonstrate
that the WLE dietary supplement induces mild suppression of obesity in a high-fat diet induced mice, possibly due to suppression of lipid accumulation

in liver and white adipose tissue.
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Introduction

In recent decades, the prevalence of obesity has become an
urgent world-wide public health problem [1]. Obesity, attributed
to an imbalance between energy intake and energy expenditure,
is closely associated with lifestyle-related diseases (such as
diabetes mellitus and dyslipidemia), which are included among
primary risk factors for cardiovascular disease [2]. Prevention
of obesity should naturally reduce the risks of developing such
diseases.

Obesity is mainly characterized at cell biological levels by an
increase in the size of adipocytes differentiated from preadipo-
cytes, and in animal experiments by body weight gain and
increase of fat tissue through conversion of excess energy to
lipids and accumulation as triglycerides. Obesity prevention trials
have attempted to determine whether certain food components
have the ability to suppress intracellular lipid accumulation. For
example, tea catechin is reportedly effective in inhibition of
adipogenesis in 3T3-L1 cells [3] and in vivo studies have
demonstrated that oral administration of green tea can result in

a decrease in weight of adipose tissue in rats and mice [4,5].
The same suppressive effects on 3T3-L1 or C3H10T1/2 B,C,
adipocyte differentiation have also been demonstrated with mioga
extract (Zingiber mioga Rosc.) [6], red yeast rice extract [5],
flavonoids [6,7] and mushroom extracts [8]. In recent years, a
large range of polyphenolic compounds occurring ubiquitously
in edible plants (fruits, vegetables, and herbs) and plant-derived
beverages have received considerable attention due to their
biological activities. These compounds are believed to possess
health-promoting properties.

Wasabi (Wasabia/Eutrema japonica Matsum.) is a native
Japanese plant used as a medicinal herb in ancient times. In
Japan, wasabi is used as a spice or as pickles due to its strong
pungent constituents, including isothiocyanates such as ally-
isothiocyanate. Previous studies have reported on antimicrobial
[9], antioxidative [10] and anti-carcinogenic activities [11] of
isothiocyanate. However, few studies have examined the func-
tional properties of other components in wasabi, particularly in
its summer leaves, which are considered late-growth and have
little pungency [12].
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In a previous study, we demonstrated the potential of hot water
extract from wasabi leaves in prevention of obesity and insulin
resistance through inhibition of 3T3-L1 preadipocytes differen-
tiation [13]. In the current study, we investigated the anti-obesity
effects of wasabi leaf extract (WLE), absent its specific pungent
constituents, such as allyl-isothiocyanate, in mice fed high-fat
diets. In order to elucidate the mechanisms of the anti-obesity
effects of WLE, we conducted quantitative real-time PCR
analysis, comparing gene expression profiles of the WLE and
control diet groups.

Materials and Methods

Preparation of diets

Wasabi leaves were harvested in Shimane Prefecture, Japan,
from 2006 to 2007, and stored at -50C until used for experi-
ments. The hot water extract from wasabi leaves was prepared
as previously described [13]. During those processes, the
indigestible fibers known to independently decrease body weight
were removed from the WLE. The obesity-induced diets were
used in previous studies as a control diet, as follows: 5 g beef
tallow, 3 g cholesterol/100 g and 82 g CE-2/100 g [13-16]. The
CE-2 diet was supplied from CLEA Japan, Inc. (Tokyo, Japan).
The WLE diet was made from a control diet supplemented with
5% (w/w) dried wasabi leaf extract (WLE). In our previous
studies, the concentration of supplemented WLE was estimated
according to results of comparison of WLE with (-)-epigallo-
catechin [13,14]. Major nutritional components of control and
WLE diets are shown in Table 1.

Animals

Twenty male C57J/BL mice, aged eight weeks, weighting
20-23 g, were purchased from Japan Charles River Laboratories
(Yokohama, Japan). C57J/BL mice are prone to obesity and are
frequently used in studies on obesity and type 2 diabetic mellitus.
All mice were allowed to acclimate for four weeks before use
in the current study and were housed in the Shimane University
School of Medicine Animal Laboratory, under controlled ambient
conditions: relative humidity 55 =+ 10%, temperature 23 £2C, a
12 h light/dark cycle (07:00-19:00 and 19:00-07:00), air change
13-15 times/h, and consumption of food and water ad libitum.

At the age of 12 weeks, the mice were randomly divided into
two groups: a control group and the WLE group, with 10 mice
in each group. The mice were then fed their respective experi-
mental diets for 163 days. Food intake was recorded weekly and
body weight twice weekly. After 163 days of feeding, the mice
were fasted overnight and anesthetized. Blood was collected from
the heart; the epididymal adipose tissue, liver, kidney, and soleus
muscle were harvested, rinsed, and weighed. The liver, epididymal
adipose tissue, and blood samples were stored at -80C until

analysis.
This study and all procedures were approved by the Animal
Care and Use Committee of Shimane University, Japan (IZ221-45).

Plasma biochemical analysis

Blood was placed in tubes containing EDTA;Na, and plasma
was separated immediately from the blood by centrifugation at
3000 x g for 10 min at 4C. Concentrations of plasma glucose,
triglycerides (TG), high-density lipoprotein-cholesterol (HDL-C),
total cholesterol (TC), free fatty acid (FFA), aspartate amino-
transferase (AST), alanine aminotransferase (ALT), and Y
-glutamyltranspeptidase (y-GTP) were measured using enzymatic
assay kits (Glucose C test, Triglyceride G test, HDL-cholesterol
test, Cholesterol E test, NEFA test, GOT-GPT C test, y-GTP
C test, Wako Pure Chemical, Osaka, Japan). Concentrations of
plasma insulin, leptin, and adiponectin were measured using an
Ultrasensitive Mouse Insulin ELISA Kit (Mercodia AB, Uppsala,
Sweden), Mouse Leptin Assay kit (Immuno-Biological Labora-
tories Co., Ltd. Gunma Japan), and Mouse/rat Adiponectin
ELISA Kit (Otsuka Pharmaceutical Co., Ltd. Tokyo Japan),
respectively, according to the manufacturers’ protocols.

Morphological analysis of the liver

For morphological analysis, each liver tissue sample was
processed in a standard fashion for light microscopic exami-
nation. Briefly, liver biopsy specimens were fixed in 10% (v/v)
neutral-buffered formalin for 2-3 days and embedded in paraffin.
Sections of 3-5 micro-meters were stained with hematoxylin and
eosin (HE). Three histological specimens were made from each
liver sample, and the area percentages of fat droplets were
calculated using Image J version 1.6.0 (http://rsbweb.nih.gov/ij/
download.html).

Quantitative Real-Time PCR

To elucidate the mechanisms of the anti-obesity effects of WLE
action, we measured the gene expressions of enzymes related
to glucose and lipid metabolism in liver and epididymal adipose
tissue using quantitative RT-PCR analysis. The total RNA was
extracted from the liver and epididymal adipose tissue, using
TriPure Isolation Reagent (Roche Applied Science, Mannheim,
Germany) and the High Pure RNA Isolation Kit (Roche Applied
Science, Mannheim, Germany) according to the supplier’s protocols.
Quality and quantity were checked by agarose gel electrophoresis
and spectrophotometry. Reverse transcription was performed
using a ReverTra Ace-a- cDNA Synthesis kit (Toyobo Co., Ltd.
Osaka, Japan). Quantitative RT-PCR was performed using an
Applied Biosystems 7900HT system and PRISM 7000 Sequence
Detection System, using Power SYBR Green PCR Master Mix
(Applied Biosystems, California, USA) according to the supplier’s
manual. 18S rRNA was used for internal control. Primers used
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in the current study were shown previous studies [14,15].

Statistical analysis

Data analyses were performed using SPSS software version
13.0J (SPSS Inc., Tokyo, Japan). Results are expressed as mean
+ SD (standard deviation). Comparisons of two groups of mice
were performed using Student’s #-test, and P-value of less than
0.05 was used for assessment of significance.

Results

Effects of WLE on body weight, food intake, and organ weights

As shown in Fig. 1, average body weights of control and WLE
mice were nearly identical at the onset of the experiment;
however, significant differences in body weight were observed
between the two groups at 120 days. A summary of the effects
of WLE on body and organ weights after 164 days of feeding
is shown in Table 1. Final body weight was significantly lower
in the WLE group (36.0 2.8 g), compared to the control group
(38.2+1.8 g, P=0.01), as was body weight gain: WLE group,
9.5+ 1.8; control group, 11.9+ 1.2, P<0.01. During the 164
days, no significant differences were observed in daily and total
energy intake from diets between the WLE group and the control
group. Epididymal adipose tissue weight was significantly lower
in the WLE group (1.16+0.28 g), compared with that of the
control group (1.69 £0.25 g, P<0.01). The liver weight of the
WLE group (1.92 +0.24 g) was also significantly lower than that
of the control group (2.42+0.45 g, P<0.01). No significant
differences were observed in the soleus muscle and kidney
weights between the two groups.

Effects of WLE on blood parameters

A summary of the effects of WLE on plasma parameters is
shown in Table 1. Only fasting plasma total cholesterol was
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Fig. 1. Effects of WLE on body weight changes in mice. Each point represents
mean + SD (n = 10), Asterisks indicate significant difference between the WLE and
control groups (P<0.05).

significantly lower in the WLE group than in the control group
(P <0.05). No significant differences in plasma triglycerides, free
fatty acid, HDL cholesterol, and glucose levels were observed
between the two groups. For the liver function marker, signifi-
cantly lower y-GTP levels were observed in the WLE group than
in the control group (P <0.05).

Effects of WLE on liver fat accumulation

As liver weight was significantly lower in the WLE group
compared with the control group (Table 1), we performed
morphologically evaluation of the effect of WLE on liver fat
accumulation. As shown in Fig. 2 and Table 2, lipid droplets

Table 1. Effects of WLE on physical and blood parameters after feeding for 164
days

Diet Control (n=10) WLE (n=10) P-value

Diet intake (g/mouse/day) 3.32+0.31 3.33+0.36 NS
WLE intake (g/mouse/day) 0 0.18+0.01

Energy intake (kcal/mouse/day)  14.4+0.9 143+ 1.1 NS

Body and organ weights (g)

Body weight 38417 36.0+22 0.01
Body weight gain 11.9+1.2 95+1.8 <0.01
Epididymal adipose tissue 1.69+0.25 1.16+0.28 <0.01
Liver 2421045 1.92+0.24 <0.01
Soleus muscle 0.38+0.03 0.35+0.02 NS

Kidney 0.37+0.03 0.36+0.03 NS

Plasma parameters

Triglyceride (mg/dl) 74.1+26.3 64.1+60.7 NS
Total cholesterol (mg/dl) 149.8 £ 18.1 114.9+£28.6 <0.05
HDL-cholesterol (mg/dl) 412459 442+53 NS
Free fatty acid (mEq/l) 0.47+0.27 0.54+0.11 NS
Glucose (mg/dl) 207.5+58 176.2£45.7 NS
Insulin (ng/ml) 0.61+0.32 0.49+0.28 NS
Leptin (ng/ml) 2291104 14947 <0.05
Adiponectin (ng/ml) 121.2+32.3 136.0+67.3 NS
AST (Karmen U) 755+ 14.6 80.4+14.6 NS
ALT (Karmen U) 19.9+4.7 20.5+6.0 NS
¥-GTP (1UN) 8.8+3.3 56+0.9 <0.05

Values are expressed as mean = SD, P<0,05 was considered a significant
difference, NS, no significance,

Fig. 2. Histological staining of liver sections and fat droplet areas of the control
and WLE groups after feeding for 164 days
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Table 2. Effects of WLE on fat droplet in the liver after feeding for 164 days
Control (n=10) WLE (n=10) P-value
1.00+0.07 0.91+0.08 <0.05

The fat droplet area ratio of the WLE group was calculated after setting the
fat droplet area of the control group to 1.00. Values are expressed as mean
+SD. P<0.05 was considered a significant difference. NS, no significance.

Fat droplet area ratio

were abundant around the center vein of the liver in the control
group, but to a lesser extent in the WLE group (1.00 £ 0.07 and
0.91 £0.08, respectively, P <0.05).

Effects of WLE on gene expression in liver and white adipose
tissue

In order to further clarify the mechanism of anti-obesity effects
of WLE, we measured the effects of the two experimental diets
on expression of key genes in liver and white adipose tissue.
The typical genes were selected according to their metabolic
function in terms of lipid metabolism in liver and white adipose
tissue.

Results of gene expressions in the liver are shown in Table
3. Gene expression of PPARa, a regulatory molecule in fatty
acid [B-oxidation, was significantly enhanced in the WLE group
(1.44 fold) compared to that of the control group. Conversely,
expression of PPARy and SREBP-1c, major regulators related
to lipid synthesis and TG accumulation in hepatic cells, were
significantly suppressed in the WLE group compared to the
control group (0.61 and 0.32 fold, respectively). In addition,
expressions of ACC, FAS, and HMGR, the central enzymes of
TG and cholesterol synthesis, were significantly suppressed in
the WLE group compared to the control group (0.52, 0.56, and
0.60 fold, respectively). No significant differences in expression
of LXR(3, PGC-13, SREBP-2, and ChREBP1 were observed
between the two groups.

Expression of leptin, a master regulator of lipid metabolism
and obesity, was significantly enhanced in the WLE group (1.21
fold), compared to the control group. Adiponectin, also a master
regulator of lipid metabolism and obesity, was suppressed in the
WLE group (0.51 fold). PPARy and C/EBPa, major translational
factors related to lipid synthesis and TG accumulation, were also
significantly suppressed in the WLE group compared to the
control group (0.75 and 0.73 fold, respectively). Acox1, which
affects the level of fatty acid [-oxidation, was significantly
enhanced in the WLE group compared with that of the control
group (1.28 fold). No significant differences in expression of
CD36, Dokl, aP2, and HSL were observed between the two
groups (Table 4).

Discussion
In the current study, we investigated the anti-obesity effect of

hot water extract of Wasabi leaves in mice fed high-fat diets.
Our results demonstrated that supplementation with WLE is

effective in prevention of diet-induced obesity, in attenuation of
TG accumulation in liver and adipose tissue, and in enhancement
of [B-oxidation in adipose tissue.

Various bioactive ingredients from plants appear to act as
regulators of obesity in mice or rats fed with high-fat diets
[15-18]. In previous studies, we reported on the remarkable
effects of WLE in suppression of TG accumulation and inhibition
of cellular differentiation in 3T3-L1 adipocytes [13]. The results
of those studies led us to hypothesize that WLE may contain
bioactive ingredients responsible for anti-obesity effects through
stimulation of lipid metabolism and suppression of TG
accumulation in liver and adipose tissue. In this study, we have
demonstrated that body weight gain was significantly lower in
the WLE group in comparison with the control group (P <0.01),
although average and total energy intakes did not differ
significantly between the two groups (Table 1). Liver weight and
epididymal white adipose tissue weight were also significantly
lower in the WLE group compared with the control group. Lipid
droplets in the livers of the WLE group were not as widely
distributed as livers in the control group (Fig. 2). As the WLE
used in this study did not include indigestible fiber and the energy
intake of the two groups was essentially the same, we attempted
to determine whether WLE has potential to stimulate metabolism-
rerated organs, particularly liver and adipose tissue. In blood
profile, significant suppression of increasing total cholesterol was
observed only in the WLE group. Triglyceride and glucose levels
showed a trend toward suppression in the WLE group, which
was considered to result from the mild effect of WLE. In fact,
in our previous studies using 3T3-L1 cells, the effect of WLE
was milder than that of (-)-epigallocatechin.

At the molecular level, WLE enhanced the gene expression
levels of PPARa, and suppressed levels of PPARY and SREBP-Ic,
in the liver (Table 3), all regarded as important key transcriptional
regulators of lipid metabolism in the liver. Increase of PPARa
and decrease of SREBP-1c are thought to induce decrease of
TG synthesis and accumulation in the liver, through regulation
of downstream lipogenesis gene expression, such as FAS, ACCl

Table 3. Changes in gene expression induced by WLE in the liver

Control WLE

Genes (n=10) (n=10) P-value
LXRB 1+047 1.45+0.87 NS
PGC-1B 1+0.87 1.14+£0.54 NS
PPARa 1+0.36 1.44 £ 0.49 <0.05
PPARy 1+£0.37 0.61+0.19 <0.05
SREBP-1c 1+0.59 0.32+0.18 <0.05
SREBP-2 1+042 0.85+0.49 NS
ChREBP1 1+0.60 0.86 £ 0.47 NS
ACC1 1+043 0.52+0.33 <0.05
FAS 1+0.38 0.56 £0.15 <0.05
SCD1 1+0.19 0.88+0.24 NS
HMGR 1+0.29 0.60+£0.23 <0.05

Values are expressed as mean = SD, P<005 was considered a significant
difference, NS, no significance,
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Table 4. Changes in gene expression induced by WLE in white adipose tissue
Control WLE

Genes (n=9) (n=10) P-value
Adiponectin 1+0.18 1.21+£0.18 <0.05
Leptin 1+£0.22 0.51+0.29 <0.01
PPARyY 1+£0.26 0.75+0.20 <0.05
C/EBPa 1+0.36 0.73+0.23 <0.05
CD36 1+£0.49 0.78+0.16 NS
Dok1 1+£0.58 0.72+0.31 NS
aP2 1+0.42 0.85+0.49 NS
HSL 1+£0.25 1.04+£0.26 NS
Acox1 1+£0.23 1.28+0.33 <0.05

Values are expressed as mean £ SD, P<005 was considered a significant
difference, NS, no significance,

and SCDI, thereby preventing the onset of steatotic liver [19].
Our results showed a significantly smaller liver lipid droplet area
in the WLE group, accompanied by an increase in PPARa and
a decrease in expression of SREBP-1c, ACC1 and FAS. The
role of PPARY and its effect on the liver remain unclear and
controversial, however, it does seem certain that overexpression
of PPARY leads to acute hepatic steatosis in ob/ob or diet/drug
induced obese mice [20,21]. Expression of PPARY in liver of
the WLE group was down-regulated, possibly a factor in the
presence of fewer fat droplets in their livers (Fig. 2).

Concurrent with prevention of hepatic steatosis, an increase
in white adipose tissue in the WLE group was suppressed, and
the expression trend of adipocytokines in white adipose tissue
was the same as that seen in our previous study using
preadipocytes 3T3-1L [22]. In that study, the suppressed TG
accumulation and cellular differentiation were mediated, and we
noted that the suppressing effects may have been caused by
altered regulation of adipogenic transcriptional factors, PPARy
and C/EBPa. In the current study, expression of PPARy and
C/EBPa in adipose tissue of the WLE group was down-regulated;
subsequently, Acox1, a PPAR-regulated fatty acid oxidation gene
[23], was up-regulated. Thus, it is suspected that suppression of
PPARy and C/EBPa molecules affected functional factors, such
as Acoxl, and its involvement in energy storage and expenditure,
thus resulting in suppression of fat storage in the WLE group.

We also examined the effects of WLE on plasma adiponectin
and leptin concentrations as well as gene expression of
adiponectin and leptin in adipose tissues. The gene expression
level of adiponectin in adipose tissues was enhanced in the WLE
group (1.21 fold), although plasma adiponectin levels were only
slightly higher (1.12 fold, no significant difference). This
discrepancy between plasma concentration and gene expression
of adiponectin may be due to differences in total amounts of
adipose tissue between the two groups of mice. Reduced plasma
or serum adiponectin concentrations have been observed in
humans with high levels of visceral fat [24-27], and intraperi-
toneal injection of adiponectin has been shown to improve insulin
resistance by decreasing TG concentrations in muscle and liver
of obese mice [28].

The plasma concentration and gene expression level of leptin

in white adipose tissue remained low in the WLE group compared
with the control group (0.65 fold and 0.51 fold, respectively,
Table 4). Leptin is secreted from adipocytes and conveys
information about energy storage from adipose tissue to the
central nervous system (CNS). Uno ez al. [29] demonstrated a
neuronal pathway in mice, consisting of the afferent vagus from
the liver and efferent sympathetic nerves to adipose tissue, which
is involved in regulation of energy expenditure and fat distri-
bution between the liver and its periphery. Therefore, in the
current study, Leptin may have played an important role, and
may crosstalk between adipose tissue and other fat accumulation
organs, particularly the liver. In addition, elevation of fasting
plasma or serum leptin concentrations in obese humans in
proportion to the degree of obesity has been demonstrated [30-32].
Thus, attenuation of leptin and enhancement of adiponectin by
WLE suggest that WLE may have a potentially useful role in
prevention of obesity-induced metabolic disorders.

There are some limitations in the current studies. We have
not been able to determine the functional components of WLE
prior to its use in this experiment. We previously reported that
TG accumulation and differentiation of 3T3-L1 preadipocytes
were suppressed by WLE, and that the benefits of WLE were
independent of dietary fiber and allyl-isothiocyanate. To the best
of our knowledge, there are a significant number of bioactive
components related to obesity and obesity related disease in
natural foods, such as polyphenole, which affect gene expression
in liver and adipose tissue. We therefore believe that it is the
bioactive compounds in wasabi leaves that provide the main
contribution to the anti-obesity effects. The current studies were
a preliminary animal experiment on feeding with a WLE-
supplemented diet. Conduct of future studies will be required
in order to determine with greater specificity the anti-obesity
compounds in wasabi leaves and to investigate any possible
toxicities.

Findings of the current studies demonstrates that WLE from
wasabi leaves can induce mild prevention of obesity in high-
fat-fed mice, and these effects may be related to the decrease
in TG synthesis and accumulation in the liver, and the decrease
of TG accumulation and enhancement of fatty acid oxidization
in adipose tissue. The current studies demonstrates the potential
for use of extract from Wasabi leaves as a health supplement
to help reduce obesity.
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