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Summary

 

Houttuynia cordata

 

 Thunb. is used in folk medicine for diuresis and detoxifica-
tion. However, it has not yet been reported to have an anti-obesity effect. We found that the
water extract of  

 

H. cordata

 

 leaves (WEH) inhibited the corn oil-induced increase in plasma
triglyceride levels in mice. WEH also inhibited the oleic acid- and glycerol-induced increase
in the levels of  plasma nonesterified fatty acids and glycerol, respectively. Moreover, WEH
had anti-obesity effects in mice with high-fat-diet-induced obesity. Therefore, WEH may be
able to prevent or reduce obesity induced by a high-fat diet.
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Obesity is an abnormal condition in which excessive
triglycerides (TGs) accumulate in the adipose tissue. In
Japan, the number of  obese people older than 20 y
(body mass index, 

 

�

 

25) has been increasing yearly
because of  inadequate exercise, westernization of  diet,
and irregular eating habits. According to a national
health and nourishment investigation conducted by the
Ministry of  Health, Labour and Welfare in 2007, about
1 of  4 Japanese adults is obese. Obesity is the most
important risk factor for lifestyle-related diseases such
as hypertension, type 2 diabetes and hyperlipemia (

 

1–
4

 

). In particular, obesity causes an imbalance in the
level of  adipocytokines secreted by adipocytes, such as
leptin, adiponectin, resistin, and plasminogen activator
inhibitor-1, due to the excessive accumulation of  vis-
ceral fat, and can cause metabolic syndrome (

 

5

 

,

 

 6

 

). Fur-
thermore, when symptoms worsen, metabolic syn-
drome can develop into atherosclerotic disease, which is
associated with a very high mortality rate (

 

7

 

,

 

 8

 

). There-
fore, it is important to prevent or reduce obesity to
achieve a better health-related quality of  life.

 

Houttuynia cordata

 

 Thunb. (Saururaceae), which is
called 

 

dokudami

 

 in Japanese, is widely distributed in
eastern Asia, including China, Korea, and Japan, and is
used in folk medicine for diuresis and detoxification. It
contains many flavonoids (quercitrin, isoquercitrin,
rutin, etc.), alkaloids (aristolactam B, norcepharadione
B, splendidine, etc.), and volatile components of  essen-
tial oils (methyl-

 

n

 

-nonyl ketone, lauraldehyde, 

 

�

 

-
myrcene, etc.) (

 

9–11

 

). Thus far, the extracts and com-
ponents of  

 

H. cordata

 

 have been demonstrated to exhibit
antioxidative, antiviral, antibacterial, antihypertensive
and anti-inflammatory effects (

 

12–17

 

). However, these
extracts have not yet been reported to have anti-obesity

effects. Therefore, in this study we examined the anti-
obesity action of  

 

H. cordata

 

.

 

MATERIALS AND METHODS

 

Materials.

 

The Free Glycerol Determination Kit and
Lipase Kit S were purchased from Sigma-Aldrich Co.
(St. Louis, MO, USA) and DS Pharma Biomedical Co.
Ltd. (Osaka, Japan), respectively. Porcine pancreatic
lipase was obtained from ICN Biomedicals (Aurora, OH,
USA). The mouse diet was purchased from Oriental
Yeast Co., Ltd. (Tokyo, Japan). The other materials were
purchased from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan).

 

Preparation of  the water extract of  H. cordata leaves

 

(

 

WEH

 

)

 

. H. cordata 

 

leaves were collected from the pre-
mises of  Tokyo University of  Marine Science and Tech-
nology. The leaves were stored at 

 

�

 

20˚C until extrac-
tion. The water extract was obtained by boiling 4 kg of

 

H. cordata

 

 leaves in 40 L of  distilled water for 1 h. The
extract was filtered and the filtrate was concentrated
under reduced pressure and then lyophilized into a dry
powder. The powder was stored at 

 

�

 

20˚C until use. The
extract yield from the fresh leaves was about 5%.

 

Inhibitory effects of  pancreatic lipase.

 

The inhibitory
effects of  lipase were measured using porcine pancreatic
lipase and the Lipase Kit S. We pre-incubated 5 

 

�

 

L of
pancreatic lipase (1 unit/mL), 2 

 

�

 

L of  an esterase inhib-
itor (phenyl methyl sulfonyl fluoride), and 73 

 

�

 

L of  a
chromogenic reagent (5,5

 

′

 

-dithiobis-(2-nitrobenzoic
acid)) in 96-well plates at 30˚C for 5 min. We then
added 10 

 

�

 

L of  WEH solution (final concentration,
15.6–500 

 

�

 

g/mL) or distilled water as a control and
10 

 

�

 

L of  substrate solution (dimercaprol tributyrate
and sodium dodecyl sulfate) to each well, and incubated
the mixtures at 30˚C for 30 min (

 

n

 

�

 

3). The reaction
was stopped with 200 

 

�

 

L of  stop reagent (sodium dode-
cyl sulfate), and the absorbance of  the supernatant was
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measured at 405 nm. The substrate solution was added
to a blank solution after addition of  the stop reagent.
The lipase activity was calculated as Lipase activity
(%)

 

�

 

100

 

�

 

[(Absorbance of  the test sample solution

 

�

 

Absorbance of  the blank solution)/(Absorbance of  the
control solution

 

�

 

Absorbance of  the blank solution)].

 

Animals.

 

Male and female

 

 

 

ddY mice (6 and 3 wk
old, respectively) were obtained from Japan SLC, Inc.
(Shizuoka, Japan). They were housed in cages (4 indi-
viduals/cage) under a 12 h/12 h light/dark cycle (lights
from 8:00 to 20:00) in a room with controlled temper-
ature and humidity (24

 

�

 

1˚C and 50

 

�

 

2%, respec-
tively). Animal studies were performed in accordance
with Notification No. 88 of  the Ministry of  the Environ-
ment, Japan (2006) and the Guidelines for Animal
Experimentation of  Tokyo University of  Marine Science
and Technology, with the approval of  the Animal Care
and Use Committee of  Tokyo University of  Marine Sci-
ence and Technology.

 

Loading test of  TG and its metabolites.

 

To evaluate
whether WEH suppressed the absorption of  TG and its
metabolites, we administered TG, nonesterified fatty
acid (NEFA), and glycerol to male ddY mice (6 wk old)
that were fed a normal diet (ND) (MR stock; Nosan,
Tokyo, Japan) for 1 wk and provided water ad libitum.
The mice were fasted for 24 h and then divided into 2 or
4 groups (

 

n

 

�

 

6, 8). Distilled water or WEH solution
(20 mL/kg) was orally administered to each group
before the oral administration of  corn oil (8 mL/kg),
oleic acid (8 mL/kg), or glycerol (0.6 mL/kg). The dos-
age of  WEH ranged from 250 to 1,000 mg/kg. Blood
was collected from the tail vein and centrifuged at
1,400

 

�

 

g

 

 at 4˚C for 1 min to obtain plasma. The plasma
TG, NEFA, and glycerol levels were measured using the
Triglyceride E-test Wako Kit, NEFA C-test Wako Kit, and
Free Glycerol Determination Kit, respectively, according
to the protocols of  the respective manufacturers. The
area under the curve (AUC) was calculated using the
time-course plot of  the plasma TG level as an index of

the total TGs absorbed.

 

Measurement of  the amount of  residual NEFA and glyc-
erol in the small intestine.

 

Emulsions were prepared by
mixing 1 mL oleic acid, 5 mL distilled water, and
580 mg sodium cholate with or without 300 mg of
WEH overnight at 37˚C and 180 rpm. Male mice (6 wk
old) were fed the ND for 1 wk and divided into 2 groups
(

 

n

 

�

 

3, 5) after being fasted for 24 h. After being anes-
thetized, their abdomens were opened and 1 mL of  the
emulsion or a 3% (v/v) glycerol solution was injected
into the small intestine from the pylorus. Both sides of
the small intestine, into which the emulsion or glycerol
solution was injected, were surgically sutured. After 15
or 20 min, the sutured part was excised and the con-
tents of  the intestine were collected. The inside surface
of  the sutured part was washed with 5 mL saline, and
the wash solution was mixed with the contents. We
added 4 mL of  hexane to the mixture to extract NEFA.
This solution was vortexed and centrifuged at 3,000

 

�

 

g

 

at 20˚C for 20 min to collect the upper layer (hexane
layer) containing oleic acid. This hexane extraction was
repeated twice. The collected upper layer was dried
using nitrogen gas. The mixture containing glycerol
was dried using a rotary evaporator and a lyophilizer.
Next, 1 mL of  2-propanol was added to the residue, and
the resulting solution was used for the measurement of
NEFA and glycerol levels.

 

Anti-obesity test.

 

We formulated experimental diets
based on the AIN-93M diet (Table 1) (

 

18

 

). To mimic a
westernized diet rich in animal fat, we used beef  tallow
as the fat in the experimental high-fat diets (HFDs).
WEH was administered to the mice as part of  the HFD
rather than mixed with the drinking water so that an
anti-obesity effect could be more effectively demon-
strated. Female mice (3 wk old) were fed a ND for 1 wk
and then divided into 4 groups: ND, HFD, 1% WEH, and
2% WEH groups. Body weight and food intake were
measured twice a week. After the mice were fed these
diets for 11 wk, the mice were fasted overnight and

 

Table 1. Composition of  mouse diets in the anti-obesity test.

Ingredient (g/kg)
Group

ND HFD 1% WEH 2% WEH

 

�

 

-Cornstarch 465.692 105.692 105.692 105.692

 

�

 

-Cornstarch 155 155 155 155
Milk casein 140 140 140 140
Sucrose 100 100 100 100
Beef  tallow 40 400 400 400
Cellulose 50 50 40 30
Mineral mix 35 35 35 35
Vitamin mix 10 10 10 10

 

L

 

-Cystine 1.8 1.8 1.8 1.8
Choline bitartrate 2.5 2.5 2.5 2.5

 

tert

 

-Butylhydroquinone 0.008 0.008 0.008 0.008
WEH 0 0 10 20

Calories (kcal/kg) 3,861 5,672 5,682 5,692

ND, nomal diet; HFD, high-fat diet; WEH, water extract of

 

 Houttuynia cordata

 

 Thunb. leaves.
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blood was collected from the tail vein to measure blood
parameters. The mice were killed by cervical disloca-
tion, and the parauterine adipose tissue and liver were
dissected and weighed. The TG and total cholesterol
(TC) in the liver were extracted using the procedure
described by Folch et al. (

 

19

 

), and their levels were mea-
sured with the Triglyceride E-test Wako Kit and Total
Cholesterol E-Test Wako Kit.

 

Statistical analysis.

 

Data were presented as mean

 

�

 

SE and analyzed by one-way ANOVA and the Dunnett
test. Differences between groups were considered to be
statistically significant at 

 

p

 

	

 

0.05.

 

RESULTS

 

Influence of  WEH on fat absorption

 

The elevation of  plasma TG levels was significantly
lower in the WEH groups than in the control group 1–
6 h after the administration of  corn oil (Fig. 1A). The
AUC for the WEH groups decreased in a dose-dependent
manner (Fig. 1B). This shows that WEH had an inhibi-
tory effect on fat absorption.

 

Influence of  WEH on pancreatic lipase activity 

 

The pancreatic lipase activity in the WEH groups was
not significantly lower than that in the control group,
which suggests that WEH had little influence on pan-
creatic lipase (Fig. 2). 

 

Influence of  WEH on the plasma NEFA and glycerol levels in
the loading test in mice 

 

The elevation of  plasma NEFA levels in the WEH
group was significantly lower than that in the control

 

Fig. 1. Effect of  water extract of  

 

Houttuynia cordata

 

Thunb. leaves (WEH) on triglyceride (TG) absorption
after oral administration of  corn oil in mice. (A) Dis-
tilled water (20 mL/kg) and WEH (250, 500, and
1,000 mg/20 mL/kg) were administered to the mice in
the control group (unfilled circles) and the WEH
250 mg/kg (filled circles), WEH 500 mg/kg (unfilled
triangles), and WEH 1,000 mg/kg (filled triangles)
groups, respectively, before the oral administration of
corn oil (8 mL/kg). (B) The level of  total absorbed TGs
was evaluated using the area under the curve (AUC).
Data (

 

n

 

�

 

8) are presented as mean

 

�

 

SE. *

 

 

 

p

 

	

 

0.05,
**

 

 

 

p

 

	

 

0.01, ***

 

 

 

p

 

	

 

0.005 vs. the control group.

 

Fig. 2. Effect of  WEH on pancreatic lipase activity in
vitro.

 

 

 

WEH: water extract of  

 

Houttuynia cordata

 

 Thunb.
leaves. Data (

 

n

 

�

 

3) are presented as the mean

 

�

 

SE.

Fig. 3. Effect of  WEH on the plasma NEFA level after the
oral administration of  oleic acid in mice. (A) Distilled
water (20 mL/kg) and WEH (water extract of  

 

Hout-
tuynia cordata

 

 Thunb. leaves, 1,000 mg/20 mL/kg)
were administered to the mice in the control (unfilled
circles) and WEH (filled circles) groups, respectively,
before the oral administration of  oleic acid (8 mL/kg).
(B) The level of  total absorbed nonesterified fatty acid
(NEFA) was evaluated using the area under the curve
(AUC). Data (

 

n

 

�

 

8) are presented as the mean

 

�

 

SE.
*

 

 

 

p

 

	

 

0.05, ***

 

 

 

p

 

	

 

0.005 vs. the control group.
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group 1–3 h after the administration of  oleic acid (Fig.
3A). The AUC for the WEH group was significantly
lower than that for the control group (Fig. 3B). 

The elevation of  plasma glycerol levels in the WEH
group was significantly lower than that in the control
group 15 and 30 min after glycerol administration (Fig.

4A). The AUC for the WEH group was significantly
lower than that for the control group (Fig. 4B).

 

Influence of  WEH on residual NEFA and glycerol contents in
mouse small intestine

 

At 20 min after the injection of  NEFA into the mouse
intestine, the residual NEFA content in the small intes-

 

Fig. 4. Effect of  WEH on the plasma glycerol level after
the oral administration of  glycerol in mice. (A) Distilled
water (20 mL/kg) and WEH (water extract of  

 

Hout-
tuynia cordata

 

 Thunb. leaves, 1,000 mg/20 mL/kg)
were administered to the mice in the control group
(unfilled circles) and WEH group (filled circles), respec-
tively, before the oral administration of  glycerol
(0.6 mL/kg). (B) The level of  total absorbed glycerol was
evaluated using the area under the curve (AUC). Data
(

 

n

 

�

 

6) are presented as the mean

 

�

 

SE. ***

 

 

 

p

 

	

 

0.005
vs. the control group.

Fig. 5. Effect of  WEH on the residual nonesterified fatty
acid (NEFA) content in the lumen of  the small intestine
after injection of  the emulsion in mice. One milliliter of
the emulsion was injected into the mice in the control
group without WEH (Water Extract of

 

 Houttuynia cor-
data

 

 Thunb. Leaves) (unfilled circles) and the WEH
group

 

 

 

with

 

 

 

50 mg

 

 

 

of

 

 

 

WEH

 

 

 

(filled

 

 

 

circles),

 

 

 

respec-
tively. Data (

 

n

 

�

 

5) are presented as the mean

 

�

 

SE.
***

 

 

 

p

 

	

 

0.005 vs

 

.

 

 the control group.

 

Fig. 6. Effect of  WEH on the residual glycerol con-
tent in the lumen of  the small intestine after the injec-
tion of  glycerol in mice. One milliliter of  3% (v/v) glyc-
erol was injected into the mice in the control group
without WEH (Water Extract of  

 

Houttuynia cordata

 

Thunb. Leaves) (unfilled circles) and the WEH group
with 100 mg of  WEH (filled circles), respectively. Data
(

 

n

 

�

 

3) are presented as the mean

 

�

 

SE. ***

 

 

 

p

 

	

 

0.005 vs.
the control group.

Fig. 7. Effect of  WEH on the body weight (A) and food
intake (B) in mice in which obesity was induced by the
administration of  HFD for 11 wk. Unfilled circles, high-
fat diet (HFD) group; filled circles, normal-diet (ND)
group; unfilled triangles, 1% WEH group; filled trian-
gles, 2% WEH group. Data (

 

n

 

�

 

8) are presented as the
mean

 

�

 

SE. *

 

 

 

p

 

	

 

0.05, **

 

 

 

p

 

	0.01, *** p	0.005 vs. the
HFD group in Panel A. Data are presented as the total
amount of  food intake in each group in Panel B.
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tine in the WEH group was significantly higher than
that in the control group (Fig. 5). 

At 15 min after the injection of  glycerol into the
mouse intestine, the residual glycerol content in the
small intestine in the WEH group was significantly
higher than that in the control group (Fig. 6).
Influence of  WEH on body-weight gain and food intake in
mice fed the HFD for 11 wk 

The body weight in the HFD group was significantly
higher than that in the ND group on the 18th day of
feeding. This increase in body weight was suppressed to
a significantly greater extent in the 1% and 2% WEH
groups than in the HFD group after days 46 and 35,
respectively (Fig. 7A). There was very little difference in
food intake between the HFD and 1% and 2% WEH
groups (Fig. 7B).
Effects of  WEH on parauterine adipose tissue, liver weight,
hepatic lipid content, and plasma parameters in mice fed the
HFD 

The weight of  parauterine adipose tissue in both the
1% and 2% WEH groups was significantly lower than
that in the HFD group (Table 2). In contrast, there was
no difference in liver weight among the 4 groups. The
hepatic TG and TC levels in the 1% and 2% WEH groups
were significantly lower than those in the HFD group.
The levels of  plasma TG, TC, NEFA, glycerol, and glucose
in both the 1% and 2% WEH groups were also signifi-
cantly lower than those in the HFD group.

DISCUSSION

Several studies are currently being conducted to
identify food materials that can help prevent and reduce
obesity. In this study, we found that WEH inhibited the
elevation of  plasma TG levels in mice that were adminis-
tered oil (Fig. 1). We also studied the mechanism that
underlies this anti-obesity effect of  WEH.

WEH inhibited fat absorption in a dose-dependent
manner. Interestingly, the time of  the peak plasma TG
level was delayed as the dosage of  WEH increased. This
is probably because the active ingredients of  WEH are
absorbed from the small intestine faster than TG. The

absorbability of  TG increases with a decrease in the
amount of  active ingredients in the intestinal lumen. If
we consider that an effective dose remains in the intes-
tinal lumen longer as the dosage increases and that ele-
vation of  the plasma TG level is gradually hindered, the
time of  the peak is thought to be delayed in proportion
to the dosage of  WEH. The elevation of  the plasma TG
level was also not suppressed by treatment with WEH at
125 mg/kg (data not shown). Therefore, the minimal
effective concentration was 250 mg/kg.

We believe that WEH suppressed fat absorption in the
small intestine through 2 mechanisms: (1) inhibition of
the activity of  digestive lipases, which hydrolyze TG to
NEFA and monoglycerides or glycerol, and (2) decrease
in the uptake of  these hydrolysates by intestinal epithe-
lial cells. Fat absorption has often been reported to be
suppressed by lipase inhibition (20–23). Therefore, we
investigated whether WEH affected pancreatic lipase
activity in vitro. However, the reaction rate of  lipase did
not change after WEH treatment (Fig. 2). Next, we
examined whether WEH affected the blood level of
NEFA and glycerol after they were administered to mice.
The elevation in plasma NEFA and glycerol levels was
markedly suppressed by WEH treatment (Figs. 3 and 4).
These results confirmed that WEH did not inhibit the
hydrolysis of  TG by lipase and suppressed the absorption
of  hydrolysates of  TG, such as NEFA and glycerol.

In addition, we found that the residual NEFA and
glycerol levels in the small intestine increased after
WEH injection (Figs. 5 and 6). Therefore, WEH inhib-
ited the uptake of  NEFA and glycerol from intestinal epi-
thelial cells. NEFA is incorporated into intestinal epithe-
lial cells through fatty acid translocase (FAT)/CD36 and
plasma membrane fatty acid-binding protein (FABPpm)
(24, 25). Glycerol is transported from the brush border
membrane of  intestinal epithelial cells through chan-
nels composed of  a protein called aquaporin-7 (AQP7)
(26, 27). WEH was thought to suppress the uptake of
NEFA and glycerol by blocking FAT/CD36 and/or FAB-
Ppm, and also by suppressing AQP7. Copper has been
shown to inhibit glycerol transport through AQPs (26,

Table 2. Parameters associated with the lipid metabolism of  mice.

Group

ND HFD 1% WEH 2% WEH

Adipose tissue (mg/g of  BW) 28.0�4.5*** 98.0�14.3  61.9�3.5**  50.0�4.6***
Liver (mg/g of  BW) 36.4�1.8 31.8�1.3 34.0�1.0 34.4�0.5
Hepatic TG (mg/g of  liver)  95�5*** 160�6 136�5* 101�7***
Hepatic TC (mg/g of  liver)  7.6�0.2  9.0�0.8  6.7�0.6**  6.4�0.4**
Plasma TG (mg/dL)  98�7*** 131�5 107�5*** 106�3***
Plasma TC (mg/dL) 130�5*** 197�17 133�10** 141�6**
Plasma NEFA (mEq/L) 1.58�0.06*** 1.87�0.04 1.50�0.05*** 1.47�0.03***
Plasma glycerol (mg/dL)  4.2�0.2***  5.5�0.2  4.4�0.1***  4.0�0.2***
Plasma glucose (mg/dL)  78.1�3.5**  93.6�4.6 73.3�2.8**  75.4�1.1**

ND, normal diet; HFD, high-fat diet; WEH, water extract of  Houttuynia cordata Thunb. leaves; TG, triglyceride;
TC, total cholesterol; NEFA, nonesterified fatty acid.
Data are presented as the mean�SE (n�8). * p	0.05, ** p	0.01, *** p	0.005 vs. the HFD group.
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28, 29), and tetraethylammonium, an amine, has been
shown to block AQP1 (30). H. cordata contains copper
and many types of  amines (10, 31, 32). In fact, copper
and amines were detected in WEH by flame and the
Dragendorff  reaction (33, 34), respectively (data not
shown). Therefore, these water-soluble and small-
molecular-weight components are thought to suppress
glycerol absorption via AQP7. Some previous studies
have shown that NEFA uptake is inhibited by sulfo-N-
succinimidyl esters, fatty alcohol, and other NEFA
derivatives (35, 36). There have been no reports on the
inhibition of  NEFA uptake by natural water-soluble
compounds. Since the pathways for NEFA and glycerol
uptake are different, the components in WEH that
inhibit NEFA uptake should be different from those that
inhibit glycerol uptake. In addition, WEHs obtained
after extraction times of  30 min, 1 h, and 2 h showed
almost the same inhibitory effect on TG absorption
(data not shown). This result suggested that the active
components were not easily resolved by heat. While
many lipase inhibitors are commercially available for
preventing obesity, there are no compounds that sup-
press hydrolysate absorption. Therefore, WEH is a novel
functional food for preventing and reducing obesity.

The anti-obesity effect of  WEH was evaluated using
obese mice that were fed a HFD with or without WEH
for 11 wk. Female mice (3 wk old), but not male mice
(6 wk old), were used in the experiment because it was
easier to induce obesity in female mice by the HFD than
in male mice (data not shown), and female mice (3–
4 wk old) have been used in anti-obesity tests in previ-
ous studies (23, 37, 38). While there was hardly any
difference in food intake between the HFD and WEH
groups, the body-weight gain in the WEH groups was
significantly lower than that in the HFD group (Fig. 7).
This anti-obesity effect was confirmed after the long-
term intake of  WEH, which had an inhibitory effect on
NEFA and glycerol absorption. We found that the
weight of  adipose tissue, the levels of  hepatic and
plasma lipids, and the level of  glucose, all of  which
increased after HFD intake, decreased with WEH treat-
ment (Table 2). It is well known that obesity causes
hyperlipidemia and hyperglycemia (1, 4). We believe
that WEH can relieve these pathologic symptoms. Inter-
estingly, the plasma glycerol level increased after HFD
intake, and this increase was suppressed by WEH treat-
ment, probably due to the inhibition of  glycerol absorp-
tion by WEH.

In conclusion, WEH exerted anti-obesity effects by
inhibiting NEFA and glycerol absorption from the small
intestine in mice. Currently, there are no functional
foods or supplements that inhibit the absorption of  TG
hydrolysates. WEH might be one such food that pre-
vents and reduces obesity.
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