d LY
HWUEAUNUY = Original Article

= N o q¥a Yy oy A
Nﬂslli’)\‘lﬁ1§ﬁﬂﬂ‘l/\lﬂﬂ1ﬂu?‘i ‘Ylﬂﬂ!“l"il!f]’ﬂ!ﬂ?‘i!ﬂﬂﬂ1’J%i’)?ﬂﬂ?ﬂ@ﬁ’ﬂiﬂﬂ

U

lasiuga

03B muﬂ’]LUﬂvLVlle* BREE LEJEJ’J‘UﬁUWLL‘WVIEJ ﬁﬁ‘U’Wl msmsma
\MIAITIASTINGT ABILUNNEFIANT RTINSV UUNY

2RV ING T ARISUNNEAIANT U TN 1AL VDULNY

Effect of Houttuynia cordata Thunb. Extract in High-Fat Diet-Induced

Obese Rats

Orathai Tunkamnerdthai*, Paradee Auvichayapat', Surachat Chaiwiriyakul®

'Department of Physiology, Faculty of Medicine, Khon Kaen University

“Department of Pathology, Faculty of Medicine, Khon Kaen University

vannisuazinguszasd: lsadrudutigmmeguaind
aAguasiimnuduiusiunisifialsaiuiniiu anaglugdu
Tudeninund uaglsanuiulaiings nsliayulnsiaty
lmmmlﬂmﬂumssﬂmmqLaaﬂiumsmumm'sumu o
uummnwﬂumnummmiﬂmsmwaﬁuaqmiaﬂmwamma
nsiiisguvesimin mmaimaamm m’swmaaumau au
fiu uay ma%muuimaamwm"dnﬂwwmmumuﬂ‘wmm
Ay mumammwml&uuum

3Bn13AnEN: %Hmuwmwuq Sprague-Dawley 91U 24
# Iegnudseenilu 3 mjm usinznqulasuemisunneing
ﬂ“LJL'U“LJL’Ja’l 12 dUmdi padl ﬂauLLﬁﬂimummﬁwummmu
ﬂamn 2 lasuomnsluduas ﬂaam 3 im‘ummﬂwuaw
Hauansafiangand 1 Wosdus mmimumunmua“
ﬂimmminummsmaamﬂﬁﬂmsn duthuiniderdely
T sefutiena Sugdu lodu waziauAuinndinisveaes
NaN1SAN®EN: ﬂW{mesaﬂﬂwamﬂummﬂwuaqmsJ
{ImnumnwmuﬁuaqumunmaaNuuamﬂmmnam
(p<0.05) uaﬂmﬂumsaﬂﬂwamamaamumuﬂmaaLuawa
Tasfu sydutmaludon nae maauezjau wagsyAuLlaUAY
ammuammgmaaﬂm (p<0.05) LLaumslwn’nJL‘*Uuuslu
\FoaRaunARTueslitedAyeeEda (p<0.05) pgnsls
Amusyauduegdulifinnuuanaegrelided Ay adn
naslansanangan?

a3u; ansatanganiinaannzdiu lnvannisazauluiiy
Tuidoudeluhy LLaaznwﬂwma“mmaiw,aamm ANYie
duedu seUluiludentnunanty siuanseduay
mﬂ,wumﬂmumuﬂummmn mumsmmiwlﬁmum
muumiaﬂﬂwamammmmuﬂsﬁL‘Uumsiﬂmwmaaﬂ

Background and Objective: Obesity is a significant

health problem and associated with diabetes mellitus,
dyslipidemia, and hypertension. Herbal supplemen-
tation is considered as a complementary method for
obesity control. Therefore, the objective of this study
was to investigate the effects of Houttuynia cordata
Thunb. extract (HTE) on weight gain, hyperglycemia,
insulin resistance, leptin, and dyslipidemia in high-fat
diet-induced obese rats.

Methods: Twenty-four male Sprague-Dawley rats were
divided into three groups. Each group was fed with
different diet for 12 wks. The first group was fed a
standard diet of rat chow, the second was fed a high-
fat diet (HFD), and the third was fed an HFD contain-
ing 1% HTE. Body weight and food intake were mea-
sured throughout the study. Adipose tissue weight,
blood sugar, insulin, lipid profiles, and leptin were
measured after the experiment.

Results: The addition of HTE to the HFD significantly
prevented weight gain (p<0.05). In addition, treatment
with HTE resulted in a remarkable reduction in adipose
tissue weight, blood sugar, insulin resistance, and
leptin (p<0.05). The HTE treatment also significantly
improved dyslipidemia (p<0.05). However, no statis-
tically significant change in insulin levels was observed
after the HTE treatment.

Conclusions: HTE exhibited anti-obesity effect,
decreased fat accumulation in adipose tissue, restored
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hyperglycemia, insulin resistance and dyslipidemia,
and reduced leptin in HFD-induced obese rats. Thus
HTE is suggested as a possible alternative treatment
for obesity.
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Introduction

Obesity has been an epidemic health problem in
both developed and developing countries, and its
prevalence has been continuously increasing
worldwide' including in Thailand®. Obesity is
characterized by an excess of adipose tissue’, and can
have various causes. However, the most common
cause of obesity is a lifestyle characterized by low
energy expenditure and the consumption of a high-
energy diet, especially a high-fat diet (HFD)". Obesity
causes an increase in visceral adipose tissue’, which
are not only energy-storing cells but also secrete
various adipocytokines such as leptin, adiponectin,
and resistin®®. One previous study reported that leptin
levels are higher in cases of obesity’. Moreover, high
leptin levels® and chronic inflammation’ in obesity are
associated with insulin resistance, which leads to type
Il diabetes mellitus™. Dyslipidemia is also commonly
present in obesity'' causing atherosclerosis, hyper-
tension, and cardiovascular diseases'. Behavioral
changes such as diet control and increasing physical
activity are the best ways to prevent obesity and
decrease complications. However, herbal supplemen-
tation should be considered as a complementary
method of obesity control besides diet control and
exercise.

Houttuynia cordata Thunb. (HT), which is a herb
belonging to the Saururaceae family, has been used
in Thai traditional medicine for centuries to treat skin,
urinary tract, and venereal diseases". A previous study
reported that there was no toxicity after feeding diet
containing Houttuynia cordata Thunb. extract (HTE)
with concentration less than 5%'. HTE contains alka-
loids and flavonoids, such as quercitrin and isoquer-

1516 "and has been shown to exhibit anti-inflam-

l18 l19

citrin
matory'’, antibacteria
stress”, and anti-cancer” activities. It has also been
reported to exhibit anti-obesity properties in HFD-
induced obese mice®. In addition, few scientific

, antiviral™”’, anti-oxidative

studies have shown decreases in fat accumulation in
adipose tissue and liver and serum lipid levels in

HFD-induced non-alcoholic fatty liver in experimental
rats” " after treatment with HTE. Anti-diabetic effects
of HTE have been reported after HTE was administered
orally” and added in diet*, as well as anti-insulin
resistance effects after the addition of HTE in drinking
water” in HFD-induced obesity. However, the effects
of HTE on leptin have not yet been investigated.
Therefore, we examined the effects of HTE on
adipocytokine, hyperglycemia, insulin resistance,
hyperlipidemia, and body weight gain in HFD-induced
obese rats.

Materials and Methods

Experimental animals

The animal study protocol was approved by Khon
Kaen University’s Northeast Laboratory Animal Center.
Seven-wk-old, male Sprague Dawley rats were
purchased from Thailand’s National Laboratory Animal
Center. They were then adapted for 1 wk to a
specific temperature (21-25 °Q), relative humidity (30-
60%), and lighting (light from 8.00 a.m. to 8.00 p.m.).
The animals were housed in plastic cages (three rats/
cage) and given free access to drinking water and food.

Experimental design
After adaptation, the Sprague-Dawley rats were
randomly divided into a normal diet (ND) group, HFD
group, and HFD containing HTE (HFD+HTE) group
(n = 8 per group). The number of sample size was
calculated using the following formula®.
n = log (1 - confidence interval of detecting induction)
log (1 - assumed induction rate)
Confidence interval of detecting induction = 95%

Assumed induction rate = 32%
n = log (1 - 0.95)
log (1 -0.32)
n=38
The ND group was fed with a standard diet of rat
chow. The HFD group was fed with HFD that composed
35% saturated fat”’. The HFD+HTE group was fed with
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HFD containing 1% HTE™. All rats were fed as describe
above for 12 wks. Body weight and food intake were
monitored three times per week during the feeding
period. At the end of the experiment, the rats were
anesthetized with pentobarbital sodium (Nembutal®)
after fasting overnight (12 hrs). Blood samples (8 mL)
were drawn from the heart into four tubes for blood
sugar, insulin, leptin, and lipid profile analyses. The
mesenteric adipose tissue was weighed after rapid
removal from the dead rats.

Preparation of HTE

The HT leaves, collected during the month of
April, were purchased from cultivation areas in Khon
Kaen, Thailand. The leaves were washed thoroughly,
spread on a flat surface to allow any moisture to
evaporate, and weighed before extraction. The water
extract was obtained by boiling the leaves in distilled
water at a 10:1 ratio. The extract was filtered, and the
filtrate was centrifuged at 3,000 rpm. It was then
concentrated under reduced pressure and lyophilized
into a dry powder using a freeze dryer. The powder
was stored at -20 °C until use. The extract yield from
the fresh leaves was about 8%.

Measurement of body weight and food intake

Body weight was measured three times per week
in the morning. Food intake was measured three times
per week by weighing food before feeding it to the
rats in the morning and weighing the left-over food
the following morning.

Fasting blood sugar, insulin, leptin, and lipid measurement

Collected blood samples were centrifuged at
3,000 rom and 4 °C for 10 mins. The upper layer was
then transferred to a new tube and was stored at -80
°C until analysis. After that, total cholesterol (T-CHO),
triglyceride (TG), high density lipoprotein-cholesterol
(HDL-O), low density lipoprotein-cholesterol (LDL-C),
fasting blood sugar (FBS), and insulin were measured
in the community laboratory at Khon Kaen University’s
Faculty of Associated Medical Sciences (Khon Kaen,
Thailand). Leptin concentrations were measured
following manufacturer instructions (Leptin Enzyme
Immunoassay Kit; Cayman Chemical, Ann Arbor, M|,
USA).

Insulin resistance
Homeostasis Model Assessment for Insulin Resis-

tance (HOMA-IR) was calculated using the following
formula®.

Fasting plasma insulin (ulU/mL) x fasting plasma glucose (mmol/L)

225

Statistical analysis

All values were expressed as mean * standard
deviation (SD). All statistical analysis was performed
by using SPSS version 19.0 software package. A one-
way analysis of variance (ANOVA) was used for com-
parisons between means, followed by Bonferroni
multiple comparison’s test. A value of p<0.05 was
considered statistically significant.

Results

Influence of HTE on body weight and food intake

The effects of HTE on body weight and amount
of food intake are presented in Figure 1 and Figure 2.
Body weight in the HFD group was significantly higher
than that in the ND group in the 812" wks of
feeding (p<0.01). This increase in body weight was
suppressed to a significantly greater extent in the
HFD+HTE group after the 8th wk (Figure 1). However,
there was no significant difference in food intake
among the three groups (Figure 2).

Effects of HTE on mesenteric adipose tissue weight

The effect of HTE on mesenteric adipose tissue
weight is shown in Figure 3. Mesenteric adipose tissue
weight revealed that HFD-induced fat accumulation
was significantly alleviated in rats given HTE (Figure
3).

Effects of HTE on blood sugar, insulin, lipid profiles, and

adipocytokine

All data of blood sugar, insulin, leptin, and lipid
profiles are shown in Table 1. The results
demonstrated a significant increase in levels of FBS,
insulin, HOMA-IR, leptin, T-CHO, TG, and LDL-C in the
HFD group compared to the ND group (p<0.05).
Moreover, HDL-C levels were significantly lower in the
HFD than in the ND group (p<0.05).

Administration of HTE caused a remarkable
reduction in levels of FBS, HOMA-IR, leptin, T-CHO,
TG, and LDL-C in the HFD+HTE group compared to
the HFD group (p<0.05). In addition, there was a sig-
nificant difference in levels of HDL-C between the
HFD+HTE and the HFD group. Although insulin levels
tended to be lower in the HFD+HTE group than in the
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Figure 3 Comparison of mesenteric adipose tissue weight
Figure 1 Effect of HTE on body weight in HFD-induced obese among the three groups.
rats over a period of 12 wks. Data are expressed as mean = SD. ND = Normal Diet; HFD =
Data are expressed as mean + SD. ND = Normal Diet; HFD = High-Fat Diet; HFD+HTE = High-Fat Diet containing Houttuynia
High-Fat Diet; HFD+HTE = High-Fat Diet containing Houttuynia cordata Thunb. extract. *Significant difference from the ND
cordata Thunb. extract. *Significant differences from the ND group (p<0.001), *Significant difference from the HFD group
group (p<0.01), “Significant differences from the HFD+HTE (p<0.01). "Significant difference from the ND group (p<0.01).
group (p<0.05).
=0 - ND HFD group, this difference was not statistically signifi-
s 25 -= HFD cant. Moreover, there was no significant difference in
E 20 & EEDHIE blood sugar, insulin, lipid profiles, and adipocytokine
£ 15 between the HFD+HTE and the ND group.
T
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[«]
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5 Discussion
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0 T L Ml 7D oA The findings of this study showed that the extract
Time (wk) of HT markedly prevented weight gain by reducing fat

accumulation. Moreover, HTE was able to reduce FBS,

Figure 2 Effect of HTE on food intake in HFD-induced obese
HOMA-IR, leptin, T-CHO, TG, and LDL-C, as well as

rats over a period of 12 wks.

Data are expressed as mean + SD. ND = Normal Diet; HFD = increase HDL-C. However, although insulin levels
High-Fat Diet; HFD+HTE = High-Fat Diet containing Houttuynia tended to be lower after treatment with HTE, this
cordata Thunb. extract. difference was not statistically significant.

The anti-obesity effects of HTE were evaluated

Table 1 Changes in blood sugar, insulin, lipid profiles, and adipocytokine in HFD-induced obese rats.

Blood parameters ND HFD HFD+HTE
FBS (mmol/L) 5.08 £ 0.57 7.63 + 0.82% 6.12 + 0.62*
Insulin (ulU/mL) 8.01 + 2.10 10.29 + 2.32* 9.34 + 2.26
HOMA-IR 1.81+0.23 3.49 + 0.49% 2.54 + 0.34"
T-CHO (mg/dL) 85.88 + 11.91 117.86 + 18.43* 94.38 + 15.44"
TG (mg/dL) 61.57 + 8.51 93.43 + 12.94% 69.25 + 9.58"
LDL-C (mg/dL) 34.88 + 5.54 50.29 + 9.63% 38.63 + 7.01°
HDL-C (me/dL) 38.38 + 3.32 27.75 + 3.59% 36.67 + 4.95
Leptin (ng/mL) 14.15 + 8.78 32.39 + 7.91% 17.28 + 6.93"

Data are expressed as mean = SD. ND = Normal Diet; HFD = High-Fat Diet; HFD+HTE = High-Fat Diet containing Houttuynia
cordata Thunb. extract; FBS = Fasting Blood Sugar; HOMA-IR = Homeostasis Model Assessment for Insulin Resistance; T-CHO =
total cholesterol; TG = Triglyceride; LDL-C = Low Density Lipoprotein-Cholesterol; HDL-C = High Density Lipoprotein-Cholesterol.
*Significant differences from the ND group (p<0.05), *Significant differences from the HFD group (p<0.05).
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using obese rats that were fed an HFD with or without
HTE for 12 wks. Interestingly, HTE suppressed body
weight gain in the HFD+HTE group. However, there
was no significant difference in food intake among the
three groups. Therefore, the reduction in body weight
gain after treatment with HTE was not due to reduced
caloric intake in these animals. These findings are

consistent with those of previous studies™?". |

n
addition, HFD-induced fat accumulation was
significantly decreased in mesenteric adipose tissue
weight in the HTE-treated group, showing that body
weight loss after HTE treatment was mainly due to
reduced fat accumulation in white adipose tissue.
These findings are in accordance with those of a
previous study”. The reduction in fat accumulation
after treatment with HTE may be due to increased fat
oxidation or decreased adipogenesis and lipogenesis
in adipose tissue. This is supported by previous
studies, have showed enhancements in fat oxidation
by activation of AMP-activated protein kinase (AMPK)
and AMPK- dependent fatty acid oxidation” and
decreases in adipogenesis and lipogenesis by the
inhibition of peroxisome proliferators-activated
receptor Y and CAAT/enhancer binding protein @ #*
after treatment with various natural plant extracts,
which had anti- obesity effect, in HFD-induced
obesity.

Treatment with HTE not only reduced obesity,
but also restored levels of T-CHO, TG, and LDL-C in
HFD-induced obese rats. In addition, HTE treatment
was able to enhance levels of HDL-C, which is
important in the transport of cholesterol from
peripheral cells back to the liver and is considered to
be a cardioprotective lipid*. These findings are
consistent with those of previous studies in
HFD-induced obese rats®® ** ?*, HFD-induced
non-alcoholic fatty liver in experimental rats”, and
streptozotocin-induced diabetic rats®™ *.

This is the first study to demonstrate the ability
HTE treatment to reduce leptin levels. The finding is
consistent with those of previous studies to show that
treatment with ethanolic extract of Morus alba L.
leaves for 8 wks reduced leptin levels in rats fed a
high-cholesterol diet™ and that ethanolic extract of
Lysimachia foenum-graecum® including Lycopus
lucidus Turcz. ex Benth.” attenuated leptin levels in
HFD-induced obese mice. As plasma leptin levels are
proportional to body fat mass™, the decrease in leptin
in HTE-treated rats, together with reduced adipose
tissue weight and TG, strongly support the

anti-obesity effects of HTE in HFD-induced obesity.

This study found that HFD causes increases in the
levels of FBS and insulin leading to an increase in
HOMA-IR. A possible mechanism of obesity-related
insulin resistance may be due to an increase in
nonesterified fatty acids, which are secreted from
adipose tissue®’. After HTE treatment in our study, FBS
levels had significantly decreased. The levels of
insulin also tended to be lower after treatment but
not to a significant extent. However, levels of HOMA-IR
were significantly reduced after the HTE treatment.
This finding is in accordance with a previous study,
which found that the addition of HTE to drinking
water for 8 wks reduced insulin resistance in
HFD-induced obese mice”. As flavonoids have been
reported to ameliorate hyperglycemia and insulin
resistance’®, the reductions in FBS and insulin
resistance from HTE treatment are partly due to the
presence of flavonoids in the plant. In addition,
reduced leptin levels after HTE treatment may involve
in reduced insulin resistance as high levels of leptin®
and chronic inflammation’in obesity are associated
with insulin resistance.

Conclusion

In conclusion, HTE reduced body weight gain,
hyperglycemia, leptin, and insulin resistance, as well
as improving dyslipidemia in HFD-induced obese rats.
This suggests that supplementation with HT may help
obese individuals reduce their cardiovascular risk. The
mechanism of fat metabolism in adipose tissue and
reduced insulin resistance after HTE treatment should
be further investigated.
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