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To investigate the efficacy of extract of Tartary buckwheat (F. tataricum Gaertn.) in high fat diet (HFD) in mice, the 
F. tataricum Gaertn. extract (FTE) was orally administered to mice with a HFD at 300 mg/kg/day for 4 weeks. Our 
results show that FTE significantly inhibited fat accumulation. Moreover, FTE markedly reduced the final body weight 
with a decrease in epididymal adipose tissue mass and adipocyte size compared with the untreated HFD-induced group. 
Additionally, FTE ameliorated serum total cholesterol, triglyceride, and low-density lipoprotein cholesterol levels. The 
results show that Tartary buckwheat possesses hypocholesterolemic effect through downregulating lipid metabolism. 
Further studies are required in this area to strengthen the anti-obesity effects of FTE with active component, and it can 
be used a pro-drug instead of whole extract. 
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There are 2 kinds of cultivated buckwheat, common 
buckwheat (Fagopyrum esculentum Moench) and tartary 
buckwheat (Fagopyrum tataricum Gaertn.) (Li et al., 2001). 
Buckwheat sprouts have presented that the sprouts contain 
several flavonoids, including orientin, isoorientin, vitexin, 
isovitexin, rutin, and quercetrin, whereas tartary buckwheat 
sprouts contain only rutin. Buckwheat is known for nutrient 
food due to supply of amino acids and protein (Zielinski et 
al., 2000). The nutritive values of the edible parts of sprouts 
of beans, crops, and vegetables have gained interest in recent 
years. Sprouts are recognized as outstanding dietary vege- 
tables in Asia, Europe, and the United States. Sprouts are 
important source of protein, mineral, dietary fiber, and vita- 
mins in human diets. Especially, the contents of polyphenols, 

which are secondary plant metabolites, have been increased 
or newly synthesized during sprouting. Polyphenols have 
attracted a great deal of attention due to their various health 
benefits for human (Quettier-Deleu et al., 2000). Tartary 
buckwheat seed is known to contain a large amount of rutin 
(Kitabayashi et al., 1995). Rutin and other flavonoids from 
buckwheat have beneficial effects for human health including 
hypolipidemic effect (Mukuda et al., 2001). The protein 
content of FTE was 46%, and its amino acid composition 
of FTE was similar to that of common buckwheat protein 
product (Kitabayashi et al., 1995). 

Twenty-four male C57BL/6J mice (age 5~6 weeks old) 
were obtained from DBL Inc. (Eumseong-gun, Republic of 
Korea). All the experimental animals were housed in a 
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group (n = 6) and fed ad libitum water and food, under 12 
h light and dark conditions. The Institutional Animal Ethics 
Committee guidelines were followed for handling animals 
in this study. All mice had free access to food and water. 
They were fed 10 kcal% low fat diet (Research diet, New 
Brunswick, NJ, USA) fat or 60 kcal% high fat diet (Research 
diet, New Brunswick, NJ, USA) throughout the 8-week 
treatment period. The animals were subdivided into four 
groups: 10% low fat diet (LF), 60% high fat diet (HF), HF + 
FTE 300 mg/kg/day (FTE300), and HF + green tea extract 
(GRE) 300 mg/kg/day (GRE300) and fed for 4 weeks. The 
body weight of rats was recorded once a week, whereas 
food intake was recorded daily. The food efficiency ratio 
(FER) (body weight gain per g consumed food) was calcu- 
lated throughout the experiment. At the end of the 4-week 
treatment period after an overnight fast, rats were sacrificed 
under ether anesthesia, and blood was collected in a hepa- 
rinized tube. The collected blood was centrifuged at 3,000 
rpm for 15 min, and the plasma was stored at -70℃ until 
processed. The liver, kidney, spleen, epididymis, epididymal 
fat, and abdominal fat were removed immediately, washed 
in ice-cold saline, and weighed. The concentration of plasma 
TC, HDL-cholesterol, and LDL-cholesterol were determined 
using a Konelab20XT automatic blood analyzer. The results 
were expressed as mean ± standard deviation (S.D.) and 
statistically analyzed by analysis of variance (ANOVA). 
Duncan's multiple range test was performed to determine 
significant differences among the groups, and differences 
at P<0.05 were considered to be significant. 

In order to study the hypocholesterolemic effect of FTE in 
vivo, we fed a high fat diet to mice for 4 weeks. According 
to the food efficiency ratio (FER) equation, a change in 
body weight is the most important factor affecting the FER, 
as there is no large change in the amount of ingested food. 
Thus, it is possible to apply the FER as an indicator; a 
small value for the FER can effectively predict the avoidance 
of obesity. Body weight gain in the HF group was higher 
than that of the LF, however, that of the FTE300 group was 
lower compared to the HF group (P<0.05) (Fig. 1A). The 
food efficiency ratio (FER) of the HF group was significantly 
higher, however, that of the FTE300 group was lower com- 
pared to the HF group (P<0.05) (Fig. 1B). Mice that were 

orally administered FTE (300 mg/kg) with HF showed 
decreased body weight and food efficiency compared to 
HF-fed mice. 

In our study, we speculated that the less body weight in 
FTE fed groups might be due to the satiety effect that results 
reduction in fat tissue weight which is related to body weight 
gain. However, we could not measure the fat and lean mass 
parameters in all treatment groups. Mice that were orally 
administered FTE with HF had a lower amount of both 
abdominal and epididymal fat compared to the HF group 
(Fig. 2). Abdominal fat weights of the HF group were signi- 
ficantly higher, compared to the LF group, and those of the 
FTE300 group were significantly lower compared to the 

Fig. 1. Effect of FTE on body weight and food efficiency ratio
(FER) in high fat diet (HF)-fed mice. (A) Effect of FTE on body
weight gain in HF-fed mice. (B) Effect of FTE on FER in HF-fed
mice. Food efficiency ratio (FER) = increased body weight (g)/food
intake. The values are mean ± S.D. (n=6). Values with a common
superscript letter within the same column are not significantly
different (P<0.05). LF: 10% low fat diet, HF: 60% high fat diet +
vehicle, FTE300: 60% high fat diet + FTE, 300 mg/kg, GRE300:
60% high fat diet + GRE, 300 mg/kg. 
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HF group (P<0.05) (Fig. 2A). The effects of FTE on HFD-
induced obesity were primarily responsible for inhibiting 
adipogenesis in adipose tissue and regulating lipid meta- 
bolism, such as through lipogenesis and fatty acid oxidation. 

Tartary buckwheat is rich in flavonoids, including the 
rutin, quercetin 3-O-rutinoside-3'-O-β-glucopyranoside, kaem- 
pferol 3-O-rutinoside, and quercetin (Li et al., 2010). Using 
C57BL/6J mice several authors have found reductions in 
body fat induced by Quercetin treatment. Liang et al. (2009) 
reported that mice fed on a HFD supplemented with Quer- 
cetin (66 mg/kg body weight/d) were protected against 
weight gain induced by the diet. Moreover, Ohkoshi et al. 
(2007) showed a decrease in visceral and subcutaneous 
adipose tissue. Kobori et al. (2011) reported that chronic 
dietary intake of Quercetin reduced body weight gain, as 
well as visceral and liver fat accumulation, and improved 

systemic parameters related to metabolic syndrome (hyper- 
glycemia, hyperinsulinemia and dyslipidemia), probably by 
decreasing oxidative stress and increasing PPARα expression. 

In the previous reports indicate that the active components 
of tartary buckwheat for reductions in body weight and fat 
can be considered as the quercetin.Results for serum lipid 
levels are shown in Table 1. The HF group showed a signifi- 
cant (P<0.05) increase in serum total cholesterol and LDL-
cholesterol levels compared with the LF group. In contrast, 
FTE300 and GRE300 administration caused a significant 
(P<0.05) decrease in serum total cholesterol and LDL-
cholesterol levels, compared to those in the HF group, while 
causing the reverse on serum HDL-cholesterol. Wang et al. 
(2009) reported the effects of tartary buckwheat bran extract 
on antioxidation status and on lipid profile in hyperlipidemic 
rats. In this study, 7-week-old male Wistar rats were fed a 

Table 1. Effects of FTE on total cholesterol, HDL-cholesterol, and LDL-cholesterol mice fed a high fat diet for 4 weeks 

 Total cholesterol 
(mg/dL) 

HDL-cholesterol 
(mg/dL) 

LDL-cholesterol 
(mg/dL) 

LF 124.00±2.65c 15.12±7.01ab 13.00±3.92c 

HF 169.67±5.51a 16.45±0.13b 32.67±4.04a 

FTE300 150.00±5.45b 20.55±3.27a 21.00±2.21b 

GRE300   152.67±27.43abc 23.59±4.70a 21.67±7.58abc 

The values are mean ± S.D. (n=6). Values with a common superscript letter within the same column are not significantly different
(P<0.05). LF: 10% low fat diet, HF: 60% high fat diet + vehicle, FTE300: 60% high fat diet + FTE, 300 mg/kg, GRE300: 60% high fat 
diet + GRE, 300 mg/kg. 

BA 

Fig. 2. Different adipose tissue weight in mice fed with experimental diet for 4 weeks. (A) Effect of FTE on abdominal fat weight in HF-fed
mice. (B) Effect of FTE on epididymal fat weight in HF-fed mice. The values are mean ± S.D. (n=6). Values with a common superscript
letter within the same column are not significantly different (P<0.05). LF: 10% low fat diet, HF: 60% high fat diet + vehicle, FTE300: 60%
high fat diet + FTE, 300 mg/kg, GRE300: 60% high fat diet + GRE, 300 mg/kg. 
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High fat diet to induce hyperlipemia. Tartary buckwheat bran 
extract was shown to significantly reduce triglycerides and 
cholesterol in the serum and liver of rats, raise serum anti- 
oxidant activity and inhibit serum lipid peroxide formation. 
Kuwabara et al. (2007) examined the effects of different 
types of buckwheat sprouts on the plasma cholesterol con- 
centration, fecal steroid excretion and hepatic mRNA ex- 
pression related to cholesterol metabolism in rats. The hypo- 
cholesterolemic effect of tartary buckwheat sprout powders 
was evident compared to the control diet in rats. It appears 
that the cholesterol-lowering effect of buckwheat sprout 
powder is dependent on fecal steroids, especially bile acid, 
excretion and cholesterol 7 α-hydroxylase mRNA. 

Recent studies described tartary buckwheat protein, sprouts, 
leaves, flowers and bran have hypolipidemic activity. Add- 
itionally, tartary buckwheat is a good source of rutin, which 
has many potentially health-beneficial effects according to 
in vitro studies. In vitro tests have shown that rutin may 
inhibit LDL oxidation and HDL oxidation (Milde et al., 
2004). Furthermore, FTE contains flavonoids, phenols, and 
phenolic might be responsible for lowering effect on lipids 
in HFD mice. Recently, much attention has been focused 
on the antioxidant function of these flavonoids and the 
mechanisms. Quercetin is also known to reduce high blood 
pressure and the risk of arteriosclerosis (Duarte et al., 2001). 
Rutin can suppress colon carcinogenesis (Volate et al., 2005). 
These physiological functions appear to be at least in part 
ascribed to their antioxidant functions. 

In summary, this is first study to demonstrate that hypo- 
cholesterolemic effect of FTE by lipid metabolism from 
High fat diet mice. Our results show that FTE effects on 
reduction in the body weight gain and food intake, reducing 
lipid in adipose tissue, and increasing HDL with reducing 
TG and LDL in mice. This information presented in the 
current study suggests that FTE, including various flavonoids, 
might possibly have anti-obesity effects with hypochole- 
sterolemic effect on mice. 
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