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1. INTRODUCTION
Obesity is a noninfectious disease characterized by increases in 
the size and number of adipocytes with excessive body fat accu-
mulation, resulting from an imbalance between energy intake 
and expenditure. Obesity is widespread and is a major risk fac-
tor for metabolic diseases, such as hyperlipidemia, hypertension, 
and type 2 diabetes.1 According to a report by the World Health 
Organization, 30% of the global population is overweight or 
obese, and by 2025, one-third of the population is predicted 
to be obese. In Korea, the prevalence of obesity in adults has 
increased steadily from 29.7% in 2009 to 35.7% in 2018, with 

corresponding increases in the incidence of metabolic diseases. It 
is believed that additional management and treatment strategies, 
such as surgery and drugs, are needed to address the growing 
incidence of obesity and metabolic diseases.2 However, current 
strategies have limitations, such as side effects, the need for long-
term effort, and suitability for speci!c age groups. Therefore, 
there is a need to develop effective methods for the prevention 
and treatment of obesity.

Obesity, caused by fat accumulation, involves a series of pro-
cesses in which preadipocytes differentiate into adipocytes by 
increasing the expression of adipocyte-speci!c genes.3 Adipocyte 
differentiation is induced by adipogenic transcription factors, 
including CCAAT/enhancer binding protein-α, β (C/EBPα, β), 
and peroxisome proliferator-activated receptor-γ (PPARγ).4 
After differentiation, lipid synthesis regulates lipid metabo-
lism by increasing the production of sterol regulatory element-
binding protein-1c (SREBP-1c), fatty acid synthase (FAS), and 
stearoyl-CoA desaturase-1 (SCD-1).5,6

Some factors that function in lipid catabolism protect against 
obesity.7 Among various pathways that break down fat, thermo-
genesis consumes energy by the production of heat via the oxi-
dation of triglycerides (TGs).8 Uncoupling protein 1 (UCP1) is 
involved in the thermogenic reaction and is present in a number 
of brown adipose tissues (BAT). Extensive research has focused 
on browning white adipose tissue (WAT), which oxidizes stored 
energy by converting energy-storing WAT into BAT with many 

.

Abstract
Background: Sword bean (SB; Canavalia gladiata) is a perennial vine used as a food and medicinal plant in Asia. SB is rich in 
nutrients, such as flavonoids and urease, and has various functions, including beneficial effects on dysentery, nausea, and hemor-
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weight and plasma triglyceride levels in mice after 8 weeks. mRNA and protein levels of the adipogenesis and lipogenesis-related 
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mitochondria. Among the mechanisms by which WAT is con-
verted to BAT, AMP-activated protein kinase (AMPK) activa-
tion mediates sirtuin1 (SIRT1) to increase the expression of 
peroxisome proliferator-activated receptor gamma coactivator-
1α (PGC-1α) and activate mitochondrial biosynthesis. This 
increased expression of PGC-1α promotes UCP1 expression 
to break down TGs by heat generation.9–12 This can be a use-
ful defense mechanism against obesity by stimulating cellular 
energy expenditure and regulating adipocyte differentiation. 
Various natural ingredients, such as curcumin and resveratrol, 
have been shown to convert WAT into BAT via the regulation of 
the thermogenic pathway.13

Sword bean (SB; Canavalia gladiata) is a perennial vine 
plant originating in tropical Asia, Africa, and India. It has 
been used as a food and medicinal plant in Asia for thou-
sands of years. Mature seeds are often roasted, ground, and 
consumed as a drink. SB is rich in phytochemicals, such as 
saponins, tannins, "avonoids, terpenoids, and steroids, and 
in nutrients, such as carbohydrates, proteins, vitamins, and 
minerals.14 It also contains urease, hemagglutinin, canavanine, 
and canavalia gibberellin I and II. The seeds, pods, stems, and 
roots are used in folk remedies that are effective against dysen-
tery, nausea, hemorrhoids, sinusitis, backaches, and obesity.15 
Furthermore, recent studies have shown that SBs possess phys-
iological functions, including antioxidant, anti-in"ammatory, 
hematopoietic expansion-improving, hepatoprotective, and 
antiangiogenic activities. Despite many studies of the bioac-
tivities of SB, scienti!c analyses of the functionality of pods 
are limited, including analyses of anti-in"ammatory and anti-
oxidant activities. In this study, we investigated the ef!cacy of 
SB pod (SBP) extract against obesity in adipose cells and in 
mice fed a high-fat diet (HFD).

2. METHODS

2.1. Reagents
The Roswell Park Memorial Institute 1640 (RPMI 1640) and 
penicillin/streptomycin antibiotics (P/S) were purchased from 
Gibco (Gaithersburg, MD, USA). Fetal bovine serum (FBS) 
and anti-rabbit IgG horseradish peroxidase-conjugated anti-
bodies were purchased from GenDEPOT (Barker, TX, USA). 
Dexamethasone, 3-isobutyl-1-methylxanthine (IBMX), troglita-
zone, insulin, gelatin, and dimethyl sulfoxide (DMSO) Orlistat 
were purchased from Sigma-Aldrich (St. Louis, MO, USA). 
Sodium dodecyl sulfate-polyacrylamide gels for SDS-PAGE, 
polyvinylidene di"uoride (PVDF) membranes, and a Chemi-doc 
image detector (Chemi-Doc XRS+ System) were purchased from 
Bio-Rad (Hercules, CA, USA). Antibodies against PPAR-γ, C/
EBPα, C/EBPβ, FAS, CPT1α, UCP1, UCP2, peroxisome prolifer-
ator-activated receptor-α (PPARα), and AMPK were purchased 
from Abcam (Cambridge, MA, USA).

2.2. Sample extract preparation
SB and SBP were purchased domestically (Hwasun, Korea). 
Impurities were washed with water, and SB and SBP were 
minced, dried with hot air at 50 °C for 8 hours (Jeil Machine 
Co., Ltd., Icheon, Korea), pulverized with a grinder (IKA, M20, 
Staufen, Germany), and used to prepare the extract. Then, 30% 
ethanol was added to the pulverized SB and SBP and stirred at 
room temperature for 24 h. After the !rst extraction, the remain-
ing solvent was added for the second extraction under the same 
conditions. Subsequently, the obtained extract was !ltered 
through !lter paper, and the !ltrate was concentrated using a 
vacuum concentrator (R-100; Doo Young High Technology, 
Seoul, Korea) and lyophilized. SB and SBP extraction yields 
obtained after completion of lyophilization were 16.1% and 

16.6%, respectively. The lyophilized extract was maintained at 
−20 °C until further use.

2.3. Cell culture and differentiation
Mouse-derived adipocyte mesenchymal cells C3H10T1/2 were 
purchased from the Korean Cell Line Bank (Seoul, Korea). 
C3H10T1/2 cells were maintained in RPMI 1640 with 10% FBS 
and 1% P/S in an incubator with 5% CO2 at 37 °C. Five days 
after the cells were plated in 12-well plates, they were replaced 
with media containing MDI (1 μM dexamethasone, 0.5 mM 
IBMX, 5 μg/mL insulin, and 10 μM troglitazone; day 0). Three 
days after the medium change, C3H10T1/2 cells were differen-
tiated with media containing insulin and troglitazone (day 3). 
When cell differentiation started on day 8, SB and SBP extracts 
were used to con!rm adipogenesis and lipogenesis effects in adi-
pocytes (Fig. 1).

2.4. Cell viability
C3H10T1/2 cell viability was measured using 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; Sigma-
Aldrich). Cells (5 × 103 cells/well) were plated on 96-well plates 
and stabilized for 2 hours. SB and SBP extracts were added for 
24 hours at various concentrations (0, 10, 20, 50, and 100 μg/
mL) and incubated for 4 hours with 5 mg/mL MTT reagent. 
After removing the medium, formazan crystals were dissolved in 
DMSO and absorbance was measured at 540 nm (SpectraMax 
M5; Molecular Devices, LLC, Sunnyvale, CA, USA).

2.5. Lipid droplet staining
After 6 days of adipocyte differentiation, C3H10T1/2 cells were 
treated with SB and SBP extracts for 24 hours, washed with PBS, 
and !xed with 4% formaldehyde for 1 hour. After !xation, the 
cells were washed twice with 2-propanol and stained with Oil 
Red O (Sigma-Aldrich) reagent or Nile red (Invitrogen, Carlsbad, 
CA, USA) for 1 hour. The stained cells were observed under a 
light microscope (Leica Microsystems, Wetzlar, Germany) or a 
"uorescence microscope (Zeiss, Dublin, CA, USA).

2.6. RNA isolation and real-time RT-PCR analysis
Cells and WAT treated with SB and SBP extracts were washed 
with PBS, and RNA was isolated using the RNeasy Plus Mini 
Kit (Qiagen, Valencia, CA, USA). cDNA was synthesized using 
M-MLV Reverse Transcriptase (Promega, Madison, WI, USA) 
according to the manufacturer’s protocol. The synthesized 
cDNA was subjected to RT-PCR using the am!Sure qGreen 
Q-PCR Master Mix (genDEPOT) and Qiagen RotorGene Q 
real-time PCR machine. The target gene was ampli!ed by dena-
turation at 95 °C for 15 s, annealing at 57 °C for 20 s, and exten-
sion at 72 °C for 30 s. For relative quanti!cation, mRNA levels 
were normalized against levels of glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH). Mouse primers were as follows: 
GAPDH, 5′-GAG CCA AAA GGG TCA TCA TC-3′ (forward), 
5′-TAA GCA GTT GGT GGT GCA GG-3′ (reverse); C/EBPβ, 
5′-GAG CCA AAA GGG TCA TCA TC-3′ (forward), 5′-TAA 
GCA GTT GGT GGT GCA GG-3′ (reverse); C/EBPα, 5′-GAG 
CCA AAA GGG TCA TCA TC-3′ (forward), 5′-TAA GCA GTT 
GGT GGT GCA GG-3′ (reverse); PPARγ, 5′-GAG CCA AAA 
GGG TCA TCA TC-3′ (forward), 5′-TAA GCA GTT GGT GGT 
GCA GG-3′ (reverse); Adipocyte fatty acid binding protein 
(Ap2), 5′-GAG CCA AAA GGG TCA TCA TC-3′ (forward), 5′-
TAA GCA GTT GGT GGT GCA GG-3′ (reverse); SREBP1c, 5′-
GAG CCA AAA GGG TCA TCA TC-3′ (forward), 5′-TAA GCA 
GTT GGT GGT GCA GG-3′ (reverse); FAS, 5′-GAG CCA AAA 
GGG TCA TCA TC-3′ (forward), 5′-TAA GCA GTT GGT GGT 
GCA GG-3′ (reverse); SCD-1, 5′-GTT CGT TAG CAC CTT 
CTT GCG-3′ (reverse); AMPK, 5′-CGA CCT GGA AGC GAA 
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TGA TAA-3′ (forward), 5′-GTT GAA GGA CCC AGA CAA 
GTA G-3′ (reverse); SIRT1, 5′-GGA ACC TTT GCC TCA TCT 
ACA-3′ (forward), 5′-CAC CTA GCC TAT GAC ACA ACT C-3′ 
(reverse); PPARα, 5′-GGT TCC TGG TGC CGA TTT AT-3′ (for-
ward), 5′-CAC AGA CTA GCA TCC CAC TTA AT-3′ (reverse); 
PGC-1α, 5′-CGG AAA TCA TAT CCA ACC AG-3′ (forward), 
5′- TGA GGA CCG CTA GCA AGT TTG-3′ (reverse); UCP1, 
5′-GGC AAA AAC AGA AGG ATT GC-3′ (forward), 5′-TAA 
GCC GGC TGA GAT CTT GT-3′ (reverse).

2.7. Western blot analysis
C3H10T1/2 cells were seeded in 6-well plates, differentiated, and 
treated with SB and SBP extracts. After incubation, the cells were 
harvested in lysis buffer on ice and centrifuged at 12 000 × g for 
10 minutes at 4 °C to obtain the protein. WAT was also pulverized 
with lysis buffer to extract proteins following the same method 
used for cells. Protein quanti!cation was performed using the 
BCA Protein Assay Reagent (GenDEPOT, Katy, TX, USA). Ten 
micrograms of protein were separated by 4% to 20% SDS-PAGE 
and transferred to PVDF membranes. The transferred mem-
branes were blocked with 5% (w/v) skim milk for 1 hour, and the 
primary antibodies against C/EBPβ, PPAR-γ, C/EBPα, SREBP-1c, 
FAS, SCD-1, AMPKα, PPARα, and UCP1 were incubated over-
night at 4 °C. The bands were visualized using enhanced chemi-
luminescence reagent (Thermo, Rockford, IL, USA), and images 
were captured using a Chemi-Doc image detector.

2.8. Animals and experimental groups
C57/BL6J mice (6 weeks old, male) were obtained from 
Samtako (Osan, Gyeonggido, Korea). Animals were maintained 
in a controlled environment at 25 ± 2 °C under a 12-hour dark/
light cycle, with ad libitum access to water and food. After a 
week of acclimatization, the animals were randomly divided 
into seven groups (n = 6 per group) and normal or HFD pro-
vided for 8 weeks, and the composition for the diet is shown 
in Supplementary Table 1 http://links.lww.com/JCMA/A122: 
normal diet (NC) group, HFD group, orlistat with HFD group 
(Orlistat), and HFD with SB or SBP group. For mice in the SB 

and SBP groups, extracts were administered orally once a day at 
doses of 100 and 200 mg/kg body weight. Body weight and food 
intake were measured once per week. After 8 weeks, the mice 
were sacri!ced and serum was collected. The liver and adipose 
tissues were promptly removed and stored at 80 °C until use. The 
study was approved by the Rural Development Administration 
(South Korea, NAS202009).

2.9. Lipid profiling of plasma
After animals were anesthetized, blood was collected and  
centrifuged at 3000 × g for 10 minutes. High-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-
C), total cholesterol (TC), and TG levels in plasma obtained 
by centrifugation were measured using an ELISA kit (Abcam, 
Cambridge, MA, USA). Lipid contents in the plasma were meas-
ured and analyzed according to the manufacturer’s instructions.

2.10. Histological analysis
Adipose tissues were examined for histopathological evalu-
ation. The !xed tissues were subjected to general histological 
procedures, such as dehydration, paraf!n embedding, and cut-
ting. Hematoxylin and eosin staining was performed, and his-
topathological changes were evaluated by observation using an 
optical microscope (Leica).

2.11. Statistical analysis
Data are expressed as means ± SEM. Statistical analyses were 
performed using SPSS, version v25.0 (SPSS, Chicago, IL, USA). 
Data were analyzed by one-way analysis of variance. Statistical 
signi!cance was set at p < 0.05.

3. RESULTS

3.1. Effect of SBP extracts on viability in C3H10T1/2 cells
MTT assays were performed to evaluate the effect of SB and 
SBP extracts (10, 20, 50, 100, and 200 μg/mL) on C3H10T1/2 
cell viability (Fig. 2). After treatment with SB and SBP extracts, 
cell viability was over 80% for all concentrations relative to the 

Fig. 1 Overview of the culture schedule during the differentiation of C3H10T1/2 cells. When C3H10T1/2 cells reached confluence (D − 5 to D + 0), the medium 
was changed to 3-isobutyl-1-methylxanthine, dexamethasone and insulin (MDI) and troglitazone (Tro; D + 0). Every 48 h, the medium was replaced with fresh 
medium containing insulin (Ins) and Tro until 8 d.

Fig. 2 Effects of sword bean (SB) and SB pod (SBP) extracts on C3H10T1/2 cell viability. (A) sword bean and (B) sword bean pod extract. Cell viability 
was evaluated by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide(MTT) assay after incubation with extracts for 24 h. Data are expressed as 
means±SEM. Con = Concentration.
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control. When developing health functional food materials in 
the future, considering the safety of intake, we set 100 μg/mL as 
the maximum concentration and conducted future experiments. 
Therefore, concentrations of 10, 20, 50, and 100 μg/mL were 
used for subsequent analyses.

3.2. Effects of SBP extracts on lipid accumulation in 
C3H10T1/2 cells
To investigate the effects of SB and SBP extracts on lipid dep-
osition in differentiated adipocytes, C3H10T1/2 fat cells were 

stained with Oil Red O and Nile Red. Staining intensity decreased 
in a concentration-dependent manner, con!rming that the extract 
inhibited lipid accumulation in C3H10T1/2 cells (Fig. 3A, B).

3.3. Effects of SBP extracts on adipogenic, lipogenic, and 
thermogenic gene and protein expression in C3H10T1/2 cells
In adipocytes treated with SB and SBP extracts, adipogenic, 
lipogenic, and thermogenic gene expression levels were evalu-
ated by real-time PCR and Western blotting (Fig. 4). The expres-
sion of adipogenic factors C/EBPβ, C/EBPα, and PPARγ and 

Fig. 3 Effects of sword bean (SB) and SB pod (SBP) extracts on lipid accumulation in differentiated C3H10T1/2 cells. After treatment of differentiated C3H10T1/2 
cells with SB and SBP for 24 h, the cells were stained with (A) Oil Red O and (B) Nile red.
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lipogenic factors Ap2, SREBP-1c, FAS, and SCD-1 was signi!-
cantly reduced by SB and SBP extracts in adipocytes (Fig. 4A). In 
addition, the expression levels of major factors such as AMPK, 
SIRT1, PPARα, PGC-1α, and UCP1 involved in thermogenesis 
(ie, the mitochondrial heat generation mechanism) increased 
in a concentration-dependent manner by SB and SBP extracts 
(Fig.  4B). The results for adipogenic and lipogenic protein 
expression in the groups treated with SB and SBP were similar 
with the gene expression results (Fig. 4C–F). The SBP extract 

had a greater inhibitory effect on proteins related to fat synthesis 
than that of the SB extract.

3.4. Effects of SBP on mouse body and organ weight in the 
mouse model of obesity
The body weight of the HFD group was signi!cantly higher than 
that of the NC group, and the weights of the groups fed orlistat, 
SB, and SBP extracts were signi!cantly lower than that of the 
HFD group (Fig. 5A). In case of food intake, NC group showed 

Fig. 4 Effects of sword bean (SB) and SB pod (SBP) extracts on the expression of adipogenic, lipogenic, and thermogenic factors in C3H10T1/2 cells.  
(A and B) mRNA expression (C and E) protein levels, and (D and F) densitometry. Measurement of gene and protein expression was measured by real-time 
reverse transcription  polymerase chain reaction and western blot after 24 h of sample treatment in C3H10T1/2 cells. Data are expressed as means±SEM. 
*p < 0.05 compared with the untreated differentiation group.
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higher intake than HFD group. And there was no signi!cant 
difference between the HFD groups. Therefore, it is considered 
that the difference in body weight between each group is due to 
sample intake, not food intake (Fig. 5B). In addition, the weights 
of tissues, such as the liver, spleen, and BAT, did not differ sig-
ni!cantly between treatment groups and the HFD group. In case 
of WAT, it decreased signi!cantly by orlistat and SBP treatment. 
Orlistat-treated group had no signi!cant difference with NC 
group. And SBP-treated group had a decreased WAT weight in a 
dose-dependent manner (Table 1).

3.5. Effect of SBP on lipid levels in the plasma and 
histological of WAT in HFD-fed mice
Plasma lipid levels were higher in the HFD group than in the NC 
group; the TG levels were signi!cantly decreased in the orlistat-, 
SB200-, and SBP100- or SBP200-treated groups than in the 
HFD group, and the TC levels were signi!cantly lower only in 
the orlistat group than the HFD group. In addition, HDL-C was 
signi!cantly higher in the SB and SBP groups than in the HFD 
group. The atherogenic index and cardiac risk factor were calcu-
lated to assess the risk of developing cardiovascular disease; the 
levels of both were signi!cantly lower in the SB and SBP groups 
than in the HFD groups (Table 2). In addition, in an analysis 
of the effect of SBP treatment on the morphology of epididy-
mal fat, adipocytes were larger in the HFD group than in the 
NC group, and the orlistat, SB, and SBP extract–treated groups 
showed a marked reduction in adipocyte size compared with 
that in the HFD group (Fig. 6). In particular, it was con!rmed 
that the orlistat group as positive control and SBP200 treatment 
group showed a pattern very similar to that of the NC group.

3.6. Effects of SBP extracts on the leptin and adiponectin 
contents in plasma
The plasma leptin concentration in the HFD group was signi!-
cantly higher than that in the NC group. The levels of leptin in 
both the SB and SBP extract groups were lower than those in the 
HFD group (Fig. 7A). The plasma adiponectin concentrations 
were higher in the SB and SBP groups than in the HFD group 
(Fig. 7B). Adiponectin is an antagonist of adipogenesis and is 
effective in regulating lipid metabolism and increased expres-
sion of adiponectin decreases TG, LDL-C levels and increases 
HDL-C levels.16 These results suggest that SB and SBP extracts 
improve obesity by more effectively regulating blood TG and 
HDL-C levels in obese mice as adiponectin levels are improved 
than in the orlistat group.

3.7. Effects of SBP extracts on adipogenic, lipogenic, and 
thermogenic gene and protein expression in WAT of mice 
with HFD-induced obesity

In the WAT of mice with diet-induced obesity treated with SB 
and SBP extracts, the expression levels of adipogenic (CEBPβ, 
CEBPα, PPARγ, and Ap2) and lipogenic (SREBP 1c, FAS, and 
SCD-1) factors were signi!cantly higher in the HFD group than 
in the NC group. When mice were fed various concentrations 
of SB and SBP extracts, the expression levels were signi!cantly 
decreased in a dose-dependent manner than those in the group 
fed the HFD. Levels were markedly lower in the SBP extract 
group than in the SB extract group. In particular, the SBP200-
treated group showed a lower result than those in the group fed 
the obesity alleviation drug orlistat (Fig. 8A). In addition, we 
evaluated the effect of SB and SBP extracts on the major fac-
tors related to thermogenesis, which exert anti-obesity effects by 
releasing heat from the mitochondrial membrane and converting 
WAT into BAT to break down fat. Compared with levels in the 
HFD group, gene expression levels of AMPK, SIRT1, PGC1α, 
and UCP1 tended to be increased by treatment with SB and SBP 
extracts, and in particular, the SBP extract signi!cantly increased 
the expression level of thermogenic factors than SB extract 
(Fig. 8B). In addition, the protein expression levels of adipogen-
esis and lipogenesis factors in the WAT of the HFD group were 
signi!cantly higher than those in the NC group except PPARγ 
gene, and by the extract treatment, the mRNA expression levels 
of all genes were signi!cantly decreased compared with the HFD 
group (Fig. 8C, D). The extract effectively improved obesity by 
oxidizing TGs via increases in the expression of factors involved 
in heat generation (Fig.  8E, F). These results suggest that the 
extracts can be utilized as a natural material for protecting 

Fig. 5 Effects of sword bean (SB) and SB pod (SBP) extracts on body weight and food intake in mice with high-fat diet (HFD)–induced obesity. The (A) body 
weight and (B) food intake of mice fed a normal, HFD or sample with HFD was measured once a week. Results are presented as means ± SEM. NC = normal diet.

Table 1
Tissue weights in mice with HFD-induced obesity

Liver WAT Spleen BAT

NC 1.269 ± 0.099 0.129 ± 0.068a 0.224 ± 0.068 0.048 ± 0.004a
HFD 1.647 ± 0.185 2.951 ± 0.119 0.129 ± 0.021 0.105 ± 0.007
Orlistat 1.165 ± 0.032 0.486 ± 0.219a 0.212 ± 0.056 0.074 ± 0.026
SB100 1.630 ± 0.146 2.634 ± 0.073 0.096 ± 0.006 0.136 ± 0.011
SB200 1.462 ± 0.094 2.505 ± 0.278 0.130 ± 0.017 0.157 ± 0.028
SBP100 1.670 ± 0.078 2.450 ± 0.131a 0.136 ± 0.038 0.129 ± 0.011
SBP200 1.347 ± 0.109 1.664 ± 0.252a 0.107 ± 0.012 0.106 ± 0.010

Data are expressed as means ± SEM.
BAT = brown adipose tissue; HFD = high-fat diet; NC = normal diet; SB = sword bean; SBP = sword 
bean pod; WAT = white adipose tissue.
ap < 0.05, compared with the HFD treatment group.
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against obesity, with a similar effect to that of orlistat, which is 
known to be effective in improving obesity.

4. DISCUSSION
We investigated the anti-obesity effect of the SBP extract on 
C3H10T1/2 adipocytes and high fat–induced obese mice. To 

con!rm the anti-obesity effect, we examined the expression 
of genes and proteins related to adipogenesis, lipogenesis, and 
thermogenesis. The SBP extract signi!cantly reduced fat cell 
accumulation by reducing the number and volume of lipid 
droplets (rich in differentiated adipocytes), as determined by 
staining with Oil Red O and Nile Red. According to Hsu et 
al, adipogenic transcription factors such as C/EBPα and PPARγ 

Table 2
Effects of SBP extracts on lipid profiles in mice with HFD-induced obesity

Glucose TG TC HDL cholesterol LDL cholesterol AIa CRFb

NC 124.50 ± 8.68c 115.02 ± 29.14c 694.00 ± 124.4c 536.45 ± 28.30 144.10 ± 33.07c 0.307 ± 0.061c 1.307 ± 0.061c
HFD 280.80 ± 29.25 349.26 ± 27.13 1166.9 ± 17.30 626.88 ± 68.11 333.45 ± 29.31 1.033 ± 0.273 2.033 ± 0.273
Orlistat 191.33 ± 29.01 158.66 ± 5.14c 1001.5 ± 100.8c 452.25 ± 34.84 364.72 ± 50.01 1.242 ± 0.178 2.242 ± 0.178
SB100 246.00 ± 7.13 259.71 ± 22.51 1188.1 ± 14.41 996.73 ± 52.36c 397.58 ± 25.70 0.202 ± 0.063c 1.202 ± 0.063c
SB200 213.75 ± 10.59 222.01 ± 50.05c 1126.8 ± 57.04 1091.3 ± 53.10c 396.32 ± 24.15 0.096 ± 0.065c 1.096 ± 0.065c
SBP100 215.33 ± 16.84 240.45 ± 20.22c 1166.5 ± 23.65 945.45 ± 50.18c 409.35 ± 39.92 0.252 ± 0.070c 1.252 ± 0.070c
SBP200 188.40 ± 30.01 224.32 ± 15.49c 1163.1 ± 35.11 1060.4 ± 82.94c 383.42 ± 33.72 0.124 ± 0.087c 1.124 ± 0.087c

Data are expressed as means ± SEM.
AI = atherogenic index; CRF = cardiac risk factor; HDL = high-density lipoprotein; HFD = high-fat diet; LDL = low-density lipoprotein; NC = normal diet; SB = sword bean; SBP = sword bean pod; TC = total 
cholesterol; TG = triglyceride.
aAI = (total cholesterol − HDL cholesterol)/HDL cholesterol.
bCRF = total cholesterol/HDL cholesterol.
cp < 0.05 compared with the HFD treatment group.

Fig. 6 Effects of sword bean (SB) and SB pod (SBP) extracts on histological properties of white adipose tissue (WAT) in mice fed a high-fat diet (HFD). 
Hematoxylin and eosin staining was performed on WAT of mice fed diet and extracts for 8 weeks. NC = normal diet.

Fig. 7 Effects of sword bean (SB) and SB pod (SBP) extracts on the production of leptin and adiponectin in the plasma of mice with obesity. (A) Leptin and (B) 
adiponectin were measured using ELISA. Data are expressed as means±SEM. *p < 0.05 compared with the HFD treatment group. HFD = high-fat diet.
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were increased by C/EBPβ. Afterwards, the level of their tar-
get genes, SREBP-1c, FAS, Ap2, and SCD-1, was increased and 
TG was !nally accumulated.17 It is thought that our results of 

decreased adipocytes may have been due to the effects of SB 
and SBP extract administration on the expression of adipo-
genesis-related factors. In other words, the mRNA and protein 

Fig. 8 Effects of sword bean (SB) and SB pod (SBP) extracts on the expression of adipogenic, lipogenic, and thermogenic factors in mice WAT. (A and 
B) mRNA expression (C and E) protein levels, and (D and F) densitometry. Measurement of gene and protein expression was done by real-time reverse 
transcription  polymerase chain reaction and western blot after 24 h of sample treatment in WAT. Data are expressed as means±SEM. *p < 0.05 compared 
with the untreated differentiation group. AMPK = AMP-activated protein kinase; Ap2= adipocyte fatty acid binding protein; C/EBPα = CCAAT/enhancer 
binding protein-α; C/EBPβ = CCAAT/enhancer binding protein-β; FAS = fatty acid synthase; HFD = high-fat diet; PPARγ = peroxisome proliferator-activated 
receptor-γ; SCD-1 = stearoyl-CoA desaturase-1; SIRT1 = sirtuin1; SREBP-1c = sterol regulatory element-binding protein-1c; UCP1 = uncoupling protein 1.
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expression levels of the adipogenic transcriptioal factors and 
their target genes were decreased after treatment with SB and 
SBP extracts. The observed effects on gene expression were con-
centration dependent, and the effects were more pronounced 
for the SBP extract than the SB extract. SIRT1, AMPK, PGC1α, 
PPARα, and UCP1 are involved in the thermogenic pathway, 
which contributes to fat catabolism. SIRT1, which is activated 
by AMPK phosphorylation and a high NAD+/NADH ratio, acti-
vates PGC1α and UCP1, thereby continuously promoting heat 
generation.18–20 In our results, the expression levels of genes and 
proteins of thermogenic mediators, AMPK, SIRT1, PGC-1α, 
PPARα, and UCP1, were decreased in the HFD-treated group 
and increased by SBP200-treated group. Therefore, SBP extracts 
may be involved in fat catabolism by regulating the expression 
of thermogenic factors, thereby having anti-obesity effects. In 
addition, the body weight and plasma TG decreased in extract-
fed mice and HDL-C levels increased, suggesting that the SB and 
SBP extracts could be effective materials for improving obesity.

Adipose tissue secretes adipokines, which regulate lipid 
metabolism, including leptin and adiponectin.21,22 Leptin 
regulates appetite and energy metabolism and increases obe-
sity; therefore, it is used as an indicator of body fat mass.23 
Conversely, adiponectin secretion is low in obesity, thus pro-
moting in"ammation and decreasing insulin sensitivity.24 In our 
study, leptin levels were increased and adiponectin levels were 
decreased in the HFD group. In the case of adiponectin, it was 
con!rmed that the production was greater than that of the orl-
istat-treated group, which is a positive control group. This is 
thought to be the effect of insulin regulating the secretion of 
adiponectin according to the report that the level of adiponec-
tin is inversely proportional to insulin resistance.25–27 Based on 
this theory, our study showed that insulin resistance level of the 
SB and SBP extract–treated groups was lower than that of the 
orlistat group, which is thought to increase the secretion of adi-
ponectin (Supplementary Table 2 http://links.lww.com/JCMA/
A122).

Adiponectin is a cytokine secreted from adipose tissue and is 
inversely proportional to body fat mass. In addition, adiponec-
tin, LDL-C, TG, and TC exhibited an inverse relationship with 
HDL-C. Therefore, in obesity, decreased adiponectin secretion 
increases blood LDL-C, TG, and cholesterol levels and decreases 
the level of HDL-C, thereby causing diseases such as cardio-
vascular disease and hyperlipidemia.28,29 Therefore, these results 
suggested that SB and SBP extracts are effective in improving 
hyperlipidemia, cardiovascular disease, and obesity by increas-
ing the level of adiponectin in the blood, thereby regulating 
plasma lipid levels.

In addition, the orlistat group as a representative drug for 
improving obesity showed similar or better ef!cacy to the SB 
and SBP extract–treated groups. Improving obesity of orlistat 
was con!rmed by regulating major biomarkers of adipogenic 
and thermogenic mechanisms. These results are similar to the 
previously reported results that orlistat signi!cantly inhibited 
the expression of C/EBPα and PPARγ in WAT and also activated 
the thermogenic genes AMPK, PRDM16, and UCP-1 to help 
weight loss.30 Although orlistat is a representative drug effective 
for fat reduction, it is known to cause various side effects such as 
diarrhea, vomiting, headache, and nausea when taken for a long 
time. Therefore, it is expected that SB and SBP extracts, which 
exhibit similar ef!cacy to orlistat, can be used as an alternative 
to orlistat.

It is reported that the SBP extract contains a greater amount 
of gallic acid than the SB extract.

Gallic acid is known as a phenolic acid component that has 
a high anti-obesity effect, and it is speculated that this is why 
the SBP extract has a higher anti-obesity effect than the SB 
extract.31–34

Our results demonstrate that SB and SBP extracts inhibit 
fat production and increase the expression of thermogenic 
factors to prevent obesity via fat catabolism. In particular, 
the SBP extract showed a greater protective efficacy against 
obesity than that of SB and is expected to be a valuable 
raw material for product development aimed at controlling 
obesity.
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