0-a q J Sasang Constitut Med 2017;29(2):136-153
Original Article https://doi.org/10.7730/JSCM.2017.29.2.136

WIS #hBz(Phaseolus angularis shell)2] Zz|¥H2ol2 =%
Hjgk BERdA Fuut, FIxPF &3

Abstract

The Effect of Phaseolus Angularis Shell on Soyang-in Metabolic Syndrome
with Obesity

Jin-young Kwak' - Jung-Hwan Park' - Young-mee Koh' - Jung-mi Park® - Taek-Won Ahn"*
'"Dept. of Sasang Constitutional Medicine, College of Korean Medicine, Daejeon University,

*Cheonan Hospital Wellness Clinical Center of Daejeon University

Objectives
This experimental study was designed to investigate the effect of Phaseolus angularis shell on metabolic syndrome.

Methods

Each 5 C57BL/6J mice were randomly assigned to normal diet group, high-fat diet(HFD) control group, high-fat diet
plus 15.6 mg/kg/day of Orlistat(HFD-Orlistat) group, high-fat diet plus 100mg/kg/day of Phaseolus angularis shell
extract(HFD-PAS_E) group. Weight, the blood chemical and hematologic parameter was med. The mRNA expression
was assayed through Reverse transcriptase polymerase chain reaction(RT-PCR).

Results

In HFD-PAS_E group, the body weight gain, weight of liver, and the level of LDL-Cholesterol were significantly decreased
and the level of HDL-Cholesterol were significantly increased. The size of adipocyte in HFD-PAS_E group was smaller
than HFD group’s. In HFD-PAS_E group, the expression of leptin, PPAR-¥, AP2/FABP4 mRNA in liver adipocyte tissue
was decreased, the expression of Adiponectin, UCP-2 mRNA in liver adipocyte tissue was increased and the expression
of Leptin, C/EBP-a, AP2/FABP4 mRNA in epididymal adipocyte tissue was decreased.

Conclusion
These results suggest that Phaseolus angularis shell has inhibitory effects on metabolic syndrome by reducing the body
weight and the levels of lipid contents in high-fat-diet induced obese mice.
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(http://www.omniherb.com. Korea)oll A 71815101,
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31Tt 3mm 93] (Whatman, Maidstone, England)E
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2) Aleiat T A Al A

CS7bl/6 PF-22E 97 —“%H 7] 5201412 7 Normal
diet, ND), H]TH) 223491 Diet Induced Obesity Diet
Formulas (D12451 & D12492) G0kcal% HFDA] 01413
T(Highfat die, HFDW), A8 Diet Induced
Obesity Diet Formulas(D12451 & D12492) 60kcal%
HFDA}ol 9} JR/Ni Sh  F5E 100mg/kg T
(High-fat diet plus 100mg/kg/day of Phaseolus angularis
shell extract, HFD-PAS_E+), 3/d 3741 Diet Induced
Obesity Diet Formulas(D12451 & D12492) 60kcal%
HFD2]]¢} Orlista 15.6mg/kg o1 (High-far diet plus
15.6 mg/kg/day of Orlistar, HFD- Orlistatv?) 2.2 L7
o] 7777} 2lo]E T8I Ti(Table 1). NDw-& Al €] g
U z] & 757F 60kaal% HFDA] 0| & Foi3}o] H]
T FEAIATE 2 PASE FEES A4 A5l
HAGAA 1 27 104 ~11A1$} 16A] ~17A] el Z¢
ZF 0.2ml¥ vhre] 73R a3l thFigure 1).

Table 1. Diet Induced Obesity Diet Formulas (D12492) 60

kcal% fat.

gm Kcal
Protein 26.2 20
Carbohydrate 26.3 20
Fat 34.9 60
Total 5.24 100

gm Kecal
Casein, 80 Mesh 200 800
L-Cystine 3 12
Corn Starch 0 0
Maltodextrin 10 125 500
Sucrose 68.8 275.2
Cellulose, BW200 50 0
Soybean Oil 25 225
Lard 245 2205
Mineral Mix, S10026 10 0
Dicalcium Phosphate 13 0
Calcium Carbonate 5.5 0
Potassium Citrate,]1 H20 16.5 0
Vitamine Mix, V10001 10 40
Choline Bitatrate 2 0
FD&C Blue Dyetl 0.05 0

Total 773.85 4057
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Figure 1. Experimental plan of obesity animal model induced by high fat diet.
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ALT(Alanine aminotransferase), AST(Aspartate amino-
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dehydrogenase), 2| 2~H|E, LDL(Low-density lip-
oprotein)- =& 28| €, HDL(High-density lipoprotein)-
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(Hitachi-720, Hitachi Medical, Japan)S AH-31 &34
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RINAsolB(Tel-Test) -8 2 ©]-&-3te] 2|94 RNAS
FEIT T One-step SYBR Green PCR kit(AB science) &
0] &-3}o] (DNAS} real-time PCR %41 33Tk,
Zhah F- a3 A EA o] RNAzolB 500 ul &
A& homogenizerZ 313} chloroform
(CHCI3) 50 ul & #H7kste] 15%7F oAl E3tsAt
* o ZF BRIBFAA] 13,000 pmell A A4
e H SN 200 W) 358 2004 <]

o
=,
—
N
M



140 The Effect of Phaseolus Angularis Shell on Soyang-in Metabolic Syndrome with Obesity

2-propanol o} 5% EF Fofl M8 EETA 5
15 27+ BAEAT oA ThAT 13,000pmell 4] U4
838t 80% EOHE FAHISFLA] 33253t vaccum
pumpdll Al A Zsk] RNAS FE334Th

%3} RNAZ diethyl pyrocarbonate(DEPC) #1 2] S
3t SF0u)ell =9 heating block 75 CellA E8H
8} A1 first strand (DNAS FAJSh=t] ARSIt
A AKreverse transcription) HES-2 Z=H]E oral RNA
3 g2 DNase I (10U/l) 2U/ubeS 37 heating blocdkell
A 3059 WESAIZIAL ' Foll 75CellA 103 F<t
HAAFATE 719 45 Wl SxRT buffer (250 mM
Tris-HCl, pH 8.3, 375 mM KCl, 15 mM MgCl2), 2.5
ul 10 mM dNTPs mix, 1 ¢l random sequence hexanucleo-
tides(25 pmole/ 25 ul), RNA inhibitorZ4] 1 ul RNase
inhibitor(20 U/ul), 1 «l 100 mM DITES 7}38+ o,
1wl €] M-MLV RT(200 U/u)E Al 7F8falA] DEPC
Aeld SRTE HET97E20 d7F HES ik o
20 Wl o] REGERN S 412 F 2,000 pmol A 5E3L
378191 37°C heating blockl1A 4587 WEEA1A
A firsestrand DNAE T F, 95 CollM 521 A
&to] M-MLV RTE E243 A7 Aol 95"

Table 2. Primer Sequence of Mouse Probe & Oligonucleotide

DNAZE- PCR(polymerase chain reaction)l] A3}
Applied Biosystemns 7500 Real-Time PCR system (Applied
Biosystems, USA)E AF&-31 Real time quantitative PCR
2 Sapsei

Internal standardE Mouse GAPDH probe set;
Endogenous Control(VIC/MGB Probe, Probe limited) from
Applied Biosystems (4352339E)5 AH&-8tAth. fd 7
18] o)| = TagMan probe(FAM dye-labeled, ABi, USA)E
o] 231313, primer®] #F F5=7F 200 nMo] EA| Bk
AZITE. Real time quantitative PCR- pre-denaturations
50 CoNA 2 min , %4 TN 10 min, 1213 40 cydese
95 CellA1 0.15 min, 45 CellA] 1 min®] 2702 48
apieh. 3t A3 internal standard 2 G3PDH
£ o83} target group®] Quantitative PCR

y = x(1+e)n

X = starting quantity

y = yield

n = number of cycles

e = efficiency

E AR¥s relative quanticative®RQE S8 5FATH
(Table 2.).

Gene Primer Sequence
PPAR-Y" FAM 5'“TCGGAATCAGCTCTGTGGACCTCTCC-3'
C/EBP.o" Forward 5'-TGGACAAGAACAGCAACGAGTAC-3'
e
Reverse 5'-CGGTCATTGTCACTGGTCAACT-3'
4 Forward 5" TGGGAACCTGGAAGCTTGTCTC-3'
aP2/FABP4
Reverse 5'-GAATTCCACGCCCAGTTTGA-3'
Leori Forward 5'-AACCCTTACTGAACTCAGATTGTTAG-3'
tin
P Reverse S TAAGTCAGTTTAAATGCTTAGGG-3'
UCP_S Forward S'-TTCAAATGAGATTGTGGGAAAAT-3'
Reverse 5'-ACCGATACAGTACAGTACAGTA-3'
Forward 5S'“TTCAAATGAGATTGTGGGAAAAT-3'
Adiponectin
Reverse 5'-ACCGATACAGTACAGTACAGTA-3'
” Forward 5'-AAGCCGACCCAATGACATCA-3'
AMPK -al
Reverse 5'-CTTCCTTCGTACACGCAAAT-3'
Forward 5'-GAT GAT GAG GIG GTG GA-3'
AMPK-a2
Reverse 5'-GCC GAG GAC AAA GIG C-3'

* peroxisome proliferator-activated receptor gamma, ' CCAAT-enhancer-binding protein a, ) adipocyte Protein 2/fatty acid binding protein 4,

§ uncoupling protein 2, ~ AMP-activated protein kinase
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Table 3. Effects of PAS_E" " materials on Body Weight Gain, Food Efficiency Ratio, Food Intake in Mice Consuming High Fat Diet.

HFD-orlistat HFD-PAS_E
ND HFD-CIL (15.6 mg/kg) (100 mg/k_g)

Food intake (g/day) 2.85 253 2.85 2.08
Body weight gain (g/day) 0.122+0.01 0.433+0.02 0.156+0.02 0.286+0.02
Food efficacy ratio (FER, %) 4.28+0.47 17.10+0.79 5.49+0.72 13.76+0.76

T High-fat diet plus 100mg/kg/day of Phaseolus angularis shell extract

5) Ha|xx| 2A A7V 1A 0] 74(0] 8} HFD-PAS_ES %72l
PASEE 777 Folft F 78 4715l el xSV EACIRCISIIDET fefshl sl

MEekd B2 o) Slal 0 B A FATE00D.

A& AH 3l 24A17F F9F 10% neutral buffered for-

malin® 2711 graded alcohol 2 E57A171 5 w2} 2) AO[EFE, A0l

Aoz 3l blocke A 23HL microtome S Z 4 HATINDT ] Aol F S B it 2.85¢0]

un FA 9] 222 S A 28T hematoxylin & eo- R, YT ZT (HFD-CIL)S 253g, FAUZT

sin(H&E) 2 Oil red O G415 A2 3}3L xylene clearing (HFD- orlistat)<> 2.85g, A <" (HFD-ZJL_E)<> 20.8g

= AA permount® A2 gh ¥ FoFAn AN = ojith. Aola&Y H|YHHEAHFDTOl B/

A A7E ol R §7E5 dFeh (NDTHET frol 8 02 Z71sIAt (p<0.001). 23

T(HFD-PAS_E%)°| BT 2 7-HFDW) .t} 52 4
o2 YA Ethp<0.01).

). K[HExX| =8y =

A8 11 Ak Wt = EF2A} (mean+SE)

2 FAEATE Akt o2z e A4 1) XIH=2o| S

D) v a1, 183 7F AErke] B4 A HHFD-PAS_E)°| ¥]3H)| Z234HFDT) 2.t}
48 ZFHFD-CIL)F B 28F Student t-test 0 3)spA re] HA| B AR o] 2A 7}
= =g

=2 o .

H B
P < 005 TELE HAFS3TE FoH 07 AHYI(P0.01) F-T3FH Az o)
FA. AT AA 0] FAE 27 3.43%. 13%
AA et el el SiithFigure 2).

3. otidistel ZAL

1. JE R A0KgFI, A

>
=)
I
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RPN
NS AFHHED-PAS E)°] BT ZHED ] H]s)
G EQre] AZ 271l §o3t 2olS Leh) 1Dl FE2HE, 5 2] A Eree farty acid)
ATk 21 IANGA o] Ol SHHFD)e] 7873<] ° %L:J} FojF oz Yp001) 3 HOL Z92H

Aol elst NDDE T AlFo] Fol4 o= F7t 29 TRt frold e BT P<001). TEHUZEE
SHATHP<0.001). BT MRNFE S FEES %‘%Wlf‘i AP frel?t Wshe fIlth(Table 4).
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2) S5 AST, ALT, ALP. LDH 3) &= uric acid, creatinine

H]PH) 2 HFDT) 3 H] 231e] 2 8 (HFD-PAS H T ZHFDD) Y Y] 25ke] A HHFD-PAS E
_EDY A W AST 27} Z718F 0 o)A o) 0] F Creatinine 5217} 15.6% Z7FF2 4 &
AT W Z2HHFDD) ) v ste] A8 HHFD- oo Y13 FF Creatinine T2|7}F 10% 743191

PAS EA)°A 87 W ALT, LDH 417 34%, 229 Sk frel4del gIRiETable 4)
Aot o fFo)4do] gtk HITH 2T HFD) ) . .
3} v)slo] ARHEEDPAS Eo] B4 arp 4= 4) ES Adiponectin 24

27} G985l 7243 THP<0.01)(Table 4). A8 FHHFD-PAS_Ew)©] H] Tl 2 HHFDT)oN
W Abdominal subcutanecus fat (g) m Epididymal adipose tissue (g)
® Kidney adipose tissue (g) W Intestine adipose tissue (g)
30 e

Final adipose Lissue weight ()

05

0.0

C5TBL/6T Nr HFD-CTL HFD-odistat (15.6 HFD-PAS_E (100
mg'kg) mg'kg)

Figure 2. Effects of PAS_E* materials on fat deposit in mice consuming high fat diet.

Normal group: normal diet, HFD: high fat diet control, Oristat (15.6 mg/kg): 60%high fat diet with 15.6 mg/kg/day of Xenical , PAS_E:
60%high fat diet plus 100mg/kg/day of Phaseolus angularis shell extract. Values are expressed as mean = SEM (z = 6). “'p < 0.01 and
“"p < 0.001 (compared with Normal group) and *p< 0.05, **[7 < 0.01, and M*[7 < 0.001 (compared with HFD-control) express significant
differences and they are determined by Duncan's multiple-range test.

" High-fat diet plus 100mg/kg/day of Phaseolus angularis shell extract

Table 4. The Effect of PAS_E" on Blood Biochemistry Prameters in HFD' - fed Obese Mice.

Normal HFD-CTL HFD-orlistat (PIISOD-::;/SI;;
Total cholesterol (mg/dL) 145.8+4.77 2454676 200+6.98™" 243.6+5.57
LDL'- cholesterol (mg/dL) 11.5+0.58 19.1+1.45 12.1:0.7" 14.8+0.44™
HDL- cholesterol (mg/dL) 70.6+2.21 94+1.79 77.2+2.96™ 86.6+1.29”
Free fatty acid (mg/dL) 2.5+0.07 2.9:+0.03 2.60.16™ 3.4:0.14"
ALT(UL) 22.6:1.33 71.8+17.63 24.4+2.36" 47.4£15.36
AST(U/L) 75.38+4.59 105.8+10.69 116.6£19.52 151.2+24.03
ALP(U/L) 73+6.22 58+2.08 70.2+3.81 45.8+2.3
LDH(UL) 309.4+40.08 766.4+224.63 448.6+53.52 597.8+53.52
Uric acid (mg/dL) 2.7+0.17 3.2+0.39 4+0.16 3.7+0.55
Creatine (mg/dL) 0.34:0.025 0.4+0.0 0.360.025 0.36+0.025
Adioponectin (mg/ml) 217493.9+34357.9 126262.5+19473.3 180095.9+29798.1 235797.9+30560.9

" low density lipoprotein, ¥ Hihg density lipoprotein, . High-fat diet plus 100mg/kg/day of Phaseolus angularis shell extract, ¥ High-fat diet
ALT(Alanine aminotransferase), AST(Aspartate aminotransferase), ALP(Alkaline phosphatase), LDH(Low-density lipoprotein)
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Orlistar7) 2.0 Z Adiponectin 5217} 30.9% =7
VR TH Table 4).

4, RT-PCRS SStmRNA 2ei =4
1) Leptin mRNA

AP THHFD-PAS_E)] 71222 U] Leptin mRNA
HFE o] BT Z2HFDE), Y3 3 HFD-Orlistat
ol HIsl 73.7%, 429% 4302 freldol jI

10

Leptin mRNA RQ of HFD-CT in Liver
o

C37BL/6I Mr HFD-CIL HFD-orlistat (15.6

meddz)

HFD-PAS_E (100
melkz)

Leptin mRNA RQ of HFD-CT in adipose tissue
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CKFigure 3A)

A HHFD-PAS_EH)®] 31 232
Leptin mRNA & o] HRh) Z4HFD) ] B3l
J8kAl 7283 ThP<0.05)Figure 3B).

2) PPAR-y mRNA

72 A E% PPAR-y mRNA 22 H|uh) 23
(HFD)F Bl ate] A3 HHFD-PAS_ExH)elA] 2]
A A ThP<0.05) (Figure 4A).

A THHFD-PAS_E) ] -8k AE22] 1
PPAR-y mRNA T&o] 309 748t ot BAA

=

:
(=]

C3TBL/6]_Nr HFD-orlistat (15.6

HFD-PAS_E (100
mz/kz) melkz)

Figure 3. Effects of PAS_E™ materials on mRNA expression of leptin in liver/epididymal adipose tissue in mice consuming

high fat diet.

" High-fat diet plus 100mg/kg/day of Phaseolus angularis shell extract

PPAR mRNA RQ) of HFD-CT in Liver

C5TBL/6] Nr HFD-CTL HFD-orlistat (15.6 HFD-PAS_E (100

me/kz) me/kz)

¥

T in adipose tissue
=

PPAR mRNA RQ of HFT

03

=%

00
C5TBL/6] Nr HFD-CTL HFD-orlistat (15.6 HFD-PAS_E (100

me/kz) me/kz)

Figure 4. Effects of PAS_E" materials on mRNA expression of PPAR-g" in liver/epididymal adipose tissue in mice consuming

high fat diet.

" High-fac diet plus 100mg/kg/day of Phaseolus angularis shell extract, i proliferator-activated receptor gamma
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A2 AT (Figure 4B).
3) C/EBP-a mRNA

APTHFD-PAS_ExH®] 7H24 U] CEBP-a mRNA
o] HIRH) ZHHFD), 98 th Z7HFD-Orlistar
B B 61%, 46.5% st o o4
A THFigure SA).
AFHHFD-PAS_E), J th ZHHFD-Oxlistat<)
o] T8 AWEZ W EBP-a mRNA 3]
HTH) 2 HHFDT) 3 vl wste] §-9]31A] 7489
THP<0.05)(Figure SB).

g

4) AP2/FABP4 mRNA

A THHFD-PAS_EF) 9] 7F24) Ul AP2/FABP4

10

CIEBP-a mRNA RQ of HFD-CT in Liver

C5TBL/6T Ny HFD-CTL HFD-crlistat(15.6 HFD-PAS_E(100
meike) meike)

mRNA F& o] B ¥ ZAHFDWel B8l frol e
530 (P<0.01), A ZTHHFD-Orlistats)
Bt} 70.69 RA UEFTHFigure 6A).
AYHHFD-PAS_E)9] -8 A E2]
AP2/FABP4 mRNA & o] B WHH Z=HHFD)O) H]
3 59.25% FHAEFA o freldol YA THFigure 6B).

5) UCP2 mRNA

B YR Z7HHFDW) I B W sled A3 w(HFD-PAS
BB U ZHHFD Orlistar )] 2H22 U] UCP-2
mRNA H&o] §2]2 02 Z7}6HthP<0.05). A&
T(HFD-PAS_EwH)2] 7424 U] UCP2 mRNA && o]

‘

C/EBP-a mRNA RQ of HFD-CT in adipose lissue

C5TBL/6T Ny HFD-CTL HFD-crlistat(15.6 HFD-PAS_E(100
meike) meike)

Figure 5. Effects of PAS_E" materials on mRNA expression of C/EBP-a” in Liver/ epididymal adipose tissue in mice consuming

high fat diet.

" High-fat diet plus 100mg/kg/day of Phaseolus angularis shell extract,

j

1 **

AP2AFARPS mRNA RQ of HFD-CT in Liver
2

CSTBLI6I Nt HFD-CTL HFD-orlistat(15.6 ~ HFD-PAS_E (100
meike) meike)

! CCAAT-enhancer-binding protein a

w
[

30

APAFABPAmMENA RO of HED-CT in adiposs lissue

CSTBLI6I Nt HFD-CTL HFD-orlistat(15.6 ~ HFD-PAS_E (100
meike) meike)

Figure 6. Effects of PAS_E* materials on mRNA expression of AP2/FABP4S in Liver/ epididymal adipose tissue in mice

consuming high fat diet.

¥ High-fat diet plus 100mg/kg/day of Phascolus angularis shell extract, ¥ adipocyte Protein 2/ farty acid binding protein 4
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E]-(Figure 8A).

H]RH 22 7HHFD) 2 H] alstod A H(HFD-PAS_
ED9] 7F 23 Y] AMPK-2 mRNA Z&o] f2]31A]
72315 thP<0.001) (Figure SB).
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Figure 7. Effects of PAS_E* materials on mRNA expression of UCP-2" in liver/epididymal adipose tissue in mice consuming

high fat diet.

) High-fat diet plus 100mg/kg/day of Phaseolus angularis shell extract,

*
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Figure 8. Effects of PAS_E* materials on mRNA expression of AMPK-1 and AMPK-a2¥ in liver in mice consuming high fat diet.

¥ High-fat diet plus 100mg/kg/day of Phascolus angularis shell extract, ¥ AMP-activated protein kinase
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100 mg/kg) extracts on histological profiles of
' High-fat diet plus 100mg/kg/day of Phaseolus angularis shell extract
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Figure 11. Effects of PAS_E* on adipocyte area size in mice
consuming high fat diet.
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SAALE F3 3= aP2, lipopro-tein lipase(LPL) 2
acyl-CoA synthase 52 LdS FFA7ItH. JEBP
mRNAE leptin, adiponetin, aP23} FAS 7= adipocyto-
kine?} adipogenic protein L&S LTI
AATFA E7F AR ER Eshske S F718)
7] wjEoll PPAR-y, C/EBP mRNA 2-&l 3
ME Z7HE ev)gity. & AdofA **JE(NDELMI
]3| ¥ Z2EHFDD A AW 85 PPAR-y
mRNA Td3} Fr3 x4 ) EBP-a
mRNA Zelo] fFoH 02 EA vepstet] A4
O & QI Akl Fo] APAE E3E FXF7] o
o8 AR ETh R EHHFDW) Haske] A
HHHFD-PAS EH)9] 7+22] Ul PPAR-y mRNA %
dol frolH o= FHasinh vl ZvHHFDW)
|a23lo] A& HHFD-PAS Eho] 85 Az
Z Wl PPAR-y mRNA 'Zlo] 7+4s8l3l ot o) /o]
2iith AEFHD-PAS B 7+2% W (EBP-a
mRNA 28] HFD, Y/t ZHFD-Orlistar*) 7} H
T3] Ao §94L gt A HHED-
PAS_EH)©] 81 A2 Ul (JEBP-a mRNA
W o] BN ZHHFD) A Hlalste] fo]2 o=
Atk wEbA NG A FEES R R
=] x] HlZ 2] o] A 2] PPAR-y, C/EBP-a mRNA
E SH5 Al st 2o

e

1:1:

AP2(Fatty acid binding protein)s= A2 ol =]
el #edsl= G4xelth PPAR-y mRNA®] %4
FRAAE AAFA E7 A R B3k AL
TAO A B 7] Wi Zel] o] FxAke] wHe] oA
= AA L] 2317} A AT, AdTNDel
]l H]R) Z2HHDB A 7 =AY 8% ADDU/
SREBPIc mRNA o] 2] 02 &7 L}E}”{—Eﬂ
JA R o] 2 oIl X|HkRlo] X|HIA|E 2 =3
7] fEo 2 AlgHh Hl‘ﬂﬂh%(m@ﬂr H] 1
atod A9 HHFD-PAS_EH)9] 7224 W] AP2/FABP4
mRNA Z&o] fo]2 0 g 7hra et A HHFD-
PAS_E)2] 7422 U] AP2/FABPA mRNA 23 o] o
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AT ZHFD-Orlistac) E.UF S| VR v]gh)
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