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The Effects of Supungsunki-hwan Partitioned Prescriptions on Obese Type 2 Diabetes
Mouse Model Induced by High Fat, High Carbohydrate Diet

Eun-young Park’, Se-young Ahnl, Young-min Ahn, Jae-young Umz, Hyeung-jin Jangs, Byung-cheol Lee!

"Dept. of Internal medicine, College of Oriental Medicine, Kyung—Hee University
2Dept. of Pharmacology, College of Criental Medicine, Kyung-Hee University
3Dept. of Biochemistry, College of Oriental Medicine, Kyung-Hee University

ABSTRACT

Objectives : Recently a lot of research is being done for find antidiabetic medicine which has no side effects. This study
aimed to investigate the antidiabetic and antiobesity effects of Supungsunki-hwan partitioned prescriptions on obese type 2
diabetes mouse.

Methods : Type 2 diabetes mellitus and obesity were induced by Surwit’s high fat, high sucrose diet for 8 weeks. Mice
were divided into 3 groups of ND (normal diet, n=10) HFD (high fat and high sucrose diet, n=10) and SPP (high fat and
high sucrose diet with Supungsunki-hwan partitioned prescriptions, n=10) groups. Body weights were measured every week.
After 7 weeks, fasting blood sugar and oral glucose tolerance tests were conducted. After 8 weeks, blood samples of all mice
were taken from their heart and analyzed biochemically. At the same time, epididymal fat pad and liver weights were
measured. Histological size of white adipocyte were measured as well.

Results : Compared with a HFD group, body weight, fructosamine, epididymal fat pad weight and white adipocyte size
decreased. High-density lipoprotein cholesterol levels increased in the SPP group.

Conclusions : These results suggest that SPP has antidiabetic and antiobesity effects in high fat, high sucrose diet
induced obese mice.

Key words * Supungsunki-hwan (Souténgshingivan), Cornus officinalis, Dioscorea Batatas Decaisne, Aurantii fuctus,
type 2 diabetes, obesity
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& A7 APH 1 PP,

ol AFoMe FFYA IRHH M

IR0 AL R Thpe] =g S

2 B3 2% Bado) A2H £347189 74

77 E])

g = 0
o F opgol WA e, AYE AT
34,11,12,13,14,15,1 6% E}o] Zﬁi}‘14_ %‘1—6]_ 701_0} j

3 T oF
H7F dvkar SR A (Cornus officinalis), 2t
K Djoscorea rhizoma), A2 Aurantii Fructus)<
Adste] BEANS 74 H, ol HITE A2
g Bio] fid FA T}t o] T3l
ﬂ%tﬂﬂ GiAL, DAY, AgEAd vA s 9
ate] ATl iF Awe A8 7t
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1. 4A M=

&ak 1,000 g/y\l,] /\].
K Dioscorea rhizoma), N2 Aurantii Fructus)S
771 1,500 mee] 80% ofer-&o]
S o83t 247 Bt 7HE FEstaL g o
HNS 500 m ZehAo) applicatorE o] &3t @
2 Z filter2 AWtk 2383 oJ7A-S Rotary
evaporator(Model NE-1, SRt {2 &ril, Japan)
2 Az 7, 52 Ax" A A A 1

A= B}

(Cornus offcinalis), A

211 heating mantle

A FEES LIS V82 Edstel Ao B
et 479 HE FAES Afe 189%,

ARoRE 34%, A17HE 16% T

2. A TERSLS A0| R IR M2 o
wd S2 muo| Mz

Sprague-Dawley(SD) %
male ICR mice(FY2EFE, Korea)S T3t
12A17F gz} who] W= H 40-70%9 =5 f

-
AL stainless-steel cageol Al 1FU7 AMS ’6‘}31
2E71E AR Holo}t &2 AfiEA HEE 3t
o
AN

279
o <ded A doitn U
Surwit’s high fat, high sucrose diet(HFD, Research
Diets #D 08020201, 45 kcal% Fat and 32 kcal%
Sucrose)E 877 AAAA BT A2Y GRS
FE3tHTable 1). 8 52 49 34L&

=T o= 7339
Y SEATEYNLNY $UAe WATHKHMC
-IACUC 11-012).



Table 1. Composition of Experimental Diets
ND HFD SPP

Casein 2200 2200 15.00
L-Cysteine 018 018 018
Cornstarch 50.00

Maltodextrin 750 750 550
Soybean oil 400 250 200

Mineral mixture S10001  4.00 400  4.00
Sodium bicarbonate 1.00  1.00  1.00
Potassium Citmousee 040 040 040
Vitamin mixture V10001 1.00 100  1.00
Cholin bitartmousee 020 020 020

Sucrose 1000 4510 4510
Coconut Oil 2030 2530
SPP 500
Total 10028 109.18 104.68

Group abbreviation : ND; normal diet, HFD; high
fat, high sucrose diet, SPP; high fat, high sucrose diet
with Supungsunki-hwan partitioned prescriptions.

mouse 1091214 A3(ND), di
TEE/NE EEAW FTH(SPP)L
Agsich. BATE A yrA 2
2 Surwit’s high fat, high sucrose dietE 8
AAAA BT A2Y FRHs FEth
FET7) BEAY B97L Surwit’s high fat,
high sucrose dietell &3-S 5%9] HE&Z 4]
8F3t AFstES stqith

4. HE 53

Az AP A ol Hx A 3 & H-Zrl
3 ZA89 L, AFFELl A
7] Aol S84t AT S ofF Al ETSL
Ao dZAHo7 HAAHL(CAS 25D, Korea)S
ARgste] SR o, 34 Al mouse«l =24
o ME AF AE HAissr] ) Eehad
bowlel mouses 2#F3L, mouse’} 4 “FEfol

olzg Jet AFE r12ss

Hk201 . of4fjod . ofofa) . oI od .« AtEiAl - O/ HE

o !

5. Fasting blood sugar(FBS)Z! oral glucose tolerance

test(OGTT) &8

FBS 2 AT OGTT ZAAle A3
o]/\L :L)J}\];r _?;Y_ —'i 1\] ot
glucose(l g/kg body weight)E D.
EdA7] L 308 & 608 = 90—Er
tail veinollA] A& AFHst] S SH8ATh
YL strip-operated blood glucose sensor(ONETOUCH
Ultra Inverness Medical Ltd. Stockport. UK)7]7]

g olg3to] Zg3gink
6. KIE % it 24

3
A7) 7] ﬂ mouse«] %01]/\1 xH /\]sgis}(ﬂ
3,000 rpmol| A 2087F AR st ‘jr*“ FiE
do] 40 Coll A T total cholesterol(TC),
high density lipoprotein(HDL) cholesterol, low density
lipoprotein(LDL) cholesterol, triglyceride(TG) &
of Agleta FA1E Aldstom, B4l fructosamine
(glycoprotein) HAFS Al3 33T}
7. 7(|‘:” 2B &Y
12+ 8F A mouseE BAAIZ] T &3}
3l AW ZZ(epididymal fat pad) % 7+

>
R 1)
>~

.00

XY M= 37 &3
;qm 'Lzl ,{ﬂﬁg] agﬂzﬂx% .v,}ilg gq-;gH Hjljj.
9] YBRE A3}y 10% formaldehyde &H o
2 95 paraffin FHAEE AX Zjsts
712 ¢F 2um FAZ B35l Hematoxylin
and Eosin(H&E) M3t ddg Awzxzs
FHEzE $3E 3sken| 4 (BX61, Olympus, Japan)
o2 AojA 10081 HEANZE A3t A B

549 MRS de ¥ AFH Gzl

r‘_‘ﬁ‘, i

(Image] or Image analysis program, Metamorph,
Japan)@ =71%A ZZ T#:(Float morphology,
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9. 3 24

EA8tH BluEAE GraphPad PRISM statistical
package(ver 2.00, Graphpad software inc., San
Diego, USA)E ©|-&3li, 7z & 3+o| Hlue
one-way analysis of variance(ANOVA)o|| o]¢]
Tuckey’s post-hoc testZ AFE 7538
(table)$} ™ (figure)ollA] Z+ze] 43
EZHxHmean + SD)E JFAZom o
9 = (two-tailed p-value)= pzte] <0.05
s 7|Fo 2 YT

3

:L

1o o 1+ FH

o ot
=

¥
MN o

. oA41Z1}

3 £0{7t MBS0l O|X = &
‘Ud A A&HoR F7}
T2 882%(23.80+091 g
4480605 gO. 2 —7} 3)9] HZo| Z7}aho]
2Fto] 495%(24.00+0.94 goll A 35.90+3.24 g &
371he Aes7te EY Ao Hlste] fofst
Higho] fEEITh AFHsE F 992 A9
W AFARE AAT(B33.00£309 g)RT tzRT
(36.80£3.88 g)olA oA Jde AFZ=/P BF
57] A3 (p<0.05), 65FAFHE 473360
+3.80 g) Bt} tZ7(39.80+4.89 g)olA oS dA
g AF S/ BEE APZTEAAAA HE
o] FAHAHpP<0.01). F5718 TEAY Fo
T 877 AW AREsE Aol2 669%
(23.60£051 gollA] 39.40£3.71 g2 =7}3hH 9]
Z7HE B gi2FEY 11.3% A" AF =
THE BAT AFHEE F 992 AuRd 7
FAMA] dZ27 Blsegk F7HE Bolt 854k
of o]z #A WFETH(44.80+6.05 g)F FIA U=
As S7F QA7E FEEH JATHp<0.05)(Fig. 1).
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D40 * -
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B 4 F ——A
s P = = -t
> >
E 30 =—HFD(n=10)
» - - SPP(n=10)
- ND(h=10)

20

0 1 2 3 4 5 6 7 8
Time (weeks)

Fig. 1. Body weight of each experimental group.

Group abbreviation :ND; normal diet, HFD;
high fat, high sucrose diet, SPP; high fat, high
sucrose diet with Supungsunki-hwan partitioned
prescriptions. Significantly different between the
ND and the HFD by t-test (+ p<0.05, ** p<0.01).
Significantly different between the HFD and
the SPP by t-test (* p<0.05).

2. #%Eﬂ% 2 Foi7t GoiAld| DXl

FBSE thz7(141.70£39.79 mg/dL)o] BAHE
(101.00£1544 mg/dL)ETH 94 YA =g
(<0.01), FFx718 FEA o] vzl Hls)
vroy o4 gtk tiETto] AAHoZ
w2 99 T2 11%1 o OgoZ $£3E7|S

oIsiek 49 A

+4236 mg/dL)o] BAH(274.80+50.82 mg/dL)¥}
T4 A E=(p<00l), FEFCIE
?:é_ ToJ (325703430 mg/dL)S RTHE
o gdo] f94 2 ﬂl vro} o] AAH AT
(p<0.01). 60%, 90 & gL $357)8 B
T gj2 Atolel] frof st Aoz} fISith(Fig. 2).

Fructosamine S5+ AAT(234.90+11.20 gmol/L)
B} o) 27(256.40424.1 mol/L)IA Z7}she
goz o4 e Aot FAHUIL(p<0.05),

T3 Y Fo (232441892 mol/L)



ZFF fructosamine©]

& gzzud f94 9

ZH AH(p<0.05).

400 -

350 /+ *

ot

= 300 o *%
=
E 250 > < -
E / ’ RS
8 200 g
q *%
g 150 ¢ /
'S

100 ¥

==HFD(n=10) “¥-SPP(n=10) =& ND(n=10)
50

0 30 60 90
Minutes after glucose intake

g. 2. Fasting blood sugar, oral glucose tolerance
test of each experimental group.

Group abbreviation : ND; normal diet, HFD;
high fat, high sucrose diet, SPP; high fat, high
sucrose diet with Supungsunki-hwan partitioned
prescriptions. FBS; fasting blood sugar, OGTT;
oral glucose tolerance test, Significantly different
between the ND and the HFD by t-test (* p<0.05,
#* p<0.01). Significantly different between the
HFD and the SPP by t-test (" p<0.05).

=

3 BT BEAE o7t XESZo 0|X|=
o
o

TE AAT(136.80£10.37 mg/dL)olA 7}
2 g 2724530+ 3920 mg/dL)& AR
ool A Al = (p<0001) FIENHE
A M (222.55+29.19 mg/dL)-S ) 27H(245.30£39.20
mg/dL) 2= oy %4?‘5 Apole HEAHA &

HDL cholesterol 5+ A4Ht(157.92+21.38 mg
/L)l 7 Ea, tiZ7H(100.02+820 mg/dL)

A G4 A FOoH(p<0.001), FFE7)8 B
A %(147.74116.60 mg/dL)& tERFHET &
oA A = A Hp<0.001).

LDL cholesterol =+ A47(540+2.71 mg/dL)
o} 55718 B8 Fo7(7.204268 mg/dL),
Y Z7H810+390 mg/dL) EF Ehoy FoAe
H/\ME]'

Hk201 . of4fjod . ofofa) . oI od .« AtEiAl - O/ HE

o !

TGEEE WET(259.00£95.38 mg/dL)o] AA
(14520£78.49 mg/dL)Et} AASHA =%21(p<0.01),
TEE7E BEAY Fo] 7(22677+10141 mg/dL)
M= thZEF(259.00£95.38 mg/dL)d 28k 2
o7} FAE A Fkth.

TC/HDL ratio= tZ&(2462044)0] AAH0.87
+0.16)°l HI&] f-oJshAl = (p<0.001), EH
Fo7(15040.10) thzaol vl FoatA Wt
H(p<0.001).

TG/HDL ratios thZ7(269:091)0] AAHE
(0.942055)° BI3l frofatAl E=UTHP<0.01). gt
& B F(1521064)2 2ot Hlg)] f<
SHAl S TH(p<0.01).

B3 ANEe AT 47053021 g
Hlstd gl27(1.812056 g)dlA F94 e
THE B ,<p<0001> FEe7d BEAY F
(1214060 g)> tizarol s 33.15%743)
T4 e 2% F7MIE B FATHP<0.05).
7re] FA= ke A Tl (1.8240.52g)°] 7}
Z3(209+0.19g) AAT(218 +1.04)
TOl Ao, o]F Atold Fogt Apole HEAEZ|

5. FZ&718 B S0t X2 ME 37(0f
0|X|= &

AW E Z7)E h27(10,19853£9073.98 )
of| A AAH(8,086.88+5,545.178 ) Bl 8}o]
A A F7F sA=E(p<0.05), FEE7IS
g o] (680421 + 475365 ) tE
of s wjg- oA °17ﬂ AAE A7) F7h
7} “Zi]FJOiEMKOOI 79 AHAE F7)7}
LoW) o o) B FF 371% A T
of AWAE A7) 47 vz 0.794) <} 0.668)
2 a8k ohFig. 3).
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Fig. 3. White adipocyte size of each experimental group.

Group abbreviation : ND; normal diet, HFD; high fat, high sucrose diet, SPP; high fat, high sucrose diet with
Supungsunki-hwan partitioned prescriptions. Original magnification = 100x. Hematoxylin and Eosin (H&E)
staining.
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£80g T PR M5 &40g Wi kF20g RN fE
TR m0hoE FAH o, ()7
© JEhizE Ssta Bz kst Aol Ale AjskA
atta Hol itk CREHE) s AW 743
S5l ekt o)t e mEF I CelERE o]
£o2 FAEY e MEHY R Q3 fHiL
o] AHg-3tar &tk

ARE F£ZE78 g dTe ¢ e
NMuZLi ZHHZ9} C2C12 ZAZAHEA PPARs
1%44 BAZI- vAE 93-S RSt vt
5o nAY nesEE Aoy furdt
28 Jd=r E%‘OM fr%—¢7l%ﬂ g Astet
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of

- B - ol ok XM]ﬂli A3 X1 °—‘Bh ‘J
A, aex 9] & BXelA £EE718 &
77} ojAehe o] %—“u ATE nEse FF

#7180 T okl KRS T FHEAE 5
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3,4,1],1'),13,]4,15,16% %-H %E] okzﬁi}‘i 52:] 701_8} §
H7b Aok G Abefr, AkeF A4S dds)
o 78 BEEALoZ AT
e ARHEISUTFE Comaceae)dl
&8 R NEAR ARUE Cornus officinalis
SIEB. et. Zuce. ¥ HEG RES wiid 202
P Rk ke FRESICE #hHBAI 713 WA
A WS sk M= HIEEHS g3} i
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o BEE fitshe 8o YoM HiEE
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WEAEREES el F&%‘:}% AREf-= streptozotocin
B mde] 337t 9o
3ty GLUT4 mRNAZ
/}jf@% T7E B3 99 A% &
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o
H
fr
o
olN
1>
mlo
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Jkeke B3E RH(vF, Dioscoreaceae)dl 43+ %
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FHEE 24 F Ul MRS 1nTeto
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A3t 53 3ee HASidE 4 519 d7s 5
3 PEEnt %E}

ALe EF FHEEY, Rutaceae)ol 43¢ ik
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S WS Ao® M i EHSIA e
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WOl
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Hom, gl AAgo] AS FHOR d FF
AFo A EQ H7S 1ste] A Y 1
T3E 2o]E FAld W33 Surwit’'s high fat,
high sucrose 2]o]E& Ald)3}H T},

877 1A, EEshE 2olg Fal| ol
A dgo] F94 A F7Fskal fructosamine,
total cholesterol, triglyceride F%=7} =o}AHA
HDL cholesterol &%+ Solx|1 13 w5
o FA 9} H”"“X] X A7) S7kete & Higt

HO

g A2Y ddo] aRHoR I

olel wka %%7]% A FoT2 g2
7 FYS AL DEFsE AolE AY S
T Bstal A&HHOZ xR EE} < AF
S BYom AF 8FAtd oj2eAe 23]y bz
7§94 e AF 37 AV #F H]doh
AT Aol A& AFAE )45+ adiponectin
I 1IL-10

A =
9o Ar=S Sl triglyceride, total
cholesterol @ &S NAXNA DI HwxE
9] %ol

st Aldo] AdF=

g
Ak Wz wEs o

)

Algol dA

3 =
A A= 3718 Y AT 24 7t

S HoFn
o2 3718 AW F97-2 FBSo|
Ae foAe gloy gzFro Yu OGTT
Ae 308 ¥ 9ol oA A e AFS B
oA Ql&d APl AAd S ¢ & AU
HIE 60 $HEE frogh folE Holx] gou
o] HJUAE Hole 0% F 7 T/15 9A
st 8% 24 75S FYste 2oE HAt
olg gt FFLVIS BEAWY FHel ¥d9 =
HEL B7193%t fructosamine ST H3YIH
t}. FructosamineL Tl o] oju|=7]7} Hl&A
HgoZ xed Aget Aoz wghvl 4o
A HT 23] 87 HAAE € & e AAE

1= ] S %

P dere] A8
A Yo, wekx A Aot

= H é}jmz ]HL,] aﬂ/ﬂo]ug H
AN ME total cholesterol(TC), HDL cholesterol,
LDL cholesterol®} triglyceride(TG) 7AAFS A3}
At w713 AT =2 HDL cholesterol
FEE Ho OF d7ast dxEE ApPtis
Holg FAld & TCH TGE Bo 7]& A7
= dHEes 29% Ho 435 REFE EES
Bk o33 L/FE BA3] A3 HIole ¢
AAZ4 Hoe TC/HDL ratio, LDL/HDL
TG(triglyceride)/HDL ratio®} 2& &7t
ojg3te] NEF FAE dSste Aol A
MP_U% TG/HDL ratio’} 7}% Z&sly =
P EEEEPRERSEE RS EERY
}.01]*15 ZF%“E 713 A FoTS TC
S

T E55}2 HDL cholesterol

of B ot job o IH mz
> _114
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