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Anti-Glycemic and Anti-Lipid Effect of Ethanol Extract of
Supungsunkihwan-gagambang in High Fat Diet-induced Obese Mice

Sang-Yel Song Se-Young Ahn', Young -Min Ahn', Jae-Young Un?,
Hyeung-Jin Jang Byung-Cheol Lee

1Dept_ 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

Objectives: This study was undertaken to evaluate anti-glycemic and anti-lipid effects of Supungsunkihwan-gagambang,
which is composed of Cornus officinalis, Dioscorea Batatas Decaisne, Auantii fructus and Platicodon grandiflorum.
Methods: Diabetes was induced in ICR male mice (24+1g) with Surwit's high fat and high sucrose diet. Mice were
divided into 3 groups (n=10) of normal, control and Supungsunkihwan-gagambang. The Supungsunkihwan-gagambang
group was given 5% herbal medicine in their diet. The animals were fed on each experimental diet for 8 weeks. Body
weight was assessed every week. At the 7th week, the fasting blood sugar (FBS) and oral glucose tolerance test
(OGTT) were conducted in all experimental groups. After 8 weeks, fructosamine, lipid profile, epididymal fat weight,
liver weight and white adipose tissue (WAT) size were measured.

Results: Supungsunkihwan-gagambang significantly reduced FBS, OGTT and fructosamine. It also increased high
density lipoprotein (HDL) cholesterol and significantly reduced triglyceride/HDL cholesterol ratio, total
cholesterol/HDL cholesterol ratio and WAT size.

Conclusions: These results show that Supungsunkihwan-gagambang improves anti-glycemic and anti-lipid effect in
high fat diet-induced obese mice. Therefore we suggest that Supungsunkihwan-gagambang could be an effective
treatment for patients with type 2 diabetes.

Key Words : Supungsunkihwan—gagambang, Cornus officinalis, Dioscorea Batatas Decaisne, Auanti fructus, Platicodon
grandifiorum, type 2 diabetes.
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1. gxel Mz

1,000g2 9] 111ZEHi(Cornus officinalis), 1115%(Dios-
corea rhizoma), #(Aurantii Fructus), f5i#(Platico-
don grandiflorum)& Z+7] 1,500m02] 80% of gk-g-oj]
01 heating mantleE ©]-83}o 2A|17F 52 7148 F
=3l o743k A H-E 500ml S22~ applicator
£ o]&dtd Y& T filterZ2 ZHWAH. ZHA o
-8 Rotary evapomouseor (Model NE-1, HijTH
{LERfK @ik, Japan)2 AZAI7|2, T2 AxH 1
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Jgewi, IgE, B, RS 12 FEES 1111 HE
2 EFH ol BRI st ALl Bt
stk ZAzte] HE FAEL 4e] Ay
18.9%, 1LigE9] - 3.4%, HEe] S 16%, Kt
o AL 19.1%At

0

2. High fat 2! carbonate K¢ HIZHS A 28
Sty S2 slo| i}

RBE TEAY AAe AIgsd EHPEY
A3le] £91S WITHKHMC-IACUC 11-012).

22-23g9] 47 ICR mice (YA 5=, Korea)s
THste] 124704 g3 who] wdiEE PO
40~70% =5 FXH cagedllA 157U AL

3ot H87E AzeH, Holgt £ AHEA
HEE Sch 1 F Hwy A 23 Bden fEe
AArs A3 ZE FEF| Surwit's high fat,

high sucrose diet (Research Diets #D 08020201, 45
kcal% Fat and 32 kcal% Sucrose)S 857+ A Z Al
A HINHE A 28 F=wS FEHAIZ (Table 1).

Table 1. Composition of Experimental Diets.

3 2 e R A AAE

AF T2 ICR mouse 10782 A ¢ (Normal
group), U= (Control group), {&FIEFALINN ) F
AT o2 o] sl A/ (Normal group)
S ALF UYmA FEL Surwit's high fat, high
sucrose dietE 87+ AFHA|A vITHE A 23 T=
WS FEA AT SRR ol HE
TEFAINR & 5%2] HI&2 ALZol 4o 8577t &
o351 THTable 1).

o] mwjF 1347} AAFTEY kA7 samplingst
7] Aol SA3 A AFSEL oF AR FF A
o] dZx o7 HAAS(CAS 2.5D, Korea)S ©]-&
sto] Algstd o, A moused] 2ol wHE
As LAE Hagstr] 93 Z22H bowld

NOR CON SPSKHB

Casein 22.0 22.0 15.0
L-Cysteine 0.18 0.18 0.18
Cornstarch 50.0

Maltodextrin 7.5 7.5 5.5
Soybean oil 4.0 2.50 2.0
Mineral mixture S10001 4.0 4.0 4.0
Sodium bicarbonate 1.0 1.0 1.0
Potassium Citmousee 0.4 0.4 0.4
Vitamin mixture V10001 1.0 1.0 1.0
Cholin bitartmousee 0.2 0.2 0.2
Sucrose 10.0 45.1 45.1
Coconut Oil 253 253
SPSKHB 5.0
Total 100.28 109.18 104.68

Group abbreviation :NOR; normal diet, CON; high fat, high sucrose diet, SPSKHB; high fat, high sucrose diet with Supungsunkihwan-gagambang.
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mouseS S¥F 1L, mouse’} A FElol o]28
Ehs AS5S 71E5sh

glucose lg/kg &30
2 o 308 ¥, 60 ¥, 90% ¥ mo

vein®l Al bloodE AH3Y EFE SHAT
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fo,
-+
S
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6. X2 A oAl =4

AF A& 854 moused] AFANA AHEE AlFY
3o 3,000rpmol| 4] 2083 AR the LR
S o] 40TCo] BA3 F total cholesterol(TC),
high density lipoprotein(HDL) cholesterol, low den-
sity lipoprotein(LDL) cholesterol, triglyceride(TG)
9 Ageta BHE Algsilem, SAl9 fructo-
samine®] W¥H] HAARS Al 3.

7. WnE RS U 2R B

=

ol

A3 A% 834 mouseS 3 AYAIZ] T A B3}

21
epididymal fat pad ¥ 7+ FAZ =45 )

8 XMz 37| 5H

2 A Axe FgEed #FZS ) Fud
ZA9 dHE HE3}] 10% formaldehyde -89
14 2 &4 F paraffin FHAAS AAH Zojst
o B2 oF 2m FAZ B Hematoxylin
and Eosin (H&E) Oﬂ/\ﬂo}Oﬂ;} Oﬂxﬂﬂ X]H]—ZZLQ.
FHe}7F F2ke 38k v H(BX61, Olympus, Japan)
o7 Holx 100819 Ed=E A&t 744
G5 ARE 2 F AFE FEHZETY
(ImageJ or Image analysis program, Metamorph,
Japan)¥} F7]E4 =& T3 (Float morphology) o2
EAsth

9 A =24

SA8H Bl 8L GraphPad PRISM statistical
package(ver 2.00, Graphpad software inc., San
Diego, USA)E ©]&3tod 7z} #719] H|LE one-
way analysis of variance(ANOVA)ol| ©]o] Tuckey’s
post-hoc testZ AFSE AF3sIGT 4249 F=X= 3
T + XFH X (mean + S.D)Z FTAF O, ) 7
A 9= (Two-tailed p value)= pate] <0.05
A WE 7IEeE Stk

o7 Zmp

1. AEIBRAINAFO| MBS0l 0lXl= F&t
J&ﬁﬂllﬂﬁﬁﬂﬂ{ﬂiﬁol aA, AgFshE Ao]2

SakA) 7] B u}sg xﬂ ws—;g 249 mouse?] A&
Aot
85 F iﬂ%— S7hEe Aol 11.9g, Wixtol
21g, RN Folse] 194g S7He B
217} 49.6%, 88.2%, 82.9%2] AF Z7H&S B
. iz AT HA] 25 wRE A Sl
FOLA A 4F W RE] frogt AT AolE BIYS
(P<0.05), 6FFEHE AT 2po]E Holr] AZ
FTh(P<0.01). ¥HA EUEEAMI S FoATS o
Z7} HWA] 3FRE g AFo] 2ol Ko
85 & tETHT AFo] lLeg Hkov TAHC
2 FY3A= EUKFig. 1).
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Al g A FESE HA vX = gEs T
3HATE

77 W AlEE FEET A A B2 141.70
+£39.72mg/dLE, A2l 101.00£15.44mg/dL B3}
=2 18] FEEJILP<0.001), HRIFFEALIM
W TS 7Y e 82.10+22.60mg/dLE tHE
ol Blel froJshAl 7HASFATHP<0.001)(Fig. 2).
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Fig. 1. Body Weight of Each Experimental Group.

Group abbreviation :NOR; normal diet, CON; high fat, high sucrose diet, SPSKHB; high fat, high sucrose diet with Supungsunkihwan-
gagambang. Significantly different between the NOR and the CON by t-test(x P<0.05, » P<0.01, =+ P<0.001).
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the SPSKHB by t-test(+ P<0.05, ++ P<0.01, +++ P<0.001).

787 FH8E AR tiETE A% 30, 603, 90
¥ ggo] 217} 362.50442.36mg/dL, 322.30+61.18mg/
dL, 275.804:59.00mg/dLEA 2] 274.80+50.82mg/

60 90

Time(minutes)

Fig. 2. Fasting Blood Sugar and Oral Glucose Tolerance Test Level of Each Experimental Group.
Group abbreviation :NOR; Normal diet, CON; high fat, high sucrose diet, SPSKHB; high fat, high sucrose diet with Supungsunkihwan-
gagambang. Significantly different between the NOR and the CON by t-test(*» P<0.001). Significantly different between the CON and

3. HEUBRALINEIT0| XIECHAL DX = F&

FUESEILNE 0] X, 1eEE 2ol #
A7 Bl9hE A 28 9= 24 moused] XA

dL, 214.30+59.26mg/dL, 181.00+40.10mg/dLe] ¥ Abell WX E G AE3IATH(Table 2)
=5 Rl @™l R ATHP<0.001). Triglyceride $EE T)F7(259.00495.3818/dL)

RIS AINE ) Tl M= 242} 299.00+39.53mg/
dL, 250.60+52.08mg/dL, 222.10+52.45mg/dLE 7
el vls| M kAR g2l vls| ZE 3t
NA FolstAl A = ATHP<0.05)(Fig. 2).

Fructosamine &%=+ UZ7(256.40+24.17/4101/L)
& AAT(234.90+11.21mol/L)l oJatA At
A3L(P<0.05) HRIFEILING )T FoT(234.40+
12.36/mol/L) thzaoll vl frolatAl 2Aasted(P<
0.05) A/dTHt}; WESITHTable 2).

& AAE(145.20+78.49mg/dL)ol| ¥ f2olsHAl =
ek, RIS AN )T Fol 9 (243.50+£101.24m8
[dL)2 2ol Hls] Broy 3 Zfol= I
t}. Total cholesterol &= H3+ th2T (245.30+
39.20mg/dL)S A H(136.80+10.38mg/dL) ol H] &}
FolSHAl AR BEIEEIAIN T ol T(242.10
+31.68Mmg/dL)2 thxte] H3) Fogk 2po]7} 1A
&9kth. LDL cholesterol F=0l o= RIS
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Table 2. The Biochemistry Index of Each Experimental Group.

NOR(n=10) CON(n=10) SPSKHB(n=10)
HDL Cholesterol(mg/dL) 157.92421.38 100.02:48.20%** 148.12+21.014+++
LDL Cholesterol(mg/dL) 5.4042.71 8.10+3.90 10.30+5.31
Total Cholesterol(mg/dL) 136.80+10.37 245.30+39,20%+* 242.10+31.68
Triglyceride(mg/dL) 145.20+78.49 259.004£95.38%* 243.50101.24
Fructosamine(unol/L) 234.90+11.20 256.40424.17* 234.40+12.36+
TC/HDL Cholesterol 0.890.0.16 2ATH0 445xx 1.64+0.22+++
TG/HDL Cholesterol 0.94+0.54 2.66:+1.01%%* 1.68+0.81+

Group abbreviation :NOR; normal diet, CON; high fat, high sucrose diet, SPSKHB; high fat, high sucrose diet with Supungsunkihwan-gagambang. Significantly
different between the NOR and the CON by t-test(* P<0.05, ** P<0.01, *** P<0.001). Significantly different between the CON and the SPSKHB by t-test(+

P<0.05, ++ P<0.01, +++ P<0.001).

MBS Tl (10.30+5.31mg/dL)S T ZTH(8.10+
3.90mg/dL)el Hlsl 238 Tha =Skth thET(8.10
+£3.90mg/dL)S AAFT(5.40+2.72mg/dL) ol BlE] &
FAE BAAT FolatA] kot

HDL cholesterol &=l A= tfZ7(100.02+
8.20mg/dL)-S A/FH(157.92+21.39mg/dL)ol Hls|
Of5tA SEkTHP<0.001). ##EUESEAINE S T
(148.12+21.01mg/dL) 3+ thzol] wls] F2)sHA
=THP<0.001). TC/HDL ratio® U Z7H(2.47+0.44)
& AAH0.88 + 0.16)°] BIS] FosHA =Tt
(P<0.001). 2] HEUIFFALINL S Fo7H(1.65+
0.23) thxatoll Blsf fFostAl SEATHP<0.001).
TG/HDL ratio %38} TC/HDL ratio®} »}27HA 2 o
ZTH(2.63+1.01)2 AFTH(0.88+0.94)0 BIs) F2)st
A ERIL(P<0.001), FENEFAINE S FoJa(1.68
+0.81) thxatol| Bls) FoJstAl 2ATHP<0.05).

4, BRIBRALINEFO| Bost XS 2l 7t

A0l 0IXl= B

RIS o] LAY, eEsE o)z
FEAIZ B A 28 G 29 mouse?] HiL
B ANS 2 2E FAl0 mA= FES olr ] 9
sl A9 A2 83 A mouseS FAAIZ F &S}
o] Z43}tH(Table 3).

Bk Ao BAE tl2ai(1.81+0.56g) 4
78(0.53+0.21g)ll WIS frolatAl S7kstar, I
IEEAII S o T(1.58+0.55g)2 thatel HIs)
0.24g 22} froahA] okt 7k FAE MR

SIS FolH(2.00£0.48g), THETH2.10+ 0.17g),
373(2.18+ 1.05g)7Fe] I3k zko]7h fiich

5. HEUERAIASIO| X[HMZE 70l O|Xf=

] white adipose tissueE &3}o] 7
A3 2 7383} Float morphology Z7]%
o7 FAsGth

) Z7(10199/m2+90744m2)-2 7 (808741245
545mm2)ol ¥lal] o5l 7182 H(P<0.05) 1%
BRI S TH(71376m2+6073/m2)2 =
ol HIE] fFoskAl 7FA3FATHP<0.001)(Table 3,
Fig. 3).
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Table 3. The Change of Epididymal Fat Pad, Liver Weight and White Adipose Tissue Size of Each Experimental Group.

NOR(n=10) CON(n=10) SPSKHB(n=10)
Fat(g) 0.53+0.21 1.8140.56%* 1.58+0.55
Liver(g) 2.18+1.04 2.09+0.19 2.00+0.38
WAT(un2) 808745545 10199+9074* 7137460734+

Group abbreviation :NOR; normal diet, CON; high fat, high sucrose diet, SPSKHB; high fat, high sucrose diet with Supungsunkihwan-gagambang.
Significantly different between the NOR and the CON by t-test(* P<0.05, ** P<0.01). Significantly different between the CON and the SPSKHB by
t-test.(+++ P<0.001).
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Fig. 3. White Adipose Tissue Size of Each Experimental Group.
Group abbreviation :NOR; normal diet, CON; high fat, high sucrose diet, SPSKHB; high fat, high sucrose diet with Supungsunkihwan-
gagambang. Original magnification = 100x. Hematoxylin and Eosin (H&E) staining.
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