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ABSTRACT
Objectives :

Hoechunyanggyeok-san (HYS) is a traditional herbal medicine, which has been clinically used for treating

febrile and inflammatory diseases. HYS has been reported to be a useful treatment for diabetes, atherosclerosis and hyperlipidemia
in the type 1 diabetic model. However, the mechanism of the effects of HYS against hyperglycemia and hyperlipidemia is poorly
understood. In the present study, we investigated the underlying mechanism of ameliorative effect of HYS on hyperglycemia

and hyperlipidemia in vivo.

Methods : HYS (10. 50 mg/keg/day. p.o.) was administered every day for 2 weeks to db/db mice and its effect was compared

with vehicle-treated db/db mice. To confirm serum glucose and triglyceride

(TG) changes. serological testing was performed.

The levels of sterol regulatory element-binding protein-1 (SREBP-1) activity and Sirtuinl (SIRT1), AMP-activated protein
kinase (AMPK), and acetyl-CoA carboxylase a (ACCa) expression were analyzed by western blot analysis.

Results

: The administration of HYS significantly decreased the elevated serum glucose and TG in db/db mice. HYS

administration increased the levels of SIRT1 and AMPK expression compared with the vehicle-treated group. Moreover, HYS
treatment significantly inhibited SREBP-1 activity and ACCa expression in the liver, while the vehicle-treated group exhibited

their increase.
Conclusions :

In conclusion, HYS is suggested to have an improvement effect on hyperglycemia and hyperlipidemia by

activating the SIRT1/AMPK signaling pathway and inhibiting SREBP-1.
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ol wuhE E3E o7 HAA] A3hel| A 3hof
o &8 shsAdel W3t A7t s &L
et o] & MEFFES EREE KD %
B2 ZHAR DEEES FAF0 s, Bk
rE FuHdx &451 glom, RIFEEEel

A A7z T streptozotocin S
A ] el wAE g Fo] o ©@dE

ce W

3o £A51= nicotinamide adenine dinucleotide
(NAD") &&4 eopielsl a49 S 45
homologueZ Sir2¢t 7F fAE 7oz odeixl
Sirtuinl (SIRT1) < 23 A& BAL, v EZ=e] o}
AFA, 9%, 1Y, AZAF 5 ooFst WA A
E 7)%5% z4stn 9. =3 SIRTIS A2
oAuA] A Aol AlA J&E Fdehe 2l
AMP-activated protein kinase(AMPK)®] upstream
kinaseZ 8h4<l liver kinase B1(LKB1)& ®olAl
g3} oz AMPK 55 21313, o+ 1A
NAD" %712 Zd3te] SIRT1 F4 & SV 172
24 SIRTI# AMPKE Asz4o3 NE At
g A8 Igh
Sterol regulatory element-binding proteins(SREBPs)
S| 28 3 AuAE A Fefses FAAE
WS A E AR, F2 M AR
oA g SREBP isoformel= SREBP-1a,
le, 28] Al 7F17F sk, o] % SREBP-lae} SREBP-lc
= AL dakel FAAANE] Aol F2 e}
v acetyl-CoA carboxylase(ACC), fatty acid synthase
(FAS), stearoyl-AcP desaturase, ATP citrate lyase,
malic enzymez} 2 AHFgAo] #AAH TAE9
e 27 Aoz A it 1 2
ACCE acetyl-CoA9] H[7}9A 712843} &4 &
23] malonyl-CoAE AA3sE 242 vEZS
of Well A} vkt AFSLE A3l A|HHAE A A
ol o8 o9& Ag

T3t FHT A2 w2 SIRTIH AMPK

> lo
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oz
AL

7} 747} SREBP-1& A Aoz goliels), glat
Aoz AAEES dAslE HAoew nud
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olo] £ AT db/db w2l EIE G
Bl 2 9 AAYA Zo A ESHES FEs,
I A3skA 71" e SIRT1, AMPK % SREBP-1
W 248 FAog S 3¢l Hf oo By

s oo,

A% 1253 9 47 db/db wF$-2 (C57BL/Ksd)
18=12] 9} db/m "k 6rlE] S AlElFnR}o] 2 T
oh( A}, dH=) 2 HE] Ttk NIH#3(MEl=
ulo] & Fzo}) Holol & A AFF=F
slglom, 237 dAF 22(23+] ). F5(k 60%)
o} WEE71 (1221 74) 78 215 37 A5
= 189+ Y] db/db vk A 9 &
sfe] 7} o] it AFI dde] 79 T3
(n=6)2.2 o] AA(db/m »H-2, n=6)
23 F 4302 wAsH. AT 2L
= A X948, Hoechunyanggyeok-san(HYS) &
o} ol = HYS 325 10 =+ 50 mg/kg body weight
= 277 Y ATRA v o F3 F v}
FHAe AN AAAAE S BE wpgae H9

AF R, 7h> w2 A A Edte] dA] Ao
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Table 1. Composition of Hoechunyanggyeok-san.

Herb . e Amounts
Scientific name

name (g)
R Forsythia koreana

2 (Rehder) Nakai 5

Platycodon grandiflorum

==y

fe B (Jacq.) A. DC. 3
A Citrus aurantium L. 3

ar Rehmannia glutinosa

ER (Gaetner) Libosch. 3
5% Paeonia lactiflora Pallas 3
% g Angelica acutiloba 3
= (S. et Z.) Kitagawa

W % Scutellaria baicalensis George 3
¥ 3 Coptis chinensis Franch. 3
¥ F  Gardenia jasminoides Ellis 3
- Mentha arvensis L. var.

L piperascens Malinv. 3
B E  Glycyrrhiza glabra Fisch. 3

Total 35

3 Al o

Polyvinylidene difluoride(PVDF) membranes=
Millipore Corporation(Bedford, MA, USA)ellA 74
3}9] 2, B-actin, histone, SREBP-1, ACCa, SIRTI,
AMPK®] 3= Santa Cruz Biotechnology(Santa
Cruz, CA, USA)ZHE F43isith e 94 #4
of AR kit AleFEHH(FEAL, gH=h)elA F43k
G, o] 9ol 2E AJokS Sigma Aldrich(St. Louis,
MO, USA)ZHE T3t A3

4. Cytosol extract

7+24) 100 mgS 100 mM Tris-HCI(pH 7.4), 20
mM B-glycerophosphate, 20 mM NaF, 2 M NagVO,,
1 mM EDTA, 0.5 mM PMSF, 1 uM pepstatin, 80
mg/L trypsin inhibitor7} #8% homogenate buffer
Iml(10 mM HEPES(pH 7.8), 10 mM KCI. 2 mM
MgCl, 1 mM DTT, 0.1 mM EDTA, 0.1 mM PMSF)

72

1}

o} A d5o= A3 sk 22 31447](Bio Spec
Product, USA)Z & 3tel. v|EZ=g] o} AAHE
< 97] Ysl 4 TollA] 12,000 rpmeE 1587 ¢
R L

5. Nuclear extract

7+24 100 mgE 500 pl hypotonic buffer A(10
mM HEPES(pH 7.8), 10 mM KCl, 2 mM MgCls,
1 mM DTT, 0.1 mM EDTA, 0.1 mM PMSF)ql
Yol 27k Abeljol A} 23] 344471 (Bio Spec Product,
USA) 2 E43tgh 10% NP-40 £ 625 pl&
A7ksked 12,000 rpmo2 307+ YAl Ee) sl
o|ZA dofAl 3 F3& 10% NP-407}F A&l A buffer
Aell g #)7e] 12,000 rpm o2 FAE sk, 100
pl®l buffer B(50 mM HEPES, 50 mM KCI 0.3
mM NaCl, 0.1 mM EDTA, 1 mM DTT, 0.1 mM
PMSF, 10% glycero) S A7}l A3EH-A17] 5 4 C
oA 12,000 rpme2 1087 YA &8 At
WS Z3HE ASH L £AFH 80 TollA BF

Aol A At dAE dAEE sl A S
Ao}, A glucose, triglyceride™= glucose, triglyceride
assay kit2 AH&-she] A|=Ab(A19F2}8H < protocol
of met SAskAch A A 5 plol Aok 200 ul
£ A7k ¥ 37 CollA 587 incubate 8 ¥ 540
nmel M FFEE SA3A

1. Western blot analysis

SIRT1, AMPK, SREBP-1, ACCa, histone, -
acting Fela}7] 918 zH7te] A& 8% SDS-
polyacrylamide gel electrophoresis(SDS-PAGE) S
B3 271945 AlFieh elE sAES nitrocellulose
membraneel A 90 VE 147 308 St 7|45
3tsiet. 5% 2AEA7F € TBST(20 mM Tris,
500 mM NaCl, 0.05% Tween 20)Z 1AIZF 59t




blocking®t ¥ TBSTE washingdt %, 12} A
(SIRT-1. AMPK, SREBP-1, ACCa, histone, -
actin) & 5% EAEF7F Eoi9lE TBSTel 34
(1:1,000)8Fe] membranes 4 Tl A overnight E<t
WA Aol A 1084 31 TBSTE membrane
< washingd &, 2%} 34| (horseradish peroxidase
-conjugated donkey anti-rabbit antibody: 1:5,000)=5
5%°] A E57F Eo19= TBSTel 24 (1:2,000)
sfo] Al2o|A 1A1ZF FoF wHSAIZYL TBST®
washingdt % enhanced chemiluminescence( Amersham)
2 Hyperfilm(Amersham) ol =Z&A17] F chal Al o)
W AEE ZAsg T Band density= ATTO
Densitograph Software(ATTO Corporation, Tokyo,
Japan) & ZA3}ed histone == B-actinHe] v]&
2 Ao

8. SAIXZ

Ad AN = JF3 2FHAA(mean+SD) 2 £7]
stglom, SPSS 18.0 for Windows programe A
3le] one-way analysis of variance(ANOVA)E A
Alste] F9]4F p-value0.0591 4 Dunnett’s t-test
o EFAAE

m. & =

1. HYSO| & glucosed] OJxl= A&t

HiRto g ole] =& &l gt HYS
23S Falslr] 98 A glucoseS SAH#HE 2
3}, A AR Al 104.5243.49 me/dlel A 118.49+5.30
mg/dl22] W3tE Bl A v d 2Tl A
= 475.05+39.51 mg/dlel A 596.97+10.66 mg/dl= #
gk Z718 B ol vle) Ao A% HYS
10 mg Fof+2 473.13+42.64 mg/dlel| A 525.49+22.57
mg/dl, 50 mg FoJFoNAM = 474.95£42.76 mg/dlelA
408.16456.00 mg/dIZe] W3 He] Fo F8 F
2zl vlEl oA W FE 293 HYS
50 mg FoL2 Fof Aol wls] A glucose’} &

Aot Fraskaiet(Fig. 1).

700
S 600 N
B 1 _
E 500
-]
3 400
S
O 300
£
g 200 e
100 I‘_I
0 . ,
db/m Veh HYS10 HYS50
Fig. 1. Effects of HYS on serum glucose level in
db/db mice.

db/m : normal group, Veh : vehicle-treated db/db
mice, HYSI0 : HYS 10 mg/kg treated db/db mice,
HYS50 : HYS 50 mg/kg treated db/db mice. Bars
represent means+SD. Significantly different from
vehicle- treated db/db mice values by Dunnett's
t-test (* p<0.05, *** p<0.001).

2. HYSO| XA triglycerided]| O|X|= st

y¥GI A wmtez Qs 2 EHE IAY
Zol it HYSS] A &E 2Helstr] S8 db/db
up 2ol M A triglyceride® SA s AT
(106.9446.69 mg/dl)=} vl asled 182.67+18.70 mg/dl
2 FEg 3718 Bal gzl vls] AgL> HYS
10 mg Fo3oll A 125.00£10.56 meg/dl, 50 mg F-o1
ZollA 109.1749.39 meg/dlE EAACR 254
7rAskeH(Fig. 2). 53] HYS 50 mg ool A
T AN FF b FAERE B

o] e A#E F3 HYSe] v|vtez °“151t

g 2l EZ]BQZ—"* Q‘rfﬁ‘rﬁh 50l e
4525 NAdsed oS
s 33;?%7} Ass Ei A=t
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Fig. 2. Effects of HYS on serum triglyceride level
in db/db mice.

db/m : normal group, Veh : vehicle-treated db/db
mice, HYSI0 : HYS 10 mg/kg treated db/db mice,
HYS50 : HYS 50 mg/kg treated db/db mice. Bars
represent means=SD. Significantly different from
vehicle-treated db/db mice values by Dunnett's
t-test (* p<0.05, ** p<0.01).

3. HYSO| SIRT1, AMPK Z&d0i| O|x|= A&
HISA % o ALY 28 A0E A
S787] slal SIRTIS 4334 +4¢ 59 A

[}
-‘Uﬂ"}— ZA38= AMPKS] 2 =5 Western
blottings Esf #alslgch. 1
2T SIRTIS] ale] FosiA 7has)
, 5

d& Byoh(Fig. 3A). AMPK
S Fals £ AoelAe Feld 9
I

232 1o o ¥
T
=
off
2,

({fold of db/m)

L'ﬂlﬂﬂ

db/m HYS10 HYS50

74

(B) amek | _—

Bracitn < G S
6

orﬁ.i.ﬁﬂ

db/m Veh HYS10 HYS50

Fig. 3. Effects of HYS on SIRT1 and AMPK expression
in db/db mice liver.

SIRT1 (A), AMPK (B) protein expressions in liver.
db/m : normal group, Veh : vehicle-treated db/db
mice, HYS10 : HYS 10 mg/kg treated db/db mice,
HYS50 @ HYS 50 mg/kg treated db/db mice. B-
actin was used for loading control. Bars represent
means+SD. Significantly different from vehicle-treated
db/db mice values by Dunnett's t-test (** p<0.01).

(fold of db/m)
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4. HYSO| SREBP-1 &'doi| D[x|l= Het

HYSe| 8% A A5A] Aol o % e
Hel 235 Ediz Adhite] 24 714dE o
AMoz odotnyz Zu v &3 AWt A4
Fedsls TS waHe 2dsE AARIA
SREBP-19] &A4e] o3 HYSO| &35 &ls)
okt 1 A} 27 A SREBP-1 &4 ¢] A4
o ula} fofahAl F7ketsdom, Ad-2 HYS 50 mg
FoizellA frolA Al EelE 23S ByekFig. 4).

o]24 HYS+ SREBP-1 #4<2 As] A4
AHE 2 o 4 oo, k& A3 3eA
SREBP-1¢] &A% A4 o=z AAsh= SIRTI#
AMPK®| Wrdle] 218 Ael fsint shiloh
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Fig. 4. Effects of HYS on SREBP—I activity in db/db

mice liver.

db/m : normal group, Veh : vehicle-treated db/db
mice, HYS10 : HYS 10 mg/kg treated db/db mice,
HYS50 : HYS 50 mg/kg treated db/db mice. Histone
was used for loading control. Bars represent means
+SD. Significantly different from vehicle-treated
db/db mice values by Dunnett’s t-test (* p<0.05,
= p<0.01).

5. HYSO| ACCa &&iof O|X= F&

SREBP-1¢] 8}9] &4 &4¢l ACCa 3ol gt
HYS®] &35 sHals) & Z3elA=, SREBP-13
np7bA 2 B 2ol M ACCa alo] Aol vl
A frol sl F7hstsdet. olell vls) Ad HYS
50 mg FeATAN AT FEel 7}77P—?r kit
Hoj o3 agas FAaimH(Fig. 5

|24 HYSe] SREBP-1 &A1& %ﬁﬂ ACCa

HHE Gxozy AA FAES THHLE Ao
st AupAL AFSLE EA%E o 4 Qlsleh
ACCa [ — |
B-actm [“..1
Ez I
EI |-._| I-L‘ |-L|
0
db/m Veh HYS10 HYS50
Fig. 5. Effects of HYS on ACCa expression in db/db
mice liver.

db/m : normal group, Veh : vehicle-treated db/db

mice, HYS10 : HYS 10 mg/kg treated db/db mice,
HYS50 @ HYS 50 mg/kg treated db/db mice. B-
actin was used for loading control. Bars represent
means+SD. Significantly different from vehicle-treated
db/db mice values by Dunnett's t-test (* p<0.05).
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ofof it & T} #AH o7 P ot
Aol o] e oy HAE :
g AAYAE gEHo7
7F o Aoz E AFNME [EFRRS
87545 A= Hopoh

vjEte g <ls A 23 Fxre] uEE 2Hdl
db/db mF$-2oll BIFEFEEHES 277 Fo
g 9 A Zel g A =
AR, T FelM = 53] dF FAAWY 24
#7F B S FoFE Gt o2 mIFER
el T 2 AAHAE K3 A E 23t
Ad5E & 4 sk

mFFRERS 1dg 9 IAE S A3ia Tt o
g A 71 dotry] S8 A E ollvix] HAt
HANAM FF4 95 3= SIRTIH AMPKE
FAOE 1 319 7Ad dlgsle A EEe] wd
W3ts gl Bk

WA db/db mF-2elM SIRTIZ AMPKe] #
HaF-S Western blottings E3 Eels] 2 ZH3,
27l A SIRTLS Lae] Zeol& whd [F
fFil FATdAAE ATl 7k HEE
i, AMPKE A= oA [a]
el Fo wx7b 74l met I dEgo)
ofuf= e Bl

o2 HYSS AMPKXRtul= SIRT1¢ wHeist
e B8 AsAde o B2 s vA 7 Y
AAY ALl B3t 2AHETE 7Pl ¢ 5 sk

FgERe] 53] A A At 7hat x
Holl met A-gA fAzke] waE Fx13)
olzto]mA] SIRT1# AMPKEEE 7 24| 2
Aoz A% SREBP-19] A3} #upak g4
T2 349 ACCa® Hawsts s Bk

FY 28 S AAE Ao s FHAE
o] W8S z43k= SREBPs: helix-loop-helix-leucine
zipper famailyel 43}& ZARIALR, SREBP-la,
le, 29 Al 717] isoform o2 ZA) ghel o) z)u}
Ab thakel FAAe] Aol F2 edsl= SREBP-1
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A2 e 22433} Al (native form)
L2 3Ad EA 87t Al EY sterole] 1Z2EH
AR o] Fsle] F DAY cleavageE E3l FA
31537, BA3s Abel (mature form)2] SREBP-1
- ¥ gtoz oFE 24 FAHAEY WIS F
AT o) FoA] B8] AAYA EAel
ACCY #d& Z7M71EdH, ACCE v EZE=F
of Well A xukAl AFSE AAlsta A WA A A
o £238 98-S sv, ACCax lipogenic tissuedl
Wol] EA13t ACCRE 42 AR & oxidative
tissuel] Bro] LE3HE= Aoz oA gt
£ Aol A SREBP-19] Ao Aol H]
3 oAl kel A Aol dalEe] Qe
AOFE Rolw W2+ g, [MEERK Fod+
oA+ SREBP-1 &4 3} ACCa ¥do] ZF Zof
£ 235 2ok
ol24 [FHFEHRS SIRTI AMPKY A
Jo wE SERBP-1 &4 ACCa W& 4
53l TEAEel A o|Ag o gl ditE &
3 2 A el & Rl s
o &3t 237} 9, 53] SIRT1, SREBP-I,
5 FH0R 3 AZATHEE 53 AA

gAE gRH o7 2A43S o 4 9lodTHFig. 6).
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Fig. 6. Possible action mechanisms of HYS on the
lipid metabolism.

HYS inhibited triglyceride synthesis through increasing
SIRT1 and AMPK which regulate SREBP-1 and
ACC in lipid metabolism.
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