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ABSTRACT

Obijectives: This study aims to investigate the anti-inflammatory effect and improvement of dyslipidemia on Hyangsapyeongwi-san.

Methods: In this study. HUVEC cells were cultured and treated with Hyangsapyeongwi-san to measure intracellular
KLF2. eNOS, MCP-1, ICAM-1, and VCAM-1 gene expression levels related to anti-inflammation. The weight of experimental
animals administered with Hyangsapyeongwi-san was measured, blood samples were biochemically analyzed, and liver tissues
were reviewed to research histological changes.

Results: Gene expression levels in the cells treated with Hyangsapyeongwi-san generally showed a meaningful anti-inflammatory
effect. The body weight of the experimental animals decreased, and total cholesterol, triglyceride, and LD L-cholesterol in the
blood generally declined while HDL-cholesterol tended to increase. Fat accumulation between hepatocytes was also reduced
after the administration of Hyangsapyeongwi-san.

Conclusions: This study confirmed that Hyangsapyeongwi-san has the effect of suppressing vascular inflammatory responses
through the regulation of genes involved in the vascular inflammatory process and improving dyslipidemia through the
reduction of blood lipids and weight loss.

Key words: Hyangsapyeongwi-san, vascular inflammation. dyslipidemia. atherosclerosis., cardiovascular disease
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Table 1. The Prescription of HPS
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2 AolA ARE3E SEARESIAK Hyangsapyeongwi-san,
o]} HPS)S <HBHE>S 71Foz 2A89
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HolA A5" S Flste] At 7t

Aol FAL ofef ok 2k (Table 1).

Herbal name Scientific name

Pharmacognostic name Origin  Weight (g)

Z Atractylodes lancea De Candlle Atractylodis Rhizoma China 8
[ Citrus reticulata Blanco Citri Pericarpium Korea 4
b Cyperus rotundus Linné Cyperi Rhizoma Korea 4
' Poncirus trifoliata Rafinesque Aurantii Fructus Immaturus  China 3.2
25 Agastache rugosa O. Kuntze Pogostemonis Herba Korea 3.2
J£ #F  Magnolia officinalis Rehder et Wilson ~ Magnoliae Officinalis Cortex ~ China 2.8
w A Amomum villosum Loureiro Amomi Fructus Vietnam 2.8
X &F Aucklandia lappa Decne Aucklandiae Radix China 2
H = Glycyrrhiza uralensis Fischer Glycyrrhizae Radix et Rhizoma China 2
OB Zingiber officinale Roscoe Zingiberis Rhizoma Korea 2

Total amount 34
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Table 2. The Ingredients of Normal Diet and High
Cholesterol Diet

Normal diet  High cholesterol

Ingredients (%) diet (%)
Protein 12 10
Carbohydrate 71 61
Sugar 5 5
Fat 5 16
Salts 4 4
Vitamins 1 2
Fibers 2 1
Cholesterol - 1
Total 100 100
3) Al oF

2 A7 = EGM™-2 endothelial cell growth
medium-2 bullet kit™(Lonza, US.A.), gelatin solution
(Sigma-Aldrich, U.S.A.), EZ-Cytox(Daeilab, Korea),
dulbecco’s phosphate buffered saline(D-PBS : Welgene,
Korea), ethyl ether(Sigma-Aldrich, U.S.A.), tumor
necrosis factor-a human(TNF-a : Sigma-Aldrich,
US.A), SYBR Green(Qiagen, Germany), Total RNA
prep kit(Intronbio, Korea), DEPC-DW(Bioneer,
Korea), accupower cyclescript RT premix(Bioneer,
Korea), formalin solution(Sigma-Aldrich US.A),
H&E Staining Kit(Abcam, UK) & AH-3s}ich

4) 7] 7]

E o= rotary vacuum evaporator(EYELA,
Japan), centrifuge(Vision scientific, Korea), freeze
dryer(ilShinbiobase, Korea), nanodrop(Thermo Fisher,
US.A), PCR cycler(alpha cycler 1 PCRmax :
PCRmax, U.K.) real-time PCR cycler(Rotor-Gene
Q : Qiagen, Germany), laboratory balances(Daihan
Scientific, Korea), clinical chemistry analyzer(AU680
: Beckman Coulter, U.S.A.), cryocut microtome(Leica,
Germany), optical microscope(Carl ZEISS, Germany)
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104 #=ke] HPS(340 g)oll 5 ¢9] 25745 F
7¥skal 3A17F Fot 100 Coll M F&3 o] 3 °:]Tjrz]
At FE2ES sl 3"

rotary vacuum evaporators AHS-3dhe] 71et &
=313 freeze dryers AHS-ste] §27xE 2133}
o A4z 92 3 8634 g($5F - 2510%)
& dglon 20 Tell Bapar AF o

SFel SAA A3k

Bl

r:L
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o
A Y I)MZ human umbilical vein
endothelial cell(¢]3} HUVEC)-> Lonza(Switzerland)
o A} Hekurol xk&-3lel 0w, EGM™-2 medium}
ECGM™-2 singlequots™ kito 2 wj=S &3}tsled 37 C,
5% COy 2718 A EejF7]elA wfFaldet. Al x

o] AW wfek 2~3Y F7)12 A3l o, Aol
AHEEE BE platex 0.2% gelatin solution o 2
308 59t FE3 & PBSE M| Hsle] A-akiT).

3) NE AEE =A

HUVEC< 48 well plateel] 1x10° cells/well2 ¥
Faked 24A17F Fk wiFaol em, o] 3 HPSE 50,
100, 200, 400, 600 pg/mle] s ==& Az|dte] A
4"171} S ekl 2B kel BF F8

o] % uloF 100 pl EZ-Cytox £4< 10 ul

Y3 Al ZzueFr]el A 308 ot dbAIA T ubeE
3Pt o] F 450 nmelM FREE %‘Xéﬁ}‘ﬁﬁ‘ﬂ
2ol i3 AlE AEES Y

4) NE E o A

HUVECS 6 well plates] 1x10° cells/well 2
Fate] 24217 F<F wiekatal en, o] 3 HPSS 50,
100, 200, 400 pg/ml H=2 AA2E A3t
12417k 3o TNF-aZ 10 ng/ml 3713t o] % A
24X 7E Fok v At B wie] F5
Ha dAEeste] d& AZ2E A LY &
Z4°ﬂ AHS-EFo .
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6) Az At =4
Alg W FEE A2g H £ Total RNA Prep

Table 3. Real-Time PCR Primer Sequences

kit AH-3le] RNAE FE31912m, &3 RNA
= reverse transcription premix®} £33t PCR
Cyclers AR£-3le] 45 CollA 608, 95 TolA 5F
T WS E3 cDNAS $As A=
cDNAZHRE §4 §AHAE SZA1A gl $
3] Real-time PCR< #133ls1om™, cDNAS} 54
$-A Akl = primer, SYBR Green premix® &
gatod 95 CellA 2% 5 WHS-AI71R 9HTAA 5

5 TellA 3029 IAE 403] wHEste £4
ARE FFee FAA D d2LY
A FE 7|FeE Ad AFsslen, A
% primer£¢ X+ Table 33 2t

ofo Jo o j-}lr

Gene name Size (bp) F/R Sequences
CLE " P CCTCCTTGACGAGTTTTGTTTTTC
R AAGGCATCACAAGCCTCGAT
A0S - F CTCATGGGCACGGTGATG
R ACCACGTCATACTCATCCATACAC
P = F GCTCAGCCAGATGCAATCAA
R CTTGGCCACAATGGTCTTGA
F TCTTCCTCGGCCTTCCOATA
1CAM-] 12 R AGGTACCATGGCCCCAAATG
F CCCTACCATTGAAGATACTGG
M 127 R ATCTCTGGGGGCAACATTGAC
b actn " F ATCGTGGGGCGCCCCAGGCACCA
R GGGGTACTTCAGGGTGAGGA

KLF?2 : kriippel-like factor 2, eNOS : endothelial nitric
ICAM-1 : intercellular adhesion molecule-1, VCAM-1

N A% 24
AYETe AFL 15700 ATTAE A2
7 A5} 45700 ATFe} 22T $AE A
CEEES

Pal7) A, F 235 FAs e, ¢ &
< AHSEkH.

8) g9 Azt £

Clinical chemistry analyzerell ¥-=2]3 €A 200 ul
5 FYsta A A oA 7] =<l (clinical
and laboratory standards institute, CLSI)< 7]&
o2 AAYA} 2 ZElAkel total cholesterol, LDL-
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oxide synthase, MCP-1 : monocyte chemoattractant protein-1.
. vascular cell adhesion molecule-1

cholesterol, HDILcholesterol, triglycerideS -4}tk

9) A &gol= Azt g BA

7+ 22L& 10% formalinell 48A17F E<t 971 =
A& FA3 PBSE AAstelen, et &5
& Alxst 5 im FAR A& uPEste] A9
5 &rtol= Fehle] BAAFH. FAE 2
219 stetdE AAAZ & 42 hematoxylin and

eosin(H&E) 94& Agsigich. 9" 7H 24
2 optical microscopeZ o] &3lod Apxl FHoJE& Al
sty B s,
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3. SAIXz m. 2 =
A A= SPSS Statistics Version 21.0(IBM,
US.A)S AH3-3t 2™ meantstandard error of | ME MES
mean®.2 YePEh WA F IF Alele EA NE Q2L A3 A3 A 22E 100.0£3.06%

% Wlax independent sample t-testE ©]-§-3he] 2 vebdl & o, HPS 50, 100, 200, 400, 600(ug/ml)
FASAIL oF2] 1) FAH VAT analysis of  xmoa) 22 100.08¢1.65%, 100.08+2.46%, 10029+

variance(ANOVA) & o83t assint. o F 2.93%. 100.74+3.54%, 79.31+2.69%2 yehytc}. HPS

Tukey's HSD test® 53l f-o4Fs 0.052 A 600 pg/ml oAke] oA 80% ol3ke] ME AEE
AT F FAAS AARAUIL FAPES pO0. o) eyl 0% AFIA 50 pg/miF-El 400 pg/ml
pC0.01 2212 pCQ00L 37FA 2. el e, A pxe AAstel AHgetdoh(Fig. 1.
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Fig. 1. Cell viability of HPS in HUVEC.

HUVEC were treated by 50, 100, 200, 400, and 600 pg/ml of HPS for 24 h. Treated cells were reacted by
EZ-Cytox for 30 min and then absorbance were measured at 450 nm using micro plate reader. Cell viability were
calculated as percentage relative to the control. The result were presented by the mean#standard error of mean
from three independent experiments. Control : 100.00£3.06, 50 pg/ml of HPS : 100.03£1.65, 100 ug/ml of HPS :
100.08+2.46, 200 pg/ml of HPS : 100.2942.93, 400 ug/ml of HPS : 100.74£3.54, 600 pg/ml of HPS : 79.31+2.69 (Unit : %).

2. MZ L FXAL izt AEE 2.33£0.06, RS 1.00£0.002 JEPAS
1) KLF2 o, HPS 50. 100, 200, 400(ug/ml) sx=elA 27
AE W KLF2 $+4A #&zkE SA 29, 1.2420.03, 1.50£0.04, 1.53+0.04, 1.66%0.05(Unit : fold

AAFL 1.9240.07, 2 1.0010.002 Jehd & change) & Yelyith. HPS EE E5oA 55 9&H

o, HPS 50, 100, 200, 400(ug/ml) FxelA 2= o7 Yzl vle feist S71 Jepdk(Fig. 2B).

1.02+0.11, 1.08%0.11, 1.24%0.13, 1.30+0.17(Unit : fold 3) MCP-1

change) 2 Yehdth HPS ZE HZoAM & 9 Az W MCP-1 4 wegks A3 4}

EzAR0o7 Z7kslg oy bz vE §o3 = AR 0.08+0.00, 22 1.00:0.002 P&

7he JERA] ekskek(Fig. 2A). o, HPS 50, 100, 200, 400(ug/ml) Fx=elA Z7
2) eNOS 0.99+0.03, 0.87+0.03, 0.71+0.02, 0.59£0.02(Unit : fold

AIE W eNOS A Hd s A A3t

o,

change) 2 rebsteh. HPS 100 pg/ml ©13] 5=
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M FE JEHORE Y2
7} vl (Fig. 20).

4) ICAM-1

AE W ICAM-1 §A4A L3S SA3 23,
AAFFE 0.05+0.00, W2 1.0010.002 Jehd &
o, HPS 50, 100, 200, 400(ug/ml) Fxelo Z+zt
0.97+0.07, 0.88+0.06, 0.81+0.06, 0.63+0.04(Unit : fold
change) 2 epdeh. HPS 200 pg/ml o]AHe] %=

A FE EH R fxTd vlE 23 i

o

Control

ol vla felg g

=

mRNA fold change (KLF2/B-actin}
& -
= n

Concentration (ugiaf)

Control

actin) ()
E - R

mRNA fold change (MCP-1/B-
£ g

=
N

Concentration (ugief)

E) 1.2

1

e =

mRNA fold change (VCAM-1/B-actin)
=

0
Normal Control

7} Yepdeh(Fig. 2D).

5 VCAM-1

AE W VCAM-1 +4A wagks 248 2
3}, AL 0.00+0.00, 2= 1.00£0.002 e}
WS o, HPS 50, 100, 200, 400(pg/ml) F=elA
Zr7 1.00+0.03, 0.8520.03, 0.77+0.03, 0.720.02(Unit

: fold change) 2 YeRgel. HPS 100 pg/ml °] 4+
TEAAN s ez YL vE ot
7ra7h Vepgel(Fig. 2E).
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Fig. 2. Effects of HPS about KLF2, eNOS, MCP-1, ICAM-1 and VCAM-1 mRNA expression level in HUVEC.

HUVEC were treated 50, 100, 200, and 400 pg/ml of HPS. with 10 ng/ml TNF-a for 12 h. The mRNA
expression level were measured using a real-time PCR (qPCR). The result were presented by the mean+standard

error of mean from three independent experiments. (Significance of results, *
compared to control). (A) KLF2. (B) eNOS. (C) MCP-1,
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: p<0.05, ¥
(D) ICAM-1, (E) VCAM-1.

= p<0.01, *** + p<0.001



3 Hz st

HPSE Fofet7] A BAE 20.3240.84 g 2
= 25.27+0.77 g, HPS 200 mg/kg Foiv 25.12+
0.72 g. HPS 400 mg/kg Fodw-2 25.17+0.77 golsd
o, HPSE 457 ZAF Rt o] % AY §89 F

B Before administration

35

30

25

20

Body weight (g)

15

10

Normal Control

FYBILL - FMS - pI2EF

o o

A

= 247 24804061 g 31.63+1.22 g 29.62+1.23 g, 2843
S0 g2 vebgeh APEES A% HsE 34
723}, HPS BE FolFoM szl vls] &
& a7t vebsteh(Fig. 3).

o po

% After administration

_

7.
Low High

Fig. 3. Effects of HPS about body weight in dyslipidemia mice model.

The result were presented by the meantstandard error of mean (Significance of results, ** : p<0.01, *** : p<0.001
compared to control). Normal : non-dyslipidemia mice model (n=6), Control : dyslipidemia mice model+distilled
water (n=6), Low : dyslipidemia mice model+HPS 200 mg/kg (n=6), High : dyslipidemia mice model+HPS

400 mg/kg (n=6).

4. K|ZCHAL X|FE IR}

1) Total cholesterol

& W Total cholesterol %15 43 A}, A
A4S 98.4045.41 mg/dl, S ZE-2 169.60+6.23 mg/dl
2 JehdS 9, HPS 200 mg/ke, 400 mg/kg S
oA 27 162.0047.14 me/dl, 146.005.70 mg/dl
2 vebdz, HPS 400 mg/kg FoJelld Hz=e
o Bls] f-2J3 FArt vebwteh(Fig. 4A).

2) LDL-cholesterol

gl ) LDL-cholesterol %5 =43 ZH3}
A 4664144 mg/dl, HRTE 11762055 mg/dl
2 Jehd & =, HPS 200 mg/kg, 400 mg/kg T
oA 27 11.1621.09 meg/dl, 10.60£0.63 mg/dl2
vebtar, HPS BE Foj oA gzl wls) 7t
Al ot o042 e A dskek(Fig. 4B).

3) HDL-cholesterol

ol ) HDL-cholesterol %2 2A3 ZH3}
AL 63.34+1.10 me/dl, HFETE 83.28+2.65 mg/dl
2 Jehd € =, HPS 200 mg/kg, 400 mg/kg T
oA 27 83.7642.11 me/dl, 86.16+4.06 mg/dlZ
vebtar, HPS B8 Fol oA gzl vls) 3
7hst ot o)A Al dskek(Fig. 40C).

4) Triglyceride

gN W Triglyceride X5 A3t A3}, A4
< 44.00+4.85 mg/dl, HFEF 79.0045.39 mg/dl
2 YelhdS v, HPS 200 mg/kg, 400 mg/kg T
oAl 27 66.00£5.15 me/dl, 53.20+4.15 mg/dl=
yelta, HPS & FedelA] dzel vls) &
o3k 247t el (Fig. 4D).

929



o
ro
-

ZAstd 2AM ol A B zell mlsl] HAE Abe] o] AMF =4 (black
7r 229 W3S EM8 A3, HPS B8 Foi arrows) ¢] ZAE 55 A 4 9 TH(Fig. 5).
B) 14

Total cholesterol level (m/df)
s
S

]

o

100

2
-]

2

g
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8 8
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]

Fig. 4.
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D) w0
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E e
]
2 s
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£ 30
o
20
10
L]
Normal Control High Normal Control High

Effects of HPS about total cholesterol, LDL-cholesterol, HDL-cholesterol and triglyceride level in serum
of dyslipidemia mice model.

The result were presented by the meanzstandard error of mean (Significance of results, ** : p<0.01, *** : p<0.001
compared to control). Normal : non-dyslipidemia mice model (n=6), Control : dyslipidemia mice model+distilled
water (n=6), Low : dyslipidemia mice model+HPS 200 mg/kg (n=6), High : dyslipidemia mice model+HPS

400 mg/kg (n=6). (A) Total cholesterol, (B) LDL-cholesterol, (C) HDL-cholesterol, (D) Triglyceride

Normal Control Low High

. Effects of HPS about histological changes in liver tissue of dyslipidemia mice model.

Liver tissue were stained with hematoxylin and eosin (H&E). Hepatocytes fat accumulation was pointed by
black arrows. Normal : non-dyslipidemia mice model, Control : dyslipidemia mice model+distilled water, Low :
dyslipidemia mice model+HPS 200 mg/kg, High @ dyslipidemia mice model+HPS 400 mg/ks.
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