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Study of the Effects of Samulhwalhyeol-tang in Hyperlipidemic Animal Model
Induced with a High-Fat Diet

Seong-sun Kang, Yong-jin Shin, Jae-joon Jo. Sang-yun Jeon
Dept. of Internal Medicine, College of Korean Medicine, Dong-Shin University

ABSTRACT

Objectives : This study was undertaken to investigate the effects of Samulhwalhyeol-tang (SM) in a hyperlipidemic
animal model induced by a high-fat diet using diverse biological methods.

Methods : This study was to determine whether fractionated EtOH extracts of SM inhibit reactive oxygen species (ROS)
and nitric oxide (NO) in RAW 264.7 cells. Hyperlipidemia was induced by a high-fat diet fed for 6 weeks. Total cholesterol, LDL
cholesterol, HDL cholesterol, triglyceride, glucose, liver function, cholesterol gene revelation control efficiency, and histologic
change of liver were measured after oral administration of SM.

Results :

1. Compared to the control group. ROS production (%) and NO production (%) were decreased significantly by SM.

2. Total cholesterol, LDL cholesterol, triglyceride were decreased significantly by SM.

3. HDL cholesterol was increased significantly by SM.

4. Rats’ body weight and glucose were decreased significantly by SM.

5. AST, ALP were decreased significantly by SM.

6. In histopathologic examination, fatty liver and fiver fibrosis were inhibited, almost eliminated as round of fat was
observed in the liver.

Conclusions : SM would appear that effective in the prevention and treatment of atherosclerosis, ischemic heart disease,
other cardiovascular diseases, fatty liver and nephrotic syndrome caused by hyperlipidemia.

Key words : Samulhwalhyeol-tang, hyperlipidemia, RAW 264.7 cell, C57BL/6J, antioxidant activity
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Table 1. The Prescription of SM.

Herbal

L Pharmacognostic Weight

medicine

name (g)
name
Ff+ % Salviae Miltiorrhizae Radix 30
= Em’ Angelicae Giantis Radix 30
& Crataegi Fructus 30
Kty Rehmanniae Radix Drudus 30
KA Platycodi Radix 20
B Persicae Semen 20
[Ep=E Paeoniae Radix Alba 20
4 W Achyranthis Bidentatae Radix 20
%  Aurantii Immaturus Fructus 20
= Cnidii Rhizoma 20
i Typhae Pollen 20
H = Glyeyrrhizae Radix 12
% Bupleuri Radix 12
AN Carthami Flos 12
RERF Cassiae semen 5
O] Polygoni Multiflori Radix 5
% e Chrysanthemi Flos 3
Total amount 309
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ez - DJUARB 2013-014)& wro} 5E&F3 o] ked 249 W& ek o5t ek (Table
ol 73te] Agesict. dnt Abg, AW As 2, Table 3).

Table 2. The Components of Normal Diet.

Nutrients
Protein % 20.00
Arginine % 1.26
Cystine % 0.37
Glycine % 0.87
Histidine % 0.50
Isoleucine % 0.82
Leucine % 1.47
Lysine % 1.01
Methionine % 0.33
Phenylalanine % 0.98
Tyrosine % 0.63
Threonine % 0.72
Tryptophane % 0.25
Valine % 0.91
Fat (etheretract) % 450
Linoleic Acid % 1.10
Linolenic Acid % 0.12
Arachidonic Acid % 0.02
Omega-3 Fatty acid % 111
Fiber (Crude) % 3.70
Minerals
Ash % 7.25
Calcium % 1.20
Phosphorus % 0.62
Phosphorus (non-phytate) % 0.40
Potassium % 0.82
Magnesium % 0.16
Sulfur % 0.22
Sodium % 0.34
Chlorine % 0.47
Fluorine ppm 21.38
Iron ppm 112.93
Zinc ppm 128.85
Manganese ppm 95.49
Copper ppm 22.74
Cobalt ppm 0.78
lodine ppm 1.42
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Chromium ppm 0.00
Selenium ppm 0.32
Vitamins
Vitamin K ppm 6.69
Thyamin hydrichloride ppm 11.02
Riboflavin ppm 11.57
Niacin ppm 217.70
Pantothenic acid ppm 88.72
Choline chioride ppm 3,447.96
Folic acid ppm 13.60
Pyridoxine ppm 11.00
Biotin ppm 0.12
Vitamin B12 ppm 41.00
Vitamin A [U/g 28.03
Vitamin D3 (added) 1U/g 4.00
Vitamin E [U/kg 100.00
Calories provided by :

Protein % 24.52
Fat (ether extract) % 1241
Carbohydrates % 63.07

Nutrients expressed as percent of ration except where otherwise indicated. Moisture content is assumed to be 10.0% for

the purpose of calculations.

Table 3. The Components of High Cholesterol Diets.

Components Weight (gm)
Casein, 80 Mesh 200.00
L-Cystine 3.00
Maltodextrin 10 125.00
Sucrose 68.80
Cellulose, BW200 50.00
Soybean Oil 25.00
Lard 245.00
Mineral Mix S10026 10.00
DiCalcium Phosphate 13.00
Calcium Carbonate 5.50
Potassium Citrate, 1 H20 16.50
Vitamin Mix V10001 10.00
Choline Bitartrate 2.00
FD & C Blue Dye #1 0.05
Total amount 773.85
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High performance liquid chromatography (HPLC)

N

Shi7

SM olete FZ5 30 mgs 80% F4 1 mlell
=o] (.45 um membrane filter® 3 & 10 W&
HPLC A&= AMsieik HPLCE Shimadzu(Japan)
AL system controller(CBM-20A), pump(LC-20AD),
column oven(CTO-20A), diode array detector(SPD
-M20A) S AHEsld o™, columne ZORBAX Eclipse
Plus C18(250%4.6 mm. 5 ym)< AHE8lgit}. o) %
AF2- water(A) ¢} acetonitrile(B) 2 gradient elution
systeme A4A1A 0~5%(0% B), 5~40%(30% B).
40~60+(80% B), 60~80+(100% B)= A3}

. 42 1.0 ml/minel12™ column %+ 40
TE #4893 UV wavelength® 210 nmz A
Asle] B3



2) In vitro

(1) A= wjeF

743" RAW 2647 NEZ 354171 & 50 ml
FHe| %7]%, PBS 9 ml& Yol AEE R5A7]

2 1,200 rpmoll A HE7F HJAIEE] sle] ASdS
AAsA AEF dE FHel 10% fetal bovine
serum(FBS) ¢} 1% penicillin®.2 A ¥ dulbecco’s
modified eagle’s medium(DMEM) ¥1#] 1 mlS o]
B2 100 mm dishell 9 mle] wWiAS Y,
HEFAZ AE 1 mle go] Az ek (37 C. 5%
COellA wieFatsict. Aldhuck 3l4E 53] o]
02 3, ABES AEdr] Aol 24417 A
A
(2) AESA 24
RAW 2647 M E= 96 well plates] 2x10* cells/well
2 EF3te] 24417 FoF wiek s AEE 3
Aol Mzg wjgdor wAsg, SME 47
1. 10, 100(ug/mD) 2] 52 Azlste] T 2447
Eol wiokatadet. wheF & 10 ple] WST solutions
A7ksted Azl F71(37 C, 5% COy)olAM 3023t
WA ZATE W F 450 nmel M F3 e W3 E
SAsle] 2ol e NE AEEE WEEE
3 /\] g]_o:lu].
) ALE 5= =X
*ﬂ_-l: Ul reactive oxygen species(ROS) XA

_11}1'

%
RAW 2647 M ZoA ROSE &A3}7] $13hed
2. 7-dichlorofluorescin diacetate(DCF-DA)E o] &
3k9let. 12 well plates]l RAW 264.7 M ZEZ 2x10°
cells/welle] = A #538le] 24A17F 53t i<k 31
ool F AEE R e wAEG e, SM
F2E5 1 10, 100(pg/m)®] =2 A,
Llpopolysaccharide(LPS) 1 pg/mle == Az
3 oA 4417 %0} 37 C. 5% CO, wlg7)el
"1 jekatdet. wioF 3, 1.200 rpmell A 57+ 1A
et B2 *ﬂig A7 PBSZ 23] A3}
3, DCF-DA 10 uMe| H == H7tste] 158 53t

2, 4o Foleh 94 F AhE PBSE ¥
[e]

AAS GA] PBS 400 s FHAA FHAE £
A 7] (Flow cytometer, Becton Dickinson, Franklin
Lakes, NJ USA)E o] &3te] &F7F=9 A|7]el

T H3E EAs

@ Nitric oxide(NO) =4

NO9 5%+ griess reagent system= ©|-83}¢]
=43t ct. RAW 2647 MEE 96 well plate°ﬂ
2x10° cells/well2. £-F3}o] 2427k 5ot Wik ¥
ANZ5 vl ez wAsIH, SM FE2ES
10, 100(ug/mD 9] == A8tz LPS 1 pg/ml

TEZ A3l T 24A17F Sk Al ek
(37 C. 5% COy)oNA ¥l e¥aksdet. NI buffer 50 ul
£ 7 wellell AE3sle] 1087 Aol Hbg- 3
% N2 buffer 50 W= 2 welle] Hgsx 1087
WA ZATE W F 540 nmel M FREE A5
%otk Nitrite standard®] s ZEIAUE o4
ste] wjFA o] NO v=5 ZAss

£
3 13z Ry A /‘l 25 2 iﬂ% 30 ¢
=z

(2) gq3}3tA At
8% 9] total cholesterol, high density lipoprotein
cholesterol(HDL cholesterol), low density lipoprotein
cholesterol(LDL cholesterol), triglyceride(TG), glucose
9] a’lalz-g- az%zs]J] -r]?SH /\E]SJ zg 3

R ol 43to) Wog NG, 1 A



Agelr 24 3000 rpmell A 1583 A4 2
¥ AL Fefste] AeoAstd A (Korea) ol &
A olg ksl

3) A% 57

(4) 7+ 7]‘* A}

HA oA aspartate aminotransferase(AST),
alanine aminotransferase(ALT), alkaline phosphatase
(ALP)¢] ZA=E A S8 Ad $8 &
AR AR S o438t dHE AFH s HY
< 3087 *P—°—°ﬂ A 23 5 3,000 rpmell A 15%-7F
dAEE £ A BEte, MeHFgdTAa
(Korea)ell ¥4 1= 3slodch. AST, ALT, ALP9]
F=E JSCC UV method®] €25 o] &-3led A
i]rﬂ X}%-‘?'—"i 712 ZA 3k

zz}tﬂa]s]—x—l 7‘41\].

Etheri ulFsle] AR AAHE EF FAHL
ARela §5 9 24 el B 24E A

Z3ldeh 74 Ay M2 A& 242 0% 4
Faad 48417 FAE A, vlo] S EAEN(Korea)
o hematoxyline®} eosin(H&E)S &F3le] 3
gl ApAl &) 319l

3. EAIXE

Alg A= SPSS 17.09] Student T-test® AHE-
sty EA AT stgdem P0.05, P01 2 P<0.001
FEAA F-94E AR

1. HPLC pattern &4

SM 4 F£E< HPLCE o|£3}e] pattern
A8 A7, 210 nmoll A retention time©] 38.76%,
56.48%, 56.74%Hel| peaks I 4= AUs=HFig. 1).
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Fig. 1. HPLC chromatogram of 80% ethanol extract
of SM.

Column: ZORBAX Eclipse Plus C18(250x4.6 mm,
5 um), sample injection volume: 10 pl, mobile
phase: H:O(A)/ACN(B) gradient elution : 0~5min
(0% B). 5~40min(30% B). 40~60min(80% B),
60 ~80min(100% B). flow rate: 1.0 ml/min,
detector: PDA detector

2. In vitro

1) AEEA

RAW 2647 A|ZFoA ME &S =] 3
A7, 225 100.0412.6%2 Jebd S o SM F&
& 247 1, 10, 100(pg/ml) S=olA 146.1+21.4%,
136.1+18.6%, 125.1+16.8%°] A E HE&S e
Aok (Fig. 2).
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g. 2. Cell viability of SM extract in RAW 264.7
cells.

RAW 264.7 cell was treated with 1, 10 and 100
(pg/ml) of SM extract for 24hr. Cell viability
was measured using an MTT assay. The results
were expressed as mean = SD from three independent
experiments.

Cell viability (%)
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2) ?'z}*&ﬂ ol A= 7

ROS_C;] xg/do]] u]x]_‘:_ 0461:

Zré—‘;—A ROS A4 As| AL Hz2Le
100.2i0.2%i Vel o AA-E 51.6+15.8%, SM
FoJ 7S | pg/ml =4 935£14.9%, 10 peg/ml
oA 90.3£5.3%. 100 pg/ml =14 81.8+4.9%
2 Jepdon, 100 pg/ml =04 A4 A :
P<0.05) #HAst ek Table 4).

(2) NO2| AAel m|x)= o)

RAW 264.7 M EFe|A SM FZEE2] NO A4
g x2S 100.0£3.7%2 JeR) S o AL
2 39.7+4.1%. SM T £ 1 pg/ml F=0A 96.7
+4.8%, 10 pg/ml =AM 945459%, 100 pg/ml &
oA 8L1£7.8%= Yrebstom, 100 pg/ml F=el
A2 A A L P.001) ZHAskedeH Table 4).

Table 4. Effect of SM Extract on LPS-induced ROS
and NO Production in RAW 264.7 Cells.

ROS NO
Normal (%) 51.6+15.8 39.7+4.1
Control (%) 100.2+0.2 100.0£3.7
SM1 (%) 93.5+14.9 96.7+4.8
SM10 (%) 90.3+5.3 94.55.9
SM100 (%) 81.8+4.9* 81.147.8%**

The results were expressed as mean * SD.
* 1 P€0.05 compared with control
#% 1 P<0.001 compared with control
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4. /n v/vo
3 FH 2 S nAE 9
(1) total cholesterol®] H3}ol| w]x]= o33k

g W total cholesterol =S AT A3}
RS 85991954 mg/dl, HETS 383.95+35.96
mg/dl, SM Fol &2 231.75+18.54 mg/dle.& e}
u, izl wls] fo4 A P<.001D) F
43t eH(Table 5).

(2) LDL cholesterol 33

84 W LDL cholesterol %< =33 A3}
AN 327147, 70 mg/dl, HFZL 219.38£16.12
mg/dl, SM Fof+2 142134955 mg/dlez e}
v, B el v 11--4/‘3 QA (= P0.001) 7
23t eH(Table 5).

(3) HDL cholesterol &

84 W HDL cholesterol k& =43 A}
AL 40.00£2.83 mg/dl, "41_::‘?: 27.25:2.44 mg/dl,
SM Fo] 72 36.83+2.32 mg/dle & vieh, izl
vlal A A P.05) Z7Fsked e Table 5).

(4) TG Wizt m|x|& <JsF

A W TG e SAT A3 A2 9471
+6.10 mg/dl 22 240.95+14.46 mg/dl, SM
T 1904141144 mg/dleE, Hx2el vl

oA alﬂl : P0.05) 7FAdksitH Table 5).

Table 5. Effect of SM Extract on the Serum Biomedical Levels in High-fat Diet Induced Hyperlipidemia Mice.

Nor Con SM
total cholesterol (mg/dl) 85.99£9.54 383.95+35.96 231.7518.54™**
LDL cholesterol (mg/dl) 32.7117.70 219.38+16.12 142.13£9.55%**
HDL cholesterol (mg/dl) 40.00+2.83 27.25+2.44 36.88+2.32*
TG (mg/dl) 04.71+6.10 240.95+14.46 190.41£11.44*

The results were expressed as mean + SD (n=8).
Nor : Normal C57BL/6J mice group

Con : Induced by high fat diet C57BL/6J hyperlipidemia mice group
SM Induced by high fat diet C57BL/6J hyperlipidemia mice group treated with SM extract

. P€0.05 compared with control
#% 1 P<0.001 compared with control
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Table 6. Effect of SM Extract on the Increase of Body Weight in High-fat Diet Induced Hyperlipidemia Mice.

Nor Con SM
Initial body weght (g) 18.78%0.17 18.45%0.26 18.94+0.21
Final body weight (g) 24.81%0.37 26.48+0.53 24.601.01*
Weight gain (g) 6.10£0.41 8.03+0.68 5.66+1.10

The results were expressed as mean + SD (n=8).
* 1 P<0.05 compared with control

3) Glucose H3}ol] mx]+= °° 3] group: SM , Induced by high fat diet C57BL/6J
2 o done YU 3YT B 2L e e TR
64.60+4.22 mg/dl, FHZ‘F—i 044i13 14 mg/dl, SM
Tole 1113441159 mg/dlez gzl H]s 4) 7} 756l m|X= o3k
A A (P01 AHask o (Fig. 3). (1) AST ®3he] m]x|= o3,
g3 Fo| ASTE =43 3'Jr = AT
e o 65.4+47 U/L, H2Fol 1530482 U/L. SM =
$ 200 7o) 1148485 U/LZ vheht, tjz2ol H]shel
gm A DA P01 FHaskaeH(Table 7).
5 (2) ALT ®3}el] v]x]= 933
% 100 4 9 ALTS 24T 23 ALT: 44T
. I o] 31717 U/L. W&Ze] 47.6+47 U/L, SM %<
@ . o] 438+49 U/LZ viehtom, tjzso] wlsled
0 913t xfe] 7} R A ekSkek(Table 7).
Fig. 3. Effect oNforSM extractcoonn the serum glucose _(3_ ALP g3t u]_z]%‘ KK
levels in high-fat diet induced hyperlipidemia 2% F°l ALPE é i A7 ALPE A
mice. o] 93.8+6.7 U/L. sl &<-] 180489 U/L. SM *
The results were expressed as mean + SD (n=8). 2 12274159 U/LZ "]'E}"]' 2ol Bete]
Nor, Normal C57BL/6J mice group: Con, Induced So) A QA (* 1 PL0.05) Z2F A3 EH Table 7).

by high fat diet C57BL/6J hyperlipidemia mice
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Table 7. Effect of SM Extract on the AST, ALT and ALP Levels in High-fat Diet Induced Hyperlipidemia Mice.

Nor Con SM
AST(U/L) 65.4+4.7 153.0£8.2 114.848.5%*
ALT(U/L) 3L7£1.7 47.6x4.7 43.8+4.9
ALP(U/L) 093.8+6.7 180.4+8.9 122.7£15.9*

The results were expressed as mean + SD from three independent experiments.

Nor : Normal C57BL/6J mice group

Con : Induced by high fat diet C57BL/6J hyperlipidemia mice group
SM : Induced by high fat diet C57BL/6J hyperlipidemia mice group treated with SM extract

* © P<0.05 compared with control
* 1 P<0.01 compared with control

o, A2 272 A3, FHAEE 7 HAE A
ole] MMMz y=2A FEHo] 9loleh AT
272 7 A AN AW Ert fEEg R, o
2 g AEY Ao NEA cloA] MR 2
2 S 4 AN AT wlE] FHAE
S5 dA3F] FAaE & 5 sk SM Fod Lo
Me T AZHY AYFTEE s xS Z7)=
AXUARE, 2ol Bl AFEI} Aozl o,
HEIHE Fgol At Qe IS 24
o} (Fig. 4).

=

H&E staining

Normal Control

Fig. 4. Histology of liver section on normal and

high-fat diet induced hyperlipidemia mice.

Paraffin sections were stained with hematoxylin &
eosin. The panels were representative photomicrographs
of each of these risk at light microscope (Zeiss.
x400). Normal, C57BL/6J mice group: Control,
Induced by high fat diet C57BL/6J hyperlipidemia
mice group; SM, Induced by high fat diet C57BL/6J
hyperlipidemia mice group treated with SM
extract.
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