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Effects of Sojihwangamibang on Hyperlipidemia
in Rats Induced by High Cholesterol Diet

Mao Lun Yu, Dong Hee Kim+

Department of Pathology, College of Oriental Medicine, Daejeon University

This experimental study was designed to investigate the inhibitory effects of Sojihwangamibang on hyperlipidemia
in rats induced by high cholesterol diet diet. Sprague- Dawley rats were divided into normal group, control group, SJB
treated group. Obese rats were induced by high cholesterol diet treatment for 6 weeks including a oral administration
of SJB for 4 weeks. In SUB group, serum total cholesterol, LDL cholesterol, triglyceride and glucose were significantly
decreased, and HDL cholesterol was significantly increased compared with untreated control group. In SJB group,
HMG-CoA and ACAT concentration of hepatic homogenate were significantly decreased compared with untreated
control group. These results provide experimental evidence that SJB, applied currently in the clinical practice, appears
to be effective for down-regulating risk factors of hyperlipidemia, and thus may be used as an objective information
for the development of therapeutic agents.
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AF 180~220 g9 &4 SD
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Table 1. Composition of Basal Diet

ST 2.1%

ENEL 8.0%

TH® 5.0%

32 8.0%

z & 0.6%

jul 0.4%

Table 2. Composition of high cholesterol Diet

Dyets ingredient

Concentration (g/kg)

Purina mouse cow
Casein
Cocoa butter
Dextrose
Dextrin
Cholesterol
Cellulose
Sucrose
Mineral mix #200000
Sodium cholate
Vitamin mix #310035
Choline chloride

750.0
75.0
75.0
25.0
16.25
12.5
12.5
16.25
8.75

50
25
1.25

o
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Table 3. The Compositions of Sojiwhangamibang(SJB)

B E R 4+ E L it={(o)
A(W) Atraclylodis Rhizoma 3
MER (W) Aurantii Fructus 3
TEB Cynanchi Wilfordii Radix 3
1 Cartami Flos 3
% Salviae Radix 3
BERlF Plantaginis Semen 3
RIEE Cistanchis Herba 3
S Tribuli Semen 3
% Tt Chrysanthemi Flos 3
g 4 Curcumae longae Rhizoma 3
wOE Polygalae Radlix 3
REBF Cassiae Semen 9
W& W) Crataegi Fructus 9
= B Alismatis Rhizoma 6
B%E Smilacis Rhizoma 45
BB Aurantii Nobilis Pericarpium 2
RETH Acori Graminei Rhizoma 2
Total 65.5

3) Alek % 7171
(1) Ao

Dulbecco’s phosphate buffered saline (DPBS-A; Sigma Co.,
US.A)), RPMI 1640 (Sigma Co., U.S.A), DNase type I (Sigma.
Co., US.A)), Penicillin (Sigma. Co., US.A.), Streptomycin
(Sigma. Co., US.A), Trypsin (invitrogen, US.A),
Ethylenediaminetetraacetic acid (EDTA; Sigma., US.A),
3-(4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolium bromide
(MTT; Sigma., US.A), Dimethyl sulfoxide (DMSO; Sowa
chemical.,, Japan), 3.8% Sodium citrate (Sigma Co. US.A),
Hippuryl-his-leu acetate (Sigma Co., US.A), Ethylacrtate
(Junsei., Japan), Potassium Phosphate Monobasic (KH>POy;
Yakuri,, Japan), 5& AH&-8FRL, o] whol Ak Ak 555 Al
e ARSI

2 7171

2 dAFdd A8®  7]7]€  Accoutered GC  (Roche,
Germany), Ice-maker (Vision, Korea), Serum separator (54 4},
Korea), Minos-ST (Cobas Co., France), Centrifuge (Beckman
Co., US.A), Rotary vaccum evaporator (Biichi 461,
Switzerland), Deep freezer (Sanyo Co., Japan), Freeze dryer
(Eyela Co., Japan), Autoclave (Hirayama, Japan), Ultrasonic
cleaner (Branson Ultrasonics Co., U.S.A.), ELISA reader
(Molecular Divice.,, U.S.A), Roller Mixer (Gowon scientific
technology Co., Korea), g-2Ff%&7] (DWP-1800T, &%, Korea),
Spectrophotometer (UV-2450, Shimazu, Japan), Balance (Cass,
korea), A 3}8}7]7] (AU400, Olimpus, US.A) & AH&34th.
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9% Z2A& cool D-PBSZE 33 A A% & 2o x7toz 4

@3t T3, conical tube (15 m¢)oll 2] 1,400 rpmoll Al 587 A

A2 A o] tubedl] RPMI 1640 {containing collagenase A
(5 mg/ml, BM, Indianapoilis, IN, USA)9} DNase type I (0.15
mg/ml, Sigma. Co., US.A.), antibiotics (penicillinm 10* U/,
streptomycin 10 mg/ml, amphotericin B 25 pg/me)}& ¥ il 37C
CO, Wi %7191 A hFCsE 2 A1t &t wjFatsiet. o 71l 05 %
trypsin-02 % EDTAE H7}3lod 30 £3F wjokstar, Q4kehEA)
dA9% (PBZ o 28 1500 rpmolA QAENT F
RPMI1640-10 % FBSZ 15 &<t v Fetslet. oIS thAl 05 %
trypsin-0.2 % EDTAZ g|ste] d&oz 15:d4 33 whEa}
of Aolgle FFAMEZE RPMI1640-10 % FBS HijF o)A ulj &k
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EEA &L MTT assay2 8tk wl¥E Human
o

fibroblast cellsS 96 well plateol] 2x10* cell A EF38 3w oka}
31, 24417 & SIBE 500, 250, 100, 50, 25 (ug/ml)gl FEE 59

shATh oAl 48A17 Wl T B AS A A AL, 2 wello] MTT

solution 100 ul & FH7}3slo] 4A17F F<F vt ATt MY & F
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Q@ =4 =4
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7¥she] 28-2F RERE O oA 47C, 10000 x goll A 307 94
Belste d& 45 dE superoxide dismutase (SOD) 24
Aol AH2-3F3 . Catalase /-2 wha| B8 4T, 10000 x gZ 30
B 94 EYste] d& HIAE 0.25M sucrose £ 9| ?ﬂ_‘?r
A7 T THA] 47T, 10000 x gl A 2087 94 BEjste] &
HAAE ] 025 M sucrose &9 713 €8 AlA ;xgs}g&;}_

@ pitskA A (TBARS) & =

zA ) HastA A P FL Satoy' e o) &

tetraacetic  acid hydroxy-

o] ultraturax homogenizers

EO
[

O{N

[e]
=

H =
?:'JTE

|

=g
o

N

she] ZRakel

th Aze +xA 549 05 ml o] TCALY 25 ml & 718+
2 e v A2dA 1087 WA F 1500 x goll Al 1023t
LAEY3S Feds W %1 HAEL 0.05M 32Fo 2 13] A

ESpReS @ﬁ%oﬂ 0.05M 34} 2.5 ml1¢} 0.6% TBA 3.0 mlE 7}3}4

Z He F 95T Fe FxdA 3087 7HEstdt. e F
n-butanol:pyridine (15:1) £ 3.0 mlE 7}ty & 4 &
1500 x gl Al 10€3F 94 #2345 AS Hste] 530 nmoll A

- 1360 -



AR @7y

n|gFe] 2+ XA o] RNAzolB 500 (& %3l homogeniger=
vl = chloroform (CHCL) 50 wE H71e & 1527 A
EFsth o5 dgol 15 7 WA $F 13,000 rpmol A
A FEEek & 2F 200 w9 S HE 3)43ke] 2-propanol 200 b
o T T3 ¥ AHI TEX oA 15 B WA A
15 ThA] 13,000 rpmell A A4 &g F 80% EtOHZE A3}
3 vacuum pumpel A Fx8ke] RNAE F=3dth =
RNA+ diethyl pyrocarbonate (DEPC)E A& 20 o] 5
Fol 5o heating block 75CelA 8438}t A7l F first
strand cDNA $tA o] AL-&3}3 Tt

@ AAN-ZFEA A

A A} (reverse transcription) W32 FHIE total RNA 3
rg= DNase I (10 U/ ) 2U/tubeE 37T heating blockell A 30
B2 9hgS 3 75T oA 108 B¢ ’AAI7Ia, A7) 25
10 mM dNTPs mix, 1 0 random sequence hexanucleotides (25
pmole/ 25 ), RNA inhibitor24] 1 1 RNase inhibitor (20 U/
), 1 ¢ 100 mM DTT, 4.5 b 5xRT buffer (250 mM Tris-HCl,
pH 83, 375 mM KCl, 15 mM MHCL)E 7}3t &, 1 w9
M-MLV RT (200 U/ )& A 7}8ki DEPC iialﬂ
A HF FBI7L 20 w7t H=E ST o] 20 o] ¥k Y
S & A& 5 2,000 rpmol A 527 ¥4 H73}e] 37°C heating
blockol] A 60% =<t WA A first-strand cDNAE 343315}
o] thA] 95T AN 5& Ft WA st M-MLV RTE E&43}
A & o] ¢ad (DNAE
(PCR)l AH&-3H5ATH.

@ Real Time Quantitative RT-PCR

7 Ao 2 HEY F RNAE TRI Aoz EEsla,
DNase I (Life Technologies, Grand Island, NY)Z 2] 9]
DNAS AA87] $14] digested AT 75CoIA 208 B3t
DNaseZ 5 ugs % total RAN-S First Strand cDNA
Synthesis kit (Amersham Pharmacia, Piscataway, N])Z cDNA
© F transcritiond} ot 7% Wrlo] wel Real-Time PCRS
Applied (Applied Biosystems, US.A)S AM&-3le] = ).
ProbeE-2 6-carboxy-fluorescein®. 2 #¥l-S Foli
cDNAE EE DNAY 22 F9 7t (DNA EE-& AmpliTaq
Gold DNA Polymerases X3 A|# TagMan Universal PCRZ
SEZAZE PCR 272 40 cyclesE 913 50Tl A 2%, 95T

O

K
w

mr_?ﬁ

SHTE

polymerase chain reaction

, beta-actin

10 ¥, 60ColA 152 334tk AHEE probes ole 9} 2th
ACAT Sense CCTCCCGGTTCATTCTGATA
Antisense ACACCTGGCAAGATGGAGTT
Sense TGCTGCTTTGGCTGTATGT
HMG-CoA reductase
Antisense TGAGCGTGAACAAGAACCA

y = x(1+e)n, x = starting quantity, y = yield, n = number

of cycles, e = efficiency = A|4F8Fe] RQ(relative quantitative)E

o] 1A WA %

T8 Wy mdd nxes 9F

B Aoy de A= ANOVA multi t-test (JAVA,
Bonferroni Ver 1.1 )

2 243 pte TN 7 2T
g, AYTS txE) wmstel p<0.os I W fol4el

AE Aoz Aot

4 ¥

1. AEEA vAe dF

hFCsoll  tist AEFAoA= dlxTe HEREE]
100.3+0.4(%) ¢! ®¥Ha, SJBL] 200, 100, 50, 25(ug/ml) F=NM & 2
7} 874435, 90.2+1.2, 94.3+3.5, 100.3+1.6(%)Z L EFTHFig. 1).

Cell viability (%)

Control 200 100 50 25
Concentration (ug/ml)

Fig. 1. Cytotoxicity of SIB on Human Fibroblast Cells(hFCs). Human
fibroblast cells (hFCs) were treated with various concentration (200, 100, 50, 25 xg
/ml) of the SJB extract.

2. 7t 71l vAE 9%
1) GOTdl| mA= Y3
7% 389 AR AR GOTE EH_%EO] 224.0+15.6
(LU/L), BT0] 118.0+7.0 (LU/L)E e} AAFTol Hlshol
2T 4 %% (++: P <0.01) 57+ YeRlTh SJB F
o Fo| ME 143.5724.7 (LU/L)E VeRY th 270 Hlgte] f9
A AE (*: P<0.05) THAE UEI AT (Fig. 2).

250 i
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GOT (IUL)
-
I
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-
1)
S

0

Normal Control SJB

Fig. 2. Effect of SUB on the GOT in rat fed high cholesterol diets.
Normal : Normal SD rat group. Control : high cholesterol diet and normal saline
(0.5 ml/day) treated group. SJB : high cholesterol diet and SJB (78.8 mg/0.5
mi/day) treated group. The results are represent the mean * S.E. Statistically
significant value compared with normal group (++p<0.01). Statistically significant
value compared with control group (+p<0.05). Statistically significant value
compared with control group (+p<0.05).
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S5
2) GPTOl "X 43
GPTE Wxwo] 590499 (LU/L), A’3To]l 39.7455

(LU/L)E v Aol mlste tizaodA foA4 e (+

P <0.05) 578 YEIRH. §JB FolTol A< 41.0:2.3 (LU/L)=
veht izl Hlste] Zas vehdl AhFig. 3).

GPT (1UIL)

Control sJB

Normal

Fig. 3. Effect of SJB on the GPT in rat fed high cholesterol diets.
Statistically significant value compared with normal group (+p<0.05). Statistically
significant value compared with control group (+p<0.05).

3. @4l 24
1) DPPH &AZ4 ¥

DPPHY] 27 &A4-2 500, 250, 125, 62.25 (ug/ml) &5l 4]
7Yz} 63.742.4, 49.2432, 43.9+2.8, 21.8+1.6(%)%] &~A &4 &I}
e A Th(Fig. 4).
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Fig. 4. Scavenging activity of SUB on DPPH free radical. SUB were
reacted with DPPH for 30 minutes at 37°C, and the absorbance at 517 nm due
to DPPH radical was determined. The results are the mean + SD.

60

SO0 lkes actbviny (%)

00 150 115

Concentration (ug il
Fig. 5. SOD-like activity of SJB at final concentration 500, 250, 125,
62.25(ug/mf). The results are the mean + SD.

tim

o

2) SOD frAMEA e wAe 4%
SODUY SOD AF B2 g3jAgt gakst &84S Jehg =
pyrogallol& o] &-3}e] gatsl &A1& &3 A3 500, 250, 125,

6225 (ug/m)e FEoIA Z7h 493412, 41110, 31509,
17.7+0.6 (%)< &3} &4 &35 Jeh A ch(Fig. 5).

4. Total cholesterol ¥ 3glo]] P]X& 3

A 273 % rate] 4 U total cholesterol®] W3S E4
3 A3}, 2Tl A E 271.0£28.0 (mg/d0)Z, At9] 55.0+4.4
(mg/de)el Blgtd F94 e (+++ : P <0.001) 718 YER
o0, SJB TPl AE 1540 + 197 (mg/d)Z FEh} 27
o vlste] fro) A *: P <0.01) ZAaE YeERR St (Fig. 6).
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AT ( (=RERE=y

350
300
250 -
200 -

150 -

100 -

Total cholesterol (mg/de)

50

Normal Control SJB

Fig. 6. Effect of SUB on the T. Chol. level in rat fed high cholesterol
diets. Statistically significant value compared with normal group (+++p<0.001).
Statistically significant value compared with control group (++p<0.01).

5. LDL cholesterol ¥ 3}ol| v x|= 9
AY FTF F rate @3 Y LDL cholesterol 9]

=% Mg B
g 43.0t75 (mg/d0)2, B9 6.7+1

& Ay, gzTde
(mg/do)oll ¥lgte] 94 e (++ : P <0.01) 37H5 UERR
o, SJB Rl HE 213 + 1.5 (mg/d)Z UER} th 7o B
atod ol QlE (i P <0.01) #4& &3S e lthFig. 7).
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50 [
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30

20

LDL-cholesterol (mg/d£)

10

| .

Normal

Control SJB

Fig. 7. Effect of SJB on the LDL Cholesterol level in rat fed high
cholesterol diets. Statistically significant value compared with normal group
(++p<0.01). Statistically significant value compared with control group (*+p<0.01).

A=
3 % rat®] 3 W HDL cholesterol®] W3} —Er—i
3 Ax, fEFAME 57+15 (mg/d0)E, AT 16.3+1.2

6. HDL cholesterol ¥ 3}of
Ay
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(mg/ sl HIaka] Fol4 Qe (++ 1 P <0.01) Z7HE YEL
o, §JB Fol o A= 103 * 23 (mg/dl)= VER} tlEFol W)
ol fol4 9 (P <0.05) Ba EBE YR AT Fig 8).
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16 |
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s 12t
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_g s L ++
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I
4L
2 L
0

Normal Control SJB

Fig. 8. Effect of SUB on the HDL Cholesterol level in rat fed high
cholesterol diets. Statistically significant value compared with normal group
(++p<0.01). Statistically significant value compared with control group (+p<0.05).

7. Triglyceride tﬂi}oﬂ HX]= o3k

Ay FE F ratd] 8 Y triglyceride] WH3E E,—/_ﬂt‘f}
3, tERTIME 137.08252(mg/d)R, e 50.7+1
(mg/de)ol wlgted fo4 e (++ : P <001) F7HE urg}kg
B, SJB Fool A 79.0 + 234 (mg/d) 2 YERY TR H)
ato] 494 dE (+: P <0.05) FaE JER) A tHFig. 9).

Iomﬂlﬁ
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80

60

Triglyceride (mg/d2)

40

20

Normal Control SJB

Fig. 9. Effect of SJB on the triglyceride level in rat fed high
cholesterol diets. Statistically significant value compared with normal group
(++p<0.01). Statistically significant value compared with control group (+p<0.05).

8. x4 A AA FFell vx= FF

A3 FTE F 1 2HAAM A ALe] FFE BES 2
3, thERFAM 198+14 (nmol/mg)Z, Zé*&%ﬂ 3
(nmol/mg) ol B8} TrA** AA (+++ : P <0.001)
W SJB Tl ME 83423 (nmol/mg)LE rﬂ&L
o4 d= (*: P <0.05) #aE Yel v (Fig. 10).
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9. 3t =AY FHY2HE A L WA= FY
1) ACAT mRNA F7A} 2dd X<

2+ 270 2] ACATS] mRNA %x4 A 2 &
A2 BEL 1 (RQE 39S W TS 018:0.06 (RQE U
g 9N M3 QRN O A (rep0n0)

7Fe UElloH, B Tl A= 057+ 0.05 (RQ)E WER o
Z7o) Hste foA Qe (*p<0.01) FAE e tHFig. 11).
2) HMG-CoA reductase mRNA f32} @& wjx]+= 9

gz fA4 2ds 1 RQEZ AL ¢ FITL
0.36+0.03 (RQ)E Wt} BAFTol wlste] izl 24 9
T (+++p<0.001) F7HE  dEHoH, SB T
056+0.09 (RQ)2Z el tizFd HEtY {4
(*p<0.01) Z2E el thFig. 12).

e e 32 o

¥ X
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et
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5 L
Oj . 1

Normal Control SJB

TBARS (nmol/mg)

Fig. 10. Effect of SJB on hepatic thiobarbituric acid reactive
substance (TBARS) value in rat fed high cholesterol diets. Statistically
significant value compared with normal group (+++p<0.001). Statistically
significant value compared with control group (xp<0.05).

12

.,h

Normal Control

RQ of control (ACAT)
o o
> @ -
T

=3
~

=3
)

Fig. 11. Effects of SJB on the expression of ACAT mRNA level in
the liver of rat fed high cholesterol diets. Statistically significant value
compared with normal group (+++p<0.001). Statistically significant value
compared with control group (++p<0.01).

12 1

08 [

06 [

0.4

) J
0

Normal Control

RQ of Control (HMG CoA)

Fig. 12. Effects of SUB on the expression of HMG-CoA reductase
mRNA level in the liver of rat fed high cholesterol diets. Statistically
significant value compared with normal group (+++p<0.001). Statistically
significant value compared with control group (*+p<0.01).
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