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Abstract_The preventive effect of the saponin fraction of Panax ginseng C.A. Meyer against hyperchole-
sterolemia was demonstrated by assaying the cholesterol and triacylglyceride level of the blood serum
and liver of rats fed high-cholesterol diet with and/or without ginsenoside. To understand the mecha-
nism of the preventive action of ginsenoside, ginsenoside effect on LDL receptor binding ability, choles-
terol level, and cAMP level of Chinese hamster ovary (CHO) cells cultured under various conditions
were examined. When LDL (20 pg/m/) was added to the culture medium for CHO cell culture, LDL
receptor binding activity of the cell was supressed down to 58% of that of normal group. Ginsenosides
at 1072% and 10 *% level (w/v) were shown to exert an appreciable stimulatory effect on CHO cell
LDL receptor activity, which partially overcame the suppression due to the presence of LDL (20 pg/m/)
in the medium. Ginsenosides also reduced the increased cholesterol level of test group almost to that
of normal group, and it increased cAMP level, which was usually reduced to 55% of that of the normal
group due to the presence of LDL in the medium. Comparison of Ky and B, value of CHO cells
cultured under different conditions revealed that this stimulation was due not to the receptor’s binding
affinity but to its number. Addition of ginsenoside (1072%) decreased the uptake of taurocholic acid
as much as 20% at the actively transporting everted ileal sacs, but it failed to form a large mixed
micelles with taurocholic acid, which was one of the proposed mechanisms by which ginsenoside inhibits
bile acid reabsorption. From the above results, it seemed likely that ginsenoside prevented hypercholest-
rolemia by decreasing cholesterol level in cells thereby relieving the inhibition of LDL receptor synthesis
by cholesterol and also by inhibiting bile acid reabsorption from the small intestine.
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Table 1. Composition of MEM (minimal essential me-

dium)
Ingredient MEM-10% MEM-2% MEM-0%
MEM powder 96¢g 96¢g 96¢g
NaHCO; 22¢g 22¢g 22¢g
Kanamycin 10 mg 10 mg 10 mg
FBS 100 m/ 20 ml —
BSA - 20¢g
Total volume 1000 m{ 1000 m/ 1000 m/

pH was adjusted to 7.4 with 1N NaOH.
Media was sterilized by 0.22 um membrane filtration.

Table 2. Composition of PBS and Krebs-Ringer buf-

fer
Component PBS Krebs-Ringer
buffer
KCl 2.7 mM 47 mM
KH.PO, 1.5 mM 1.2 mM
NaCl 014 M 012 M
NagHPO4 81 mM -
NaHCO; - 250 mM
CaCl, - 25 mM
MgSO0, - 1.2 mM

pH was adjusted to 74.
PBS was sterilized by 0.22 pm membrane filtration.
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Blood serum {d=1.006 g/aml)

Adjusted to d=1.019 g/ml by
NaCl-KBr solution (d=1.085 g/ml)

Ultracentrifugation (104,000 X g, 18 h., 10 'C)

Infranate

Supernatant
(VLDL, Chylomicron)

Adjusted to d=1.064 g/al by
NaCl-KBr soln’ (d=1.200 g/al

Ultracentrifugation

{104,000 X g, 18 h., 10C)

Supernatant Precipitate
(LoL) {HDL)

Fig. 1. Schematic diagram for the isolation of LDL
from rat blood serum and polyacrylamide gel
electrophoresis of blood lipoproteins. A : Serum,
B:LDL, C:VLDL, D:HDL.

3.6% acrylamide running gel®} 2.5% acrylamide
stacking gelo] =% 2HE slab geldl] ¥-3}3}1, sta-
cking® vl 60 volts, A& wix 120 voltse] A
A27} HEE she] 6417 NS Reserviorell
A skE:gaie 50 mM Tris-glycine(pH 8.3)¢1¢ith
BLLDLE McFarlane 2] iodine monochloride %
.5 W33l Lancer 59 Wl we} Alz3lsch
Ay #2) Ao dalielste] 2 LDL &
3m/e] 1.0M Gly-NaOH buffer(pH 9.0) 0.5 m/E 7}
sl 12=3ls)glrh. Na-®I(1 mCi)E 3mM ICI4-9
0.3 miol| 7}sbe] &gk o2 1.0 M gly-NaOH buffer
(PH9.0) 05miE 7}3tal o] EjtAE flollA e
245315l LDL &4 7isled 4T oA 837 |3t
F 166 M K- 005 m/E 7}8te] c}2] 4T |4 15
B7r A siedry. LDLel AdshA] ¢fa wb-gofell
ol free P12 A Ast7] 93k 0.1% EDTA%
o

rﬂ—’
o
—
o
Z
Z,
o
O
=)
s
-3
&
ofp
%
lo
HU
b
>
o
2
m

)

N

i
> e |o

< 7ol FA 5/‘]7} 5‘” A —?—
> &2 5]-7:“1:‘ T FAEY o9k e
g} Fof] LLDL 4-dof 34 wAbeE 12
%olgdct PI-LDL &4 20 wWell 10% trichloroacetic

acid 500 W& 7pstar alEe]ste] & At

[y
o 4



Vol. 17, No. 1(1993) alAb A9 i1 cholesterol €% 733)atg- 5

Ast WA Al
A5 ol 4 /dvgil%iL v 2] 98.1%3=
st Al A M Bl A HEES k. whebad LDLe| Agt
842} 9231 WLLDL g wte} gl free 51 1.9%

LDL %9 #ide ILDLo| AEd| ZH3hah
e Aukshe wgor ZAI TN gl of
w3 W o2 Adshd CHO Ml2% MEM-2%
2 3)X3}e] tissue culture dish(diameter 60 mm)ei|
1X10° cells/mi 9] FE2 o] Fqick el 484) 7
ujokgl & PBS® g #loid = Figure legend2}
Table legendel] E7]€d) & vhedgh F %o LDL gi-
nsenoside®] &3-&& ¥4 &3 MEM-0% 2 m/ &
z}z}b wpte] L 4827} Z-qF vl oksleic) o]e} 7o)
thekglh Fxod A7l CHO A2 wix] AA
< PBSE FH A3l MEM-0%Z ztola % 9
of| 4 A Z&g YI-LDL(10 ug protein/10 wl, 44 cpm/ng
protein) 10 WS 7}3}e] 37C ol 4] rotary shaker(40
oscillations per minute)E AR&-8lo] 247} wjokalel
c} 7t A EES 1 % 4T ol A buffer A(G0 mM Tris-
Cl, pH74; 015M NaCl; 2mg/m/ BSA)Z 33] *1]
Hala, 28]d Hx] buffer Adlx 23-7F wbxjgt &
it @ huffer B(50 mM Tris-Cl, pH 7.4; 0.15 M
NaCh= 23] Al133 % 01N NaOH 1mig A¥Z

Sl A1AH 0.1 ml-2 H3E Lowry vhgo g Ao
Aeksbed] ARSIl Vi s AR S S sk
dl AH8-3kadc}. 1714 sl BI-LDLS 20v) 7} =)=
el £7) € LDLE 4 7B o o] Atd=s
vEold Ao AHata, A Aol o] s
Wl ghe SolA AL sk

zZ

rr

Lo

i

o

f

it

e 32 ubgo 2 chofgh i R)of A 4847} Eot
A 327 CHO AEE 1m/2) 01N NaOHZ &3
AlA 08 mi& F2]48 FE38to] Kennyo] whgow

cholesterol-& Azshed] Algdlsdom, 0.1 mie W
6:]5] LOWI’Y Bl—t{j_g_ ul] A} Zg ?/o]:ﬁ}_E—[—“ A}—%*&}-?\:}!
chFgk w2 o] A vl kgt CHO A %= Kirby 2] 1
el whe} oAt 2upe A Asle cAMPE 3%
aeio). Al 258 buffer AGO mM Tris-HCl, pH 7.4
0.15M NaCl; 2 mg/m/ BSA)Z 13 443 & 01N
NaOH 1 m/2 Al¥E &+t phosphate buffer sa-
line(PBS, pH74) 1m/E 7}a}eick 2 3 400 w-E
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%)+ Krebs-Ringer bicarbonate £8(pH 7.4)2.2 4
A g F k3 7|vhgk kg o] &3k A%E HA
AR 2% F T FES 3% 8-S 2~3mm
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acid(2 dpm/w) £ 5m/-S HEx}eko] 6,000~8,000

Hxeo] EA7tx] BMA17]E cellulose membrane-%



A3l 10 m/2] 0.9% NaCl £8¢] s 3647+
5k 37C oA A ¥ upgE 49 100 WE 3
gte] ka2 HA s
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tere (F)=5AA 25 Costar AF-5 ARS8
Taurocholic acid, kanamycin, trypsin-EDTA, Na-
HCO3, bovine serum albumin(BSA), sodium cholate,
trizma base, cholesterol assay kit, choletserol, 2,5-
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zene(POPOP) 52 SigmaAl A¥, Na-I, [carbonyl-
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Table 3. Cholesterol and triacylglyceride level of the
liver and blood serum of rats fed under va-
rious conditions

(a) Cholesterol level of the liver and serum

LIVER SERUM
Group
Cholesterol Relative Cholesterol Relative
(mg/g liver) (%) (mg/dl) (%)
Control  3.90% 0.40 100 55.2%5.0 100
Test 2,78+ 0.10* 71 40.3+ 2.9** 73

(b) Triacylglyceride level of the liver and serum

LIVER SERUM
Group
TG Relative TG Relative
(mg/g liver) (%) (mg/di) (%)

Control 2.26+0.11 100
Test 1.87+ 0.02** 82

95.7+ 76 100
7791 10.0*** 814

Control group was administered normal diet with high
cholesterol diet, and test group was administered un-
der similar diet condition of control group with 1
mg/rat total saponin per day for 2 weeks. The values
are the mean value of five determinants.

*p<0.01, **p<0.01, **p<0.05.
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Fig. 2. The effect of various LDL concentration in the
medium on LDL receptor activity in CHO cells
and the modulatory effect of ginsenoside on the
suppression by LDL. CHO cells were cultured
for 48 h in serum free medium containing va-
rious concentration of LDL cholesterol in the
presence (a) or absence (W) of 107°% (w/v)
ginsenoside. The results are the mean values
of five determinants for each point.
*p<0.001, **p<0.01, ***p<0.02.
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Table 43= ¥ Ao} 20 ug/m/2] LDL& 7}3t § o2
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A7} ginsenosided] ¥%7} 10 2%y W} 10%%
o AT 70% HEol AL Hedew AL
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Table 4. The effect of various concentrations of ginse-
noside on LDL receptor activity in CHO ce-

lis
Group LLDL bound Relative
(ng/mg protein) (%)
Normal 159.9+ 7.9* 100
Control 86.0t 59 52.7
Saponin 1072% 110.1+ 12.2** 69.0
Saponin 107%% 105.0% 10.0** 68.2
Saponin 10 4% 79.6+ 9.2 50.0
Saponin 10°% 941+ 175 59.0
Saponin 10 %% 93.7+ 25.0 58.7

Normal group was cultured in serum free medium
(MEM-0%), and control group was cultured in serum
free medium containing 20 ug/m/ LDL cholesterol for
48 h.

Test groups were cultured for 48 h in serum free me-
dium containing 20 ug/m/ LDL cholesterol and diffe-
rent concentrations of total saponin (w/v). LDL recep-
tor activities were defined as ng LDL bound in 2h
at 37C by mg protein. The values are the mean value
of five determinants.

*p<0.001, **p<0.02.

Table 5. The effect of ginsenosides on LDL receptor
activity in CHO cells cultured under LDL
free condition

Group 151.LDL bound Relative
(ng/mg protein) (%)
Normal 1304% 7.0* 100
Control 878+ 8.1 68
Saponin 107 %% 155.5+ 40.0 120
Saponin 107%% 140.1%+ 241 108
Saponin 1071% 118.0+ 12.0 91

Normal group was cultured in MEM-0%, and control
group was cultured in MEM-0% containing 20 ug/ml,
cholesterol for 48 h. Test groups were cultured for 48 h
in MEM-0% containing different concentrations of total
saponin. LDL receptor activities were defined as ng
LDL bound in 2h at 37C by mg protein. The values
are the mean value of five determinants.

*p<0.001.

(10" 1% o]4hH+ ginsenoside?] detergent A3
o ol ME7} ohef shrise] vlnd £7 e
ginsenoside®] %7} 10 *~10"%%o| A= &4 H
37} ok



8 58] -

Table 6. The effect of various concentrations of ginse-
nosides on cholesterol concentration in CHO

cells
Group Cholesterol Relative
(ug/mg protein) (%)
Normal 59.8t 7.0* 100
Control 781t 84 130
Saponin 1072% 747t 44 125
Saponin 107%% 68.6+ 10.8 115
Saponin 107%% 61.0t 64* 102
Saponin 107%% 684+ 3.5%* 114

Normal group was cultured in serum free medium,
and control group was cultured in serum free medium
containing 20 pg/m/ LDL cholesterol for 48h. Test
groups were cultured for 48 h in serum free medium
containing 20 pg/m/ LDL cholesterol and different con-
centrations of total saponin. The values are the mean
value of five determinants,

1000

nﬁLDL bound/mg protein

0 ' 20 4 | s 8 100
1254 DL cone. {ug proteinymi)

Fig. 3. The dose response curve of LDL binding of
CHO cells incubated under different conditions.
Normal group (m) was cultured in MEM-0%,
control group (a) was cultured in MEM-0% co-
ntaining 20 pg/m/ LDL cholesterol, and test
group () in MEM-0% containing 20 pg/m/ LDL
cholesterol with 107%2% ginsenoside.
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Fig. 4. Scatchard plot of LDL binding of CHO cells
cultured under different conditions. The incu-
bation conditions were as in Fig.2. A : Normal
group, B : Control group, C: Test group.
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Table 7. The comparison of Ky and B, value

Group Binax Ky

(ug LDL bound/mg protein) (ug LDL/m{)
Normal 1530 129
Control 1210 139
Test 1390 13.3

Normal group was cultured in MEM-0%, control group
was cultured in MEM-0% containing 20 uyg/m/ LDL
cholesterol, and test group was cultured in MEM-0%
containing 20 pg/m/ LDL cholesterol plus 107%% ginse-
noside. Their binding abilities were assayed under the
different concentrtion of #I-LDL.

Fx2o BLLDL EAlslell A wieksle] EAsa 77t
2] dose response curved L#(Fig. 3) Kazt3} Buu s
T3}ed ulwatgiv}. Scatchard plotel] ¢)&hed A AMgH
BLLDLA gt Kaghes RE 7o) 30 ug/m/ 3 24
LDLe)l 9% binding site?] #3}2-& wiokz7o] wt
2} WakA] o3& o4  UicHFig 4, Table 7). L
v Bume AAREe] 1530 yg/mg, izl 1210
pug/mgel 1 2ol 107%% ginsenosided ¥ .3H3t
Aol 739 1390 pg/mgE A °] @SS v Za
2d LDL +8A9 2% 8% vy e 2
7 ake] frAbsted e A= LDL# ginsenosideel] 213}
T&He A sHeo Wiz LDL £484A19 %49
H o) o3k 713)& o 4 2gdek LDLe) <3 LDL
T&Ae A FH AL LA ke g
& Zlojgl= AA-E o)u] ligand blotting, immuno-
blotting 5% o] &% W52 vra A g =Py
9] A¥AFAEA ginsenoside A4 842 F&
F7HIFH 24 LDL A5EE AsA1E 4 F
ol ¢]+ ginsenosider} AAHA == 7HHHo =
LDLel|l ¢lsf <jAl=le] 9Jxd LDL 444 A& <
FAAZFE B3}

2 Golos %2 9] granulosa cello 4]
cAMP7} mRNA®| 34-& F7HA17)o24 LDL
449 F8e FrRRickae Raslden LDL 4
242 H-3Atel promotorel] cAMP response ele-
ment?} FARE F9o] ks Huw gk 7} A
X374 cAMP F&=& =418F A3} ginsenosidet®
LDLe 9l Asl=ddwd cAMPY] F58 A3 &
A5 ¢ TUAHNTable 8).

Table 8. The effect of ginsenoside on cAMP concent-
ration in CHO cells cultured under various

conditions

Group cAMP Relative
(pmole/ng protein) (%)

Normal 46,51+ 9.98 100

Control 258+ 1.6 55.5

Saponin 107%% 29.0+ 49 624

Saponin 107% 334+ 25* 71.8

Saponin 107'% 277+ 16 59.6

Normal group was cultured in serum free medium,
and control group was cultured in serum free medium
containing 20 ug/m/ LDL cholesterol for 48 h. Test
groups were cultured for 48 h in serum free medium
containing 20 ug/m/ LDL cholesterol and different con-
centrations of total saponin. The values are the mean
value of four determinants.

*p<0.01.
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Fig. 5. Transport of taurocholic acid by various segme-
nts of the rat small intestine. Everted sacs were
incubated in 0.2 mM taurocholic acid in Krebs-
Ringer bicarbonate buffer at 37C for 90 min
constantly gassed with 95% O, 5% CO,. Seg-
ment 1 and 2 were obtained from jujenum and

segment 3, 4 and 5 were from ileum.
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The effect of ginsenoside (10 "*%) on taurocho-
lic acid uptake by rat small intestine sacs. The
bars represent the mean value of eight deter-
minants. A :everted sacs of rat jujenum, B:
everted sacs of rat ileum.

*p<0.01.
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Table 9. The effect of ginsenoside on bile acid micelle

formation
Group A (mM) B (mM)
Normal 0.071 0.57
Saponin 10 '% 0.068 0.55
Saponin 107%% 0.067 0.55
Saponin 1073% 0.068 0.54

A : Concentration of taurocholic acid in 10 m/ of outer
solution after 36 h dialysis of 5 m/ of 0.2 mM tauro-
cholic acid solution with stated amount of ginseno-
side at 37C.

B : Concentration of taurocholic acid in 10 m/ of outer
solution after 36 h dialysis of 5ml/ of 2 mM tauro-
cholic acid solution with stated amount of ginseno-
side at 37C.

A sl ehFig. 6).
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