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Abstract[]0.5 mg of natural ginsenoside mixture and 0.8 uCi of synthesized “C-ginsenosides were admi-
nistered orally to a rat and killed at one hour after the ginsenoside administration and the liver was
fractionated into nuclear fraction, mitrochondria, microsomes and cytosol fraction. Radioactivity distribu-
tion in subcellular fractions of the liver showed that 32% of total radioactivity absorbed in the liver
was in cytosol fraction but a significant portion of the radioactivity was also found in mitochondria
(26.6%) and microsomal fraction (18.1%). 5.8% of the total radioactivity was recovered from the nuclear
fraction as well. This suggested that ginsenosides might be distributed into all subcellular fractions.
Activities of mitochondrial aldehyde dehydrogenase, lactate dehydrogenase and malate dehydrogenase
of the liver of rat at two hours after the ginsenoside administraion were found appreciably stimulated,
suggesting that the ginsenoside concentration in the liver might be around 10 "*%, since optimum conce-
ntrations for most enzyme catalyzed reactions in witro were known to be 1075~10"%% A significant
portion of the radioactivity recovered from subcellular fractions of the liver was found in protein frac-
tions, suggesting that proteins might interact with ginsenosides. Examination of protein-ginsenoside
interation by gel filtration, equilibrium dialysis and amonium sulfate precipitation technique suggested
that proteins and ginsenosides do not bound covalently but weakly combined. When purified ginsenoside
Rb; and Rg, were incubated with rat liver cytosolic enzymes for 20 min, the above ginsenosides were
hydrolyzed quickly, suggesting that ginsenosides might be rapidly hydrolyzed and metabolized in the
liver. It was also observed in witro that the ginsenosides such as Rb; and Rg, were easily hydrolyzed
by rat liver cytosol preparation suggesting that absorbed ginsenosides might be quickly hydrolyzed
and metabolized in the liver.

Key words[]Ginsenoside, subcellular distribution, ginsenoside-protein interaction, deglycosilation.
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wh) d-ginsenoside 43.2H8-& #AbelaL AAIH gin-
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Fob Ve whol wel 3143 “C-ginsenoside
E3E 08pCig 53 05mge] Al gisenoside
SRR TR AR 1mio] 255
o] %1#|(Sprague Dawley, 3, 180 g)ol|#| cathe-
ter2 7-Foislan 1417} ol #& diethyl ether2
opFste] g} 245, 74 A3 shlc)h Fol(7
m/)& 3000 rpmel| 4] 10487 Y4B e|sle] G423
m)E £ 7k 7g8 @4 3 kS hand homo-
genizer2 303] %4E-5led 0.32 SMT(0.32 M sucrose,
3mM MgCl,, 5mM Tris-HCl, pH 7.4)% 25% i}
S uhEe] A Adzg oftsla 06w 0.32
SMTs} 02018 Z572 51“?‘5}°4 dAAE gl
tho o] dANL 700 x goll A 1087 YA REg &
AHES 025 SMT(0.25M sucrose, 3mM MgCl,
5mM Tris-HCI, pH 7.4)l] #-4F5}3 thA] 700 x goll 4]
1087 d4liejsle] 92 AHES o 125olelw
el AdEAS 2ol 10,000 x goll A 1587 9418
2jale] de HHE-L 025 SMTel H4Hmitochond-
ria +-8)3lei . AbZEHe 8 mM CaCl, £-<e]] 3057}
AR £ 12,000 x goll 4] 40871 141 5-2)sleict o)
o 32 AF NG cytosol ¥, 0.25 SMTel Akg
A% E-2 microsome 3l olg} sleir). s1E-29] 1/2
= 13mi®) 23 SMT(2.3M sucrose, 1mM MgCl,,

Tris-HCl pH 7.4)) E-4kgF 3 50,000 x gol A
6587 =i F-2)3tgit), o)y H°ﬂ T 2 ultra
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°l& F3ch
b AEREY] XA HES 9% glutamate

dehydrogenase(GLDH) #A1&x 2 whg-ol(] m))e]
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120 mM ammonium acetate, 0.15mM NADH, 15
mM ADP, #4413 8 mM a-ketoglutarate(a-KGA)
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buffer(pH 7.0), 0.2 mM NADH, &4-%13} 0.8 mM py-
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Ginsenoside &% J%*‘l Foigt 7] 7he] A4FAL
F33l7] fs) & 3(150~200g, 3, 2T 3ulehE
7 W F7 o2 1mge] #al ginsenosides-& S
1mie| Feol Folo) ZFFolat L UAA]7H1~54]7h)
Foll A53te] 7k A&k 0.25M sucrose-10 mM
Tris-HCl buffer(pH 7.4) $N°& 10% & 20%
Hf NS wrEgleh. Lactate dehydrogenase(LDH)
BH5HEE 9 @ m)e] 24 E TR)e
50 mM phosphate buffer(pH 7.4), 0.6 mM Na-pyru-
vate, 21.3 mM nicotinamide, 0.18 mM NADHS®} 10%
7F sl 0.1l migd e 340 nmell A Fdwel 7hags
ZAslelcl. Aldehyde dehydrogenase(ALDH) &4
F4E 9T A1 m)Y FAGFE 5 70
mM Na-pyrophosphate(pH 8.0), 1 mM NAD", 2 mM
pyrazole, 6 mM propionaldehyde2} 10% 7 si}afj o)
0.1 m/°)glem 340 nmol| 4 3% Z7)E 2%““45}‘11
t+.” Succinate dehydrogenase(SDH) #A1&32 ¢
& - A@ m)e 2AHEE TS 50mM phos-
phate buffer(pH 7.6), 1 mM KCN, 0.04 mM DICPIP,
20 mM Na-succinate®} 10% 7+ sha < 0.1 miolgl.e
] 620 nmoll X &%= W e ZHsleicky 20% 7F
shfelg Aoz AMEE A9 ukgA@Q ml) =
4(#H% ¥%)& 25mM KCN, 1mM DICPIP, 05 M
Na-succinate2} 20% 7t shafj o 1 myo) e}, ub-g-ol &
AEelA 302 WA F 2mie] F4 ethanol S
7hate] HEES A A oh 4mie] B2 3 &
HAE2Isk 620 nmell A F2 = W2 2Asein).
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Malate dehydrogenase(MDH) #4338 ¢33+ uhg-
A3 ml) 2A(FHE F5)2 14 mM phosphate buffer
(pH 7.4), 043 mM NAD™, 30 mM nicotinamide, 0.86
mM KCN, 0.034 mM DICPIP, 7.1 mM Na-phos-
phate2} 10% 7+ s}sfo 0.1 mio]gle™ 620 nmel 4]
4 W3E SAsoR? 20% 2 S s f4
o A8 Ao uRgA(HAYH 2m) A
(HFF Fx)& 1775mM Na-malate, 10.75 mM
NAD", 0.75M nicotinamide, 21.5 mM KCN, 0.85
mM DICPIP} 20% b shafe} 1mio]g1aL o] kg
NG Aol 302 WA F 2ml$] 5
7hetel wbg-& AAAZ] F F 2mis peta 94
Felgte] 620 nmell A F3F= wstE FAsch
7 ginsenoside &3}e9] wlEZrelolre]
A& 2Akeh7] 3ked 3 #2008, §)E 24217 #1
g AFste] 22 7H& 0.025mM Na-EDTA-15
mM Tris buffer(pH 7.4)& ¥3+F 330 mM sucrose

ethanol &

Ao A2 F AA do] 10% IS e
ohe DR800 x g, 103 3te] 22 A5AE o4
%%%E](SZOOX;;)H}O:] ANE-S do] o]7L 330

mM sucrose £-ofe] EAHgF F 4A1E-2{(R,200x g,
104)3te] & HHES vlEg=eol ZAEE A
f-3hgir). o] n]EF = 2o} 2| E(2.8 mg protein/m/)
7} “C-ginsenoside(0.038 uCi)-5 &3+ 10™*% ginse-
noside EF&AGEmNAF125mM KCl, 1mM
EDTA(disodium salt), 20 mM HEPES-Tris buffer

(pH 7.4)1& 25T ol|A] 1087F W& = o] A& Ep-
pendorf tube(1 m)ell &71% A4lEelste] A4EAS
AAG oS AHAES Fofl BAg 3 uhxles &
kit

Ginsenoside 9] A|Zu] EE5 #4qlsty] $)sted ¢
9} 7o) AAFE(107*%)2] ginsenoside & 3HE-2H
o 2§ v| EZE ol (A F )0t thx v EZEe]o}
ZA5-28 330 mM sucrose -S4l ¥-AH5 o 2
st B8tz ¢vte] 7Z§%E monoamine oxidase
(MAO), W=}l &= succinate dehydrogenase
(SDH), matrixell &3l MDH®| #4-8 FA4 sl
. MAO® &4=A)[Schnaitman 52| H]e]
vg-eR(3 m)Y =A(F%F 5Xx)& 50 mM phosphate
buvver(pH 7.6), 25 mM benzylamine, v]E-Z=g|o}
s 1 mi(FHA 28 mge|gict o] uhEHE 37
Tl 1087 W% o5 70% TCA 06 miS 7}

ghod Hh-&-g %7“]7& o5 14132-21(3,000 rpm, 10-2)
¢l benzylaldehyde® &%
o] W3E 250 nmell A A&k SDHE| 345
é[? 2] upy ]9 aFgAE m)A 2HEE )

<& 50 mM phosphate buffer(pH 7.6), 1 mM KCN, 0.
04 mM DICPIP, 20 mM Na-succinate¢} v]EZ=¢]
of sk o} 2.8 mioglrh o] Hh-&E AR-oll A 103F
xgk & T4 ethanol 2m/E 7}3le] Hke-& £

A7 ehE 14E-21(3,000 rpm, 10+)6}°4 FEelg
620 nmol| 4] 1€ DICPIPO] F455 Skt
MDH®] sHSAH[F 579 w1 uh-g-H (@ m)ol
ZAFHE FX5)-2 14 mM phosphate buffer(pH 7.4),
043mM NAD', 30mM nicotinamide, 0.86 mM
KCN, 0.034 mM DICPIP, 7.1 mM Na-malate2} U]E
i'ca]o} J_}Aﬂou 1m[(\:}uu 2] 28mg)°]°4‘4 ]
SAE Aol 527 wAgE v F-F ethanol 2
miE 7hete] BRE-& FAAIZ b3 AAlE-E(3,000
rpm, 10)&ke] 32 Abole] 314151 DICPIPS] &
=5 620 nmell A ZAsldc)

A3 ginsenoside Abelo] A AE-E T AFSLY]
935ke] 05 mge el gisenoside &3-%(0.8 uCi “C-
ginsenoside E3HS AT5FoIg 2] 7} mitochond-
ria %3, microsome #3-& zhzt FhHA A Hslod
E3el cytosol &L A A &, 3zkde] A %

Sl E sk 105,000 x goll 4 6587k A&}
o] AAE(4eke 025 SMTell ¥4h AbZoe] wp

e EAstglch o]9fzke]l 92 mitochondria}
microsome2] ¢ %38 7z 1M NaCl, 20 mM
EDTA £05} 1:19) u] &2 4106] 3037} whx]s}ed
peripheral protein& = F3of| 4] Hojredd £ 10,000
x goll 4 30—‘?'~7J Al Falsle] @& HAHE(EY 0.
25 SMTel| ®4hzt AHZde] Yalbes FAskdc)
g cytosol LHJ chal 2l mitochondria mitrixtH 2]
A7) ginsenoside7te] A3 EAFE #18k cyto-
sol 8N 3} matrix £%-& 77} 10 4 F3ked 1 m/2
90% TCAZ. 33] o]Ak Aalslo] HAo] t] oAt A
717 ¥4-& &l 3 3000 rpmoll 4] 30%7F 94

Eelate] & A4S FHE0.25 SMTel F-4h 2]
B8 &) 3)9lv) 3k cytosol £-98(9 ml)e 0.25

SMTZE v]2] #H3 % Sephadex G-100 column (35 m/)
o] Z233l% 6mi/hre] §&o 2 Eslgc)h S5
© 2mid psten zb Bale] FHw(280 nm)EA,
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whila] Hepal ey waby &S dstglch
wgk 3 FAHO 2 ginsenosided} Wl X,l»}-/]
Aaates fEsidd. & FARE SR -
2A17F 2Z4) thg 10 mM Tris buffer(pH 7.3)el] "'*°]
0.2% BSA 2.5 mi3} “C-ginsenosideS ¥H-#3+ 10 ‘%
A< ginsenoside E&%84 25m/ 2] E3-8N(5 ml)
& FAE el L o7l 40mie) 72 £10
mM Tris buffer(pH 7.3)Te] 5+ & F&lol wtshA)
g o AR ok wtel whabeg HA ok
“C-ginsenoside(0.04 uCi)& §#3 10 ‘% ginse-
noside 358N [10 mM Tris buffer(pH 7.3)ol =
] 25miet 02% BSA £l 72 bufferell =%1]
25miE E§sled 303 WA & LA(NH).S0.5
A 23] 713ted 80% 7k H =& shek ok 141ER1(20,

000 x g, 30)3te] AEA AHES A7 FHEE
28Fe] 80%(NH,),S0, £ o2 29 A3 F 7tz
o Whabs-s Stk AdEE oA 10mM Tris
buffer(pH 7.3)2 5m/&-4& wE ohd 99} 2
weio 2 BSAE A AFAH AHES] w9

=5 HAsAh

A= Ginsenoside Rb; 3 Rgi9] #7+2] cytosol
Aol o3k thAbE #Esk7] 28l #(Sprague Da-
wley, 180~200¢g, $)2] 78 ## 3} slo] 0.25M su-
crose (10 mM Tris-HCI #3H 2.2 20%(w/v)

Aol g vk o2 500 x goll Al 105-7F QA8 3}od
o alz=ale r}a] 10,000 x gol| 4] 15%-7F Al E-2)
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2t 14 #-2)3tke] cytosol #8455 ATt
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Table 1. Radioactivity distribution in subcellular frac-
tions of rat liver at one hour after the oral
administration of natural ginsenoside mixture
(0.5 mg) and 0.8 pCi (1.783X10° cpm) of “C-
ginsenosides

Subcelluar Radioactivity ~ Relative activity*

fraction (cpm) (%)
Total liver 23,364 100.0
Cytosol 7,619 39.2
Mitochondria 6,220 32.0
Microsomes 4,224 21.8
Nucleus 1,350 7.0
Ultra nucleus —
Ultra sup. 1,236

*Relative activities were expressed as percent assu-
ming that of total liver being 100.0.
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Table 2. Activities of several enzymes of the liver of
albino rats fed orally with 1mg of natural
ginsenoside mixture

Enzyme activity (unit/g protein)

Group

ALDH SDH MDH LDH
Control  4.69(100) 6.14(100) 1.10(100) 40.8(100)
1 5.60(119) 6.12(99.7) 1.14(104) 44.2(108)
2 6.21(133) 6.44(105) 1.07( 97) 49.7(122)
3 520(111) 5.78( 94) 1.08( 98) 46.2(113)
5 4.87(104) 5.88( 96) 1.18(107) 48.3(118)

Livers were homogenated and made up 10% homoge-
nate. The reaction mixture (1 m/) for ALDH activity
contained (final concentration) 70 mM Na-pyrophos-
phate (pH8.0), 1mM NAD*, 2mM pyrazole, 6 mM
propionaldehyde and 0.1 m/ of the liver homogenate.
The reaction mixture (3 m/) for SDH activity contained
(final concentration) 50 mM phosphate buffer (pH 7.6),
1 mM KCN, 0.04 mM DICPIP, 20 mM Na-succinate and
0.1 m/ of the liver homogenate. The reaction mixture
(3 ml) for MDH activity contained (final concentration)
14 mM phosphate buffer (pH 7.4), 0.43 mM NAD*, 30
mM nicotinamide, 0.86 mM KCN, 0.034 mM DICPIP,
7.1 mM Na-malate and 0.1 m/ of the liver homogenate.
The reaction mixture (3 m/) for LDH activity contained
(final concentration) 50 mM phosphate buffer (pH 7.4),
0.6 mM Na-pyruvate, 21.3 mM nicotinamide, 0.18 mM
NADH and 0.1 m{/ of the liver homogenate.

Group 1, 2, 3, 5 mean that livers of rats killed at
1, 2, 3 and 5 hours after the saponin administraion
were used respectively for the enzyme assay. The va-
lues are mean values of three rats.

Tl 2sbH 7+ Yol F5+% ginsenosided] &
E7F 10 R dAEEd 7t FeE 1072
b ek 2 Ao AMeH 2-A el A9 gin-
senoside®) HEX 1077%Z FHAG00wHE Heo.

A=, o] Fxolie SDH, MDHe #4j3te
71dEl7)e olelg Zlolvh sivkabdd, 7b & AA=fch
FHaA o 275+ ginsenoside?] F=7}F EA 54,
ALDH(F %')¢} LDH(F 5'%) #4315 3 A
A 107%% FFolx7t SDHe} MDH] 45
E3= 10 %R ) AR dHA gl7] wiolt
weba] uheelo 4 2] ginsenosided) FE7F HEE
o A=A sr] 9sted 20% 7F S ARSI
vle e 2m/E &}e] ginsenosided] FE7} 10w
o] 4k 54 EA] w2 3 73}l 4 MDHe} SDHS
a4 Agk Ay zhzd 20%, 40%2 A F1)
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Table 3. Activity of SDH and MDH of the liver of
rats fed orally with 1 mg of natural ginseno-
side mixture at 2 hours after the administra-

tion
Enzyme activity (unit/g liver)
Group SDH MDH
Control 1.46(100) 2.94(2.94)
Test 2.07(142) 3.54(199)

The reaction mixture (2 m/) for SDH activity contained
(final concentraion) 25 mM KCN, 1 mM DICPIP, 0.5 M
Na-succinate and 1m/ of 20% liver homogenate. The
reaction mixture (2 m/) for MDH activity contained (fi-
nal concentration) 177.5mM Na-malate, 10.75 mM
NAD*, 0.75M nicotinamide, 21.5 mM KCN, 0.85 mM
DICPIP and 1ml of 20% liver homogenate. The values
are mean values of three rats.

Table 4. Uptake of ginsenosides by mitochondria
(Unit : DPM)

Natural ginsenoside
mixture fraction
extractedfrom Panax
ginseng C.A. Meyer

Type of ginsenoside
in the reaction mixture

Total radioactivity

in the incubation mixture 83,59
Radl‘OElCtl.Vlty recoyered 72314 490
in mitochondria
% recovered 8.6

The mitochondrial preparation (2.8 mg protein) was su-
spended in the reaction mixture (5.6 m/) containing 10
4% ginsenoside mixture, “C-labelled ginsenosides (0.08
pCi), 125 mM KCl, 1 mM EDTA and 20 mM HEPES-
Tris buffer (pH 7.4) and the mixture was incubated
at 25C for 10 minutes. The values are mean S.D.

3] E
eES

#aE gl o vi(Table 3) ginsenoside?} 7k
=& 4 T U

42 in vive BT ofgE] 7} wEEZE|e}
=9 ginsenoside®] AFAN-= in vitrooll 4 =A}
317 9} wrARA “C-ginsenosideS ¥ &&= 10 ‘%
el ginsenoside E¢ELHYo| v|EZ=elo}E ¥}
]zﬂ- k-2 79 = 5] HH}v—_ 5135]. g:er o} 8.6%2) gin-
senoside”} W|EZ=lotlE AFHISE & F
A cHTable 4). 14t saponino] 7hp-al A 3-&
AeE AF=Edcky JMAsE vEZ=eiol W9
214}t saponin®} FEE 107°~10""%Y Aoz «F
=

A
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Table 5. The effect of ginsenosides on mitochondrial
monoamine oxidase (MAQ), succinate dehyd-
rogenase (SDH) and malate dehydrogenase
(MDH) of mitochondria, which have been in-
cubated in the 10 *% ginsenoside mixture
solution. The values are mean +S.D.

Enzyme activity**

Group MAO SDH MDH
Control* 7324062 519028 9.08+0.14
Test 1006+ 052 801+ 042 10.48+0.10
Relative
activity*™** 137 154 115

*Control group dose not contain ginsenosides.
**One unit of enzyme activity was defined as a den-
sity decrement of 0.01 per min. under the conditions
described in the text.
***The relative activities are expressed assuming the
activity of control being 100.

Table 6. Radioactivity distribution in the matrix and
membrane fraction of mitochondria and mic-

rosomes
Radioactivity (cpm)
Fraction Mitochondria Microsome
(relative %) (relative %)
Total radioactivity 6,220 4,224
Centrifugation after sonication
Supernatant
(matrix fraction) 1706 (48%) 552 (26%)
Precipitate

(membrane fraction) 1815 (52%) 1,533 (74%)

Centrifugation after salt
treatment of the
membrane fraction

Supernatant
(peripheral protein) LT3 (4
Precipitate 1,900 (93%) 863 (96%)

(residual membrane)

L 107°%9 ginsenoside EE-EL-Mof u}x|3h
vl EZEeole] ¢fute] Eafshe MAO, Hatell #4)
sk SDH, Z22) 1 matrixel] Z&xsh= MDH2] 84S
ZARRY s} zbzh Ozl wlsle] 37, 54, 15% =
71815l o)A % ginsenoside7} W EZE= o8
AFHUSS Sdsta glckTable 5).

Table 6l F A5t ule}l o] 0.5 mge] #<3 ginse-
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Table 7. Ginsenoside-protein interaction in mitochon-
drial matrix and cytosol fractions

Rdioactivity

Mitochondrial
matrix fraction
(relative %)

Cytosol
fraction
(relative %)

Centrifugation after
the TCA treatment

Supernatant 958 (67%) 3,595 (78%)
Precipitates 470 (33%) 988 (22%)
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Fig. 1. Radioactivity distribution in cytosol proteins
separated by Sephadex G-100 gel chromatogra-
phy
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Table 8. Distribution of radioactivity on time course
during equilibrium dialysis

Radioactivity
Time (hrs) 1 Gde (DMP/mi) Outside (DPM/mi)
12 4,600 3,460
24 3,922 4515
48 4,155 4,450
72 4,250 4,140

Table 9. Interaction of ginsenosides with bovine se-
rum albumin (BSA)

Radioactivity (DPM)

Treatment Supernatant Pellet (protein)
1st Centrifugation 98,821 3,821
2nd Centrifugation 2,860 1,035
3rd Centrifugation 426 575

BSA was incubated in 107'% ginsenoside mixture so-
lution containing “C-ginsenosides (0.04 uCi) for 30 min
and the BSA was precipitated by 80% (NH,).SO, satu-
ration.
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Fig. 2. Thin layer chromatogram of the incubation mi-
xture of ginsenoside Rg; and rat liver cytosol
fraction(Solvent  system : CHCl; : MeOH : H,O
=65:35:5).

1. Sapogenin standard

2. Methanol-H;O phase of the incubation mix-
ture of Rg; (1072%) and rat liver cytosol fra-
ction

3. Chloroform phase of the incubation mixture
of Rg, (107°%) and rat liver cytosol frac-
tion

4. Rg, standard

5. Acid hydrolysis product of Rg;
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Fig. 3. Thin layer chromatogram of the incubation mi-
xture of ginsenoside Rb; and/or Rg, and rat
liver cytosol (Selvent system : CHCI; : MeOH :
H.O0=65:40:9).

1. Sucrose

2. Rb; standard

3. Methanol-H,O phase of the incubation mix-
ture of Rg, (10 “%) and rat liver cytosol
fraction

4. Methanol-H,O phase of the incubation mix-
ture of Rg, (107°%) and rat liver cytosol
fraction

5. Rc standard

6. Methanol-H,O phase of the incubation mix-
ture of Rg; (10 %) and precipitates at 45~
65% (NH,),SO, saturated cytosol fraction

7. Methanol-H,O phase of the incubation mix-
ture of Rg; (1073%) and precipitates at 45~
65% (NH4),SO; saturated cytosol fraction

8. Re standard

9. methanol-H,O phase of Rb, (107%%) and
rat liver cytosol fraction

10. Methanol-H,O phase of Rb, (10 %) and
rat liver cytosol fraction

11. Rg, standard
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