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Effect of Ginseng Saponin on ATPase Activity of Mitochondria
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53 AE level o] 41 9] oo dntg F9 34 Rat =
3 ¥4 mitochondrial ATPase(adenosine triphosphatase)
T4 = & deoxycholate, ouabain 2 DNP(dinitro-
phenoD-g-of efate] Ql4t saponin o] ojm @ o g
PlAE 7hE A dgl

2. MEYY 9 M=

1) Mitochondria £5

200gm. o] o] AAE A F AAsle HE AE2g 2
3.5~6.0gm. 2] gray matter & 98] volume & (.32M
sucrose -4 (pH 7.4 with KOH)3} 4]¢] teflon homo-
ginizer  pestle & 1038 A5tz PSRy guz
homoginize 5131 t}. o] suspension & 600xg 2 102
ZH A ¥ supernatant & 23] 10,000Xg 2
1582 44 28l a oo A2 pellet & 0. 54 volume
2] 7] sucrose 8§35} o] 23] 10,000Xg & 1537
A2t AAg Qo) sediment & —20°~
—27°C oA mastgie A7l BE z3e 4°C o3
o] A 8§ &tgl 2= mitochondria 9] % & Biuret method
= FA39

2) 2l4 saponin fractionation

AAHCH-od 4k W AL) 12kg o ethyl alcohol 601 & »}st
o 1597k 33] YA AL FAL 58404 Ty
&3¢9 300gm. 9] ethanol extract & ¢3¢l t}. o] ethanol
extract & 5wl ek 2] F-4 ethanol & WA sl Heho) X
39 ether & 7}sled JHP AAL 446z Be
HHez 33 wkEg g B4 AAY AxA7 2R
(20gm. )& saponin fraction ©. 2 &}¢it}.

Separation of saponin fraction from the root of panax
Ginseng

Material
l Percolate with ethanol for 15 days at
room temp. Filt. Repeat 3 times.

Ethanol soln, Residue

, Evaporate to dry
Ethanol extract

| Solve at anhydrous ethanol. Filt.

Ethanol Soln, Fi]t’rate
'Add equal volume of ether. Filt.

Precipitate
' Dialysis

Saponin fraction

3 Al oF

a) Tris-ATP

40gm. 2] A6 50W~X 8 resin & (. 4N HCI £ 40m] ojf
WAL 5EZ AR e 4 Bt v w179 2
T2 A 587 Awele] $ 2L whe) o] 45
PHZ} 5.27F A7 wl8g & resing A E)
£ & A et wgieh. Na,ATP 8gm
25ml o] £o %<l whg resine] sleted 15387 wul
G §9 A4l resin g A 5mle] ZEz
94 Fal el e Pagi dA4e pHt
6.80] =& Tris salt £ A sle] Tris ATP = o9
3 Spectrophotometer £ 259my o] 4 3}k ZR 35}
—20°Coll B3 35)¢gd e}

b) 7|8} Alet-& sigma % Merck 3] ALA] <] 2] ok-g A}
% s,

4 Mitochondral ATPase 4% =3

7t ¥bg-el-& 100mM Tris-HCI pH 7. 4, 100mM NaCl,
30mM KCI, 3mM MgCl,, 3mM Tris-ATP & §1-8-4] 7 ©.
= saponin, DNP, ouabain 8 deoxycholate & 4] & o] 4]
AAtEe FEE At HF AAFL Iml 2 5 =
o] #&& 37°C 9 shaking batho] 537 EojE s
2~3mg/ml of reaction mixture 7} % %2 mitochondria
+ #A7lste] 1087 o incubation §+1 2. 5% Trichlo-
roacetic acid & 7}3le uh-g-& Fa Azt AAH B
APDE o] uhgA2 A B¢ Horwitt o] uhuo
18 F43le] ATP ase 4 =& uM Pi/mg protein/
hr & 3 A s} o}

lo Hu

oft oft

% b oo (M

3 HE 4y

1) 24t saponin 0 2|3t Hgt

914t saponin € medium ¢ ¥ 3 incubation Sl &
% saponin = 2Jste] 3 o) A 2] mitochondrial
ATPase R 5] 4 JF& v|HA oy d1g o1} )
33 A 2] mitochodria 9} saponin § 587} =n]g] incub-
ation 3o medium 4] ¥ 1-¢ w] mitochondrial ATP-
ase $A Eo] AR 445¢ BAAATL. = saponin
& medium o] Y 3 incubation 31 -&nj 105, 107gm. 9
saponin o] 4] Z}7b 41.046.9uM, 40. 30. 4uM B4
HEZ 39.946. 5uM el w8 1.5%(0.8<P<0.9), 0.7
% (0.8<P<0.92] F7}& saponine 2J& o &g
AdA Eatde e saponin €& mitochondria ¢}
#1 ¥ incubation 3 ol mediume] @91 oj = 49, 2+
5.6uM 24 13.6%(0.001<<P<C0.01)2] 493 At
FATAHEL 2.
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Table 1. Effect of various concentration of Ginseng

saponin fraction on ATPase activity.

ATPase activi- .
Conc. of relative
Ginseng tgrééglilr{ 7}1‘% P value activity
0 39.946.5
107® 41.0+6.9 <0.9 1.5%
10 40.3+0. 4 <0.9 0.7%
1075* 49.2+5.6 <0.01 13.6%

”;JI’ndicates tﬁé mitochndria was pretreated with
Ginseng prior to incubation. Incubation medium
contained 100mM Tris-HCI pH 7.4, 100mM NaCl,

30mM KCI, 3mM MgCl,, 3mM Tris~ATP.
Incubation was for 10min at 37°C.
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Fig. 1. Relative activity of ATPase in various

concentration of Ginseng saponin fraction.

* Indicates the mitochndria was pretreated with

Ginseng prior to incubation. Incubation medium

contained 100mM Tris-HCI pH 7.4, 100mM NaCl,

30mM KCI, 3mM MgCl;, 3mM Tris-ATP.

Incubation was for 10min at 37°C.

2) DNP 2} deoxycholate off &[5t ®st

Medium ] deoxycholate(0.1%)%t »} 3w o
T 39.842.4uM o] wE] 46. 6+4. 0M(P<0. 001D
BA o3 ATPase ZA =] A& A s
deoxycholate 8} DNP(ImM) & ¥ A& 49<¢ A
44.442.04M (0. 01>P>0. 00DEA =3 =] Y& A
5 B#A I e, deoxycholate ul A § A%
2ot 238y #e ghs vd Fgon TAHcE $9
& Aol olglrl (0.2<P<0.3). DNP(2mM)2}
deoxycholate £ A2} 3} &wf & 49.6+1.3uM 24 o
A B EE B 24.6%(P<0.001)9 ErtE S8 A
%% ¥ oy deoxycholate wke] 73¢9} »]sle] $2]
t A5E wASA EGe(E2 282,

b o]

Table 2. The effect on ATPase activity of Na-
deoxycholate with or
concentration of DNP.

without various

ATPase activity lative
M/mg P value | '®2%
pﬁ) tein/hr activity
Control 39.8+2.4
Na-deoxycholate 46.61+4.0 | <0.001| 17.0%
Na;‘};*ﬁ’l‘,y(ﬁ};gﬁge 44.442.0 | <0.001 11.6%
Na;dgﬁ{{,y(czlﬁﬁge 49.61.3 | <0.001] 24.6%

7 Incubation me({ium contained 100mM Tris-HCI pﬁ
7.4, 100mM NaCl, 30mM KCI, 3mM MgCl, 3mM
Tris-ATP. Incubation was for 10min at 37°C.
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Fig. 2. Relative activity of ATPase in Na-deoxych-
olate with or without DNP.
3) DNP &} Ql4} saponin ¢ 2|3t Hgt
DNP & mediume] 931&=] 0.1, 0.5mMe]4&
ATPase &4 ol %719 A45& ve] Fgl oy EAA
22 ofu gl gk ol gla ImM, 2mMel A& 239
2 ATPase 84 5o o4& w9z DNP 2mMe] 4%
2u) g ATPase ¥4 =0 3}7-¢ 4 kg k. DNP

2 medium of

Y3 mitochondria ¥ saponin 3 =]g
incubation 3} o] Wb-8-2) Z-2w] & o 2-Fof w5} A)a]
ATPase 3JE% 4% A7 ¢ & DNP 7 $xq 9
% ATPase 84 =& Q4 saponin & EAHow $9
T go® 45 AL 53 DNP ImMe 23 3
o} A5F9 ATPase @4 57} 214} saponinol] 2]l £
gl gher 3% Hedch 22l DNP 2mM s} Q14t
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Table 3. The effect of DNP on ATPase activity with or without Ginseng saponin fraction

DNP only

DNP-+Ginseng(107°)*

|

Conc. of DNPGu) | STPase setivty | pe | reltve | AP actvity | p e | ratve
0 39.9+6.0 '

0.1 42.9+7.2 <0.1 7.5% 49.6+3.3 <0.001 | 24.7%

0.5 42.941.4 <0.1 7.5% 48.4+1.8 <0.001 | 21.3%

1.0 37.540. 4 <0.3 | —6.0% 46.1+1.1 <0.001 | 15.5%

2.0 30.9+1.0 <0.001 —22.5% 38.1+2.1 0.2 | —4.5%

* Indicate the mitochondria was pretreated with Ginseng prior to incubation. Incubation rﬁedium contained
100mM Tris-HCI pH 7.4, 100mM NaCl, 30mM KCI, 3mM MgCl;, 3mM Tris-ATP.

Incubation was for 10 min at 37°C.

w0t 0 T DNP+Ginseng saponin
DNP only
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Fig. 3. Relative ATPase activity in DNP with or

without Ginseng saponin.

saponin & FAlol 7 Q¢ & 38 142 1uM 24
g 27 g dA Rk (E3 27 3).
4) Deoxycholate 2} o14t saponin off o|8F A&k

Deoxycholate ¥} medium o] @ ¢ &% mitochondrial
ATPase 4 =+& oETY 38.8+3.9uMeo]  w]sle
47.3+3. 7uM 24 21.9%(P<0. 002 F7hE #9%
AL&g #A st ). Deoxycholate 9
4 o] mediumo] ¢ i incubation 3t51-& 7% 48.6
+0. 1uM 24 d =27 2eh 25.3%(P<0.00D2A o
Al o e #A . Q4 saponin € mitoch-
ondria 2 =]2] incubation 3}« deoxycholate 7} Eo] §]
+ mediumo] 2§ o 49.130.4pM 24 w274

gl A} saponin

—1

~

{

Table 4. The effect of Ginseng saponin fraction on
ATPase activity with or without deoxy-~
cholate.

ATPase activity .
4M/mg P value gilt?\t/li‘t]e
protein/hr y

Control 38.84+3.9

Na-deoxycholate 47.3+3.7 | <0.001] 21.9%

Na-deoxycholate

4 ginseng 48.61+0.1 | <0.001 25.3%

Na--deoxycholate

_'_ginseng(lo—s)* 49 1i0 4 <0 001 26 5%

* Indicates the mitochondria was pretreated with
Ginseng prior to incubation Incubation medium
contained 100mM Tris-HCI pH 7.4, 100mM NaCl.
30mM KCl, 3mM MgCl, 3mM Tris ATP.
Incubation was for 10min. at 37°C.

o
jo)

cetivity (%)

n
o
T

Retotive

o
T

1 : !
+Ginseng +Ginseng®

No-
deoxycholote
Relative ATPase activity in deoxycholate
with or without Ginseng.

* Indicates the mitochondria was pretreated with
Ginseng prior to incubation. Incubation medium
contained 100mM Tris-HCI pH 7.4, 100mM NaCl,
30mM KCl, 3mM MgCl;, 3mM Tris ATP.
Incubation was for 10min. at 37°C

Fig. 4.
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Hlaked 26.5%(P<C0.001)2) $oj4 Atzg #A3LA
471 AlZbAl A gl 4] ATPase 344 5 &= o 2 F-ol w3}
ol 22 21.9%, 25.3%, 26.5%] Frtz. AR 2o}t
EA%E Be] FYA 2} group Ao o1ah Aol
= WA F Q34 274).
5) Ouabain 3} 214} saponin o ot Hgt

214 w9 =R mitochondrial ATPase Ty =E
ouabain 0.1mM & medium<] M7} 319 W =
2] 27.3:+0.8uM 3t} 24, 6. 14M(0. 001 <P<0. 01)
24 Angle dAE BedFAeh 22t} ouabain 3}
saponin & A A7t e wW 32.240.54M 24 o
Exel vlal 17.9%(P<0.001)2] %7} 2 ouabain o 9
M AAd ATPase A EE ofzx79 3+ 27.3+0.8

Table. 5. The effect of ouabain on ATPase activity
with or without Ginseng saponin fraction.
ATPase activity lative
UM/mg p value | [€1atlv

protein/hr activity

Control 27.310.8
Duabain(0. ImM) 24.610.1 | <0.01 | ~9.9%
‘-’“a%a_igﬁ ginsting 32.24+0.5 | <0.001+17.9%
Incubation medium contaiend 100mM Tris-HCl

pH7.4, 100mM NaCl, 30mMKCI, 3mM MgCl;, 3mM
Tris~ATP. Incubation was for 10min at 37°C.
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©
»
w
-1of
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Quabain Quabain(0.ImM)
(O.1mM) +Ginseng (1075 )
Fig. 5. Relative ATPase activity in ouabain with

or without Ginseng saponin fraction.

UM B} ofe] 9l Aeg we 29 (P<O. 001
(5 =§5).

4. 1 &t

2 A¥lA <4t saponin #3 o] mitochondrial
ATPase A= n|X& 98¢ & A3 94 saponin
£ A&35 medium 3} 4k8-A71 group o4& saponin
FTxo FAglel ATPase 4 =5 57} A71A ol 3t
% 2.1} saponin 3} mitochondria & vl#] 587} incubat-
ion ¥ ¥ medium 7} k3417 group A& FAH o
Z ougle F7ME we Feh o A4 4
saponin 2 mitochondrial membrane o] <41-2 wn]3x o
24 1AM o2 ATPase 4 =& F7407 5439
ATP 7} ATPase ol <8 3]sl & Ago 24 =43
< 7b5A+ AAksln Yt

Oxidative phosphorylation ] enzymatic mechanism
<+ A "3l chemical coupling hypothesis®? o 2]5}w]
4b3lEl ATP forming site 2] respiratory carrier(Aox)
+ high energy-intermediate'® 112 ([ )9} A gs}ed
high energy linkage(Aox~ [ )& ¥ A5l o] AYEL
t}A] coupling factor(E)'* ¢} wk-g3}e] coupling factor
-intermediate complex(E~ | )& A&l ¢] interme-
diate = inorganic phosphate(Pi)$} x| 3l3led E~P &
@A ste] ADP 9} m-§éle) ATP7 A"z FA46
I g A7) dHe S EL A en dojges
DNP &, TF5Ho s ATP E dAA7)E Aox~] %
2 E~ 1% 7424 5le] phosphorylation 2] A4 &
ATP & 7}4-#3] x| dephosphorylation & Z#] 3z}
3 A7stx glvh. Mitochondria 9] ATP-hydrolyzing
system(ATPase)& & A1 o Ae BRI o}
14718 (latent ATPase) DNP & #] 2] 514 1} mitochondria
' 2 AH8AYT AR Fe 34 FEo| incubation
FozA = 3w A caprylate ©| A g & mit-
ochondrial membrane *Z o 9%-2 nlx FYE7} &=
o} A v}3(active ATPase) Wi 5 QQeHD 191 DNPIs)
+ soluble ATPase system of 4] 2. ATP & »}4-2& 5
%7t A7l 2.2 mitochondrial membran X &g
u] XAl g3 ATPase systemo] 24 #8303z ATP
ase YYEF 57} Actn 232 99

€ 498 AFAAE 3984 9l deoxycholate =
23 ATPase ¥4 =9 deoxycholate $} DNP & 3}
A& group ol 49 ATPase YA Aloloj& W o]
& RFA o}t o] A3E DNP S ATPase of
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o] 8 =42 mitochondrial membrane 2] £A4 202 ATP
ase B E W dFe A gE Aoz AHHI
gt

28]} DNP 2 54 ATPase 34 =9} DNP ¢} 4l
A} saponin-g 7o] el §k ATPase g4 525 vadhd
DNP @502 A s = v saponin 3 7 A
215 ATPase B EE AFE drgle S7HE &
o F3 9leh o] A=A 14t saponin 3} deoxycholate
i DNP o] 2]3 mitochondrial ATPase B AR
e ARez 98¢ vA Aede A Apsta glek

= saponin & mitochondrial membrane T-Z°i E4%
n]z 7454 Rtk ATPase system A o A" AL

A5 Ak g F1%e]  deoxycholate R
Z7}5] ATPase $4 =& g4} saponin 9 A€ =2 o9
Qe gare AN Estger ol& saponin g ATP-
ase 34 =5 HE 8- membrane £ fsted ¥
garo] &g AA ATk oh&s oz A& DNP
o] 23 ATPase 34 %o deoxycholate & =23
ARl 9e¢ AAEe weld ATPase system o =
A saponin o] A& 7t¥AE& AA .z Yt

o] A P59 QA A YA 52 saponin o]
g L Eds wad AQa4 A4 saponin ¢ 7%
2o g 48 28] & saponino] ¥1F A3
ofztebe nash BAA ol Y& AAEL Yk

WDNP & 6X10-°M 74x& DNP Hxof &3}
ATPase ¥4 =7 7181t <) 2] DNP of 4 £ mitoc-
hondria ¢] °F3} incubation A 7t3} ul#E e RIE
n]2o] yo} & AYPel4 DNPel A phosphate ¢
S8t W F7HEA odd AL DNPY FE7F A
YiAez Aedx Yt

mae Fyg-Frte] Nat—K* activated ATPase 9P
microsomal Na*—K* activated ATPase & oA|g+o 4
YAte B3 Nat, Ko o] 5¢ ARGy nid
ouabain &2 mitochondria ¢] %4 K* uptake & W}
#EA ol mxz u|Fof mitochondrial ATP
ase o] Fgol= ¥ Fgo] gl Aoz AAHY 24
¥ o] 4 = phosphate 4215 @A eHA FL AR o] 7
45 ATPase ¥4 =5 <4 saponin& YAINA 25
Aoz g AN A4t saponin 2] mitochondrial
ATPase system o] @ =& % bzt g+

2. A¥o]A ouabain of 23k ATPase g5 7ha
L ouabain o] ¥E Fojol o3 JFoz ArHITt

DNP# 29} Zo] E~1 & Aox~ [ ¥ 723 3
o] ATP hydrolysis & 714 7)%& o}E-& mitochondria

o 3FE FANNLEA RARES ST 2L
7 o]2o] ¢ P 5o] w¥ 3 saponin e morphine,
amphetamine o] o8] A TFE A F7 A
L xge 2 4% a4 saponin¢] ATPase A=
2 209 AL Bl Yo F54 32 A+t

5 4 £

1 2a =52 9] mitochondrial ATPase o & 4l
A saponin o] 9 && WA 33t

2) Mitochondrial ATPase ¥A =& QA saponin &
mitochondria $} preincubation o] A1z &« 2J=lglE F
7% 2o FHh

3) Deoxycholate == DNP ] mitochondrial ATPase o
g Ago] W AL WA o] AT

4) <14 saponin & DNP o 234 i 3l5] ATPase
FYEE ugdE #oz F7F AA

5) ol4t saponin-& deoxycholate o] 2jste] F7hd
ATPase 84 =0 ¥ d&¢ vAA ok AL+

6) 14+ saponin-& ouabain of 23} o} A 5] ATPase
FHEE drlge Fo 2 SR

7) 14 saponin -2 mitochondrial membrane o] ¥ 3}
= zo)5}7] meb: ATPase systemo g -§3he]
ATPase FA =5 37 A7 Aoz AsdH

ABSTRACT

Effect of Ginseng saponin on ATPase
activity of mitochondria

Soon Yong You, M.D.

Department of Pharmacology, Coltege of
Medicine, S.N.U.

Mitochondria calalyze a group of four reactions
which are believed to represent individual steps or
These
reactions take place in the absence of net flow of

partial reacitons in the ATP-forming process.

electrons down the respiratory chain.

The first of these reactions is the ATPase activity
of mitochondria, which is normally very low but
which is greatly stimulated by DNP, so-called “acti-
vation of Latent ATPase activity”.

In an attempt to evaluate and compare the effects
on ATP ase activity of the Ginseng saponin, DNP,

ouabain and deoxycholate, the experiments were
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perfermed with mitochondria obtained from rat brain
cortex.

The results are summerized as follow;

1. Mitochondrial ATPase activity was increased by
Ginseng saponin especially when saponin was preinc-
ubated with mitochondria.

2. ATPase activity was increased by deoxycholate
but of which effect did not influence on the action of
DNP on A TPase activity.

3. Ginseng saponin significantty elevated the altered
ATPase activity by DNP.

4. Ginseng saponin did not influence the ATPase
activity elevated by deoxycholate.

5. Ginseng saponin significanty elevated ATPase
activity which was depressed by ouabain.

6. It is suggested that Ginseng saponin enhanced
mitochondrial ATPase activity through the direct
action upon the ATPase system rather than the

alteration of mitochondrial membrane structure.
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