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Effect of Ginseng Saponins on K'-Dependent
Phosphatase Activity of Dog Cardiac Sarcolemma
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Abstract—The effects of ginseng saponins, gypsophila saponin, sodium dodecyl sulfate(SDS),
and Triton X-100 on membrane K*-dependent phosphatase activity which is lipid dependent and
represents dephosphorylation step of the complete Na®, K*-ATPase reaction were investigated
in this study to elucidate whether the effects of ginseng.saponins are due to the detergent action,
using sarcolemma enriched preparation isolated from dog ventricle. Na*, K*-ATPase and K*-depe-
ndent phosphatase activities of cardiac sarcolemma were about 143 umol Pi/mg protein/hr and
34 pmol p-nitrophenol/mg protein/hr, respectively. While ginseng saponins (triol>total>diol) inhibi-
ted K*-dependent phosphatase activity, gypsophila saponin, and low dose of SDS(0.4 ug/ug protein),
and Triton X-100 (0.6 pg/pg protein) increased the enzyme activity, indicating disruptive effect
of detergents on membrane barriers. The activating effect of low doses of Triton X-100 on memb-
rane K"-dependent phosphatase appeared at concentration decreasing light scattering. However,
the inhibitory effect of ginseng saponin appeared before a decrease in light scattering. These
results suggest that low concentrations of ginseng saponins inhibit the membrane K*-dependent
phosphatase by interacting directly with enzyme before membrane disruption.
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Algf—2 Ao AM-FF A|ek2 adenosine-5'-tri-
phosphate disodium salt(Na,ATP, Vanadium free,
Boehringer), ethyleneglycol-bis-(B-amino ethyle-
ther) N,N,N'N’-tetraacetic acid(EGTA, Sigma), so-
dium dodecyl sulfate(SDS, Sigma), L-histidine(Si-
Tris
(hydroxymethyl) aminomethane(Tris, Sigma), Tri-
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ton X-100(Sigma), ouabain octahydrate(Sigma), &
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Table I—ATP,,, activity of sarcolemmal fraction prepa-
red from dog ventricle

Table II—Na'-dependent phosphorylation of dog car-
diac sarcolemma

ATP Activity [*P] Bound(pmol Pi/mg) Turnover number(X 10° hr%)

* (umol Pi/mg protein/hr) 2542+ 136 0.42+ 0.04
Total 1564+ 12.1 Phosphorylation of dog cadiac sarcolemma (20 ug/0.5
Azide sensitive(Mitochondrial-) 35+ 0.1 ml) was carried out at 0C in the presence of 100 pM[y-
Quabain sensitiveNa*, K*-) 1426+ 12.3 ZP]ATP, as described in method. Turnover number
EGTA sensitive(Ca?*-) 23% 01 was calculated by the equation, V=KE(k: turnover nu-
Residual(Mg?*-) 8.0+ 29 mber, V: enzyme activity, E: active site concentration).

Sarcolemma (20 pg) was treated with 0.4 mg of SDS
per mg of sarcloemmal protein as described in Method.
Aliquots of the SDS treated sarcolemma were added
to cuvettes containing the media(for spectrophotomet-
ric determination of ATP,, activity, see Methods). Va-
lues are Mean® SEM of six different assays.
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tase AL 10mM KCl &Astoll A &A= gho
F8 KClo] gl&d A" #& wiolF: AR 3
Sk

Saponin, SDS % Triton X-1002] X 2| Saponin,
SDS = Triton X-1002] °dgkg FAI Ao
duk-g v)2] saponin, SDS ¥+ Triton X-100.2.%
37Col A 1087 A 3 F mAgAS =A3gch
oluf HARt chla] ofy} 2FLAHLE 747} 80ug F
016 M & NA3T FEE 983l saponin, SDS
T+ Triton X-1002 7}etgd.em light scattering A1
YAk Aa childe] oz HEF4AE 2ujE
F7MA A ke F=E YA shlA ygd A
2% B wwE EA|

Light scattering A% -2 23} =+ saponin,
SDS 2 Triton X-1002.2. #=lat Aet 2-44(05

Vol. 36, No. 2, 1992

Data were expressed as meant SEM from three diffe-
rent preparations.
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Fig. 1—Effect of ginseng and gypsophila saponin on

K*-dependent phosphatase activity of dog car-
diac sarcolemma.
Sarcolemma (25 pg) was incubated for 10 min
at 37C with 50 mM L-Histidine (pH 7.4), 10
mM MgCl;, and 8 mM p-nitrophenyl phosphate
in total volume of 2 ml. Activity was assayed
by measuring the absorbance at 410 nm. Sar-
colemma (80 ug) was incubated with adequate
concentration of total saponin (@), diol saponin
(O), triol saponin (2), and gypsophila saponin
(@), for 10 min at 37C in a final volume of
0.16 m/ before measurement of enzyme acti-
vity. The positive and negative signs indicate
percent activation and inhibition by saponin,
respectively. Control: 32.14+ 2.1 ymol of p-nit-
rophenol/mg/hr. Mean values for three assays
are given.

£ 4284 S Ak 414 saponin & diol sa-
ponin# triol saponing H]FEe] o&d= Hh
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Fe Hodrh g, 2% saponing AFEo 4]
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DA A 3ok (Fig D
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P22 oF 24%e] sigd=Elglon] aler ol
pg 10 pg?] <Ak saponin 2 A4 A o] diol,
total 2 triol saponino| A z+z+ oF 15%, 35% L 43%
A = gich(Table IID o]2]3F A4A& 24 saponin
o 9§ EAFAdelA AX7} triol, total, diol sapo-
ninw o2 7t B ooh]z} B 4ol H3k 914) sapo-
nin®] 2H8-7]He] &A% saponinT Ao]lde A}
& gleh

SDS % Triton X-1000] K*-2/Z4 phosphatase

Table II—Activity of K*'-dependent phosphatase of
control and ginseng saponin treated dog
cardiac sarcolemma

Ginseng saponin K*-dependent phosphatase activity
(20 ug/ug protein) (umolof p-nitrophenol/mgprotein/hr)

Control 34.2+27
Diol 291+ 1.9
Total 226+ 1.4
Triol 195+ 0.8

Sarcolemma(25 pg) was incubated for 10 min at 37T
with 50 mM L-histidine(pH 7.4), 10 mM MgCl,, and 8
mM p-nitrophenyl phosphate in a total volume of 2 mi.
Activity was assayed by measuring the absorbance at
410 nm, as described in Methods.

Values are meant SEM of three different assays.
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Fig. 2—Effect of SDS and Triton X-100 on K*-depen-
dent phosphatase activity.
Legends are the same as described in Fig. 1.
®: Triton X-100 treated enzyme. O: SDS trea-
ted enzyme. Control: 32.1% 2.1 ymol of p-nit-
rophenol/mg/hr.
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Fig. 3—Relationship between changes in K*-depen-
dent phosphatase activity and decrease in light
scattering of sarcolemma by Triton X-100.
Measurement of K*-dependent phosphatase
activity and treatment of Triton X-100 to sar-
colemma were carried out as described in Fig.
1. Absorbances of suspension containing 0.1
mg of control and Triton X-100 treated sarco-
lemma in final volume of 1 m! were measured
at 450 nm. Percent changes from control acti-
vity and light scattering(absorbance) were plo-
tted against Triton X-100 concentration. Cont-
rol activity and absorbance were 32.1+ 2.1
umol of p-nitrophenol/mg/hr and 0.1, respecti-
vely. @: absorbance, O: K*-dependent phos-
phatase activity. Mean values for three assays
are given.
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Fig. 4—Relationship between changes in K*-depen-
dent phoshatase activity and in light scattering
of sarcolemma by triol saponin.

Legends are the same as described in Fig. 3.
A: absorbance, ~: K*-dependent phosphatase
activity.

spholipid7}#] A7 stE 24 HA8AE A= A
o2 F5Ect

o[t saponin0| &ZA2tO) light scattering0l] D}x|l=
A&k ql4b saponine] ©]% detergent®} S-A}sk =
L7140 2 salete] K*-9J&A4 phosphatase A o)
35S vlRvhd BEAFEA A 3] K'-9
&4 phosphatase®@/4-& Z7IA1#HoF & 7ol

B ¥ e A}8-3F Q14 saponing] o FEeAE
gl Fob) A ggkeng <Al sapo-
nin< SDSY} Triton X-1007= we] =23 o]z]e

[¢3

o

FP

aaA 2Hgebe] AadAE Ao o= *ﬂ”
ek o] A% Al saponin®] A AT AL
A7t %4"“ o FF= o st d71A el LJrEp)f
Aoz Asrg g A saponino 2 A
3 F ZaA aet FRRY AT nlwEte
Rkl

Fig. 4oll4 2 nle} o] triol saponinZ 2] Al
28R4 FFE P Adgste] ebyte
= diol, total saponin X z|Alel|E o]} Fle] ZEelg)
A35 Bodvk eyl 14k saponin A gjgke] grof
S wl= detergent HzAlel= e AxdAAYo R
olsl =&z (0D)7} 235 7=k

e |

1]

B AYS E3le] SDSE} Triton X-100-2 ool what



134 o] 4lg -

date] K*-9]&A] phosphatase &4¢ &7} wx
aA7led ¥)8 24t saponind A9l 27}
glo] gAube Hlw 243 saponind AAFA o)
Z7bg Hol 9l4t saponin®] 2Hg-o] &A1& sapo-
nin®|+} chemical detergents®] z}-&-3} v}28 < 4=
Atk

K*-¢J&A phosphatase:= Na*
ATPESAHA S AHA 7= Etold, Na*t, KT-AT-
P9t vh7A 2 o] 840 FA Aol AA
o] wl-g- F 23 &S sh= Ao R FeAF Ykl P
4+ saponine] AFelAs AbAIHTA A g
o} & 7] 22 Nat, K*-ATP, . & A gk g 771
7} 9o} 24 saponing®] Na*, K*-ATP,, A=}
4-0] wolaldlel] WoidH= K'-2]&A phosphatase
gAAA G BA7 gleA] £ B Al dg Qi
saponin®] =hg-o] UnbAHGAA ] 243 zle)7}
A F e A7 vk glemg S Az HE
YARkS Felste] o] H& Fpsiych

2 Aga Felgr Au 2ael Nat, K-AT-
P 242 <F 143 umol Pi/mg protein/hro] 2.7 to-
tal ATP, 249 <F 92%Z =xstgdx, NaNs}
EGTAR = &/do] Ao das wkA] & o=

y K+ 'ATPase 0“ 3] 8—1}'

Ro} B3 £3FeE mitochondriavt ZAEA ¢
29de] A9 gl Aoz A4, Palehds} o

njAlg A Fegh B8] ATP o84 Ca?t A #7)
oxalate®] d8rg A3 WA WivlE HolA 24
ZA 9 eodo] gle AR Azstgch ulehy wfS-
v GAoliu} alvt Fgo 4 235 EGTA-sen-
sitive Ca®*-ATP,, BA4-2- 24X 49 Ca?*-ATP, 7}
ohd saute] Ca™*-ATP,o 7]eldt Aoz F=1
t}. ole Z4XAe ATP-&H4 Ca¥ 43
late°ﬂ o)&sh=d] wbel Auke] ATP-o]&A] Ca?t
= oxalated] d¥-& WA kEriE HWom
AeAE ¢ 9k

datg ez A& saponin® chemical detergentt

Eo] FpA T 9l AWy Zgow Falure] -
Al AL AlAste] FARte sieshd s
o A= K*-2}&4] phosphatase &Alol] B3 F4AH
o] AAAA L A AT ] EASAES 2AA ?1’4'1924)
ol#]&t detergente] AHAE Hol Arwe] SDS
Triton X-100¢f] 2j3F FAlate] Kt-oj&A] hospha-
tase BAZrH= IR opr|¥ &4 FAHEY

OXxa-

Zotel 7| pEEeALE EiAel delipida-
tiono 2 A4 L A Ao FAHHG ¥
2 A]3 saponind FAe] B A4 AL FUMIA
¥ ook ZUF AAR a4 349 AAE BelA o
steh. o] A= &A135 saponine] EAdd] Fagt
lipidelli= #9] 9F& 4 ¥ 5AHE =8
7FsA-E AAbske e 2A &% saponine] 3
o] Eafse A4 latent siteF EFAF=d] o]
AR Q] unmasking agentZ ©]|£E 4 9SS 9HA
a3 Qo

B Mg 4] 3Alute]l KT-9]&A) phosphatasesd)
)X QlAF séponin-‘l] Ao} X% saponin®] &
Frtells= =g &olr} 9lsde). 914t saponine} &
A& sapoin®]it SDS9} e wE-dastE X
dthd AHFExe] 4t saponin X)) o]3fe] £
FAagAdo] FrlE|elof 3 Feo|v} diolFh triold] -9
Sefol] ofEde BT JAE Bocks Fo=
n]Fo] 5= ¢4t saponind ol g ARG
Mg o B K'-2]&A phosphatasee] gl
Aol 9le AR F2Fch EF A3 sapo-
ninell aiiE A4E nel o] AAgAe] Fr1d
Bk ozl ¥ E ZUMIAR A S-S el A
9to} 14t saponin® K'-2]&Al phosphatase |
A+8-% saponing] dubHQl g0 F P4 gk
He A2 Azdd.

o]2}3} 214t saponin®} A& saponin % chemi-
cal detergents®] 39t K*-2]&A phosphatased)
g 2hg-2] xloli= light scattering AHOE T
43 & 4 slgich & SDSY Triton X-10073-%-
whsle] o)g SE(0D)e] Rast AL =
7kt A8 FAlel vpehu= Wb, <4k saponiné)
735 Hxe FAarc) B2 e 084S o
Hah= Ao Hol i#Fel At saponind L2
o] Mol AAA ] AL AL A 5
2k Azl

4

riu

AN AdERe g Fejsla HAure] K-
2)#&A) phosphatase #Ald) v]A+ <l4b saponin3}
2% saponin ¥ chemical detergents®] <3¥-&
AESoh

J. Pharm. Soc. Korea



aatedo] A AA AT K24 2oageld 4o oA 43 135

1L ¥4 REFole mEZE=gloh) ZTAEA
(sarcoplasmic reticulum)®] 2.93o] A2l glgdvh

2. ¥Aw 1319 Nat, K'-ATP,, ¥4& oF 143
umol Pi/mg protein/hr=4 total ATP,, &Ae] oF
92%°ll &atgl e, K'-2]&4] phosphatase3Hid-&- ok
34 umol p-nitrophenol/mg protein/hréd

3. o4t saponing &% EHo T K'-2lEA
phosphatase €4& <#3}= ¥4 24| & saponing
AsEelie 284 RN %E 2
= A4 B4 oAls HelA gtk

4. SDSs} Triton X-1002 Agwol s g s
TR AEEdME EAgAS sk

5. Triton X-100¢i| 2]g+ ¥ f28h4 9] Z71= light
scattering®] 7}ax9} A&} FAJe] oot 94t sa-
ponin® ®EA3HA oAl A3= light scattering®] ZH4
o] HFE ielyr}

6. o}4 A2 mFo] <Al saponind & F
EoAz el digt A gAdAswclE KT-oEA
phosphatase¢}o] Ml A3 atg oz a4IAE
AAshs oz AlEsr)

- .
= #

1) Judah, ]J.D., Ahmed, K. and Mchean, AEM.: Ion
transport and phosphoproteins of human red cells.
Biochim. Biophys. Acta, 65, 472 (1962).

2) Nagai, K, Izumi, F. and Yoshida, H.: Studies on
K"-dependent phosphatase, Its distribution and
properties. J. Biochem., (Tokyo) 59, 295 (1966).

3) Robinson, ].D.: Effects of phlorizin on membrane
cation-dependent adenosine triphosphatase and p-
nitrophenyl phosphatase activities. Mol. Pharma-
col, 5, 584 (1969).

4) Robinson, J.D.: Kinetic studies on a brain microso-
mal ATP,,. 1. K-dependent phosphatase. Biochemi-
stry, 8, 3348 (1969).

5) Lane, LK. Copenhaver, J.H, Lindenmayer, G.E.
and Schwartz, A.: Purification and characterization
of and [*H] ouabain binding to the transport ade-
nosine triphosphatase from outer medulla of ca-
pine kindey. J. Biol. Chem., 248, 1797 (1973).

6) Jorgensen, P.L. and Skou, ].C.: Purification and
characterization of (Na*-+K*")-ATP,, in prepara-

Vol. 36, No. 2, 1992

tions from the outer medulla of rabbit kidneys.
Biochim. Biophys. Acta, 233, 366 (1971).

7) Schwartz, A., Lindenmayer, G.E. and Allen, J.C.:
The sodium-potassium adenosine triphosphatase:
Pharmacological, physiological and biochemical as-
pects. Pharmacol. Kev, 27, 3 (1975).

8) Tanaka, K.: Comparison of lipid effects on K*—
Mg** activated p-nitrophenylphosphatase and Na*,
K*, Mg*" activated adenosine triphosphatase of
membrane. | Newrochem., 16, 1301 (1969).

9) Wheller, K.P. and Walker, J.A.: Differential effects
of lipid depletion on membrane sodium-plus-pota-
ssium ion-dependent phosphatase. Biochem. ], 146,
723 (1975).

10) Jarnefelt, J.: Lipid requirements of functional me-
mbrane structures as indicated by the reversible
inactivation of (Na®+K*)-activated ATP,, from
brain microsome. Biochim. biophys. Acta, 266, 91
(1972).

11) Bruni, A., Contessa, AR. and Palatini, P.: Func-
tions of phospholipids in adenosine triphosphatase
associated with membranes. In Membrane-Bound
Enzymes, Vol, 14, pp. 195-207 (1971). Advance in
Experimental Medicine and Biology.

12) Wheeler, K.P. and Whittam, R.: ATP,, activity of
the sodium pump needs phosphatidylserine. Na-
ture(London), 225, 449 (1970).

13) Roelofsen, B. and Van Deenen, L.LM.: Lipid re-
quirement of membrane bound ATP,,: Studies on
human erythrocyte ghosts. Eur. J Biochem., 400,
245 (1973).

14) Wheeler, K.P., Walker, J.A. and Barker, D.M.: Li-
pid requirement of the membrane sodium-plus-po-
tassium ion-dependent adenosine triphosphatase
system. Biochem. ], 146, 713 (1975).

15) Ottolenghi, P.: The reversible delipidation of a so-
lubilized
adenosine triphosphatase from the salt gland of
the spiny dogfish. Biochem. J, 151, 61 (1975).

16) Kim, N.D., Kim, CK. and Kim, BK.: A study on
the tonic effects of ginseng. Effects of ginseng sa-
ponins on the rat heart. Yakhak Hoesi, 24, 15
(1980).

17) Lee, SW., Lee, J.S. and Jin, K.P.: Effect of ginseng

sodium-plus-potassium  ion-dependent



136

o4l g - o145

18)

19

20)

saponin on the activity, phosphorylation, [*H] oua-
bain binding of purified Na*, K*-ATP,, isolated
from the outer medulla of sheep kidney. Yakhak
Hoeji, 29, 76 (1985).

Lee, S.W,, Lee, J.S, Kim, Y.H. and Jin, KD.: Effect
of ginseng saponin on the Na*, K*-ATP,, of dog
cardiac sarcolemma. Arch. Pharm. Res, 9, 33 (19
86).

Gloxhuber, C.: Amnionic surfactants: Biochemistry,
Toxicology, Dermatology. Marcel Dekker, Inc. New
York and Basel, p. 41 (1981).

Lee, SW.,, Schwartz, A, Adams, RJ. Yamori, Y.,
Whitmer, K., Lane, LK. and Wallick, E.T.: Dec-
rease in Na*, K"-ATP,. activity and [*H] ouabain
binding sites in sarcolemma prepared from hearts
of spontaneously hypertensive rats. Hypertension,
5, 682 (1983).

21)

22)

23)

24)

Lowry, O.H,, rosebrough, H.J., Farr, AL. and Ran-
dall, R.T.: Protein measurment with the Folin phe-
nol reagent. . Biol. Chem., 21, 965 (1949).
Wallick, E.T., Lane, LK. and Schwartz, A.: Regula-
tion of vanadate of ouabain binding to Na*, K*-
ATP,,. | Biol. Chem., 254, 8107 (1979).

Wibo, M., Morel, N. and Godfraind, T.: Differen-
tiation of Ca?" pumps linked to plasma membrane
and endoplasmic reticulum in the microsomal fra-
ction from intestinal smooth muscle. Biochim. Bio-
phys. Acta, 649, 651 (1981).

Jones, LR., Maddock, SW. and Besch, HR,, Jr:
Unmasking effect of alamethicin on the Na*, K*-
ATP,,, B-adrenergic receptor-coupled adenylate
cyclase, and cAMP-dependent protein kinase acti-
vities of cardiac sarcolemmal vesicles. J Biol
Chem., 255, 9971 (1980).

J. Pharm. Soc. Korea



