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Influence of the Hot Ethanol-Water Soluble Fraction of
Bracken Rhizome on Na-K-Adenosine Triphosphatase Activity
in Rabbit Red Cell Membrane

Ki-chun Yang

Summary

The influence of the hot ethanol-water soluble fraction of dried bracken rhizome ( bracken extracts) on
the Na-K-activated ATPase activity in the rabbit erythrocyte ghosts was investigated. Also the studics
on the relationship between amino acids-activation and the bracken extracts—inhibition on the Na-K-
ATPase were performed. The results obtained were as follows :

1. The activity of Na-K-ATPase in the red cell ghosts was inhibited by the bracken extracts, And
the degree of inhibition in the 4X10_4g%and gx104 g% concentration of bracken extracts were
significant ( p < 0,05)

2. The activation of Na-dependent ATPase activity was inhibited by the 4X10’4g% of bracken
extracts when the sodium concentration was increased gradually and the concentration of potassium was
maintained constantly in the working medium,

3. The activation of K-dependent ATPase activity was inhibited by the bracken extracts when the
potassium concentration was increased gradually and the concentration of sodium was maintained con-
stantly in the working medium,

4. The activation of Ca-dependent ATPase activity was inhibited by the bracken extracts when the
calcium concentration was increased gradually and the sodium and potassium concentration was maintained
constantly in the working medium.

5. The activation of Na-K-ATPase was produced when the amino acids containing a typical active
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group ( NHy of lysine, OH of threonine and imidazole of histidine) were added in the working medium,

The bracken extracts did not inhibit those amino acids-activation of Na-K-ATPase,

6. The bracken extracts produced remarkable inhibition on the Na-K-ATPase activity which was

stimulated by a typical SH group of cysteine, when they were simultaneously added in the working

medium,
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thiamine o] &S 7] = £oll thiamine K SES- i
B A ok BRe Ao HI BERR
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polyphenol antithiamine factor ( Evans, 1959,
Yoshihira et al, 1978), isothiocyanate % ACEERE S}
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Table 1. Arrangement of the operating test tubes and working solutions
( Case of influence of bracken extract concentrations on Na-K-ATPase

activity)
working solutions fest tubes

1 2 3 4 5 6
0.2M Tris-HCl buffer (pH 7.6) 0.2 0.2 0.2 0.2 0,2 0.2
20mM MgCly 0.1 0.1 0.1 0.1 0.1 0.1
800 mM NaCl - 0.1 0.1 0.1 0.1 0.1
170 mM KCl - 0.1 0.1 0.1 0.1 0.1
RBC ghost 0.1 0.1 0.1 0.1 0.1 0.1

Extracts
1x 1073 g% - - 0.1 - - -
2x 1073 g9 - - - 0.1 - -
4x1073 g9 - - - - 0.1 -
8x 1073 go - - - - - 0.1
15 mM ATP 0.1 0.1 0.1 0.1 0.1 0.1
Distilled water 0.5 0.3 0.2 0.2 0.2 0.2

ﬁ;]‘_ #IMEKTFS- Lo} hemoglobin-free ghost& <
7] 9&to] Rosenberg I Guidotti (1968) ] FHik
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Wo 2 2@ HLFHESTH st 4 15 mOsm
Tris-HCI buffer o 2 1@ ksl mEaE
Hi#o) Qe AAfo] BS M (ghost )& dof Xk
ol GRS o
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me™ & et o7l W #e 92 RERS
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Heparin ( Liker 8 ), Tris, EDTA, MgCly, NaCl,
Ethanol (99.8%),
Lysine ( L} Merck B ).
acid, L-Histidine ( L1l Kishida®), HCI, KCI,

tjo

L- Threonine, L-Cysteine, L-

Aminonaphtol sulfonic



1*]»2]&3@9]7 hot ethanol-water soluble fractiono| E A MERIES] Na-K-ATPase i vx|= W 5

KHo POy, Ammonium molybdate ( Ll |- Wako 8§),
TCA (Yoneyama 8 ), HpSOy ( Showa B ), Sodium
sulfite ( Nippon Shiyaku®§), ATP { Sigma $).

Table 2, Measurement of standard
curve of inorganic phosphate

ImM KiyPO,  Distilled 2% AM" Regucing
Standard sol. water Eg]mgcr;te reagent
(mg) (mg) (n{“ (md)
Test cuvette
No,
1 0.2 8.3 1.0 0.5
2 0.5 8.0 1.0 0.5
3 1.5 7.0 1.0 0.5
4 2.0 6.5 1.0 0.5
Blank cuvette
0 8.5 1.0 0.5

» Reducing reagent: 0.25g of Aminonaphthol
sulfonic acid and 0.5g of Sodium sulfite in
100 m¢ of DWW,

& £
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Fig.1. The effect of hot ethanol-water
soluble extracts concentration of
bracken rhizome on the ATPase

activity of red cell ghosts.
Temp, 44TCipH 7.6 ATP 1.5mMi Mg 2
mMi Na 80 mM;i K 1TmM, duration 1 hr,
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Fig.2. The effect of sodium concentra-
tion on the ATPase activity of red
cell ghosts in the presence and

absence of bracken extracts.
Temp. 44T pH 7.65 ATP 1,5mM;: Mg?2
mMi K 1TmM. Duration | hr, =—e Bracken
extracts absent, o—o Bracken extracts 4X10

&%.
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Fig.3. The effect of potassium concentra-
tion on the ATPase activity of red
cell ghosts in the presence and
absence of bracken extracts.

Temp. 44T pHT7.6 i ATP 1.5mM;i Mg 2mMi
Na80mM. Duration |1 hr, «—e Bracken ex-
tracts absent, o—o Bracken extracts 4x10
£%.
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Fig.4. The effect of calcium concentra Fig.5. The effect of lysine in the pres-

tion on the ATPase activity of red ence of bracken extracts on the
cell ghosts in the presence and ATPase activity of red cell ghosts.
absence of bracken extracts. Temp. 44T pH 7.65 ATP 1.,5mMi Mg 2mM;
Temp, 44 T+ pH7.63 ATP 1.5mM; Mg 2mM:; Na80mM;: K17mM; lysine 15mM. Duration
Na 80mM: K17mM. Duration lhr. +«— lhr,
Bracken extracts absent,o—¢ Bracken extracts Ext: bracken extracts 4 x 1074 g%,
4x1074 g%.
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My . <
€09 i '3
A i o] Lysine 2] Na-K-ATPase [HHEHE )
BonfEel ol 7 BB M5 o 2o 38
o "
Lysine & HAchel e o Uepbs Nak-ATPase . & OFf
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Fig.6. The effect of histidine in the pres-
ence of bracken extracts on the ATP-
ase activity of red cell ghosts.

2= o o
E RnfERCl vl A= - W6 b ok Temp. 44T pH 7.6 ATP 1.5 mMi Mg‘2mM§
Na-K-ATPase jG#:ME= Histidine o] fk3lod % Na 80mM3 K17mMi histidine 15mM, Duration
1 hr.
4 mmetd ok, oAk R4S Histidine .2 i Ext: bracken extracts 4 x 1074 g%.
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Fig.7. The effect of threonine in the pres-
ence of bracken extracts on the ATP-

ase activity of red cell ghosts.
Temp. 44T pH 7.6 ATP1.5mM3 Mg Z2mMi

Na B0mM:i K17mMi threonine 15mM, Duration

Lhr,
Ext: bracken extracts 4X10’4g%.
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Fig.8. The effect of Cysteine in the pres-
ence of bracken extracts on the ATP-
ase activity of red cell ghosts.

Temp., 44T+ pH 7.6+ ATP 1,5mMi Mg 2mM:
Na 80mM: K17 mM; Cysteine 15 mMs Duration

1hr,
Ext: bracken extracts 4 x 10-% g%.

Cysteine & w}al7}2] 2 Na-K-ATPase EHEEE
ERAZAE g2} o]2)gF Cysteine 2] ATPase
EHES ERA7 = MEEMRS oAb sl
tkal A HESHA = ol ek,

z K

Abebe] AR ERAA ( Danowski, 1941, Sen %! Post,
1964, Whittam 3} Ager, 1965) & v 235} B4
( Ahmed % Thomas, 1971, Ahmed et al, 1971,
Albers % Koval, 1972, Blostein, 1968 ), ¥ (Cahri-
Bitron % Bino, 1971, Essner et al, 1958), IR E
( Spater et al, 1958), [, ( Kennedy % Weer,
1977), 2301 2] E AW @#ERE ( Bonting 54
Caravaggio, 1962, Caldwell % Keynes, 1957), A

ol jig ( Skou, 1957), BR W 4ol BEXRE



FA] RS} hot ethanolwater soluble fraction o] WHE HK MRS Na-K-ATPase {EHE cixl= 8 9

( Albers ¥ Koval, 1973) %ol 4 =< ATP-
ase = 1 BfQl ZBE Yot REAMSE= @
Hapol 4 o] Fol 2 &= o] 29 fERYel BRI &
£ WEsL lohe BXo) o2 HAEE (Leest
Kiaus, 1971, Schwartz et al, 1975, Skou, 1962 )ol|
tkate] R8sl o] ek

w3t ®RO AmERES FIFS od2hA R
#po] Na-K-ATPase &Ml vi2= @S #E
3 = vich (&, 1976, 1977, #F%, 1976).

& Kol A= RE AMHBES A 24
2] EiREES] M4 ( hot ethanol-water soluble
fraction ) o} Na-K-ATPase o Gt v]3]+= &

2 mEatach

ATPase of IEHEEES HHE A7) HEZAE Ma?!
Na*, K" %9] fBo]22 u] &35l amino acids, A
3§, aconite, serotonin, pilocarpine, catecholamines
#o] 9l p ( Schwartz et a, 1975, 2 % &, 1974,
=, 1976, 1977, fB%, 1976), #Hlste A CoE
4] 3= anthraquinone, digitalis, strophanthin-G, pro-
methazine, chlorpromazine, diphenhydramine, qui-
nine, KSRFIR M, 2Hp0, diphenylhydantoin, oligo-
mycin, ethanol %o| )th( judah 3 Ahmed, 1964,
Lee #F Klaus, 1971, Schwartz et al, 1975, &, 1977).

£a @l Wl g Ei MBS Ca?t
(Dunham ¥ Glynn, 1961), Ouabain ( Schwartz
et al, 1975) 5} o #o| fFEES = kel whabA
Yefo] ch2A) vhebbi= hydroxylamin ( Bader %
Broom, 1967) %% 3t}

ATPase fEHEEEE Kol Ml KA
p®o ik pHrE UF EAY 22 dHdAs 8
5 02 & pHel 7~8 (Dunham R Glynn,
1961) 2 HeFFels] skl pH 7.6Q iREHE: K
%ol @A 22l Bl Bel s i
ol fkate] BES o E RERES ANR
ol FlAsidy REBE 44T 5 #Fretslch

Whittam (1962 ), Whittam 3 Ager (1965), Sch-
wartz et al (1975) 3= Na* 7} K*ol {k3}o f&tkik
5]4= Na-K-ATPase} MEHUR POfilel Naol2-2 #
fatkol = WKEESRGrSL MR ARl K o) &5t
ghfte) 2= RS Aok ®ASHA S K

(1 BRES 5> #) ( RBC ghost ) & o] 5 o] 2] #3 &
@fo] Eo U2 ol o] 25l REKMNM 4
A S| JH Efrel fEAsHA 2 ez 4
2tx] o} 28d) Skou ( 1957, 1962) o] Wikel 4=
Mg?* 7} ATPase o RMEBfrol #&d = w24
o] BFE7} BEE(ss ofrlel Na® =t K'7b@mmsl
o —fF o EEfksicke sl ek

Okita et al(1973), Schwartz et al (1975)oll fk3}
u] ATPasecl i &8 o| 20 W3 &£4° RER
fr7} olcks R, % (1976, 1977) K3}
w] o] E¢¥ol: NHy, OH, imidazole, SHES X
RESfr 7} 2lar o] iEME#Ee] fkSled Na-K-ATPase
= i—fF EtEdctz #&sdch

A Wl A bl dEAS- Na-K-ATPase itk
EE EEs MEstsch HepolHE 4x1074
2 8x1074 g% @ES MHIEAS AEol BT
H90 52 (PC0.05) & el 4x104¢g%
2 A e KBREL &3t

KRS Naol2s} Kol2o] #ES M
7123 4] Na-K-ATPase EtiEES FEI &R, N
ol o]t} Kol g 2 @l #MK #in~
7boll ufz} Na-K-ATPase 1EMEEE7H 23] LAd)
Ak oL o] F o[ 5o otF MEsIAY &
5 2 $o Bfoel Ar KEMel BFHH
YEfASle ATPase 7} 2Ms] Etkfksl= =3 #
gE7} ol=AT il ol FickES MRS el on
ATPase 9] FEHES LRSIV, ¥ #EdA=
ols o] 50| RESN MAMRE A tiol
4 ERs A Eee A2 et

olm mabe] MM Fimsts Hihol of®
HEol ol 5 ol 29| KMESKfrel {EASte ATPase
ERES Mt s Ao g #HERc

28z nAE HhEg-S Caoldo] ME Bl
w2 = Cal* dependent - Na-K-ATPase {G{EfES] 18
mfERlS- s Mgsid ol olMdt EASE
] malel s pehe) of® #ES Na, K, Cacf
253 @Rte] U KBl fERsH
ol.90] o]sh4 EiE{Lsl = ATPase EEES MH
= A& gk At

KME#-S Lysine, Threonine, Histidine

ol

stz A

og

—49-
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RIS kg wAbel A (FRIA 7] NaK-
ATPase GHEET %4 WA ot ol ojulk
Boll f&kolod Binxl Na-K-ATPase [E{ERE #IH
ahx) Rehalch o) WK olFol Lol Lysined)
NHy #, Threonine 2] OH#, Histidine®] imidazole
% %o FItEFol tkdho] HEtE(LS = ATPase 9|
REESel Abel i MHm T RS
Zehx sl e Lok

2, Cysteine 2 FIRET RBEAIE o
Aol Bhitgo] Cysteine o MIMIERI S EHSH 41
HI3hol o}, o)L Cysteine ©] SHESL 3.A}eHith
}S) Na-K-ATPase iEptEe] MMIfEMIs= 2o
S A s A2 Prs]=dl Cysteine
o] ¥E¥EHQ] SHEol fksf 4] /EiE({bsl= ATPase
o) REESRAz] zAbe] shittidpol (EAAA 2 &4
S mHlste loks A R3belh

olelgt sLAtaje] Na-K-ATPase [Et¢EES  #1Hl
= fEARS B (1977) 7} WMT) anthraquinone 9]
fER vl g RS Ak 2% FWWo| in
vivo kol ol m =3 wAle|HiithE HER

RHS iR MESte A 2ol ohur] W ol
HEMNCZ MEY v o & WS &
o Tl hHHigpo] Na-K- ATPase, Na-ATPase,
K~-ATPase, Ca dependent-Na-K-ATPase %9 %
BES TF MEE B ohdeh SHiel el i
#1bsl = Na-K-ATPase & #i#lst= fFH-2 o2
7}3 REE #Rsla 2

#E X SHEE (1973) = S At Kehih
Hipe T ob28fo] 783 fERE Hepd
ot 4 @GS oL @R KAl

9 SHiEgl kel MBS sReby HESHA o,

SHEZ zAte)e) ABR S-S MEst 7=t #
o b okl ARBA A 2Afete F
BN KA SHES] iEED M MHls o
BRST WAl A @il B0l BiES] WA
of o1 e o fERel ERbL M ol o)
Z O HEEY Uk

w3 Rl ¥ MBEEN ATPase 1EH:E| (K
T7F MBS ok Sk ( Ellory ¥ Tucker, 1970,
Harvald %, 1964, Williams, 1972, # %, 1973,

& 1978) %3] mERS] MAMET} ATPase (EHEE
o ET= e BfR7 .02 KmE M B
2 Fifme @R BEY KEZS B/E, AMm
ROl A 2R BRmEe] 51k =3 iR
o) WA mMKEEE A7) BMbe] 3
o] 7] wf F-off ( Levine, 1975, [Li{B %, 1975, £,
1978) oleldt mMHWARE & zAhejol ke $F
ER-E zAbe)o el rix] HEBRAE B ATPase
o] iEEEE ETA7= BFL HED (ERS 3
2 Uoka gz o,

W =

Nao] &5} Ko|goll fkall A Etkfksl= MHRA
9] Na-K-ATPase [E#EfEo] W3t s1+4te) ity o
RS BB Bsld RRE FmEk ﬂﬁf?l‘](R-
BC ghost ) & nh5e] 7Ad®] B435ty = 24
2] 9] iR 4| hot ethanol-water soluble frac-
tion S S WSl o Hyii4o]l RBC ghost 9 Na-
K-ATPase &tk Bl W (FH-S MBI HR o
£ 2 BHRS JAUuh

1. zAe]#%¥2] hot ethanol-water fraction -2
Na-K-ATPase o] /EtEEES REs] MRl EH
ol o} 283 4x1074g% L 8x10°4 g% M
Eel MBIERS itz F8ito] FEwesddrt
(P<0.05).

2. oA S-S Naol 2o M Al &
3t Na-K-ATPase &S] HBINE MEEHA o,

3. Al M2 Kol2 @S] ffnoll k3
Na-K-ATPase {EtEfES] @5 HIHISHH ot

4. Cao| 22 ME Mhipell wWE3= Ca dependent-
Na-K-ATPase (&S] e sAbe2] il &
A HEE] oo,

5. siAlaj %S NHy, OH, imidazole #ol| &
A EEILE & Na—K-ATPase of [RFESNIo] fEMH
sl gsker,

6. SHEol tkal 4 EtE{k=l< Na-K-ATPased]
KEERGrel ol 4 2 Abe] sl MR fF
Hshel e},
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& O#

ARRES BT Aol HEY BHES AT
A XBE REHKE BN #ifd, 22z #
ol EES ROt T4 SRALE WA RER
£ PR K HEA oo 2 Bae X
& 2P
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