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Inhibitory effects of 6§ cardiac glyvcosides on
sodium pump in sheep Purkinje fibers
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ABSTRACT The inhibitory efff_:cts of & car-
diac glycosides (digoxin.meprosecillarin, acri-
heliin, deslanoside, cuabain, K-strophanthin)
on sodium pump in sheep Purkinje fibers were
studied.
and stimulated at 0. 4 Hz regularly.

Isclated Purkinge fibers were used
Intracel-
lular sodium activity {a'‘Na), potassium activi-
ity (a'K ) and membrane potential {E,) were
monitored with single barrel normal and ion-
selective micro-electrodes. It was shown that
a'MNa rose definitely from the concentration of
30 nmol+L ™!, and became more significant un-
til the dose of 0. 4 umol-L .
much faster within the range of toxic doses
(from 1—20 pmol L 7't0 1 mmol+L ™). The
occurrence time of delay afterdepolarization
(DAD) after adding drugs varied with various
drugs used. or with different experiments.
hence the time points of DAD and Aa'Na-
time, concentration relation curves were quite

a'Na rose very

scattered. But when basing on the appear-
ance of DAD as a common time point we cal-
culated the temporal variation of a'Na before
and after toxic effect. the reldation curves in a
same sort of glycoside were kept uniform.
When the toxic effects of glycosides appeared.
the inhibition degree of sodium pump activity
quite 52, 8%
65. 5% ), suggesting that there existed close

was close ¢ between and
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relationship between /sadiurn pump inhibition
and toxic effects of glycosides. Intracellular
lost progressly within the
scope of subtoxic doses {10 — 30 nmol-L ")

potassium ions
and lost more significantly within the scope of
Based on the
resuits of calculation, the inward current in-

toxic doses{(1 — 20 pmoi-L~").

duced by the sodium pump inhibition might be
responsable for the abnormal automaticity.
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MATERIALS AND METRHODS

FLHHHHAETEE, BHER. BTHEH
fE. 23, THFESEXSE VAR, REMWIF
FEEHELT 0.4 Hz P FIE . WER, EFFRUE
Wt EE Y E.), BFERE RO EER
B TiEENEA (Baw=F. —F.) BERELER
E AR (DADII R ERFE. 4RI TS MERH
WA, MMBA Na” (& a'Na). PR FEH
(PAYEHIAR AT K IEE a'K ).

B4y S RRIE.CmU I S O (B 7 0 B e
Digoxin (Boehringer £ &>, Meproscillarin (Knoll I
7] Y. Acrihellin (Degussa Pharma Gruppe 7 7] 2.
Ouabain (K ali-chemie £+ %7, Deslanoside (Sandoz 2:
F)), K-Strophanthin {Boethringer %5}

RESULTS

MPAFEEN(PAIKINE a'Na MEB{ETE
0. 4 Hz )8 BE Rl - o) BT 1 S o il Bu. ;% B
FERHEHEBAN Na‘viEE . HREN 6.0
0.9 mmol+L ' =13).

WHFR IR TE RGN EEN 2%
M) tE Na i8R Z S M Nat g B2l
umol L™ (A B, Y HMEPR) a'Na
FREEZERSTHNEN (F—5R, B—stzED
aNa B EISER, TURERETERBF
RIERMEXR. 13 TR FX R
SEE N 7.9 umol+L ' -5s7'F mmol+L '+
2.5n=13). ¥HE¥ 7.9 umol-L '-s7L
HEXR. ETHRA Na"EHEYS aNa B
IE R, FEE—HA NatkK¥ LB H
0.79% RIZABMEAY Na*t7E 1 s HEE Y.
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Fig 1. A record of E, and a'Na durlng exposure of

Purkinje fiber to subtoxic (0.2 mmoi+L™'} and toxic
(1 mmol+L~’) doses of acriheliin.

A Action potentials recorded by pon —selective [(NS)
and Na‘-selective (SS) electrodes,

B: E,.and a'Na after adding acriheliin.

FEEZEM (2.5 mmol L™ R EEH (4
mmol+L ') #E B cuabain F a'Na H 5 85250+
fal.Z BB IEAE 3= (Fig 2). M Fig 2A F]
UFE, B4ERPe a'Na EHEBEAS., @
LAHF LR DAD B ad [a) 76 R [F) 47 4 2148
L R—T. MEL DAD gy IIEN— It R
I R R . 188 DAD H BUAT )5 A #7 40
B Na*iE B A Ak . E BT LU & R R 3R
L TIRE a'Na TRl T R SRk
(Fig 2B).
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Fig 2. Iniracellular sodium accummulation afler
exposure of Purkinje flber 10 ousbaln. (AY: The
nrrows Indicate the first dispiaying of after depoiar-

ization. (B)}: Iniracellular sodium changes against

the first onsel of afierdepolarization as a common
reference polnt (arrows).
Purkinje fiber.

. ERERCRIEMNRN KTELPER
B, WLEHEHFETERAAT DAD L LR 2
5 Aa'K B, FIERE AT X K.

# a'Na T, FRECREERNE
F et a'Na EH M. i NatERE R
(da'Na/dt) 5t MP L FHAERP(Tab
1. MiZ ¥ FF L Digoxin 5| £ M
Ha'Na Bt Nat* #E B £ B Bl B # & F
Deslanoside B ¥R {H.

TE Tab 1 FIMS¥ER £, &0 8980
B EH: fE H B et 20 8 31 1% ShAm il 89 & o B

MEREXRTIEFMEARA NaT £ 5
EHER 0.79 Y%, ¥ Tab 1 7 aNa AFTHEE

Each symbol represents n

5.3 — 5.8 mmol-L7}, “EREINERHLS
ETHA Na~E3%E S 3.

PA(D) = 42.1 — 45.8 pmol*L~" s

HE R RS TR R AR
BEHEEE., HHEKR. aNa S EREFE MM
RBEKT, Nat BN, HITETEN. H
. BEHER AR Na TR EEN 51 30E
IS . PA(D) = Na; (0).

) NatHipy /A R F W 4T s B
NatHishBL I RSN HE S ew) BB #
BT R S (B — E0 BB R Naj = g
(B End.

El, 432010 Nalf = PA(0) = g %
(Ewa— EL(0)), B Tab 1 EHLFF DAD % EhF
MR TEERK, TLERERN gL
T ZEE ATHLSXEAdHES SHE
5 DAD B4R Z Nat BRI,

Naf (DAD) = gy, > (£n(DAD) — E,
(DAD)) £2]
aR[2]5 AN HE, BRN NatEHEKEE
FE. RO PH g H R3],

Naf (DAD) = PA{D) X (E,,(DAD)—E,,
(DAD)}/{En (0 —E_ (0] [2]
A[B RN SE S .M AROCRATIGE MP
ATEBEMBE Tab 1 54, 550 . ¥
a'Na (Tab 1 20D HER B A NatTHRES,
¥ Nernst 2XF A FH Y En (00 M B, (DAD).

Tab 1. Sodium measurement. ¥4 s ‘P<0. 01 vs eonirol.
a'MNa/ . / Resting potential/
Steroid Y mmol+L™! da NFEA_LP c_lt[ m¥
Control U ptake pma 8 Control Ascent

Digoxin 12 5. 44 1.8 5.843.0° 5. 712,56 —83.0+45. 2 9.442.3
Meproscillarin 5 5.341.2 4. 713. % 3.9+0.4 —81.847.0 1.8+ 4. 4
Acrihellin 8 5.71+1.2 4.34+2. 5 4.614+2.5 —B2.644. 4 5.31+3.5
Deslanoside 5 5 44 0.6 3.842 5 344 1.2 —83.245.7 B. 0427
Quabain 5 . 5.8+1.2 5 0+2 & 3.9 5 —83.546.2 5.31+2. 6
K -Strophanthin -] 5. 7127 39407 3.6 2 —82.542.8 7.94+4.2
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Tab 2. Inmhibition of sodlum pump at the beglnning of toxlelty-
Basic state Sodium Pump rate FPump rate Pu
of influx tactual) (possible) b bmp /
- pump n inhibition
Steroid PA 0}/ Naif (DADY/ PA (DADY/ PA (might)/ e
pumol*L ™' »s™! pmol*L~'es™! pmol*L~'es™! pmolsL " leg™!

Digaxm 2.7 36. 2 30.5 23. 5 65. 5
Meproscillarin 42.1 36.3 32. 6 79.40 59.1
Actihelin 45. 40 39.3 34.7 79.0 86. 1
Deslanoside 42.9 37.6 34. 2 72.5 52. B
Quabain 45. 8 39.6 35.7 85. 3 58. 2
K-Strophanthin 45. ¢ 33. 8 35.2 75. 85 53.6

¥Hixw 2R AALA[BIEAIH R Y DAD k&
B Nat M A E K (Tab 2 F250). M
B Nat SEEEAE (Tab 1 350, EBF)
M—H 2 FEZHEA (PADAD)Y, Tab 2 §
30). B, ¥ DAD HAAT, PA B¥E XS
mEl., HFENHBLORAESTE a'Na H.,
BEMAEEDRZINRKETHRFEREGEH
BN Y.

PA {(might) = 7.9 X a'Na(DAD)
L les ™)

HHEBRBKEF A Tab 2 450, M@E
oA ER SRR YEE TGS E
WHEEDHE % (PA (might)-PA (DAD))/
PA (might) X 100 CEF| A Tab 2 §51). M
Tab 2P H BB LCREHERAFHBTHERD
ME e EaER 62.8 % — 65.5 2. H
Digoxin MEI B AC K. W deslancside £ {%.
BX—HAERTENRFBRESHERE
(SHERAE . BEENRS) HEER T7
ﬁ%lﬁ.ﬁ_

2K BN HEO4Hz fIEMTHBAK &
104. 64+9. 5 mmoL L™ '(rn=14). Fig 3IBRT
MmO K ERAM—H. BELEFEREN
AP. iCFRE LA GHATERHICHEY Ea T
gRRMARA KTFEYEA. IRRERE
JEM Py KT iERE. [P Meproscillarin J5 &
FEFI B AL (MDP YR TRE. TEREHEMRAL

(umal

(_0-1 mmol-L_l) Hd‘ Ed]f_f&&ﬁ{ﬁ’ Eﬁ?&ﬁ
(0.6 mmol 'L~ ")i#k— R

A>
e o
— g ™S

Conirol 0.l mmol - L7 05 mmol»L™"
Hmm 30 min

oo ol R S Il I
100~

| DAD

tFE
Id'f-

L 78

a'’k/mmel - L™ E /mv

10 I mmol - L™ [0 5 mmot - L'

14 min

Flg 3- A record of Eu and a'K durlng exposure of
Purkinje fiber to meprosclllarin. A: Actlon poten-
tials recorded by NS and SS electrodes. | B: Fuand 2'K
after adding meprosciliarin.

EEEEBEMN. 'K B (Aa'K/aK
(0320 . HEFBEERFMHRICFRAT
MM KTHZEHEkR.

TR R EE digoxin £/ F . AR 28
FEFREA KX AR E a9 et 8 st
ZxRT T Figd. HETUAEK EXES
MP B RARX R, X 2K WHABHREHT 8
THLEEY. X BT, e KTERRM
SR DAD BN FTEF Mt B7 LA
XEHHE L BB ERE. .

JLRHE.LERE a'K BB T Tab 3.
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Tab 3. Potasslum measurement. -+s “P>0.05. "P<70. 01 vs control.
) a'K /mmol-L ™' Resting potential /mV
Steraid ? Control Loss Contraol £ 0ot ;:r:;cent
‘Digoxin 4 111. 24 13. 7 —2,3+2. 3 —g2.041.2 564101
Meproscillarin 6 103.54+11. 0 —5.01L6.9 —B0.7L6.1 3.310.8
Deslanoside 4 101. 04 14. B —12.313. 4 —B1.54+5. 3 7.013.5
Quabain 3 102. 84+ 10. 3 —18.31x2. 7 —B4.014.5 3.74+0.5
K-Strophanthin 6 104. 54+ 13. 4 —24.119. 0 —B5.214.8 10.84+7. 2
2 ,rﬂ . B AFRA LSS AR B,
?E o {HE {17 DAD g %EY PA MR HH
§ ™ . % FEHSHEN. E, T, BORE
T s R e ¥ fE A B P2 (R BN DAD 8 B HRAED 5
& -w vh HFE DB IREE 2 FAE B % R
7, "9 N BORSIEEREINBRET o BIEFE Na-
< —an] g Ca Bl K74, EH B/ —FrIEH.
E W e AEK L, & T RSB TR
N PTORPEFE . K . BEBSN R TR TEHE H SR BB Na
HHEHITERER, FERUEERBEHES
T T TS Tl Tl pRdeHE. FEFELA Faraday B OEH SN H

Time before and alter 1oxic effecin of digoxin ./ min

Fig 4. Depolarization. K ° loss . and beglnnlng of 10x-
ic effect {arrows) after adding dlgoxin 0.10 — 3.25
mmol+L~'. Each symbol refers 10 a Purkinje flber.

MHPALIEH ., £ DAD REZ W, B+ T#
HHEEN. 2R OW (digoxin, meproseil-
larin) Frgl MK HN K* EREDLFKEEHEH
(deslanoside » ouabain, strophanthin), X5

EIMARESNNNHEE (Tae 2) k.

DISCUSSION

MR F(Fig 2B, Fig DEFH, BRI
DAD B BAE R — 3L By a8 36 55 2 5 1
H g, BFE LR Aa'Na (B A K I ¥
WEEEEFELALAE /. WH. £ DAD H#
I, Ma'Na(BEAK YRBFIMK. HEI|AEITHE
Yok, EiE—BEERESY. W Tab 2 BrR,
DAD BHW HBIET, g MBRBE N 58 K &

¥, BEBRLHAEHAEMHNER/ AR
H (5.9 10° em®+L 2. BE[NME Nat g
H: 92 nA/em?, BB EEHHE 1 uF/em’t. X
IR R S ERLE 92 mV s '"HEER
B X —BEAE Y T A e A IR R AR
. BREMEE ca’ EHEFRE, Ca® N, #H
MR Ca® B, X—HHSIREWSE, Bt
W exF ., ATERTIR. X—dBBEm
B ER—tEENEHEUEMBERE W
B, E@EWRSIEZXGAMBRET. E&
DAD HBAATH. XRFOTREERIFEERAER
REFARHIL”, BXRI{E#H—FRETE
BRFRMHEE. H—FHEHMN Tab IFLIEFY,
digoxin & deslanoside ZEEHFHE{E B X 6@y
AHa'Na, ¥ Na* 5 BCE ¥ DL B R & shin i &
BEHEHMHEGEN. Bk, BT MRS
HERS, FREHER B EE X DAD M1k
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ABSTRACT
1

4-Aminopyridine (4-AP) 1 mg

kg™ " sc at the scruff induced a licking re-

sponse in mice. H, receptor blockaders, such

1

as diphenhydramine HC1 (1. 10 mg kg™, sc

at the scruff or 40 mg - kg™, ip). chlor-

1

phenamine maleate (20 mg kg !y ip}. and
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BUTEEG.)

%

astemizole (2 mg * kg ™!

+ ig ), inhibited the
licking response caused by 4-AP. Repeated
injections of 4-AP (1 mg kg™ ') reduced the
times of lick and the histamine content in the
skin of injected site. 4-AP also promoted
histamine release from incubated mouse peri-
toneal mast cells (PMC) in a dose-dependent
mannef. The results indicate that the licking
response may originate from the histamine lib-

eration of mast cells.

KEY WORDS
behavior; histamine H; receptor blockadets;
mast cells ; histamine liberation

4-aminopytridine; animal
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