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Abstract—Isolated left guinea pig auricles and cardiac Na,K-ATPase from calf heart were incubated
with highly unsaturated phosphatidylcholine {PC) for 2 hr. Thereafter the actions of ouabain on Na,
K-ATPase, and of ouabain, digoxin, digitoxin, isoproterenol, acetylcholine, pentobarbital and different
extracellular Ca** concentrations on contractile force of the auricles were investigated. PC itself altered
neither the ATPase activity nor the intracellular ionic homeostasis, nor contractile force of the auricles.
Similarly, the staircase phenomenon, the contractile response to different extracellular Ca’* concen-
trations, to pentobarbital and ouabain, and the extent of ouabain-induced inhibition of the ATPase
were not influenced. In addition the toxicity of ouabain was not altered. However, the rate of develop-
ment of the ouabain-induced ATPase inhibition, as well as of the positive inotropism and toxic effects
of ouabain, digoxin and digitoxin was markedly reduced. The maximum inotropic effect of digoxin
and digitoxin, and the toxicity of digitoxin were significantly enhanced. Remarkably, the binding of
[*H]digitoxin was significantly diminished in PC-pre-incubated auricles, binding of [*H]ouabain, how-
ever, remained unchanged. The dose-response curves to isoproterenol and acetylcholine, the latter
also in the presence of physostigmine, were markedly parallel-shifted to the right. The modifying effect
of highly unsaturated PC on the action of the drugs studied is suggested to be due to an altered

physico-chemical state (fluidity) of the outer surface of the cellular membrane.

Numerous investigators have provided evidence that
a close functional and conformational interdepen-
dency exists between the constituents of cellular mem-
branes, ie. proteins and hpids [3,8, 15,2225
30, 60, 61]. Microarchitecture and functional state of
many membrane-bound enzyme proteins are depen-
dent on the presence of specific phospholipids which
are attached to the protein in the form of an annulus,
This has been proven for example with Ca-ATPase
[50,80,81], Na,K-ATPase [10,63], adenylate cyclase
[36] and phosphotransferase [65] (for review, see
11a). A decrease in the amount of specific phospho-
lipids associated with the protein or an exchange with
different phospholipids will alter the enzymatic
properties [10, 18, 63, 74,79, 84].

The membrane-located Na,K-ATPase which is dis-
cussed as specific binding site for cardiac glyco-
sides [5, 17, 19,62, 69, 71], also belongs to the type of
phospholipid-dependent protein. The enzymatic ac-
tivity is entirely dependent on the presence of a speci-
fic phospholipid-annulus [10, 32, 63, 83]. The presence
of these phospholipids influences essentially the bind-
ing of ouabain to the enzyme [10, 20].

In the present study, highly unsaturated phosphati-
dylcholine {PC) was allowed to interact with mem-
brane lipids of a cardiac NaK-ATPase preparation.
Since the ouabain-induced inhibition kinetics of the
enzyme were found to be altered, the question arose
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of whether phosphatidylcholine also might influence
the effects of cardiac glycosides as well as their bind-
ing to cardiac tissue in isolated heart muscle prep-
arations.

Additionally, under identical conditions the actions
of Ca?*, pentobarbital, acetylcholine and isoproter-
enol have been investigated.

Compounds. Digoxin, digitoxin (Boehringer, Mann-
heim), isoproterenol, physostigmine (Boehringer, In-
getheim), ouabain, CaCl,, L{+) ascorbic acid (Merck,
Darmstadt), pentobarbital (Knoll, Ludwigshafen) and
acetylcholine iodide (Schuchardt, Miinchen) were
used.

[*H]Jouabain (sp. act. ImCi/0.05 mg) and [*H]digi-
toxin (1mCi/0.038 mg) were purchased from NEN
(Boston, Mass.) The radiochemical purity of the drugs
was checked by thin-layer chromatography (TLC,
0.25 mm layer of silica gel 60,54, Merck, Darmstadt),
The solvent systems were cyclohexane/acetone/acetic
acid (49/50/1 and 65/33/2, v/v/v) to separate digitoxin
and possible derivatives, and methanol/chloroform/
water (45/45/5) in order to trace ouabain. The radio-
active spots of the chromatograms were monitored
by means of a radiochromatogram scanner (Packard
model 7201/385) and compared with pure reference
compounds. The radiochemical purity of the glyco-
sides was greater than 98 per cent.

Highly unsaturated PC (Nattermann, Koin) of a
mol. wt of about 800 was stored under nitrogen at
low temperatures. The fatty acids of this PC consisted
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of 85% of oleic, linoleic, and hnolenic acids (16:0
12.5%. 18:0 2.6%, 18:1 9.0%, 18:2 70.19;, 18:3 5.87%).

The purity of the PC was thoroughly analysed
according to the method of Walker [78] with TLC
{0.25 mm layer of silica gel 60, Merck, Darmstadt).
The solvent system was chloroform-methanol-water
{65:35:5). The spots were identified by comparison
with pure phospholipids (Serva, Heidelberg). The
chromatograms were semi-quantitatively analysed by
means of a densitometer (Vitatron) and by plani-
metry. The lysolecithin content of the PC amounted
to less than 5 per cent.

ATPase. Na*K?*-activated, Mg®" -dependent
ATPase was prepared from calf heart ventricular
muscle according to Matsui and Schwartz [48] in-
cluding the purification with sodium iodide [54]. The
enzyme preparation was deepfrozen in liquid air and
stored at —20". The protein content was determined
by the method of Lowry ef al. [39]. The enzyme ac-
tivity was measured using the coupled enzymatic-
optical assay [70] by means of a spectral photometer
{Unicam SP800). The sp. act. of the ATPase repre-
senting the total activity of the purified preparation
including its ouabain-insensitive component was
determined at 36° and pH 7.4 in a medium containing
(mM) 100 NaCl, 10KCl, 5MgCl,, | EDTA. 50 Tris,
and amounted to 29 ymoles P;/mg protein/hr. Maximal
inhibition of the ouabain-sensitive portion occurred
with 1 x 107*M ouabain and amounted to 92 per
cent of the total activity.

In order to investigate the influence of PC on
ATPase activity the enzyme was suspended for two
hours at 0° in the aforementioned medium containing
additionally 0.01%, PC. Prior to addition. the PC was
sonicated at 150 W for 3min in an ice bath. There-
after the enzyme activity was determined at 36, and
was found not to be affected by the presence of PC
as compared to controls. At varying ouabain concen-
trations both the time to equilibrium of inhibition
and the degree of inhibition of the ATPase activity
were measured in the presence and absence of PC.
PC revealed no measurable influence on the ATPase
assay system activated by ADP in the absence of
ATPase.

Isolated guinea pig auricles. Guinea pigs of either
sex weighing 300-450 g body wt were used. The left
auricles were dissected from the hearts and suspended
in an organ bath.

Mechanograms of the isolated auricles were isome-
trically recorded by means of a strain gauge. The auri-
cles were preloaded with 0.5 g and electrically stimu-
lated by rectangular pulses {4 msec, 10-30V., 3 Hz).
The Tyrode solution (in mM: NaCl 137.0, KCl 2.7,
Ca(l, 0.9, MgCl, 1.0, NaHCO, 12.0, NaH,PO, 0.21,
glucose 5.5) was oxygenated by a mixture of 959, O,
and 5%, CO,, the temperature was maintained at 32,

The auricles were equilibrated for 120 min in a Tyr-
ode solution containing 0.1%, PC sonicated as de-
scribed above. During the equilibration period the in-
cubation mixture was three times exchanged in order
to minimize the formation of interfering degradation
products of the phospholipids. Thereafter the auricles
were incubated with phospholipid-free Tyrode solu-
tion. After an additional equilibration period of
10 min the drugs in question were added to the organ
bath and the effects continuously monitored. The con-
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trol auricles were equilibrated for the same time
periods.

With respect to the effects of the cardiac glycosides
special attention was focused on the rate of develop-
ment of the positive inotropic effect and on the time
to onset of toxic signs, i.e. increase in diastolic ten-
sion.

At the end of the equilibration period in both the
controls and the PC-pre-incubated auricles the
sodium and potassium content was determined by
flame photometry. The auricles were blotted by a
standard procedure, ashed in I ml of a mixture of
equal amounts of HCIO, (60°) and HNO, (65%),
and re-dissolved in 0.1 n HCL For each set of experi-
ments the Na* and K* background was determined
separately. The cellular Na* and K* content was cor-
rected by subtracting the extracellular amount of Na™
and K*. The calculation was based on an extracellu-
lar space size (ECS) of 0.3 ml/g wet wt [9.45].

After incubation with PC as described above the
binding of the tritiated cardiac glycosides to the auri-
cles was measured. After blotting the samples were
dissolved in Soluene® 350 (Packard Instr.), and sub-
jected to lhiquid scintillation counting. The concen-
tration of the tritiated glycosides (in dpm) in the tissue
(corrected for by the amount present in 0.3 ml ECS)
relative to the medium concentration, was expressed
as tissue/medium ratio

T (dpmy/i g tissue — dpm/0.3 ml medium): 0.7
M dpm/1 m] medinm

Under identical conditions as described above for
cardiac glycosides the influence of PC on the effect
of Ca’". pentobarbital, acetylcholine and isoproter-
enol on the contractile force of the auricles was inves-
tigated. With respect to the correct calculation of the
average dosc—response curves, according to Ariéns et
al. [2]. the average concentration necessary to obtain
a certain response was read from the individual dose-
response curves (cf. Fig. 3).
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Fig. 1. Calf heart Na,K-ATPase: influence of 0.01%, PC
on ouabain inhibitory effect. Left graph: log molar ouabain
concentrations (abscissa) are plotted against percent inhibi-
tion (ordinate) of the total activity of the enzyme including
the ouabain-insensitive portion. Right graph: dose-inhibi-
tion curve of the ouabain-sensitive portion. The concen-
trations are plotted against percent inhibition on logarith-
mic-probability paper [37]. Half-maximum inhibition
(iDsq) occurred with 5 to 6 x 1077 M ouabain. @ PC-incu-
bated; O controls; each point represents the mean of five
individual experiments (+S.EM.. indicated as vertical
bars. omitted if it lies in the magnitude of the symbols).
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Electron microscopy. Right guinea pig papillary
muscles which were phospholipid-pre-incubated and
thereafter equilibrated in lipid-free Tyrode solution
as described above were subjected to electron micro-
scopy. No visible alteration of the cell membranes
could be detected as compared to controls.

Statistics. The results were analysed for statistical
significance by Student’s r-test. The difference between
mean values was taken as significant at P < 0.05
{P = probability of error).

Resulrs

ATPase. After a two hr incubation period with PC
the Na,K-ATPase activity and the extent of its inhibi-
tion by ouabain (Fig. 1) remained unchanged. How-
ever the time to equilibrium of inhibition was found
to be significantly prolonged in the presence of PC
(Fig. 2).

Isoluted guinea pig auricles. In both the PC-incu-
bated auricles and the control auricles the contractile
force reached the same level and, due to ageing, de-
creased similarly during the equilibration period.
{Table 1}

After a two hr equilibration period the auricles
were subjected to a stepwise increase in stimulation
frequency (1, 1.5, 2, 3, 4 Hz). Again, there was no differ-
ence between controls and PC-pre-incubated prep-
arations when contractile force or the time required
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Fig. 2. Calf heart Na,K-ATPase: influence of 0.01%, PC on
time to equilibrium of ouabain-induced inhibition of the
enzymatic activity. Molar ouabain concentration is plotted
against time in min. Inset: log-log plot showing hy-
perbolic dependence of time to inhibitory equilibrium on
ouabain concentration. Symbols, S.E.M. and number of
trials as in Fig. 1. With the exception of the lowest concen-
tration investigated all mean values differ significantly from
each other (P < 0.05)
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Fig. 3. Increase in contractile force and time to maximum

positive inotropic effect (p.ie) and to the occurence of

toxic symptoms induced by ouabain, digexin, digitoxin in

PC-pre-incubated left guinea pig auricles (striped bars).
Mean + SEM. * = P < 0.05.

for adaptation of the contractile force to the aliered
stimulation frequency were compared.

With respect to the actions of ouabain, digoxin and
digitoxin, the pre-incubation of the auricles with PC
showed marked differences.

(1} The maximum positive inotropic effect of oua-
bain remained unchanged at non-toxic concentrations
{1 x 107" M: increase in contractile force
(mean + 5.D.) of controls 24 + 15 per cent, n = 8,
of PC-pre-incubated auricles 26+ 12 per cent, n = 9;
attained within 32 + 6 min and 45 + 12 min, respect-
ively, P < 0.05), as well as at toxic concentrations
(Fig. 3.

(2) Digoxin and digitoxin produced at all concen-
trations investigated a significantly larger maximum
positive inotropic effect in PC-pre-incubated auricles
than in controls (Fig, 3). This also held true for a
non-toxic digitoxin concentration (6 x 107%M; in-
crease of maximum positive inotropic effect from
23 + 11 per cent, n= 8, to 39 + 16 per cent, n = 9,
P < 0.05; attained within 22 + 3 min and 37 + 9 min,
respectively, P < 0.05).

{3} After PC-pre-incubation of the auricles the time
courses of development of the effects of the three gly-
cosides were significantly delayed (see above and Fig.
3, Table 2).

Table 1. Change in contractile force (%) of left guinea pig auricles during incubation with 0.1%, PC. Mean + S.D,,

n=2=8
Incubation
period {min) 0 15 30 45 60 90 120
Controls 100 904 + 6.5 808 + 6.1 791 + 54 784 + 79 749 + 99 70.1 + 99
PC-incubated 100 92,8 + 8.7 84.9 + 104 798 + 114 789 + 127 73.8 + 130 722 4+ 116
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Table 2. Influence of 019, PC on time {(min} fo hall-maximum positive inotropic response to ouabain,

H, EnGEL. D. Propre and O, WASSERMANN

digoxin and

digitoxin in left guinea pig auricles. Mean + SD., * =P <0025

ouabain 3 digoxin_ digitoxin
M 1 x 1077 1.8 % 1077 1x107° 5x 107 6% 1078 1x 1077 [ x 107
Controls 14.68 539 2.59 1.03 10.32 8.60 1.67
+3.05 + 1,53 +0.43 +0.13 +3,95 +1.10 +0.43
n=28 1w 16 n=10 n=f n=8 n =11 0o |6
PC-pre- 20.24* T44* 3.32* 1.48% 15,52+ 13.26* 281
incubated +4.87 +2.0% +0.79 +0.28 +343 +248 +0.40
n=9 o § n= 4 noe 7 n=9 =13 o= 13

in order fo find out whether the increase of the
digitoxin-induced positive inotropic effect in PC-pre-
incubated auricles s accompanted by an increase in
glycoside toxicity a digitoxin concentration of
1 x 1077 M was investigated. In control auricles
(n = 12) this concentration was not toxic. In 13 PC-
pre-incubated auricles, however, 6 displayed toxic
signs within one hour after glycoside administration.

In contrast, ouabain, which under similar condi-
tions showed no enhanced inotropism in PC-pre-
incubated auricles was not found to be more toxic
in PC-pre-incubated auricles {(n = 11} than in non-
incubated ones {n = 9}, using a threshold concen-
tration of 1.2 x 1077 M with respect to the occur-
rence of toxic symptoms.

Cellular sodium and potassiwm confent. After the
two hr equilibration period in both controls and PC-
pre-incubated auricles the sodium and potassium con-
tent was in the normal range Controls {n = 5\
K* 875425 Na* 338+ 3.6; PC-pre-incubated
(m=75): K" 903+ 1.7, Na™ 326 + 1.8 (mean +
S.E.M. mmoles/kg cell).

Binding of [*Hlouabain and [*Hldigitoxin to car-
diac tissue. As demonstrated in Fig. 4, pre-incubation
of the auricles with PC influenced neither the binding
rate of ouabain (1 x 1077 M) to cardiac tissue nor
the maximum T/M ratio. In contrast, the uptake of
digitoxin (0.6 x 1077 M} by the auricles was delayed
afier PC-pre-incybation and the maximum T/M ratio
was significantly reduced,

Influence of PC on the action of Ca®*, pentobarbital,
ispproterencl, and acetylcholine. Pre-incubation of the
auricles with PC did not cause any change in the
dose-tesponse curves of Ca** and pentobarbital.

The dose-response curves of isoproterenol and ace-
tylcholine obtained in PC-pre-incubated auricles,
however, were significantly shifted to the right (Fig.
3)

The maximum effects of these four compounds
were not affected by PC-pre-incubation.

Discussion

Phosphatidyicholine (PC) is one of the substantial
constituents of celfular membranes [13,57]. In PC of
mpammalian cell membranes saturated fatty acids fike
palmitic or stearic acid are predominantly esterified
at C, of glycerol. At C, mainly unsaturated fatty
acids occur like oleic, linolgic or arachidonic
acid [52, 76]. The degree of saturation of the fatty
acids influences essentially permeability, conductility,
density, consistency, enzymatic reactions and other
properties of the cell membrane [3, 8a, 12,22, 32a, 46,
72, 731

In contrast to the physiologically occurring mem-
brane-located phosphatidylcholines the PC used in
the present study contained mamly the unsaturated
finoleic acid. The incorporation of such a phospho-
lipid {68, which enhances the amount of unsaturated
fatty acids among the lipd components of the cell
membrane, will eventually lead to an enhanced flui-
dity of the membrane, i.e. a looser molecular packing
[6.12,29,46,76]. _

During incubation of cell membranes with phos-
pholipids (PL) the latter will rapidly be incorporated
into and exchanged with membrane-located lipids of
the outer layer at half-lives of several min as has been
determined for PC [497, whereby incorporation of PC
inte the cell membrane seems to prevail over
exchange [68]. An exchange of PL molecules from
one side of the membrane to the other (“flip-flop™}
seems to be limited due to the asymmetric PL bilayer
of the plasmalemma [49].

PC which at physiological pH does hot interact
with Na*, K" or Ca?* [11, 55, 58, 64] appears to be
almost exclusively present in the outer layer of the
cell membrane [21, 47, 77, 85], whereas the inside sur-
face of the cell membrane is mainly composed of
cation-binding PL such as phosphatidylethanolamine
and phosphatidylserine (PS), the latter being a sub-
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Fig. 4. Influence of PC-pre-incubation of left guinea pig
auricles on {*H]ouabain (1 x 1077 M) and [*H]digitoxin
(0.6 x 10~7 M) binding to cardiac tissue. Ordinate: T/M
ratio {radioactive glycoside per g cell divided by radioac-
tive glycoside per ml Tyrode solution; see Methods). Abs-
cissa: ipcubation period in min. O = controls, @ = PC-
pre-incubated (mean + S.B.M.). Each potnt represents the
mean of at least five individual experiments,
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stantial constituent of the membrane-located Na,
K-ATPase [10,20.21,47,55,58,63,64,77, 84,85]. At
physiological pH. in polarized membranes Ca®*
binds highly specific to PS [42, 55a, 57, 73] thus form-
ing rigid PS aggregates which will hardly be altered
by PC molecules {56].

The interaction of PC with isolated cardiac muscle
tissue influenced the effects of the drugs in very diver-
gent ways. The findings may not be explained by un-
specific impairment of the cell function: after a two
hr incubation period with PC neither the cellular
tonic homeostasis nor the development of contractile
force were altered (Table 1), nor were the staircase
phenomena (also with respect to the rate of adjust-
ment to the altered frequencies) nor the inotropic re-
sponse to increasing extracellular Ca®* concen-
trations changed to a measurable extent. From the
latter facts. including the unchanged maximum posi-
tive inotropic effect of ouabain (Fig. 3) which will
be considered below, it may be inferred that PC had
no influence on the binding characteristics of the in-
tracellularly located binding sites for “coupling™ cal-
cium, nor on the fundamental processes involved in
excitation-contraction {e.c.) coupling. This suggests
that incorporation and exchange of the PC occurs
essentially at the outer layer of the cell membrane.

Similarly, highly unsaturated PC neither affected
the activity of the membrane-located Na,K-ATPase
nor the binding of ouabain to cardiac tissue (Fig. 4).
The polar compound ouabain seems to bind exclus-
ively to extracellularly located specific binding sites
of cardiac cell membranes [16.43]. An intracellular
accumulation of the radiclabelled drug as determined
by means of autoradiography could not be pro-
ven [38]. In own experiments with auricles pre-loaded
with digitoxin an unspecific binding of [*H]ouabain
was not detectable (to be published). An interaction
with phospholipid membranes as has been proven for
the non-polar digitoxigenin [66] is not to be assumed
for the highly lipophobic ouabain. Similarly to digi-
toxigenin the non-polar digitoxin is estimated to bind
specifically by only a few percent to cardiac muscle
tissue [33] and to accumulate intracellularly (“unspe-
cific” binding) [33, 34. 38, 43,82].

According to several authors [5,17,19.62,69, 711
the specific binding site (“digitalis receptor™ is
referred to as the membrane-located Na,K-ATPase
“which binds ouabain, depending on the activity state
of the enzyme [10,23,24, 721

Interaction of cardiac glycosides with NaXK-
ATPase seems to induce conformational changes
beyond the protein of the membrane-bound
enzyme {44, 53]. This change is thought to alter the
characteristics of Ca** binding to the plasmalemma
which will in turn improve the effectiveness of the
e.c. coupling process and thus induce a positive in-
otropic effect {5,41,.42]. In fact, some experimental
evidence exists that cardiac glycosides might alter the
calcium binding characteristics of the membrane-
bound Na. K-ATPase [59,71] as well as of Na,K-
ATPase-containing cardiac sarcolemmal microsomes
{41.84a]}

With respect to these interdependencies, the un-
changed extent of the ouabain-induced positive in-
otropic and toxic effects in PC-pre-incubated auricles

may suggest an unaltered affinity of the ATPase for
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ouabain and no influence of PC on the extent of oua-
bain-induced conformational changes. The unchanged
extent of ouabain-induced ATPase inhibition seems
to correlate to these interrelationships. This interpre-
tation may be supported by the close positive correla-
tion between cardioactivity of cardiac glycosides
[4.7.40] and their potency to inhibit Na K-ATPase
{1a.4.26,31.75]

Remarkably, the inhibition of the ATPase, as well
as the positive inotropic and toxic effects evoked by
ouabain were correspondingly delayed by PC.
Equally PC delayed the effects of digitoxin and
digoxin (Fig. 3, Table 2). This delay may not be
caused by a delayed formation of the glycoside
ATPase complex, since PC-pre-incubation does not
influence the binding of ouabain to cardiac tissue
(Fig. 4). The fluidizing effect of the highly unsaturated
PC could lead to a decreased interdependence
between membrane proteins and lipids [3]. Possibly
this may damp molecular re-arrangements, thus slow-
ing down glycoside-induced conformational alter-
ations of larger areas of the membrane.

The hydrophobic digitoxin binds to a large extent
to unspecific binding sites, as indicated by the high
T/M ratio (Fig. 4). After pre-incubation with PC the
T/M ratio of digitoxin was found to be significantly
reduced, the positive inotropic effect of the glycoside
and its toxicity, however, were reinforced. A similar
increase of the effects was found with digoxin (Fig.
3). The decrease of the digitoxin binding might be
due to a decrease in unspecific binding, since (1) the
positive inotropic effect (“specific” binding) did not
decrease, but rather increased. and {2} a change in
the “specific” binding would be lost in the large por-
tion of non-specific binding,

Many speculations are possible with respect to the
altered effects of digoxin and digitoxin following PC-
pre-incubation of the auricles, A clear-cut explana-
tion, however, cannot be given.

Alterations in the conformational interdependence
between membrane proteins and lipids due to PC-
interactions might also hold true for the specific bind-
ing sites of isoproterenol and acetylcholine. This may
be taken from the dose-response curves of the two
compounds which are considerably shifted to the
right after PC-pre-incubation of the auricles (Fig. 3),
indicating a reduced affinity of their binding sites or
a handicap of the effector systems. {In the presence
of physostigmine, the acetylcholine dose-response
curve obtained after PC-pre-incubation was shifted
to the right as well, indicating that PC did not affect
the acetylcholinesterase). The functional integrity of
these receptor proteins also requires the presence of
phospholipids [ 14, 15, 27, 35,36, 51]. Thus it is not
surprising that the alteration of the physico-chemical
properties of the membrane by interference with
extraneous phospholipids like the PC under discus-
sion modifies the normal receptor function.

In contrast to the compounds mentioned above,
pentobarbital has no specific “receptor” at the cell
membrane. Experimental evidence suggests that the
drug enters the lipid compartments of the cell mem-
brane [28], induces membrane expansion[67] and
decreases the Ca?* exchange rate [9], thus leading
to a negative inotropic effect. In the case of pentobar-
bital PC failed to alter the dose-response curve. This
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Fig. 5. Isoproterenol and acetylcholine log dose-response curves obtained on left guinea pig auricles
after PC-pre-incubation. Upper panel: isoproterenol was added cumulatively to the organ bath contain-
ing Tyrode solution with 5 x 10”*M ascorbic acid to stabilize isoproterenol. At this concentration
the ascorbic acid did not influence the contractile force (n = 6). Lower panel: acetylcholine was given
non-cumulatively in the absence (right pair of curves) and in the presence of | x 10~ M physostigmine
(left pair of curves). Ordinates: change in contractile force as percentage of the maximum effect. Abs-
cissas: drug concentration in the organ bath. O = controls, @ = PC-pre-incubated (mean + S.E.M.).
Each point represents the mean of eight individual experiments. Concerning the calculation of the
dose-response curves see Methods.

may be due to the fact that the action of this drug
is not mediated by a complex proteo-lipid effector
system, but by a more “unspecific” interaction with
the membrane lipids, this interaction apparently being
more or less independent of the fiuidity of the mem-
brane.

Concluding remarks

Pre-incubation with highly unsaturated PC did not
influence the contractile response to different extracel-
lular Ca?* concentrations, the staircase phenomenon,
the maximum positive inotropic effect of ouabain, the
activity and ouabain-induced inhibition of the iso-
Jated Na.K-ATPase, as well as the ATPase-con-
trolled cellular ionic homeostasis. Since the binding
sites for coupling calcium as well as the phospholipid
constituents required for the functional integrity of
the Na,K-ATPase face intracellularly, these findings
might indicate that the extraneous PC interacted only
with the outer layer of the cell membrane.

The PC-induced delay of the glycoside effects both
in isolated cardiac muscle and in isolated Na,
K-ATPase may be explained by an increased fluidity
of the cell membrane thus giving rise to a damping
of molecular re-arrangements. On a similar basis the
modifying effect of PC on the adrenergic and cho-
linergic receptors might be understood.
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