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Abstract-P13, a polyflavane compound, bound to myocardial membranes with various degrees of 
efficiency: sarcolemma > mitochondria > sarcoplasmic reticulum. The binding was enhanced by added 
cations. Partial release of bound PI3 was obtained by washing and the same cations which enhanced 
the binding, inhibited the release. Washing-induced protein release from membranes was prevented 
by bound P13. The binding of P13 did not modify respiratory activity and energy-linked Ca’+ accumu- 
lation in intact mitochondria, but retained a better coupling activity in aged mitochondria by preventing 
cation efflux which occurs during ageing. P13 behaved like a membrane stabilizer since its binding 
diminished membrane leakage and therefore prevented protein and cation passive efflux through aged 
membranes. 

Ultrastructural and metabolic changes induced by 
myocardial infarction are being extensively studied. It 
has been well established that the energetic stores of 
creatine phosphate [I] and glycogen [2] are consider- 
ably lowered; oxygen deprivation is accompanied by 
an important enzyme release [3] and cation 
efflux [4,5], probably due to an increased membrane 
permeability, since alterations and lesions have been 
observed throughout the myocardial cell. 

Previous studies with P13, a polyflavanic polymer, 
indicated promising effects on energetic metabolism 
of hypoxic myocardium, since it favored maintenance 
of higher energy stores [7]; it has also been shown 
in the same study that the (Na+ + K+) ATPase of 
sarcolemma, which controls sodium and potassium 
movements across the membrane, was strongly inhi- 
bited by P13. On the other hand, experiments on the 
electrical activity of a myocardial fiber have suggested 
that P13 decreased potassium efflux*. By these 
various properties, P13 may protect the myocardial 
cell against anoxia. 

The present paper describes the binding of P13 on 
myocardial membranes: sarcoplasmic reticulum, 
mitochondrial and sarcolemmal membranes. In the 
case of mitochondria and sarcolemma, the binding 
appeared cation-dependent and protected the mem- 
branes against protein release. Moreover PI 3 binding 
prevented mitochondrial membrane ageing as tested 
on their coupling properties and the Ca’ + and Mg’+ 
movements. 

In addition, according to Ckafoli [6], mitochon- 
dria are implicated in myocardium contraction pro- 

* Y. M. Gargotiil. personal communications. 

cess by accumulating calcium to initiate relaxation 
while the release of Ca’+ initiates contraction. There- 
fore the effects of P13 on calcium movements through 
mitochondrial membranes have been investigated: it 
has been shown that P13 did not affect the influx 
of Ca’+ and the concomittant respiratory stimulation 
while it decreased the uncoupler-induced Ca2+ efflux. 

MATERIAL AND METHODS 

P13 was obtained as described earlier [7] from the 
“Centre de Recherches Pierre Fabre” and used in pH- 
controlled aqueous solutions. 

Preparation of myocardial membranes 

Known procedures were used as described earlier 
to prepare whole mitochondria [S], purified sarco- 
lemma [9, lo] or purified sarcoplasmic reticu- 
lum [l 1, 121 from pig heart. 

P13 binding 

Membranes were incubated for 30min with in- 
creasing P13 concentrations at &4” and centrifuged 
at 135,OOOg for 90 min (sarcoplasmic reticulum), 
36,000g for 10min (mitochondria) or 12,OOOg for 
5 min (sarcolemma) in an Eppendorf centrifuge. This 
centrifugation of the sarcolemma in 25 mM imidazole 
1 mM EDTA, pH 7.0, buffer, was sufficient to elimin- 
ate the protein from the supematant fluid. Bound P13 
was calculated by subtracting the amount of P13 
present in the supematant fluid from the initially 
added P13; P13 content in the supematant fluid was 
determined by simultaneous measurement of optical 
density at ‘275 and 505 nm. Indeed P13 spectrum 
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showed a high 275 nm absorption band (Efb,,, = 90) 
and a minor 505 nm band (E: ‘$,,, = 4.8); moreover, it 
was verified that the protein and nucleotide release 
was too low to modify significantly P13 determina- 
tion. 

Incubation media (1 ml final volume) were 0.25 M 
sucrose, 1OmM Tris-HCl, pH 7.4 (mitochondria and 
sarcoplasmic reticulum) or 25 mM imidazole-HCl, 
1 mM EDTA, pH 7.0 (sarcolemma) with or without 
added cations such as Ca’+, Mg’+ or (Na+ + K+) 
at the indicated concentrations. Standard P13 curves 
were obtained in the absence of membranes and with 
the same medium and cations when added. 

ide [16] and measuring murexide Ca’+ complex 
absorption with a dual-wavelength Aminco-Chance 
spectrophotometer. Mitochondria (2.4 mg) were incu- 
bated in 3 ml 225 mM mannitol, 55 mM sucrose, 
10 mM TrisHCl, 1.67 mM potassium phosphate, 
10 mM glutamate, 50 M murexide, pH 7.4 buffer at 
30”. The reaction was initiated by 0.333 mM CaCl,. 
When indicated, Mg2 + was 6.6 mM and 2,4-DNP was 
0.66 x 10-4M. 

Assay of ATPase activity 

Results are followed by the standard error of the 
mean. 

Reversal of PI3 binding 

To determine the reversibility of P13 binding, the 
membranes were first incubated (1 ml final volume) 
for 30min with a high concentration of P13 
(75 pgg/ml), spun down as mentioned above and then 
the obtained pellets were washed once or twice: they 
were homogenized in 1 ml incubation medium and 
immediately spun down ; P13 released in the superna- 
tant washings was measured as previously described. 

ATPase activity was measured by the previously 
described calorimetric method [17]. Mitochondria 
(0.8 mg) were incubated in 0.8 ml 31 mM Tris-HCl, 
0.25 M sucrose, 3 mM ATP, 3 mM Mg Cl,, 1.25 mM 
ammonium acetate, pH 7.4 at 30” for 1 min. The reac- 
tion was stopped by 75 ~1 50% ice cold trichloracetic 
acid and the inorganic phosphate liberated was 
measured by the Sumner method [ 181. 

RESULlS 

P13 binding on myocardial membranes 

Protein determination 

The procedure of Lowry et al. [13] was used to 
measure protein release during the washings; other 
determinations were made with the biuret method of 
Gornall et al. [14]. 

Figure 1 shows that all membranes exhibit a great 
affinity for P13 and that in the studied concentration 
range, the binding in the absence of added cation is 
a linear function of P13 concentration; concentrations 
over 8Opg P13/ml were discarded as beyond the 
physiological and pharmacological range. In the pres- 
ence of cations, a slight curvature appeared. 

Mitochondrial respiration 

The respiratory activity of intact, freshly prepared, 
or aged mitochondria was studied by oxypolarogra- 
phy [15] incubating 2.4 mg mitochondria in 2 ml 
16 mM Tri-HCl, 112 mM KCl, 1.25 mM potassium 
phosphate, pH 7.4 at 28”. The respiratory substrate 
was 10mM glutamate; ADP, when added, was 
0.2 mM. P13 effects were studied on state 4 respir- 
ation and on respiratory control ratio (RCR) as 
defined by Chance & Williams [ 151. RCR values were 
calculated by the (state 3/initial state 4) ratio. P13 
was added in the incubation medium for freshly pre- 
pared mitochondria or during storage for aged mito- 
chondria. Ca2+ stimulation of state 4 respiration was 
studied by adding 1.5 mM CaCl,. 

The amount of P13 bound depended on the mem- 
brane type and on cation content of the medium. The 
lowest binding was obtained for sarcoplasmic reticu- 
lum since only 35 f 2.5 percent of the P13 added 
to the medium remained bound to the membrane 
(Fig. la). The Scatchard plots (insert Fig. la) indicate 
that these membranes have two classes of sites with 
very different affinities. 

Cation determination 

Mitochondrial Mg2’ and CJa2+ were measured by 
atomic absorption spectrophotometry. When cation 
efflux occuring during respiration was examined, 
mitochondria were incubated for 5 min, in 1 ml of the 
same medium used for oxypolarographic studies with 
or without 1OmM cation. The reaction was stopped 
by rapid centrifugation with an Eppendorf centrifuge. 
Mitochondrial cations were then extracted by 1 ml 
5% perchloric acid; after centrifugation, supematant 
fluids were diluted in 0.5% La-O.1 N HCl and their 
cation content was analysed on a Perkin Elmer model 
403 atomic absorption spectrophotometer. When 
mentioned, 10m4 M 2,4dinitrophenol (2,4-DNP) was 
added at 5 min and the reaction proceeded for 5 more 
min; finally, it was stopped by rapid centrifugation. 

The binding was greater with mitochondria since 
a 46.5 _+ 1.5% value was obtained in the absence of 
added cations; this percentage was considerably 
enhanced by 3 mM Ca2 + or Mg2+ : 82 & 4% up to 
40 pg P13/ml and 78 f 4% at 75 pg/ml with Ca2+ ; 
89 + 2% up to 40 yg/ml and 80 f 2% at 75 pg/ml 
with Mg 2+ (Fig. lb). Scatchard plots (insert-Fig. lb) 
show that the presence of either Mg2+ or Ca’+ in- 
crease the affinity of mitochondrial membranes for 
P13, apparently without modification of the number 
of sites which in every case are about 125 pg P13/mg 
protein. The binding was apparently unaffected by 
ageing since stored and frozen mitochondria bound 
the same amounts of P13 as intact mitochondria. 

The largest PI3 binding was obtained with sarco- 
lemma: 87.5 + 2% up to 20pg/ml and 78 k 2% at 
75 &ml in the absence of added cations; 100% up 
to 20 pug/ml and 85 f 2% at 75 pg/rnl with 100 mM 
Na+ + 10mM K+ (Fig. lc). Scatchard plots (insert 
Fig. lc) show that there are sites of very high affinity 
besides other sites; because of the very affine sites, 
the Scatchard are difficult to interpret. This binding 
of P13 was not modified if the membranes- were 
stored or freshly prepared. 

Reversal of P13 binding 

Mitochondrial Ca’+ accumulation was also deter- Table 1 indicates that P13 binding to mitochondria 
mined using the metallochromic indicator murex- or sarcolemma was reversible (at least partially) since 
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Fig. 1. P13 binding to myocardial membranes. Incubation and P13 determination are described in 
Methods. The indicated cations were added to the incubation medium. a-Sarcoplasmic reticulum: 
0.27 mg protein/l ml; b-mitochondria: 0.72 mg protein/l ml; c-Sarcolemma: 0.75 mg protein/l ml. 
Each curve is the average of four different experiments; vertical bars indicate S.E.M. Insert: B,F 

expressed as Fg P13/mg protein. 

about 20 per cent bound P13 were released by one 
washing and 30 per cent by two washings in relatively 
small volumes of 1 ml (cf. legend of Table 1); great 
volumes could not be used for washings, because the 
molecular absorbance of P13 is too low for accurate 
spectrophotometric measurements in too dilute solu- 
tions. However dilution by 50 volumes of washing 
medium completely released the inhibition of ATPase 
activities [7] with both types of membranes. 

The same cations which enhanced P13 binding 
(Ca2 + or Mg2+ for mitochondria, Na+ + K’ for sar- 
colemma) partially prevented against PI3 release, 
when added during binding. If they were added only 
in the washing medium, the protection was even 
better. Curiously enough, P13 release also decreased 
by about 50 per cent when EGTA or EDTA was 
added to the washing medium indicating that Ca’+ 
or Mg’+ might form a complex with P13, since they 
were no longer accessible to their chelating agents. 

Such a cation P13 complex formation was 
observed in other experiments when the addition of 

Ca2+ to aqueous solution of P13 gave rise to a “gel” 
and therefore modified P13 spectrum. This gel could 
also be obtained with AlCl, instead of Ca’+ and 
might be related to chelate formation. 

Effects of bound PI 3 on protein release during washing 

Table 2 shows that a low (5 per cent) but a measur- 
able amount of protein was released during washing 
of mitochondria. This amount did not depend on the 
presence of added cations in the incubation medium, 
but was greatly increased by high concentrations of 
chelating agents like EGTA or EDTA. P13 efficiently 
decreased protein release during washing: it totally 
prevented any loss of mitochondrial protein in the 
absence of added chelating agents and diminished the 
large release induced by EGTA or EDTA. 

Eflects of bound PI3 on mitochondrial respiration and 
respiration-driven cation accumulation 

Ca2+ accumulation. Respiration-driven energy can 
be used by-the mitochondrion to accumulate Ca2+; 
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Table 1. Release of membrane-bound PI3 by washing 

Mitochondria Sarcolemma 
Bound % Bound % 

P13 Released P13 Released 
Washing ngcg/mf P13 Washing nglml PI3 

No cation added Before 49 No cation added Before 54 
during binding washing during binding washing 

1 Washing 39.7 19 1 washing 44.8 17 
2 Washings 34.3 30 39 28 

+ 3 mM Ca2+ 
2 Washings 

Before 67 1 Washing 49.7 7 
during binding washing Na+, Kf 

1 Washing 57.8 14 2 Washings 47.3 10 
2 Washings 54.7 18 Na’, K+ 
1 Washing 59.8 11 

EGTA 
2 Washings 57 15 

EGTA 
+ 3 mM Mgz+ Before 67 100 mM Na+ Before 65.3 
during binding washing 10 mM K+ washing 

1 Washing 59.3 13 during binding 1 Washing 58.3 11 
2 Washings 54 20 2 Washings 53.1 18 
1 Washing 60.6 10 1 Washing 60.6 I 

EDTA Na+, KC 
2 Washings 58.3 13 2 Washings 58.0 11 

EDTA Na+, K+ 

Protein amounts: Mitochondria 0.72 mg/ml. Sarcolemma 0.75 mg/ml. In all experiments, PI3 binding was carried 
out by adding 75pg P13 to 1 ml incubation medium (see Methods) with or without Ca*+ or Mg*+ for mitochondria, 
with or without Na+ + K* for sarcolemma. P13 bound was measured after spinning down the membranes as a pellet, 
Washings were performed by homogenizing the pellet in 1 ml medium for 1 mn, and spinning down again; the P13 
released was estimated in the corresponding supematant fluid. When added to the washing medium, EGTA or EDTA 
were IOmM, and Na+, lOOmM, K+ 10mM. The percent of P13 released was calculated by comparison with PI3 
bound before washing. 

this energy-linked cation movement stimulates state 
4 respiration. If high Ca2+ amounts (1.5 mM) were 
added, the respiratorv stimulation was followed by 
an irreversible inhibition in t!ie presence of various 
substrates. The stimulation can be attributed to Ca’+ 
influx, but the inhibition has not yet been explained. 
Fig. 2a shows that increasing P13 concentrations did 
not modify Ca2+ stimulation of respiration but did 
modify the inhibition. In the presence of added Mg’+, 
Ca’+ stimulation was lowered; in that case, P13 
slightly increased Ca2+ stimulation of state 4 (Fig. 
2b). Therefore P13 seemed to slightly enhance Ca2+ 
influx when it was lowered by Mg2+, and did not 
affect it when it reached an optimal rate. 

M Co’+ 

Table 2. Effect of mitochondria-bound PI3 on washing- 
induced protein release 

Released proteins 
Washing (a) 

-Pl3 +P13 

No cation 1 Washing 36 0 
added during 

binding 
+ 3 mM Ca*+ 1 Washing 32 0 

1 Washing with 88 58 
1OmM EGTA 

+ 3mM Mg*+ 1 Washing 34 0 
1 Washing with 56 7 

10 mM EDTA 

Experimental conditions are the same as those described 
in Table 1 (0.72mg mitochondrial protein). The same 
supernatant Ruids used for P13 release were analysed for 
protein release by the method of Lowry et al. [13]. 

(b) 

1 
200 < 3 

E 
f? loo 
0 
c 0 

IO 
I 2 375 

Time, min 

Fig. 2. Comparative effects of P13 and Mg*+ on Ca2+ 
state 4 respiration enhancement of mitochondria, measured 
by oxypolarography. (atIntact mitochondria (M) were in- 
cubated as described in Methods. The indicated P13 con- 
centrations were added before the mitochondria. (btSame 
conditions plus 5 mM Mg*+ added before the mitochon- 
dria. Graphs have been directly reproduced from one ex- 
periment. Results were reproducible with three different 

mitochondria preparations. 
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The Ca’ + accumulation by mitochondria was stud- 
ied with glutamate as respiratory substrate either by 
atomic absorption spectrophotometry or by the mur- 
exide technique. The first method indicated that P13 
did not modify the amount of CaZ+ accumulated 
(290 nmoles Ca’ ‘/mg protein) but partially prevented 
2,4-DNP-induced Ca2+ efflux since 230 nmoles 
Ca’+/mg protein were recovered with P13 instead of 
200nmoles Ca”/mg protein without P13. However 
this method was not convenient to study the kinetics 
of Ca2+ accumulation and P13 effects; the murexide 
technique was thus used in all further studies. 

Fig. 3a shows that in the conditions used, mito- 
chondria accumulated about 400 nmoles Ca’+/mg 
protein. When Mg2+ was added, the initial rate of 
incorporation was lowered, but the final accumu- 
lation level remained unchanged. This process was 
energy-linked and required a permeant anion like 
phosphate, since much lower amounts of Ca2+ of 
about 4&70nmoles Ca”/mg protein were accumu- 
lated in the absence of either added substrate or phos- 
phate. Once the Ca 2+ had been accumulated, it was 
possible to induce its efflux by uncouplers such as 
2,4-DNP. Fig. 3a indicates that P13 had no effect 
on Ca’+ influx; in the presence of added Mg*+ the 
slight increase in Ca ‘+ influx is probably not signifi- 
cant. On the contrary, P13 inhibited 2,4-DNP- 
induced Ca2+ efflux (Fig. 3b). A similar inhibition 
was produced by Mg2+ and these two effects were 
additive. The Ca’+ accumulation driven by ATP hy- 
drolysis was studied with and without acetate as per- 
meant anion instead of phosphate, since the latter was 
unusable in the calorimetric method used for deter- 
mination of the released phosphate. Figure 4 shows 
that increasing PI 3 concentrations stimulated mito- 
chondrial ATPase activity as previously described [7]. 
When Ca2+ was added, higher ATPase activity was 

lmin 

Fig. 3. P13 and Mg*+ effects on Calf movements across 
the mitochondrial membrane. Ca2+ accumulation or efflux 
was measured with murexide (see Methods). (a)-P13 and 

zc effects on respiration-driven accumulation of Ca2 + ; 
2FPl.3 and Mg’* effects on 2,4-DNP induced e!Ilux of 
accumulated Ca’+. P13 concentration was 22 pg/ml. Mito- 
chondria: 2,4 mg protein/3 ml. Graphs have been directly 
reproduced from one experiment and were reproduced 

three times. 

I I 1 I I I I 
0 20 40 60 

pg Pl3/ml 

Fig. 4. P13 effects on Ca’+ stimulated ATPase activity. 
Mitochondrial ATPase activity was measured as described 
in Methods. 0: no addition ; 0: + Ca’+; 

A: + Ca*+ + ammonium acetate 

obtained but the curve profile remained unchanged. 
When Ca2+ plus acetate were present, a maximum 
ATPase activity equal to that obtained with un- 
couplers, was obtained. This maximum activity was 
no longer modified, whatever the P13 concentration 
was. 

The combined results (Figs 2, 3 and 4) indicate that 
P13 did not affect mitochondrial Caz+ accumulation 

i” 

-iMkM.I,: 
(b) 

Time, min 

Fig. 5. P13 and Mg ” effects on aged mitochondria state 
4 respiration. State 4 respiration of mitochondria was 
measured by oxypolarography with or without 5 mM 
Mg2+ added before the mitochondria. (atIntact mito- 
chondria: 37.5pg P13/ml were added in the assay; 
(b)--Mitochondria stored at 04” for 24 hr with (MPIJ or 
without (M) 12.5 pg P13/mg protein; (+-frozen mitochon- 
dria stored with (MP1s) or without (M) 12.5 N Pl3/ml. 
Graphs have been directly reproduced from one experi- 

mefit and were reproduced three times. 



1780 A. DI PIETRO et al. 

Table 3. P13 and Mg ‘+ effects on aged mitochondria RCR 

Stored at 
Intact t&4” for Frozen 

mitochondria 24hr mitochondria 

M 4.1 1.5 1 
M + Mg’+ 4.1 2 2 
M + P13 4.1 
M P13 1.9 1.5 
MP,~ + Mg*+ 2 2 

M + P13: mitochondria + PI3 added during the RCR 
assay (1 to 56pg/ml). Mpla: mitochondria stored at l&4” 
or frozen with or without 12.5pg P13/mg proteins for 
24 hr. 

Mg*+ when added was 5 mM. RCR was measured as 
described under Methods. The experimentation was 
repeated twice and gave the same results. 

when it occurred at a maximal rate, but slightly 
enhanced it when it was lowered; P13, like Mg2+, 
inhibited 2+DNP induced Ca2+ efflux. 

Effects on aged mitochondria respiration. In a pre- 
vious report [7], it was shown that, with glutamate 
as a substrate, P13 did not affect state 4 respiration 
of intact mitochondria; MgZi did not modify oxygen 
consumption either (Fig. 5a). On the contrary, when 
mitochondria were stored at 0” (Fig. 5b), or frozen 
(Fig. 5c), with or without P13 and were then assayed 
for respiration, P13 showed a protective effect against 
ageing: the rate of respiration remained a linear func- 
tion of time, while a time decreasing rate of respir- 
ation was observed with mitochondria stored or 

frozen without P13. Similar respiratory rates were 
obtained by adding Mg *+ in the assay. Therefore P13 
might act as Mg2+ or by preventing Mg’+ release 
during ageing. 

The RCR values of aged mitochondria were very 
low. P13, added during storage, partially prevented 
this lowering (Table 3) and the effect was almost 
equivalent to that produced by added Mg’+. 

Eficts on cation content. Mitochondria, aged by 
storage or by freezing, lose part of their cations: 

25% Mg 2+ by storage and 3 1% by freezing; 55% 
Ca2+ by storage and 45% by freezing (Table 4). P13, 
added during storage, lowered these losses to 14% 
and 25% for Mg 2+, 35% and 38% for Ca2+. Several 
experiments were performed giving the same vari- 
ations. Respiration (Table 5) hardly affected cation 
contents but 2,4-DNP severely decreased Ca2+ level 
and PI3 partly prevented this loss. 

DISCUSSION 

The results presented here, have shown that P13 
binds very efficiently all the tested pig myocardial 
membranes. Sarcolemmal and mitochondrial mem- 
branes were the most sensitive to the drug and thus 
appear as the possible targets in situ; it is obvious 
that, when administered, P13 should easily reach sar- 
colemma, while the question arises to know if it will 
attain mitochondrial membranes. 

The binding of P13 is enhanced by those cations 
related to the physiological function of the ATPases, 
specific of each myocardial membrane. It is therefore 
interesting to correlate this binding of P13 to its 

Table 4. Effects of storage and freezing of mitochondria with P13 on their Mg*’ 
and Ca*+ content 

Mg*+ 
nmoles/mg 

Ca” 
nmoles/mg 

Intact 
mitochondria 

-PI3 +p13 

15.4 15.4 

22 22 

Stored at O-4” 
for 24 hr 

-PI3 fPl3 

11.6 13.2 

9.9 14.2 

Frozen 
mitochondria 

-PI3 +p13 

10.6 11.5 

12 13.6 

Mitochondria were stored at @4” or frozen with or without 12.5 pg Pl3/mg proteins 
for 24 hours in 0.25 M sucrose, 10 mM Tris-HCl, pH 7.4 buffer. At this time, the 
mitochondria were spun down and their Mg*’ and Ca*+ contents were measured 
by atomic absorption spectrophotometry. Results represent a typical experiment; simi- 
lar variations were observed three times. 

Table 5. Effect of storage and freezing of mitochondria with P13 on Mg*+ and Ca*+ 
efflux during respiration 

Intact Stored at &4” Frozen 
mitochondria for 24 hours mitochondria 

-Pl3 +p13 -PI3 +p13 -PI3 +p13 

Mg*+ 
nmoles/mg 

+ 2,4-DNP 
Ca2+ 
nmoles/mg 

+ 2,4-DNP 

13.4 13.9 11.3 12 9.4 9.9 

12.5 13.3 10.1 10.1 8.4 9.5 
19 19 17.1 17 18 16.2 

7 8.7 3.2 9.7 4.9 9.6 

Intact or aged mitochondria were incubated for 5 or IOmin in the presence of 
glutamate as described in Methods. The remaining mitochondrial cations were deter- 
mined by atomic absorption spectrophotometry. Results represent a typical experi- 
ment, three different experiments were performed. 
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effects previously observed on the membrane 
ATPases [7] and to the physiological cation move- 
ments. 

The ATPase activities of sarcolemmal and sarco- 
plasmic reticulum membranes were always inhibited 
by P13 in the concentration ranges used here. The 
mitochondrial ATPase was inhibited by P13 when 
measured on the isolated enzyme or on the membrane 
broken by sonication, while it was slightly activated 
when measured on fresh mitochondria; in this latter 
case the main effect of P13 is likely to increase the 
access of ATP to the enzyme, but PI3 however does 
not probably reach easily the active center, since the 
activation of the ATPase activity is limited. The same 
slight activation was observed in Fig. 4 with fresh 
mitochondria. 

For every membrane, the inhibition of ATPase was 
easily reversed by large dilution. In the present study 
we have shown that washing reverses at least partly, 
P13 binding. It means that P13 binds reversibly to 
membrane sites very close to ATP sites, or even to 
the ATP sites on the ATPase itself, since the binding 
is accompanied by a competitive inhibition between 
ATP and P13. This does not exclude that some other 
membrane sites bind P13 almost irreversibly. 

Cations that stimulate P13 binding also prevent 
P13 release from the membrane. It is interesting to 
recall that Gargoui’l* has demonstrated that P13 
diminishes K+ efflux of sarcolemmal membranes. We 
focussed our attention on the effects of P13 on Ca*+ 
and Mg*+ permeability of mitochondrial membranes. 
These effects appeared quite complex. If P13 did not 
affect the rate of Ca ‘+ influx and the amount of accu- 
mulated Ca ‘+, however an interesting result was that 
the concomitant presence of P13 and Mg*+ almost 
abolished the uncoupler-induced Ca’+ efflux (Fig. 3b) 
and P13 alone partially prevented this efflux. 

This fact that EGTA or EDTA did not affect the 
protection respectively enhanced by Ca*+ or Mg*+ 
against the reversal of P13 binding, clearly indicates 
that these cations are no longer accessible to their 
chelating agents and therefore that they give a very 
strong association with the membrane in the presence 
of P13. This association could be a phospholipid- 
cation-protein ternary complex, which, according to 
Van Deenen [20] might play an important role in 
membrane functions. 

According to Carafoli [6] mitochondria accumulate 
calcium to initiate muscle relaxation; as P13 does not 
change Ca*+ accumulation, relaxation should not be 
modified by the presence of P13. The release of Ca* + 
initiates contraction [6]; if the uncoupler-induced 
Ca*’ efflux can be compared to the exit of Ca*+ 
initiating contraction, P13 by diminishing the rate of 
Ca*+ efflux should slow down contraction and 
diminish the cardiac work. This is in agreement with 
the previously described[7] saving of energy stores 
and would also explain how animals submitted to 
hypoxic conditions survive for a longer time when 
treated with P13 [19] which allows them to slow 
down their cardiac work. 

In addition, P13 protects mitochondria against age- 
ing: the presence of P13 during storage of mitochon- 
dria prevented the diminution of their respiratory 

* Y. M. Gargoull, personal communication. 

control ratio as observed by Romani and Monad- 
jem [21] when adding Mg*+ to the storage medium 
of mitochondria. Thus P13 mimics the effects of 
Mg*+ may be by partly preventing the loss of mito- 
chondrial Mg*+ (Table 4) during storage. It has been 
shown that the release of Mg*+ leads to a loss of 
the functional impermeability of mitochondria [22]. 
Binet and Volfin [23] have also shown that the mito- 
chondrial Mg *+ is essential for the maintenance of 
the functions and the stability of the membrane struc- 
ture. 

The effect of P13 on the permeability of the mem- 
brane is also illustrated on the protein release from 
the membrane (Table 2), since P13 prevents the wash- 
ing-induced protein release from mitochondria. 

In conclusion, these results have shown that P13 
seems to act by preventing the leakage of some com- 
ponents of the cell (proteins, cations) thus maintaining 
the integrity of the cardiac membranes and their func- 
tions as suggested earlier [24]. A previous paper [7] 
showed that P13 preserves the energy stores of the 
myocardial cell. By now, nobody can tell what the 
primary effect of P13 is; but both effects contribute 
to lower the cardiac work. 
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