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Abstract—The effects of P13, were examined on energy stores of the pig myocardial cell. The synthesis
of ATP by oxidative phosphorylation was not modified in intact mitochondria. ATP hydrolysis by
the various cell ATPases was inhibited in varying degrees: sarcolemma > sarcoplasmic reticulum >
mitochondria > myosin. The inhibition depended on the accessibility of P13 to the enzyme since P13
strongly inhibited submitochondrial particle ATPase activity without modifying the activity in intact
mitochondria. P13 acted competitively with respect to ATP, but a mixed type inhibition was observed
when the enzyme was bound to a membrane. Myosin ATPase activity was almost unaffected by P13.
Creatine phosphate utilization by creatine kinase was strongly inhibited by P13. Therefore. P13 hclps
to maintain high levels of energy stores: ATP and creatine phosphate.

For a long time Poterium spinosum L. (Rosaceae) has
been known for its hypoglycaemic effect ever since
diabetic Bedouin used decoctions prepared from the
roots of this plant and were thus cured of their illness
without any secondary effect[1]. The experiments
conducted in several laboratories showed that the
active principle was located in the main root
bark [2]; it only acted on hyperglycaemic patients
without affecting normal people [3-6]; it was dialys-
able, soluble in n-butanol and not very soluble in ace-
tone [6]. Carraz et al. thought that the hypoglycaemic
effect might be assigned to pentacyclic triterpenes [7].
An extensive study of the bark root constituents of
Poterium Spinosum L. has revealed the presence of
tannins {8, 9], flavonoids, triterpenes[10] and tor-
mentoside [117.

The Centre de Recherches Pierre Fabre has isolated
an active principle belonging to the tannins class,
named P13, Besides its hypoglycaemic effect on
hyperglycaemic dogs, the product has also shown a
variety of effects on the myocardial cell: coronarodila-
tation, protection against anoxia [12], membrane sta-
bilization, effect on cation transmembraneous
exchanges during action potential of myocardial
cells* [13], simultaneous antiarythmic[14] and car-
diotonic effects* which constitute a new therapeutic
class. These effects lead one to think that P13 might
act on the energy stores of the cardiac cell and their
utilization.

The present paper describes the effects of P13 first
on ATPsynthesis by oxidative phosphorylation and
creatine phosphate synthesis by creatine kinase, two
main sources of myocardium energy, and secondly,

*Y. M. Gargouil. personal communication.

on their utilization by the various ATPases of the
cell or by creatine kinase.

MATERIAL AND METHODS

P13 was prepared by the Centre de Recherche
Pierre Fabre according to the Brevet d’Invention
{patent) No. 7027189 (23 July 1970): crushed roots
of Poterium spinosum were extracted with methanol.
Extracted tannins were complexed with dimethyl
aminoethanol and repeatedly precipitated by ethyl
acetate or chloroform, filtrated and dried under
vacuum. Gel permeation chromatography demon-
strated the absence of terpenes, flavonoids and low
mol. wt tannins. Absence of tannins was confirmed
by thin layer chromatography: P13 is a polymer of
3,3°44°,5,7-heptahydroxyflavane with a mol wt of
2000-3000, as described by Baisset er «l [14]. The
same compound can be extracted from other plants:
Tieghemella, Entandrophragma, Schinopsis lorentzii.
Aeacia mollissima, Uncaria gambir. Rhus coriara. but
it is purer and more active when prepared from Poter-
fum spinosum.

The purity of the ATP used in kinetic studies was
checked by high pressure liquid chromatography
using ‘Permaphase’ ABX resin (DuPont): it was
shown that ATP contained no more than 2%, ADP.
The concentration of ATP was also verified by its
absorption at 259 nm.

Preparation of the various cell ATPase fractions.
Known procedures were applied to pig heart.

ETP (electron transport particles or submitochon-
drial particles) and soluble ATPase F,; were prepared
from mitochondria [15] as previously described [16].
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Myosin was obtained by the method of Perry (17].
improved by ammonium sulfate fractionation accord-
ing to the Kielley and Bradley method [18]. Pure
myosin was stored at —207 in 50%;, glycerol 0.3 M
KCI{19}.

Sarcoplasmic reticulum was prepared either by the
method of Mead er of. [20] in 0.1 M KCL S mM histi-
dine-HCL pH 7.2 buffer or by the method of Smoly
et al. [217in 0.25 M sucrose, 10mM Tris HCL pH 7.4
buffer. Enzyme preparation was [rozen in lquid
nitrogen. Their purity was checked by measuring
marker enzyme activitiess NADPH-cytochrome ¢
reductase  (EC 1.6.24) and  rotenone-insensitive
NADH-cytochrome ¢ reductase [22] (sarcoplasmic
reticulum), and ¢ytochrome ¢ oxidase (EC 1.9.3.1)[23]
(mitochondria).

Sarcolemma were obtained cither by the method
of Matsui and Schwartz [24] in | mM EDTA. pH 7.5
or by the Pitts and Schwartz procedure [25]. omitting
the last step. in 25mM imidazole, | mM EDTA,
pH 7.0 buffer. Enzyme preparation was kept frozen
in liquid nitrogen. Marker enzyme tested was 5
nucleotidase (EC 3.1.3.5)[26].

Marker cnzymes tested had the following activities:
cytochrome oxidase: 3.3 gatom O/min/mg protein in
purified mitochondria; NADPH-cytochrome ¢ reduc-
tase: 250 nmoles NADPH oxidized/min/mg protein in
sarcoplasmic reticulum while the corresponding ac-
tivity was 41 in mitochondria; rotenonc-insensitive
NADH-cytochrome ¢ reductase: 96 nmoles/min,/mg
protein in sarcoplasmic reticulum and 48 in mito-
chondria; S-nucleotidase: 14 umole Pi released/
hr/mg protein in sarcolemma instead of 0.35 in the
starting homogenate.

Assuy of ATPase wactivity. ATPase activity was
determined cither by a spectrophotometric method.
using pyruvate kinase and lactate dehydrogenase as
auxiliary enzymes and measuring the ratc of NADH
disappearance as previously described [16]. or by a
colorimetric method. In the latter case, the reaction
time was first of all 1 min at 30" for mitochondria,
ETP and F,. secondly 5min at 25" for myosin and
at 37" for sarcoplasmic reticulum or sarcolemma. The
incubation medium (0.8 ml} contained ATP-Mg at
variable concentrations and 0.25M sucrose. 31 mM
Tris-HCL, pH 74 buffer for mitochondria and ETP,
31 mM Tris-HCL, pH 74 buffer for F; and sarco-
lemma, 20 mM His, 0.1 M KCL pH 7.2 bufter for sar-
coplasmic reticulum and 30 mM ammonium acctate,
S0mM Tris=HCL pH 7.5 plus 5mM calcium acet-
ate [197 to measure Ca’ *-dependent activity or 0.6 M
ammonium acetate. 2mM EDTA. pH7.5[18] to
measure NH -dependent activity of myosin.

All ATPase fractions showed a basal Mg? ' -depen-
dent activity except myosin, where Mg*" was re-
placed by Ca®* or by NH;. In all cases the ATP/
cation ratio was kept constant to | (in initial rate
determination).

Sarcolemmal ATPasc activity was considerably
enhanced by 120mM Na® +24mM K™ : 0.1 mM
ouabain specifically inhibited this (Na® + K™}
dependent activity without affecting the Mg* "-depen-
dent activity. Thercfore the (Na™ + K™ )-dependent
activity was calculated by substracting the values
obtained in the presence of (Na™ + K ™) plus ouabain
from the values in the absence of ouabain. The assays
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were initiated by addition of the enzyme. At the indi-
cated times, the rcaction was stopped by adding 75 4
ice-cold 507, trichloracetic acid; the inorganic phos-
phate released was cstimated by the method of
Sumner [27]. One unit corresponds 1o one pmole
ATP hydrolysed/min/mg proteins.

Estimation of AT Psynthesis by oxidutive phosphory-
lation. Mitochondrial respiration and the coupled
ATPsynthesis  were  measured by oxypolarogra-
phy [28] incubating 24 mg intact mitochondria in
2ml 16 mM Tris HCL SmM potassium phosphate,
112mM KCL I mM EDTA. pH 7.4 medium {297 at
28 . The respiratory substrate was cither 10 mM - glu-
tamate or 10 mM succinate or 10 mM x-ketoglutarate
of 15 mM f-hydroxybutyrate or 10 mM pyruvate plus
| mM malate. ADP (0.2 mM) was added to mittate
state 3 as defined by Chunce and Williams [28].

Creatine Kinase activity. The effects of P13 were
measured cither on purificd cvtoplasmic creatine
kinase {EC 2.7.3.2). purchased from Sigma {Type I
or on the enzyme associated with the mitochondria
using intact freshly prepared mitochondria
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Fig. 1. P13 inhibition of creatine kinase activities.

A Creatine phosphate synthesis: 0.52 pg cytoplasmic
pure enzyme (@ -@) was incubated in 0.5ml final vol
of 0.44 M glycine. 4 mM ATP. 4 mM Mg Cl,. 33 mM crea-
tine, (0mM reduced glutathione. 0.4 mM  phosphoenol
pyruvate, 0.25 mM NADH, 20 gg pyruvate kinase, 20 ug
lactate dehydrogenase, pH 7.6 NADH disappcarance rate
was measured at 340nm. The mitochondrial enzyme
(O ©O)activity was determined as described in Methods,
B—ATPsynthesis: 0.52 pg cytoplasmic enzyme was added
to 0.5 ml 0.1 M imidazole-acctate. 1 mM ADP IO mM Mg
acetate, 35 mM creatine phosphate, 1 mM reduced gluta-
thione, pH 7.0, The rate of ATP {ormation was measured
by the luciferin-luciferase system in arsenate buffer [34]
Reaction temperature was 30 Optimal activity (100 per
cent) was 54 gmoles creatine  phosphate  synthetized/
min/mg protein or 200 gmoles ATP synthetized/min/mg
for the cytoplasmic enzyme and 6.4 patomes O consumed;
hr/mg protein for the mitochondrial enzyme. C = creating:

CP = creatine phosphate.



Effects of P13 on pig myocardium

A _ MITOCHONDRIA

150

activity ——————————#
g &
T

B. eTp

50 50
o
—_ _— 1, L ‘ U SN
0 20 40 60 0 20 40 60 0 20 40 60
SARCOPLASMIC
D_ mvosin E. RETICULUM F _ sarcoLeMma

% maximal
8
é ;. h !
o !
'
)
)
‘ l
'
I
)
'
'
‘
'
i
3
=)

PR L

o L

[} 20 40 60 0 20

40 60 0 20 40 60
pe P13 /mi

Fig. 2. P13 effects on ATPase activities. Each ATPase fraction was incubated with various P13 concen-
trations at a fixed saturating ATP concentration. ATPase activity was measured cither by the colori-
metric method or by the enzymatic method: the same results were obtained in both cases.

A—mitochondria (600 ug): 3 mM ATP-Mg; no addition (O—— O} plus 1.25 uM carbonyl cvanide
m-chlorophenyl hydrazone (CCCP) (@~——@). B—ETP (100 pg): 3 mM ATP-Mg; no addition (O —Q),
plus 1.25 uM CCCP (@—@). C- -F, (3 ug): 3mM ATP-Mg. D-—myosin (55 pg): SmM ATP: NH; -

dependent activity (O—-

Q). Ca>”-dependent activity (@— —@). E—Sarcoplasmic reticulum (20 pg):

48 mM ATP. F -Sarcolemma (100 ug): 3.2 mM ATP-Mg; Mg?* basal activity (@ —@), (Na™ + K")-
dependent activity (O— - —0). 100 per cent maximal activity was respectively equal to 0.09 umoles/mn/mg
for mitochondria and 0.23 in the presence of CCCP. 1.5-1.7 for ETP, 56 for F,. 0.80 (0—- -O) and

0.085 (@ —®) for myosin. 0.69 for sarcoplasmic reticulum. 0.043 (@-

-—@) and 0.20 (O— -O) for

sarcolemma.

Creatine phosphate synthesis by cytoplasmic crea-
tine kinase was measured in the standard medium
of Forster ¢t al [30] using pyruvate kinase and lac-
tatc dehydrogenase as auxiliary enzymes and measur-
ing the rate of NADH disappearance.

Creatine phosphate utilization by the cytoplasmic
enzyme was detcrmincd by incubation in the medium
described by Forster ¢t al.[30] and measuring the
amount of ATP formed by the luciferin-luciferase sys-
tem [31]. Creatinc phosphate synthesis by the mito-
chondrial enzyme was studied by adding 20 mM crea-
tine and 6 mM MgCl, to mitochondria in 15 mM glu-
tamate (state 4 respiration) as described by Vial et
al. [32] and calculating the increase of the final state

Protein estimation. Protein was estimated by a
biuret method [33] or by the Lowry et al. procedure
[34].

Calculations. Kinetic constants were calculated in
individual experiments using the weighted least
square method of Wilkinson [35] with an Olivetti
Programma 101 desk top computer. When more than
two experiments were performed, an average value
was calculated and expressed together with the stan-
dard error of the mean.

RESULTS

Effects of P13 on AT Psynthesis by oxidative phos-
phorylation. All experiments with freshly prepared in-
tact mitochondria showed no effect of P13 from 0.5
to 80 ug/ml on RCR, whatever the substrate was. A
weak inhibition (7-20 per cent) of state 4 respiration
was observed with all substrates except glutamate but
an equal inhibition of state 3 was obtained; therefore,
the RCR value (respiratory control ratio [27]) was
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not affected by any of the tested P13 concentrations.
The ADP/O ratio was also unaffected by P13 for
every substrate studied. It is worthwhile to note that
cytochrome oxidase was not significantly affected by
P13 either when measured with intact mitochondria
or with ETP.

P13 inhibition of creatine kinase activities. Figure
1 shows that P13 inhibited both creatine phosphate
and ATP synthesis by creatine kinase. Figure A
demonstrates that P13 inhibited creatine phosphate
synthesis by the purified enzyme with an I5, value
of 60 ug P13/ml, when studied by thc spectrophoto-
metric technique. It is interesting to note also that
the same inhibition pattern and I5, were obtained
with the mitochondrial bound enzyme. when studied
by the oxypolarographic technique.

ATPsynthesis was even more strongly inhibited by
P13 than creatine phosphate synthesis with an 1[5,
value of 15 pg/ml; 95 per cent inhibition was observed
at 80 yg P13/ml (Fig. 1B). P13 inhibition did not
depend on the P13/protein ratio but only on the P13
concentration in the assay (protein concentration
ranging from 0.26 to 1.3 pg/assay).

P13 inhibition of ATPase activities. P13 inhibited
all the ATPase activities of the different fractions
tested in varying degrees (Fig. 2). The (Na™ + K ¥}
dependent activity of sarcolemma was the most
affected; it was inhibited by low P13 concentrations
with an approximate I5, value of 15 ug P13/ml. Low
P13 concentration (S pg/ml) inhibited by 20 per cent
the Mg?* basal ATPase activity but increasing the
P13 concentration did not further modify this residual
activity (Fig. 2F).

ATPase activity of sarcoplasmic reticulum was not
very sensitive to P13 action: 5 per cent inhibition for
15 pg/ml and 30 per cent for 70 ug/ml (Fig. 2E).
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Fig. 3. Kinetics of P13 ATPase inhibition. On the left:
initial rate of ATPase activitics as a function of ATP con-
centration in the presence of various concentrations of
P13: O—no Pi13; A—Spug/ml; B 10 ug/ml; A—20 ug/
ml; @40 ug/ml. On the right, reciprocal plots of the
same data. A—ETP = 100 ug: B—F, = 3 pg; C--Sarco-
lemma = 100 pg. Experimental conditions are described in
Methods.

P13 effects on mitochondrial ATPase varied with
the activity and the accessibility of the enzyme.
ATPase activity of intact. well coupled mitochondria
was enhanced by 40 per cent with 20 pg Pi3/ml: in
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contrast with uncoupled mitochondria. which showed
a high ATPase activity. P13 showed no effect up to
20 ug/ml and a weak inhibition at higher concen-
tration: about 30 per cent for 75 ug/ml (Fig. 2A).
When mitochondria were disrupted by sonication to
form essentially inside-out [36] particles named ETP,
the mitochondrial ATPase activity became strongly
inhibited by P13 with I, valuc of about 15 ug/ml
and 100 per cent inhibition for 75 ug/ml (Fig. 2B).
When the same enzyme was solubilized and purified.
an intermediate inhibition was obtained, increasing
linearly with respect to P13 concentration, with an
approximate 5, value of 40 ug/mi (Fig. 2C). Myosin,
which has an Mg? "-independent ATPase activity was
almost unaffected by P13: 5-10 per cent inhibition of
Ca?*-dependent activity and 15 per cent inhibition of
NH-indepent activity at 38 pg/ml (Fig. 2D).

Kinetics of P13 inhibition. Data given in Fig. 2 were
obtained at a fixed saturating ATP concentration. In
contrast Fig. 3. shows P13 inhibition at various ATP
concentrations obtained with ETP. F, or sarco-
lemma.

Calculated kinetic constants for ETP were: V,, =
1.21 + 0.01 ymoles/min/mg protein and K arp =
0.20 + 0.01 mM. P13 inhibition appeared to be of the
mixed type with an apparent Ki value of 55 + 5 ug/ml
(Fig. 3A), as calculated from the graphs (average of
3 experiments).

The same parameters determined for F, were:
b, = 56.3 + 0.2 pmoles/min/mg protein and K, a1
= 0.32 £ 0.03 mM. P13 inhibition was competitive
with respect to ATP. and gave a graphically calcu-
lated Ki value of 10 + 2 ug/mi (Fig. 3B).

The study carried out with sarcolemma gave: V,, =
0.225 £ 0.005 umoles/min/mg protein and K atp, =
0.53 + 0.04 mM. P13 inhibition was of the mixed type
with an apparent Ki value of 41 + 4 ug/ml as calcu-
lated from the graphs.

Reversal of inhibition. Sarcolemmal Mg?*-depen-
dent and (Na® + K *)}-dependent activities were inhi-
bited by 50 ug P13/ml. Table 1 shows that a simple
dilution abolished the inhibition since the same levels
of optimal activity as those obtained by 1 ug P13/ml
in the incubation medium without preincubation were
obtained (see Fig. 2F). Therefore it can be concluded
that P13 inhibition of ATPase activity was rcversible.

Table 1. Reversal of P13 inhibition of sarcolemma ATPase activity

Mg* *-dependent activity

(Na' + K" )independent activity

umoles/min/ . maximal umoles/min/ % maximal
mg prot. x 10* activity mg prot. x 10? activity
No. P13 433 100 200 100
(7 (N
50 ug P13/ml in 290 4 2.2 67 66.7 + 3.3 33
incubation medium 4) (4)
S0 ug P13/ml during
preincubation and final 36.0 + 1.7 83 167 + 8.3 83
dilution to | ug/ml (7 (7

Sarcolemma were preincubated with 50 ug P13/ml (inhibiting concentration) at 0 4 during | min to several hr.
The ATPase reaction was initiated by adding appropriate aliquots of enzyme-P13 solution which brought P13 concen-
tration to | ug/ml (not inhibitory range). Controls were made without P13 and by adding 50 pg P 13/ml in the reaction
medium. ATPase activity was measured by the enzymatic method. The number of experiments are indicated in paren-

theses.
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DISCUSSION

The present study shows that P13 cffects on the
energetic metabolism are in good agreement with the
macroscopic results observed in therapeutics.

P13 tends to lower the rate of oxidation of sub-
strates by mitochondria without affecting coupling
between oxidation and phosphorylation: therefore the
vield in synthetized ATP is not modificd. Since
according to Hearse et al. [37] “with the anoxic iso-
lated perfused rat heart. reoxygenation after the onsct
of major enzyme release may greatly cxacerbate the
release and extend ultrastructural damage”. P13
seems to act by preventing excessive rcoxygenation.

P13 inhibits all measured ATPase activities but the
myosin one¢ and inhibits creating kinase activity:
therefore, it does not scem to be very specific towards
cnzymes whose substrate in ATP. However. P13 does
not affect enzymes involved in the respiratory chain
of mitochondria such as cytochrome oxidase and has
a barely significant effect on the rate of respiration
of various substrates: glutamate, succinate. »-ketoglu-
tarate, f-hydroxybutyrate or pyruvate + malate. P13
seems then to interfere mainly with enzymes con-
cerned with ATP utilization.

As mentioned previously, P13 inhibits all measured
ATPase activities but the myosin one as tested with
isolated myosin. Thus it seems to save ATP for con-
traction. This effect combines with the unaffected
ATPsynthesis to increase the ATP level in the cell.
P13 also diminishes creatine kinase activity. At satu-
rating substrate concentrations. ATPsynthesis from
creatine phosphate and ADP is more drastically de-
creased than creatine phosphate synthesis from crea-
tine and ATP. The differential effect of P13 on these
two creatine kinase activities must result in an in-
creased level of creatine phosphate. As a decrcase in
creatine phosphate immediately follows the onset of
infarct myocardium [38], it is not excluded that the
protective effect of P13 against anoxia [12] could be
related to this effect of P13 on creatine kinase activity.
Through ATP and creatine phosphate. P13 saves the
myocardial cell energy stores. If myosin ATPase is
not more inhibited i situ than it is when purified,
(15 per cent maximum) P13 would preserve a higher
level of ATP for contraction. However. the effects of
P13 should be checked on actin—myosin interactions
and on the whole contractile system. The slight de-
crease in respiratory activity and the saving of energy
stores in myocardial cell are in agreement with the
results of Auclair et al. {12] showing that P13 pro-
longed the life of animals submitted to hypoxic con-
ditions.

The inhibition of F,;-ATPasc by P13 was of the
competitive type indicating an effect only on the
affinity for ATP. In contrast the inhibition observed
when F, was bound to the mitochondrial membranes
(ETP) was of the mixed type: thercfore P13 not only
affected the binding of ATP to the enzyme, but duc
to the membrane interaction. it interfered with the
catalytic properties. It cannot be excluded that the
P13 used in these experiments was not homogeneous
in size. It is a polymer of an undefined length and
light subfractions may exist in solution. The two in-

*Y. M. Gargouil, personal communication.
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hibitory effects could then be attributed to different
sizes of polymer affecting two different sites. However
one should keep in mind that oligomycin and un-
couplers affect F'| catalytic properties only by indirect
actions at the level of membrane subunits. The bind-
ing of P13 on the membrane did not modify unspecifi-
cally the membrane-bound enzymes since cytochrome
oxidase activity was not affected by P13 whatever the
membrane orientation was; moreover P13 does not
scem to exert its respiratory effects at the level of
this enzyme. The inhibition of the sarcolemmal
ATPase activity was also of the mixed type, affecting
V, and K,,; this may come from a dual effect of P13
binding to the enzyme and to the membrane. It must
be emphasized that the sarcolemmal ATPase activity
is the one most affected by P13. As the role of this
enzyme is to maintain the ion gradient in the cell,
P13 must have an effect on the permeation of ions
through the membranes. This has been observed by
measuring the electrical activity of a myocardial fiber:
P13 diminished the K™ permeability of this fiber.*
Other effects of PI3 on ion permeability of mem-
branes are under investigation.
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