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Investigation of the metabolism of the ischemic heart and of ultrastructural injuries 
to its cells at the stage of transition of these injuries into irreversible have clearly dem- 
onstrated that the time of this transition coincides with a reduction in the concentration 
of high-energy phosphates below a critical level [3, 5, 6]. Phosphocreatine, which partici- 
pates in the mechanism supplying energy for contraction as an intracellular carrier of en- 
ergy, also has been shown to have a significant protective action on the ischemic myocardium 
[4, 7]. Before analogous investigations of the protective action of phosphocreatine can be 
conducted in vivo, however, further information is required on the pharmacokinetics of phos- 
phocreatine in the blood, so that the possible effective doses of this substance can be ac- 
curately de[ermined. 

In the present investigation the pharmacokinetics of phosphocreatine in human, canine, 
and rabbit blood plasma was studied. 

EXPERIMENTAL METHOD 

Experiments were carried out on healthy rabbits and dogs anesthetized with pentobarbi- 
tal (25 mg/kg body weight, intravenously). Phosphocreatine (disodium salt) in physiological 
saline was injected intravenously in the form of a bolus or by infusion. At the times indi- 
cated in Figs. 1 and 2, 6 ml of blood was taken from the carotid artery and kept on ice un- 
til the end of the experiment, when plasma was obtained from it by standard methods. To de- 
termine the concentrations of creatine and phosphocreatine in the plasma, it was extracted 
in 6% HCI04 (i ml plasma and 0.5 ml of acid) and in 35% methanol. The plasma was then cen- 
trifuged for i0 min at 8000 rpm in a U2-21 centrifuge (Beckman, USA), with UA-20 rotor. The 
supernatant was poured off and neutralized with 5% K2C03 (to pH 7.0) and recentrifuged under 
the same conditions. The supernatant was again poured off and concentrations of creatine 
and phosphocreatine in it were determined colorimetrically [2]. Phosphocreatine was con- 
verted into free creatine by hydrolysis in 0.i M HCI for i0 min, after which total creatine 
was determined colorimetrically. Free creatine was determined in parallel tests without hy- 
drolysis, and the phosphocreatine concentration was calculated as the difference between to- 
tal and free creatine. 

The pharmacokinetics of phosphocreatine in man was determined by taking 6-ml blood sam- 
ples from the subclavian vein by means of a catheter at times after a single intravenous in- 
jection of Neoton(Schiapparelli Parmaceutici, Turin, Italy) or after infusion of this sub- 
stance into the cubital vein. 
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Fig. i. Phosphocreatine clearance from blood serum after a single in- 
travenous injection into rabbits (3) in a dose of i0 mg/kg, n = 3, 
into dogs (2) in a dose of i00 mg/kg, n = 3, and into human subjects 
(i) in a dose of 14 mg/kg, n = 6. Averaged results for 3 to 6 experi- 
ments (n) are given. Standard deviations shown for individual points, 
and amounted to 20% of the mean value. A. Ordinate) phosphocreatine 
concentration (in pM), on left) for man and rabbit, on right) for dog. 
Abscissa, time (in min). B. Analysis of data shown in Fig. IA be- 
tween coordinates: ordinate in [PC]; abscissa, time (min). 
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Fig. 2. Changes in phosphocreatine concentration in blood serum af- 
ter intravenous infusion of a bolus of 20 mg/kg into rabbits (2), in- 
fusion of 200 mg/kg for 1 h (n = 5); into man (I), infusion of a bo- 
lus of 28 mg/kg, infusion of 56 mg/kg for 1 h (n = 7). A. Ordinate, 
phosphocreatine concentration (in pM); abscissa, time (min). Arrow 
indicates end of infusion. B. Linearization of dependence of blood 
phosphocreatine concentration on time. Ordinate, in [PC] ; abscissa, 
tJ~ne (min). 

EXPERIMENTAL RESULTS 

After a single intravenous injection of phosphocreatine, its concentration in the blood 
plasma fell very rapidly to 10-20 ~M in the course of 10-20 min both in the experimental ani- 
mals and in man (Fig. i). This was followed by a second phase of excretion at a slower rate. 
The graph of plasma phosphocreatine concentration as a function of time was linearized be- 
tween coordinates in in [PC]--time, when the relationship is precisely expressed by two 
straight lines with different slopes, evidence that phosphocreatine excretion is biexponen- 
tial in character. By analyzing the data in this way, two velocity constants of phosphocrea- 
tine excretion (k~c and k2c), which are incorporated into a first-order equation for the 
clearance of this substance: 

= c o10 + ),  
where [PC] denotes the phosphocreatine concentration at time t and [PC] o the initial phospho- 
creatine concentration in the plasma after administration of a single dose. The mean values 
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TABLE i. Constants of Phosphocreatine Clearance from Blood Serum 

I Clearance constants, min =1 Half-clearance time r ,  rain 
Te~t object kc kc ~, ~ 

Man 

R%%t 
O, 184.0,02 
O, 19+ 0,02 
O, 164.0,03 

Single injection 

0,254.0,01 
0,0484-0,03 
0,0254-0,003 

5,74-0,8 
4,54- 1,2 
6,84- 1,1 

274-13 
284- 14 
414.8,3 

Man 0,22_+0,05 
Rabbit O, 174- 0,04 

Bolus + infusion 

0,0154.0,005 
0,024-0,006 

4,604.1,1 
5,84.1,3 

50___21 
76+32 

Legend. Mean values and standard deviations for 3-7 experiments given. 

of the constants determined in this way are given in Table i, which also shows values of the 
half-clearance time (T = i/kc) , calculated from values of the constants kc, the result being 
4-5 min for the first phase and 20-33 min for the second phase. Thus half of the phosphocre- 
atine injected into the blood stream is eliminated in 4-5 min because of the rapid first 
phase, but later the PC concentration is maintained at a low level for a long time. }~inte- 
nance of a significant phosphocreatine concentration in the blood evidently requires continu- 
ous administration by infusion at a rate determined by equation (i). 

Figure 2 shows that the phosphocreatine concentration can in fact be maintained at a 
sufficiently high and constant level in this way. In particular, if phosphocreatine is in- 
jected into man at the rate of 60 mg/h/kg body weight, the serum phosphocreatine concentra- 
tion is maintained at 0.2 mM. After the end of infusion the phosphocreatine concentration 
falls rapidly; values of the clearance constants under these circumstances are indistinguish- 
able from their values for a single injection (Fig. 2B; Table i). It is not yet clear, how- 
ever, what mechanism is responsible for therapid clearance of phosphocreatine from the 
blood serum: storage in depots in certain tissues or elimination from the body. The re- 
sults of the present investigation are evidence that in order to maintain a significant phos- 
phocreatine concentration in the blood to achieve a pharmacologic effect, the method of con- 
tinuous infusion of this substance must be used. Since experiments on rabbits showed that 
injection of phosphocreatine by intravenous infusion causes a substantial decrease in size 
of the necrotic zone in myocardial infarction [i], the data obtained in the present investi- 
gation suggest that this method of administration of phosphocreatine is optimal as regards 
the study of the possibility of treatment of acute myocardial infarction in man. 
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