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The duration of possible deep hypothermia (20 __ 2~ is limited, for if this method is used for a long time 
irreversible changes develop in the myocardial mitochondria. These changes are manifested primarily as disturbance of the 
structure of some mitochondria [2] and accumulation of peroxidation products [5], which have an inhibitory" action on 
energy formation in the myocytes. We found that preliminary administration of panthetin prevents the development of 
destructive changes in the myocardial mitochondria during hypothermia [1] and restores normal lipid peroxidation [6]. 
Considering that the metabolic activity of panthetin is effected mainly by its biotransformation into CoA [3], in the 
investigation described below we studied the action of panthetin on the formation- of total and free CoA, and LCA-CoA, 
and on activity of CoA-dependent dehydrogenases and malate dehydrogenase in the mitochondria and also on the content 
of high-energy compounds in the myocardium. 

EXPERIMENTAL METHOD 

Experiments were carried out on 83 anesthetized male Wistar albino rats weighing 190-220 g. Anesthesia was 
induced 30 rain before cooling (with a mixture of 10% thiopental solution, 20% 7-hydroxybutyrate solution, and 0.1% 
atropine solution and water in the ratio 1:1.6:0.4:1) in a dose of 0.5 ml/100 g body weight; morphine was injected separately 
in a dose of 0.5 rag/100 g body weight. Anesthesia was carried out in the manner most frequently used during hypothermia 
in heart surgery. 

The schedule of the experiments was as follows: group 1) control, group 2) deep hypothermia, group 3) deep 
hypothermia preceded by injection of panthetin in a dose of 50 mg/kg 2.4, 6, and 24 h previously. In the investigations of 
the action of panthetin, a commercial preparation from the firm Daiichi was used. The animals of groups 2 and 3 were 
cooled by surrounding them with finely crushed ice at the rate of 0.6-0.7~ to a rectal temperature of 20 _ 2~ after 
which the animals were kept under these conditions for 40 min. 

Mitochondria were isolated by differential centrifugation [7]; activity of pyruvate dehydrogenase was determined by 
the method in [8], 2-oxoglutarate dehydrogenase by the method in [1], the content of LCA-CoA by the method in [10], 
acetyl-CoA synthetase activity by the method in [9], and the content of MDA and creatine phosphate by methods described 
previously [4]. 

EXPERIMENTAL RESULTS 

It will be clear from the results in Table 1 that during deep hypothermia the total content of CoA in the myocar- 
dium is reduced on account of a decrease in both free CoA and acetyl-CoA. Meanwhile the content of long-chain acyl 
groups of CoA is significantly increased. 
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TABLE 1. Content of Long-Chain Acyl Groups of CoA, 
Acid-Soluble Total and Free CoA in Myocardium dur- 
ing Deep Hypothermia 

Parameter I I Deep hy- ] Deeppothermia I studied Control I hypothermia + 
panthetin 

Content  o f  l o n g - c h a i n  
CoA, mmoles/mg 
protein 13,3• 25,0,+.5 9,7,+.1,7 

p <0,05 
Content  o f  acid- 
soluble CoA, 
mmoles/g 184,+.14 121,+.7 197+12 

p <0,01 
Content of free CoA, 

mmoles/g 118,+.10 .69,+.8 109,+.6 
p <0,001 

Content of s 
CoA 223,+.8 193_---/--4 282,+.4 

p <0,05 
Acetyl-CoA-synthetase 

activity in cytosol, 
mmoles acetyl-CoA/mg 

protein/min 2,44-+-0,21 2,34__2,8 3,15,+.0,22 

TABLE 2. Action of Panthetin on Pyruvate Dehydroge- 
nase and a-Ketoglutarate Dehydrogenase Activity in 
Mitochondria and on ATP in Myocardium during Deep 
Hypothermia 

Index of activity I 
of enzymes Control 

Pyruvate dehydrogenase 
activity of 
mitochondria, 
mmoles reduced 
ferricvanide 42• 

Activity'of 
mitochondrial 
2-oxoglutarate 
dehydrogenase, mmoles 
reduced ferricyanide/ 
rag protein/min 84• 

Malate dehydrogenase 
activity in.myo- 
cardial mite-" 
chondria , ~mole/mg ' 
protein/min 2.24+0.097 

ATP content in 
-mvocard ium~ 

moles/g tissue 3,53• 
Crea t i ne  phosphate 

c o n t e n t ,  ~moles/g  
tissue 1,7• 

I Deep hy- [Deep hy- 
pothermia[ pother+mia 

I panance• 

68___+ 11 106/::8 

107/::11 137_____I1 

1,86____.0,12 2,65__0,22 

3,23__+0,16 4,07__+.0,16 

q,735=0,32 2,6+__0,41 

Injection of panthetin increased the CoA content in the myocardial cytosol on account of transfusion of CoA 
formed as a result of hydrolysis of the preparation in the plasma. By virtue of the presence of SS-groups the hydrolysis 
products formed protein complexes, which gradually released COP,. 

After preliminary injection of panthetin in a dose of 50 mg/kg a considerable increase in activity of pyruvate 
dehydrogenase and a-ketoglutarate dehydrogenase was found in the myocardial mitochondria (Table 2). Evidently after 
injection of panthetin sufficient of the free CoA was formed to induce an increase in pyruvate dehydrogenase and 2-oxo- 
glutarate dehydrogenase activity. As a result of activation of the pyruvate dehydrogenase complex, the increase in content 
of acetyl-CoA (Table 1) acted as a signal for an increase in the quantity of oxaloacetate to provide for the more rapid 
oxidation of malate in the Kxebs' cycle. As Table 2 shows, preliminary injection of panthetin caused an increase in malate 
dehydrogenase activity in the myocardial mitochondria by 42% The increase in malate dehydrogenase activity in the mite- 
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TABLE 3. Action of Panthetin on Phospholipid Com- 
position of Mitochondria of Heart (in %5 and on MDA 

Formation (in mmoles/mg protein) in Mitochondria 

  r~ t0ee   '0ee   +l, n 
studied Control I pothermia porllerml, a 

Phosphatidyl- 
choline 29.5-+0,9 30,6-+-2,3 29,04-1,1 

Phosphatidyl- 
ethanolamine 23,5+_2,1 24,4• 27,0___0,9 

Phosphatidyl- 
inositol 15,t_+2,0 II,4___1,8 13,02=0,8 

Cardiolipin 18_0,9 18,1___1,6 i8,4_1,1 
Sphingomyelin 13,6_+1,8 15,5-+2,3 12,6--+1,2 
MDA 1,02-+0,081 2,36___0,19 1,31-+0,26 

~ <0,05 

<0,05 

<0,05 
>0,05 
>0,05 
<0,05 

chondria was evidently determined by the increase in malate concentration. Replenishing the malate reserves as a result of 
reductive carboxylation of pyruvate is catalyzed by the pyruvate dehydrogenase enzyme complex, whose activity was in- 
creased by 2.5 times after injection of panthetin. A 1.7-fold increase in 2-oxoglutarate dehydrogenase activity also was found 
in the experiments. Activation of 2-oxoglutarate dehydrogenase catalyzes the formation of succinyl-CoA, which can phos- 
phorylate guanosine diphosphate. 

The terminal phosphate group of this compound, whose formation is catalyzed by succinyI-CoA-synthetase, phos- 
phorylates ADP. As a result, ATP is formed. These data explain the significant increase in ATP in the rat myocardium in 
experiments with deep hypothermia after injection of panthetin. An increase in the creatine phosphate content also was 
found (Table 2). 

Consequently, the injected panthetin, through biotransformation into CoA, and its acyl derivatives have an effector 
action on dehydrogenases and carboxygenases during hypothermia. 

Activation of these enzyme complexes preserves the activity of reactions of formation of high-energy compounds in 
the myocardium during hypothermia. 

In our experiments injection of panthetin caused an increase of 17% in synthesis of phosphatidylethanolamine, and 
reduced activity of formation of lipid peroxidation products in the mitochondria (Table 3). 

CoA and its acyl derivatives are known to be effectors of synthetases [4] and the acetyl-CoA/CoA-SH ratio is a 
regulator of the direction of transport of the acetyl radical from the mitochondria into the cytosol for lipid synthesis. 
Panthetin, as a precursor of CoA, evidently plays a specific role in the regulation of biosynthesis of phosphatidylethanol- 
amine, which together with phosphatidylcholine is a basic component of the mitochondrial and plasma membrane. Changes 
in the phosphitidylethanolamine concentration in the mitochondrial membranes and the increase in content of high-energy 
compounds are evidently factors inhibiting activation of mitochondrial lipid peroxidation during deep hypothermia. 

It can be concluded from the results of these experiments that panthetin has an adaptogenic action, by promoting 
adequate changes in function and structure of the myocardial mitochondria during deep hypothermia. 

Consequently, during deep hypothermia panthetin has not only the action of a coenzyme, but also an effector 
action on metabolism in the myocardial mitochondria. 
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The basic functions of macrophages, namely chemotaxis, degranulation, phagocytosis, and the "oxygen burst" [1, 11, 
14] determine their key role in inflammatory reactions. Stimulated macrophages, in turn, secrete mediators of inflammation, 
namely prostaglandins, leukotrienes, platelet activation factor (PAF), superoxide anions, and interleukin-1 [12, 13]. An 
important role in these processes is played by Ca 2+, namely by changes in the intracellular concentration of this cation. For 
instance, an increase in [Ca2+]i in macrophages, produced by means of ionophore A23187, causes the appearance of 
tumoricidal activity and the secretion of tumor necrotic factor (TNF), expression of various antigens on the membrane 
surface, and an "oxygen burst," whereas antagonists of calcium ions and calmodulin inhibit activity of the macrophages [7, 
9, 15]. There is some evidence in the literature [3, 8, 10] of a change, through the influence of [Ca2+]i agonists in macro- 
phages stimulated by sodium thioglycollate, although definite functional differences are known in the responses of resident 
and stimulated macrophages to the action of biologically active substances [1, 3]. It must also be pointed out that in [3], 
[Ca2+]i was determined with the aid of the fluorescent probe quin-2, which has definite shortcomings (toxicity, low quan- 
tum yield, lower dissociation constant). 

In the present investigation a new Ca2+-sensitive fluorescent indicator fura-2 was used to study changes in [Ca2+]i 
in resident and activated macrophages under the influence of PAF. PAF is a natural mediator of inflammatory reactions, of 
phospholipid nature, synthesized in many cells including macrophages (see above). In turn, mechanisms whereby the 
released PAF stimulates macrophages have not been finally established, and data in the literature are contradictory [3, 8]. 

EXPERIMENTAL METHOD 

Resident and stimulated macrophages obtained from mice killed by cervical dislocation were used. In the latter 
case, 4 days before isolation of the cells the animals were given an intraperitoneal injection of 1.5 ml of a 2% solution of 
sodium thioglycolate; cells from peritoneal washings, obtained by injection of 5-7 ml of Hanks' solution (pH 7.35) into the 
peritoneal cavity, were sedimented on coverslips measuring 7 • 15 mm in order to obtain a monolayer, which was recorded 
under the microscope, or cell suspensions were prepared. 
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