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Disturbances of carbohydrate metabolism have been described in fevers. Hyperglycemia and glycosuria [8], 
an increase in the blood lactic acid concentration [11], and a decrease in the glycogen content of the liver [2] have 
been reported. So far as the changes in the activity of the enzymes of carbohydrate-phosphorus metabolism are con- 
cerned, this subject is dealt with inadequately in the literature [1,10]. 

Particular interest is centered on the investigation of the least "powerful" enzyme links. It is assumed that in 
various pathological states of the organism, it is these "narrow" enzyme links which are the first to be broken [6]. 
According to information in the literature, one such enzyme concerned in the processes of glycogenolysis is phospho- 
fruetokinase (PFK)* [3]. 

Data relating to the changes in PFK activity in the skeletal muscles and myocardium of rabbits in various 
stages of pyrogenal fever are described in this paper. 

E X P E R I M E N T A L  METHOD 

Experiments were conducted on rabbits weighing 2.5-3.5 kg. Fever was produced by the intravenous injection 
of pyrogenal, a highly purified lipopolysaccharide, free from toxic impurities!(preparation obtained from Kh. Kh. Plan- 
el'es, of the Gamaleya Institute of Epidemiology and Microbiology). The pyrogenal was injected in a dose of 10 
gg/kg body weight. The temperature was measured in the rectum. 

The tissues to be investigated were frozen and ground in liquid oxygen. The PFK activity was determined by 
a colorimetric method [13], slightIy modified by the author in conjunction with A. t. Kulikova. 

The tissues were extracted with K-phosphate buffer (0.1 M, pH 7.8) for 1 h. The optimalproportionsdiscovered 
for the weight of the tissue sample and the weight of the extracting substance were 1 : 30 for the skeletal muscles and 
1 : 20 for the heart muscle. The extract obtained was added in a volume of 0.1 ml to an incubation medium of the 
following composition: 0.2 ml fructose- 6-phosphate (0.058 M), 0.1 ml ATP (0.04 M), 0.8 ml collidine buffer of pH 
7.4-7.6 (0.1 M), 0.1 ml MgC1 z (0.15 M), 0.1 ml KF (0.05 M), and 0.1 ml hydrazine sulfate (0.56 M). The mixture 
was incubated for 15 min at 37*. The enzyme reaction was stopped by the addition of 1.5 ml of 10% trichloroacetic 
acid. The phosphotrioses formed were determined in the filtrate by the method of Sibley and Lehninger [16], as 
modified by Bruns [9]. Standardization of the trioses was carried out by means of dihydroxyacetone [12]. 

The PFK activity was expressed in units (decrease in fructose- 6- phosphate in gmoles/mg protein in the sample 
per min of incubation). The protein was determined by the biuret method [7]. 

Altogether, five groups of animals were investigated: group 1 - control rabbits; group 2 -- rabbits receiving in- 
jections of pyrogenal and their PFK activity investigated in the stage of elevation of the temperature (40-50 min 
from the time of injection of pyrogenal); group 3 - animals in which the PFK activity was determined at the stage 
of maximal pyrexia, i.e. 2 h after injection of pyrogenal; group 4 -  rabbits in which the PFK activity was investi- 
gated in the stage of lowering of the temperature, i.e., 6-6 h after the pyrogenal injection; and group 5 --animals 
investigated 24 h after the pyrogenal injection. 

�9 systematic name of the enzyme in accordance with the "Classification and nomenclature of Enzymes" (1962) 
is ATP: D-fruetoso- 6-phosphate- 1-phosphotransferase. 
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Phosphofructokinase Act iv i ty  (as Loss of Fructose-6-Phosphate in gmoles /mg Protein in Sample per Minute of 

Incubation) in Skeletal  Muscles and Heart at Different Stages of Fever (M • m) 

Tissue 

Muscles 

Heart 

NO. 

of 

e x -  

peri-  
meats 

14 

Group 1 

(control) 

1,720~0.110 

0.420• 

No. 

of 

e x -  

peri-  
ments 

Group 2 
(45- 50 min 

after in-  
jec t ion of 
pyrogenal) 

2.040->0.047' 

P <0 .05  

0.438+0.022 
P < 0 . 6  

No. 

of 
e x -  

peri-  
meats 

Group 3 
(2 h after 

in jec t ion  
of 

pyrogenal) 

1.290~:0.063 

P <0.01  

0.323i0.021 
P < 0.01 

NO. 
i 

i o f  

e x -  

peri-  

ments 

Group 4 
(6 h after 

in ject ion 
of 

pyrogenal) 

1.810• 

P <  0.6 

0.452• 
P<  0.6 

NO. 

of 

e x -  

peri-  
ments 

Group 5 
(24 h after 

in ject ion 
of 

pyrogenal) 

1.710 :k0.120 

P <  0.9 

0.509• 
P <  0.01 

E X P E R I M E N T A L  R E S U L T S  

Between 45 and 50 min after the in ject ion of pyrogenal (group 2) the temperature  was e levated  by 1.0-1.2 ~ 

The  tab le  shows that  the PFK ac t iv i ty  of the skeletal  muscles was increased by 18.6%, while the  rate of the phospho- 

f tuctokinase react ion in the heart  muscle remained unchanged. 

The  next group (3) of rabbits was studied at the stage of the highest rise of temperature.  Two h after in jec t ion  
of pyrogenal,  the temperature  showed its f inal  increase,  when it was raised on the average by 2.0-2.1 ~ The PFK ac-  
t iv i ty  in the skeletal  and cardiac  muscles of these animals  was lowered on the average by 23-25%. 

In the rabbits of group 4, the temperature  6 h after in jec t ion  of the pyrogenal remained raised by 0.7 ~ The 

ve ioc i ty  of the phosphofructokinase reac t ion  in the muscles and heart  was the same as in the control animals.  

The animals  of group 5 were invest igated 24 h after in jec t ion  of the pyrogenal and their temperature  was then 
normal. It is interest ing that  the PFK ac t iv i ty  in the heart  was raised by 21.2~ while in the skele ta l  muscles i t  was 

unchanged. 

The results of these investigations thus showed that  the PFK ac t iv i ty  in the skele ta l  muscles was increased in 
the first stage of the febri le  react ion (45-50 min after in ject ion of pyrogenal). This increase was evident ly  associated 

with an increase in the concentrat ion of inorganic phosphorus in the tissues, as is suggested by data [5] indicat ing an 
increased ra te  of penetrat ion of phosphorus from the blood into the muscles in pyrogenal  pyrexia. Phosphorus is 
known to ac t iva te  the PFK react ion [15] and to protect  it  from the depressant ac t ion of ATP [14]. At the stage of 
max ima l  e levat ion  of the temperature ,  the inhibi t ion of the ac t iv i ty  of the muscle PFK was evident ly  re la ted to the 
accumula t ion  of ATP in this tissue on account  of an increase in the intensity of oxidat ive  phosphoryli t ion [4]. 
Probably at  this stage of fever, the phosphorus could no longer protect  the WK from the inhibitory act ion of the ex-  

cess of ATP. 

Depression of the PFK ac t iv i ty  in the heart  muscle at  the stage of the maximal  e levat ion  of the temperature  

may also have been due to the intensif icat ion of oxidat ive  phosphorytationand to accumula t ion  of ATP. 

L I T E R A T U R E  C I T E D  

1. D . I .  Bel 'chenko, Vopr. Med. Khim. ,  No. 6, 638 (1963). 
2. G . M .  Daudova, in the book: Annual Report of the Institute of Experimental  Medic ine  of the Academy of 

Medica l  Sciences of the USSR for 1956 [in Russian], Vilnius (1957), p. 219. 

3. S . A .  Neifakh and M. P. Mel 'n ikova ,  Biokhimiya, 3, 440 (1968). 
4. S . A .  Neifakh and E. P. Zdrodovskaya, Biokhimiya, 6, 1040 (1961), 
5. M . P .  Fomina,  in the book: Annual Report of the Institute of Experimental  Medicine of the Academy of 

Medica l  Sciences of the USSR for 1957 [in Russian], Leningrad (1958), p. 223. 
6. V . A .  ~ngel 'gardt ,  Cited by V. S. II ' in ,  Ukr. Biokhim. Zh.,  6, 911 (1958). 
7. p. Baudet and C1. Geddey, Helv. Chim. Acta,  31, 1879 (1948). 
8. P. Boquet and Y. Izard, C. R., Soc. Biol., 145, 351 (1951). 
9. F. Bruns et a1., 325, 156 (1953). 

10. A. Desperak-Naciazek  and J. Venulet,  Acta  physiol, pol.,  11, 623 (1960). 
11. E. Kun and P. Miller ,  Proc. Soc. Exp. Biol. (N.Y.), 67, 221 (1948). 
12. O.H.  Lowry, N. R. Roberts, M. L. Wu, et  a l . ,  J. BioLChem.,  207, 19 (1954). 

888 



13. L. Mikcevova and I. Vosveova, Collect.  Czechosl. Chem. Commun, 26, 1469 (1961). 

14. J .V .  Passonneau and O. H. Lowry, Fed. Proc., 21, 87 (1962). 

15. J .V .  Passonneau and O. H. Lowry, Biochem. Biophys. Res. Commun.,  7, 10 (1962). 

16. J . A .  8ibley and A. L. Lehninger, J. Biol. Chem.,  177, 859 (1949). 

All abbreviations of periodicals in the above bibliography are letter-by-letter translitera- 
tions of the abbreviations as given in the original Russian journal. Some or alt o f  th i s  peri-  

odical  l i terature may  we l l  be avai lable  in E n g l i s h  translation.  A complete list  of the cover-to- 
cover English translations appears at the back of the first issue of this year. 

889 


