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The ra te  of  incorpora t ion  of rad ioac t ive  phosphate  into the polyphosphoinosi t ide (PPI) f r a c -  
t ion is about 10 t i m e s  g r e a t e r  than into o the r  phospholipids (PL) of the n o r m a l  ra t  l ive r .  
Rapid p o s t m o r t e m  changes in the PPI  content in the l i ve r  were  found. During exposure  to 
the va r ious  f ac to r s  used,  the only PL f rac t ion  in which changes were  found was the PPI  
f rac t ion .  Changes in the content and also in the intensi ty of me tabo l i sm of PPI  in the l i ve r  
were  s i m i l a r  in di rect ion during exposure  to these  fac to r s  to those  in the bra in .  The PPI  
f rac t ions  a re  the mos t  labile PL f rac t ions  in the l ive r .  
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the nervous  s y s t e m .  

Until r ecen t ly  it was cons idered  that  di-  and t r iphosphoinos i t ides  (DPI and TPI) ,  combined under  the 
genera l  t e r m  of "polyphosphoinosi t ides"  ] PPI),  occu r  only in ne rve  t i s sue .  However ,  o ther  an imal  t i s su e s  
also a re  known to contain PPI ,  although in much  s m a l l e r  amounts  [7, 8, 13]. P rac t i ca l l y  all data on the 
unique p r o p e r t i e s  of  PPI  have been obtained by the study of nerve  t i s sue .  The PPI  f rac t ion  of ne rve  t i s -  
sue has  been shown to have a high metabol ic  ra te  of i ts  phosphate groups [10, 14], rapid  p o s t m o r t e m  b r e a k -  
down [7], and changes in t he i r  content in vivo during exposure  of the o rgan i sm to cer ta in  fac to r s  [4-6] and 
in v i t ro  under  the influence of metabo l ic  inhibi tors  [2]. Informat ion  about PPI  me tabo l i sm  obtained in 
o ther  than nerve  t i s s u e s  is e x t r e m e l y  scanty .  All that  is known is that  PPI  in all  t i s sues  studied have a 
high metabol ic  ra te  of t he i r  phosphate groups [12]. 

The object  of this  invest igat ion was to study the me tabo l i sm  of the PPI  f rac t ions  in the ra t  l i ve r  in 
vivo during exposure  to physiological  and pha rmaco log ica l  agents:  exc i t a to ry  (e lec t r ica l  s t imulat ion of 
the skin, amphetamine)  and inhibi tory (hypoxia,  hypoglycemia ,  thiopental) .  Other  acid phospholipids (PL) 
were  studied for  c o m p a r i s o n -  phosphat idylser ine  (PS), monophosphoinosi t ides  (MPI), and also the to ta l  
PL f rac t ion  including al l  PL p re sen t  in l i ve r  t i s sue .  

EXPERIMENTAL METHOD 

Adult male  Wi s t a r  albino r a t s  were  used .  E lec t r i ca l  s t imulat ion of the skin was applied to r a t s  kept 
in individual cages  by connecting a vol tage of 25-40 V to m e t a l  rods  in t he i r  walls for  30 sec eve ry  5 rain. 
Amphetamine  was injected subcutaneously  in a dose of 15 mg /kg .  As a resu l t  of these  p r o c e d u r e s  the 
an imals  were  brought into a s tate  of m a r k e d  exci ta t ion and they became  a g g r e s s i v e .  A state of  hypoxie 
hypoxia was induced in the r a t s  by placing them in a gas- f low c h a m b e r  through which a mix ture  of 5% 02 
+95% N2was pas sed .  Insulin hypoglycemia  was induced in the an imals  by injecting insulin subcutaneously  
in a dose of 80 uni ts /kg~ A state of na rco t ic  sleep was induced by injecting thiopental  sodium subcutane-  
ously in a dose of 150 m g / k g .  As a r e su l t  of these  las t  th ree  p r o c e d u r e s  the an imals  were  inhibited, e s -  
pec ia l ly  those  in deep thiopental  s leep.  
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Fig. I, Changes in PL content (% of control) in rat liver during various procedures: ESS) electri- 
cal stimulation of skin; ~) total phospholipids; S) phosphatidylserines; M) monophosphoinositides; 
D) diphosphoinositides; T) triphosphoinositides. Shaded columns represent values differing signif- 
icantly (p < 0o05) from control. Errors of arithmetic mean are shown; n= 15.20. 

Fig. 2. Changes in RSR of phospholipids (% of control) in rat liver after various procedures~ Leg- 
end as in Fig.  1. 

TABLE 1. Content and Intensity of 
Metabolism of PL from Rat L iver  (M~m) 

Content (pg I RSR 
Phospholipids Pi/g we~ wt. i 

of tissue) i 
Total 1340~40 (32)1 2,91~0,09(32) 

i 

PL 
PS 58,7 ++- 1,8 (22) 1,04+---0,05 (22) 
MPI 78,9:1,6 (22) I 1,29---0,07 (22) 
DPI 6,35~0,17 (26) 24.8~-2,0 (26) 
TPI 7,70=0,46 (26) 3713~-1,0 (26) 

Legend. Exposure with p3~ for  60 min; 
numbers  in parentheses  show number  of 
exper iments .  

To study the intensity, of metabolism of the PL phos-  
phate groups, Na2HP320 4 was injected subcutaneously into 
the animals in a dose of  5 Ci /g  immediately before the 
procedure ,  The animals were anesthetized with e ther  
60 rain af ter  injection of the isotope (and at other  periods 
also in some experiments) ,  laparotomy was performed,  
and a piece of l iver  t issue weighing about 1 g was excised 
and ground in a m o r t a r  with 3 ml methanol. About 20 see 
elapsed between taking the l iver  t issue and grinding it in 
methanol.  The suspension of l iver  t issue with 6 ml of a 
c h l o r o f o r m - m e t h a n o l -  concentrated HC1 mixture (100 : 
100 : 0.6) was t r an s f e r r ed  quantitatively into centrifuge 
tubes.  After  centrifugation, the t issue residue was ex-  

t rac ted  a fur ther  four t imes ,  each t ime with 8 ml of the same mixture ~200 : 100 : 1) for 10 mino The f irs t  
three extract ions were ca r r i ed  out at 20~ and the last two at 37~ The methods of washing of f the  com-  
bined extract  and concentrat ing it and the procedure  of chromatographic  fraetionatien of PL on paper t r ea ted  
with formalin,  to one sheet of which 0.5 ml of the extract  was applied, were described by the wr i te rs  in 
detail e a r l i e r  [1]. 

For  each PL fract ion the content of inorganic phosphorus (Pi) was determined in pg /g  wet weight of 
t i ssue  and the relative specific radioactivi ty (RSR) was calculated as the  ratio (x 100) of the specific radio-  
activity (in c o u n t s / m i n / p g  Pi) of the PL fraction to the specific radioactivi ty of Pi of the l iver  t issue.  

EXPERIMENTAL R E S U L T S  

Pre l iminary  exper iments  showed that the PPI fract ions of the l iver  undergo rapid pos tmor tem changes, 
as a result of which the content of DPI and TPI falls. Accordingly, fixation of the liver tissue after its re- 
moval from the body must be carried out as quickly as possible. 

The study of p32 incorporation into PL with time showed that during the first 60 rain after injection 
of the isotope there was a sharp increase in the values of RSR of both PPI fractions, followed by a very 

slight decrease in RSR of DPI and a small increase in RSR of TPl during the next 3 h. The specific radio- 

activity of phosphorus of PS, M,PI, and total PL was always lower than the corresponding values for the 
PPI fraction during the period of investigation (4 h), and it increased uniformly and in a straight line. The 
period of incorporation of P32-orthophosphate of I h can thus be used for a simultaneous study of the in- 
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t ens i ty  of  me tabo l i sm  of all  PL f rac t ions  of the l iver .  Data for  the content and RSR values  of PL of the 
ra t  l i ve r  under  no rm a l  conditions 60 rain a f t e r  injection of p32 are  given in Table 1. Compared  with the 
brain,  the ra t  l i ve r  contains only o n e - q u a r t e r  as much PPI,  although for  equal  exposures  with p32 they 
have a higher  RSR. 

Metabol i sm of PPI  and the o ther  PL of ra t  l i ve r  in the pha rmaco log ica l ly  induced s ta tes  (amphet-  
amine exci tat ion and thiopental  sleep) was inves t igated at two different  t imes  - a f t e r  30 min and 1 h. 
Changes in the content and intensi ty of  me tabo l i sm  of PL at both these  t i m e s  were  found to be qual i ta t ively 
the same ,  but quant i ta t ively they were  l e s s  m a r k e d  a f t e r  30 rain, evidence of the absence of phasic  changes 
in PL me tabo l i sm  during the f i r s t  hour  of exposure  to the drugs .  During the study of PL me tabo l i sm in 
the l i ve r  a f t e r  the o ther  p rocedures ,  only one t ime  in terva l  was t he re fo re  used, namely  1 h. 

In the l iver ,  as in the bra in  also,  under  the influence of the var ious  p r o c e d u r e s  changes took place 
(Fig. 1) in the content of DPI and TPI ;  as a rule  the changes were  l ess  sharp  than in the brain  [4, 5]. The 
di rec t ion of the changes in the content of PPI  f rac t ions  in the l i ve r  t i s sue  coincided with the d i rec t ion of 
the changes in the content of these  f rac t ions  in the brain  t i s sue  under  cor responding  conditions, with one 
exception - DPI during thiopental  s leep.  In amphetamine  exci ta t ion the T P I  content in the ra t  l i ve r  rose ,  
whereas  a f t e r  the p r o c e d u r e s  causing inhibition (hypoxia, hypoglycemia ,  thiopental  sleep) it fell. Tile DPI 
content in the l i ve r  changed without following any c l ea r ly  defined pa t te rn ,  as was obse rved  e a r l i e r  for  the 
b ra in .  

Changes in the intensi ty of  PL me tabo l i sm in the l i ve r  (Fig. 2) were  less  ma rked  than in the brain~ 
espec ia l ly  for  DPI and TPI .  Changes in RSR in the bra in  were  consis tent :  in response  to exci ta t ion the 
intensi ty  of me tabo l i sm  of the PL f rac t ions  inc reased ,  whereas  in r e sponse  to inhibition it fell  [3, 4]. All 
that  can be said about the l i ve r  is that during excitat ion of the CNS, RSR of PL mainly  increased ,  whereas  
during inhibition it mainly  dec rea sed .  No change was found in RSR of s e v e r a l  of the ]?L f rac t ions  in the 
l i ve r  during e l ec t r i c a l  s t imulat ion of the skin, hypoglycemia ,  and thiopental  s leep,  and a pa r t i cu l a r ly  in-  
t e r e s t i n g  resu l t  was the ve ry  dist inct ive changes in RSR of MPIo During exci tat ion of the an imals  under  
the influence of amphetamine  and e l ec t r i c a l  s t imulat ion of the skin the intensi ty of MPI me tabo l i sm rose  
sharply ,  both compared  with the me tabo l i sm of the o ther  PL f rac t ions  in the l i ve r  and compared  with 
changes in MPI me tabo l i sm in the bra in  under  the same conditions of exci tat ion.  Moreover ,  even during 
the act ion of inhibi tory f ac to r s  (injection of insulin, hypoxia) the intensi ty of MPI metaboli~sm inc reased .  
The inc rease  in the intensi ty of MPI me tabo l i sm  in the l i ve r  during exci ta t ion of the an imal  following in- 
ject ion of amphetamine  or  e l e c t r i c a l  s t imulat ion of the skin can be explained on the bas is  of data in the 
l i t e ra tu re  [9, 11] pointing to specif ic  s t imulat ion of MPI me tabo l i sm by chol inergic  and ad rene rg ic  agents ,  
which a re  known to be synthes ized in tens ively  in the body under  conditions of exci tat ion.  The deficiency 
of oxygen and glucose in hypoxia and hypoglycemia  probably  ac ts  as a s t r e s s o r  on the an imals ,  as a r e su l t  
of  which foci of  exci tat ion o r  r e s t l e s s n e s s  may  a r i se  in the CNS; these  loci may  speci f ica l ly  s t imulate  MPI 
m e t a b o l i s m  in a cor responding  m anne r  in the l iver ,  and only thiopental  anes thes ia  inhibits these  fool, so 
that  the intensi ty of MPI m e t a b o l i s m  fal ls .  

The PPI  of the l i ve r  thus p o s s e s s  all  the fea tu res  of  labi l i ty  that  were  found init ially during the study 
of PPI  in the brain .  PPI  me tabo l i sm in the l i ve r  under  nonz~al and exc i t a to ry  conditions s t rongly  r e -  
s emb le s  PPI  me tabo l i sm in the ra t  bra in .  These  e x t r e m e l y  different  t i s sues  thus differ  only quanti tat ively 
in the i r  PPI  m e t a b o l i s m .  
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