
BIOCHEMISTRY AND B I O P H Y S I C S  

PHOSPHOLIPID COMPOSITION OF RABBIT BRAIN SYNAPTOSOMES 

UNDER NORMAL CONDITIONS AND IN POISONING BY 

ORGANOPHOSPHORUS CHOLINESTERASE INHIBITORS 

N. P. Taranova and V. Ya. Dvorkin UDC 615.917:547.241].015.45:[612.822.1:547.953 

The content of individual phospholipid f rac t ions  was studied in homogenates  and synaptosomes  
f r o m  the bra in  of normal  rabbi t s  and r abb i t s  poisoned with a lethal dose of an organophospho-  
rus  cho l ines t e r a se  inhibitor belonging to the allcylthiophosphonate s e r i e s .  In no rma l  rabbi t  
bra in  synap tosomes  the re la t ive  content of diacyl  aminophospholipids (APL) was lower  and the 
content of p lasmalogen  APL, phosphoinosi t ides ,  and phosphatidylcholines was higher  than in 
homogenates  of the whole brain .  Poisoning with the organophosphorus  inhibitor reduced the 
content of diacyl  APL by 25% and increased  the content of p lasmalogen  APL by 17% in whole 
brain  homogenates ,  but caused no change in the content of all phospholipid f rac t ions  tes ted in 
the bra in  t i ssue  synap tosomes .  
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Recent  invest igat ions have shown that the ro le  of phospholipids (PL) in nerve  t i ssue  is not confined 
to that of building ma te r i a l  for the membranous  s t ruc tu re s .  Bra in  function and, in pa r t i cu l a r ,  m e m b r a n e  
t r a n s p o r t  of the cations requi red  for conduction and t r a n s m i s s i o n  of the nervous impulse  [2] a re  essen t ia l ly  
dependent on PL [9, 11, 14], 

It was decided to study whether changes take place in the quali tat ive and quanti tat ive composi t ion of 
PL in ne rve  t issue in genera l  and in the synap tosomes  in pa r t i cu la r  during d i so rde r s  of  synaptic  t r a n s m i s -  
sion a r i s ing  through poisoning by organophosphorus  cho l ines te rase  inhibi tors  (OP1). 

EXPERIMENTAL METHOD 

Male rabbits weighing 2.5 g received a lethal dose (I0 mg/kg) of an OPl - preparation GA-3 - a thio- 
phosphonic acid derivative: O-n-butyl-S-n-butylmethylthiophosphonate, synthesized by N. N. Godovikov 
and A. A. Abduvakhabov [I], by intramuscular injection. The animals were decapitated 30-40 min after in- 
jection of the OPI, when definite signs of severe poisoning (salivation, tremor, spasms) had developed. Syn- 
aptosomes were isolated by de Robertis' method [15] in the modification of Kreps et al. [6] from a homo- 
genate of whole bra in  [8]. 

Lipids were  ext rac ted  f r o m  the synap tosomal  f ract ion and the brain  homogenate  by the method of 
Folch et al. [12] in Suzuki 's  modificat ion [19]. The ch lo ro fo rm-me thano l  ex t r ac t  was washed with 0.75% 
KCI in the propor t ion  of 0.2 ml  to 1 mI ex t r a c t  in o rde r  to r emove  gangl iosides  and other  wa te r - so lub le  
impur i t i e s ,  a f te r  which the bo t tom phase  was rewashed with a mixture  of ch lo roform,  methanol ,  and KCI 
solution (3 : 47 : 48). 

The PL  of the homogenates  and synap tosomes  were  f ract ionated by ch romatography  on s i l ica  gel 
columns by the scheme  descr ibed  e a r l i e r  [4]. The following PL f rac t ions  were  isolated and invest igated:  
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TABLE 1. Phospholipid Composi t ion of Homogenates  and Synaptoso-  
mal  F rac t ion  of Rabbit  Bra in  Tissue  under Normal  Conditions and 
during Poisoning with the Compound GA-3 (in % of total lipid phospho- 
rus ;  M+m) 

Homogenatc Synaptosomes 
PL 
fractions p p 

PA + PGP 
APL 

diacyl 

plasmalogen 
PI 
FC 
SPM 

preparation 
control GA-3 

4,6• 0,3 4,6_+ 0,2 

18,9+__ 0,8 14,3• 0,6 

23,3• 1,5 28,1• 1,5 
9,6• 0,1 9,9• 0,6 

29,4--- 1,1 29,3• 1,5 
I1,2• 12,0• 

>0,1 

~O,Ol 

<0,05 
>0,I 
>0,1 
>0,I 

preparation 
control GA.3 

4,6• 0,2 4,6• 0,2 

7,9• 7,1• 

27,4• 0,9 28,2_+ 2,7 
11,7• 1,2 9,3• 
34,7• 35,1• 1,2 
10,8_+0,5 9,9• 0,4 

>0,1 

>0,1 

>0,1 
>0,I 
>0,1 
:>0,1 

Legend: PA + PGP) phosphatidic acids + polyglycerophosphat ides ;  APL) 
aminophospholipids;  PI) pliosphoinosit ides;  PC) phosphatidylcholines 
(lecithins) ; SPM) sphingomyelins .  

phosphatidic acids and polyglycerophosphat ides ,  aminophospholipids (APL), which were  divided into diacyl  
and p lasmalogen  fo rms ,  phosphat idylchol ines,  phosphoinosi t ides ,  and sphingomyel ins .  The content of each  
P L  f rac t ion  was calculated f rom the content of lipi d phosphorus af ter  minera l iza t ion  of the samples  with 
sulfuric  and ni t r ic  acids and was e x p r e s s e d  as a pe rcen tage  of the phosphorus of the total P L .  

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

Compar i son  of the phospholipid composi t ion of the homogenates  and synaptosomes  of normal  rabbi t  
bra in  (Table 1) shows, f i r s t ,  that the synaptosomes  contain the s a m e  phospholipid f rac t ions  as a re  p resen t  
in the homogenate.  This  is in full ag reemen t  with the r e su l t s  obtained by other  worke r s  who showed that PL 
of the synaptosomes  do not differ  qual i tat ively in principle f rom PL of the homogenate and other  m e m b r a n -  
ous s t ruc tu r e s  of nerve  t issue [5, 16]. Meanwhile definite d i f fe rences  were  found in the quantitat ive content 
of the individual PL f rac t ions:  content of diacyl fo rms  of APL in the synaptosomes  was cons iderably  lower,  
while that of the p lasmalogen  fo rms  of APL, phosphoinosi t ides ,  and phosphatidyleholines was higher than in 
the whole brain  homogenate.  As r ega rds  the enr ichment  of the synaptosomes  with phosphatidylcholines and 
phosphoinosi t ides,  the r e s u l t s  agree  with data in the l i t e ra tu re  [5, i6] and can evidently be explained by the 
par t ic ipat ion of p rec i se ly  these PL in metabol ic  convers ions  in the acetylcholine s y s t e m  during conduction 
of the nervous impulse .  The inc reased  content of the p lasmalogen  fo rms  of APL and, converse ly ,  the r e -  
duced content of diacyl f o rms  revea led  by these expe r imen t s  were  somewhat  unexpected; as r ega rds  the 
re la t ive  content of p lasmalogens  (27.4% of the total P L  content) the synap tosomes  r e s e m b l e d  the f rac t ion  
of myel in  f ragments ,  in which p lasmalogens ,  espec ia l ly  e thano lamine-p lasmalogens ,  occupy the fo r e mo s t  
place ahead of all  the other fo rms  of PL [18]. The r e su l t s  of the p re sen t  exper imen t s  emphas ize  an i m p o r -  
tant feature  dist inguishing the in t race l lu la r  dis t r ibut ion of p lasmalogens  in bra in  t issue:  they a re  p re sen t  
se lec t ive ly  in increased  amounts  in subcel lu lar  f rac t ions  and they a re  speci f ic  for nerve  t i ssue ,  in which 
they a re  p re sen t  in myel in  and synaptosomes .  

In OPI poisoning the only significant changes were  those in the quantitat ive ra t io  between the diacyl 
and p lasmalogen  fo rms  of APL in the rabbi t  bra in  homogenate:  a dec rea se  of 25% in the content of diacyl  
f o rms  and an inc rease  of 17% in the content of p lasmalogen  fo rms  of APL (Table 1). The fact  that the con-  
tent of all  the PL  f rac t ions  tested remair ied unchanged in the synap tosomes  was unexpected; consequently,  
the changes in the content of diacyl and p tasmalogen  fo rms  of APL d iscovered  in OPI poisoning in the brain  
homogenates  were due to changes in the content of these PL in some other  subcel lu lar  pa r t i c l e s  of brain  
t i ssue ,  possibly in the glial ce l ls ,  but not in the synap tosomes ,  as might  have been expected having r ega rd  
to the specif ic  nature  of the exper imen ta l  p rocedure .  

These facts  a re  fur ther  conf i rmat ion of the view e x p r e s s e d  previous ly  by the wr i t e r s  regard ing  the 
nonspecific c h a r a c t e r  of the effect  of OPI poisoning on bra in  PL  m e t a b o l i s m  [7]. For  ins tance,  a smal l  
d e c r e a s e  in the total PL  content  in the rabb i t  bra in  was observed  not only in convulsions evoked by com-  
plete inhibition of cho l ines te rase  by the action of the OPI,  but a lso  in convulsions caused by picrotoxin,  a 
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substance with no anticholinesterase action [7]. Fur thermore ,  the decrease in the intensity of PL metabol- 
ism in the mouse brain under the influence of OPI is only the result  of the hypothermia accompanying the 
poisoning. In cases in which hypothermia did not develop, OPI did not affect the intensity of PL metabolism 
in the brain [3]. Meanwhile, in various pathological disturbances in nerve tissue leading to demyelinization, 
changes in the phospholipid composition take place chiefly on account of the components of the ethanola- 
mine-containing PL; either the fatty-acid composition of the PL is modified or the relative quantitative 
proportions of the individual PL components are altered [13, 17, 21]. 

The reciprocal  character  of the changes in the content of diacyl and plasmalogen forms of APL dis- 
covered in these experiments in the rabbit brain during OPI poisoning evidently points to the possible inter-  
conversion of these two forms of APL; this hypothesis is in agreement with existing views regarding the 
biosynthesis of tissue plasmatogens by the dehydrogenation of the corresponding alkyl-acyl forms of PL 
[10, 20]. 
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