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Activation of phosphol ipases  in the animal  cell  is an essen t i a l  step, under  cer ta in  conditions, in the 
course  of severa l  metabol ic  and functional p r o c e s s e s  [1]. In pa r t i cu la r ,  phospholipase D takes  pa r t  in the syn- 
thes i s  of c e r a m i n e s -  an impor tant  component  of b ra in  l tpids [8, 5]. Meanwhile activation of phosphol ipases  
means  not only guarantee ing the course  of e ssen t i a l  p r o c e s s e s ,  but also modificat ion of some of the physico-  
chemical  p a r a m e t e r s  of biological  m e m b r a n e s ,  including bra in  synaptic m e m b r a n e s  [5]. This s tate  of a f fa i r s  
explains  why pro tec t ive  m e c h a n i s m s  against  the harmful  action of phosphol tpases  are  essent ia l  in o rde r  to 
mainta in  Cellular homeos tas i s .  

It has  recent ly  been shown that  a - tocophe ro [  s tabi l izes  synaptosomal  m e m b r a n e s  against  the harmful  
action of phosphol ipase  A 2 [5]. This s tabi l iz ing effect  is due to the abili ty of ~x-tocopherol to fo rm complexes  
with f ree  fatty acids (FFA) [4, 7]. Invest igat ion of the nature  of complexes  of a - tocophe ro l  with FFA has  
shown that  this p r o c e s s  takes  place through two types  of interact ion:  polar  interact ion between the OH-group 
of the chromane  r ing of a - tocophe ro l  and the carboxyl  group of the fat ty acid and hydrophobic interact ion of 
c i s -unsa tu ra t ed  double bonds of the fat ty  acid with methyl  groups  of the chromane  ring of a - tocophe ro l  [2]. 

Since complexes  of this kind can potent ial ly  be fo rmed  with a f a i r ly  wide c lass  of compounds [3, 6], the 
poss ib i l i ty  of fo rmat ion  of complexes  of ~ - tocophero l  with phosphatidic acid (PA), the pr incipal  hydro lys i s  
product  of phospholiptds by phosphol ipase  D, was investigated.  

E X P E R I M E N T A L  M E T H O D  

~-Tocophe ro l  was obtained f rom Serva (West Germany) ,  PA was obtained by phospholipid hydro lys i s  of 
ovolecithtn (PAL), and d imyr is toylphosphat id tc  acid (DMPA) were  f rom Koch-Light  (England), and deutera ted  
ch lo ro form f r o m  Merck  (West Germany) .  Heptane was purif ied by redis t i l la t ion.  
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Fig. 1. UV absorption spectra  of solution of a -  
tocopherol  in heptane (10 -5 M) at room temper -  
ature before (1) and after addition of PAL to the 
cuvette (2, 3). Concentration of PAL was 0.36 
rag/rot (2) and 0.72 mg /ml  (3). The same quan- 
tity of PAL was added to the compar ison cuvette. 

UV absorption spectra were measured  on a 220A spectrophotomer  (Hitachi, Japan), and 1H-N~R spec- 
t ra  were recorded on a WH-400 spec t romete r  (Bruker, West Germany). The residual signal of chloroform 
(6 = 7.25 ppm) was used as internal standard. The resul t s  were subjected to stat ist ical  analysis  on the CX-1 
minicomputer  (Canon, Japan). 

EXPERIMENTAL RESULTS 

It was shown previously  that the formation of complexes of ~- tocopherol  with FFA is accompanied by a 
change in the absorption of a - tocophero l  at 206-210 nm [4, 7]. UV spectra  of solutions of ~- tocopherol  in hep- 
tune before and after  addition of increasing quantities of PAL are i l lustrated in Fig. 1. They show that addi- 
tion of PAL to the solution caused a decrease  of optical density in the 205-209 nm region but did not change 
absorption at the maximum at 293 nm. Similar changes were observed in the spectrum after addition of DMPA 
to the solution. Changes in optical density were observed vir tually instantaneously and were proport ional  to 
the concentrat ion of added PA. Considering this fact, equilibrium constants  of interaction of a - tocophero[  
with PA could be calculated as descr ibed previously  [4, 7]: 

K _ A 0 - A  
A0" [PA] ~ 

where A 0 and A represent  optical densit ies at 206 nm before and after  addition of PA respectively.  Constants 
of interaction of (~-tocopherol with PAL and DMPA, calculated in this way, were (1.4~0.1). 103 and 76.6~ 13.2 
M - t  respect ively.  The considerable difference in constants  of interaction of a - tocophero l  with DMPA and PAL 
indicates that in the case of interaction with FFA the presence  of double bonds in the lipid plays an essential  
role in formation of the complex and de termines  the magnitude of the constant of interaction. 

By high-resolut ion 1H-NMR spect roscopy it is possible to identify groups of atoms taking par t  in fo rma-  
tion of the complex of ~- tocopherol  with PA. The 1H-NMR spectrum of a - tocophero[  in deuterated chloroform 
is shown in Fig. 2. In the spectrum the signal with 5 = 4.31 ppm cor responds  to protons of methyl groups of 
the chromane right,  the doublet with 5 = 2 .10-2 .15ppmcorresponds  to protons of methyl groups of the chromane 
ring the signal with 5 = 1.21 ppm corresponds  to protons of methylene groups of the phytol chain, and the multi-  
plet in the region 0.82 ppm corresponds  to protons of methyl groups of the phytol chain. 

On addition of PAL to the ~- tocopherol  solution considerable widening of the signal of the OH-group and 
widening of the signal of the methyl groups of the chromane ring were observed. The remaining groups of 
signals in the NMR spectrum of (~-tocopherol were not widened. Similar widening of signals of the OH-group 
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Fig. 2. 1H-N!MR spec t rum Of a - tocophe ro I  (1) 
and of mix tu re  of a - tocophe ro l  with PAL in the 
ra t io  of 5 : 1  (2) in deutera ted  ch loroform at 
300~ 

and methyl  groups  of the chromane  ring of ~ - tocophero l  was obse rved  prev ious ly  during interact ion of a - t o c o -  
pherol  with FFA [3]. These resu l t s ,  as  well as those obtained p rev ious ly  [3], just i fy the conclusing that dur-  
ing interact ion of PAL with c~-tocopherol a complex also is fo rmed  on account of two types  of interact ion,  
namely:  interact ion of the OH-group of the chromane  ring of ~ - tocophero l  with the po la r  group of PAL and 
hydrophobic interact ion of c i s -unsa tu ra t ed  double bonds of acyl r e s idues  of PAL with methyl  groups  of the 
chromane  ring of a - tocophero l .  

Incidentally,  the constant  of format ion  of the P A -  ~- tocophero l  complex is significantly inc reased  by an 
inc rease  in the degree  of unsaturat ion of the acyl r e s idues  of PA. During hydro lys i s  of phospholipids by phos-  
phol ipases ,  including by phosphol ipase D, unsa tura ted  phospholipids a re  the f i r s t  to undergo convers ion  [1]. It 
is thus c l e a r  why a - tocophe ro l  in biological  m e m b r a n e s  will in terac t  f i r s t  with unsatura ted  PA, and not with 
more  sa tura ted  phospholipids.  Taking this  into considerat ion,  and also the high values of constants  of in te r -  
action with PA with a - t ocophe ro l  in the solution, it can be tenta t ively  suggested that interact ion of  a - tocophe ro l  
with PA in biological  m e m b r a n e s  will take place with quite high intensity. This, in turn, indicates  that the 
format ion  of complexes  of a - tocophe ro l  with PA in biological  m e m b r a n e s  and, in par t i cu la r ,  in synaptic m e m -  
branes ,  can be regarded  as a poss ib le  mo lecu l a r  mechan i sm of the stabil izing action against  injury caused by 
phospholipase D. 
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