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Summary 

The in vitro addition of  ~-tocopherol to human platelets was evaluated 
by measuring fluorescence polarization of  1,6-diphenyl-l,3,5-hexatriene- 
labeled platelets and platelet membranes.  The fluorescence anisotropy was 
decreased compared to non-vitamin E-loaded control  platelets at temperatures 
less than 24--27°C bu t  was increased above 27°C. The curve relating temper- 
ature to this parameter remained monophasic in a-tocopherol-enriched platelets 
bu t  exhibited a steeper slope, indicative of  increased flow activation energy. 
The latter was linearly related to platelet ~-tocopherol levels. A possible role 
of  membrane proteins in the mechanism of this change was suggested by the 
increased anisotropy which liposomes prepared from platelet membrane 
lipids displayed when they were loaded with ~-tocopherol.  This modulat ion 
of  'apparent membrane microviscosity'  by  ~-tocopherol may play a role in the 
normal effect  of  this vitamin on human cells. 

Introduct ion 

~-Tocopherol has been shown to inhibit platelet aggregation in vitro [1--5].  
Initially, this effect  was thought  to be a manifestation of  its antioxidant action 
as the aggregation-associated lipid peroxide formation was effectively reduced 
by  vitamin E [3]. Further studies, however, made this hypothesis untenable 
when it was shown that  the oxidized metaboli te,  tocopherylquinone,  had 
antiaggregating properties similar to those of  fully reduced vitamin E [6].  
A close association of  this substance with membranous  structures in the 
platelet can be assumed on the basis of  its hydrophobic  nature. It therefore 
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seemed possible that  a- tocopherol  exerted its antiaggregating action through 
an effect  on the physical state of  the platelet membrane,  in particular its 
lipid-lipid and/or  lipid-protein interactions. Changes in the composi t ion of  
membrane lipids readily influence such interactions. One of  the best studied 
examples in this field is cholesterol [ 7 - 1 3 ] .  Its insertion into membranes 
decreases the random rotational mot ion of  the adjacent phospholipid hydro- 
carbon chains and increases the degree of  order by  preventing the dissociation 
and fusion of  hydrocarbon chains as random mot ion changes with temperature.  
The increased sensitivity of  cholesterol-rich platelets to aggregating agents 
[14] has been related to a reduction of  membrane fluidity [15].  Utilizing a 
well characterized efficient f luorophore,  1,6<liphenyl-l ,3,5-hexatriene which 
localizes equally well in the fluid and solid lipid domains of  biologic 
membranes and the fluorescence polarization of  which reflects almost exclu- 
sively the angular displacement of  its long axis [16],  I investigated the in 
vitro effect of ~-tocopherol on the fluorescence polarization of human plate- 
lets. The monophasic temperature dependence of diphenylhexatriene fluores- 
cence polarization observed in normal platelets was pivoted about  a point  in 
the 24--27°C temperature range when platelets were enriched with a-toco- 
pherol. The vitamin E-induced change in membrane anisotropy was inter- 
preted as indicative of  an increase in the flow activation energy for viscosity 
and an enhanced degree of  fluidity at temperatures above 27°C. 

Methods and Materials 

Human platelets were obtained from venous blood of  normal, healthy 
volunteers who had abstained from any medication for at least 10 days. Plate- 
lets were isolated from acid/citrate/dextrose-anticoagulated blood as previously 
described [17 ]. For analysis of  platelet anisotropy,  platelets were washed three 
times with 0.145 M NaC1 buffered with 0.05 M sodium phosphate,  pH 7.3, 
containing 5% acid/ci trate/dextrose and were then resuspended in this buffer 
at a concentrat ion of 5 • 107 cells/ml. After addition of  an equal volume of 
2 • 10 -6 M diphenylhexatriene which was prepared according to the method 
of  Shinitzky and Inbar [18],  platelets were incubated for 2 h at 37°C. The 
platelets were then separated by  centrifugation, resuspended in phosphate- 
buffered saline and fluorescence polarization measured as a function of  tem- 
perature. For this purpose,  a fluorescence spect rophotometer  (Perkin-Elmer, 
MPF 44-A) was used which was fitted with polarizers in the excitation and 
emission paths and a thermostatically controlled cuvette holder. Polarized 
light of 365 nm wavelength was used to excite fluorescence while emission 
was measured at 428 nm with a cut-off  filter for wavelengths below 390 nm 
in the light-path. Fluorescence intensities were measured parallel and perpen- 
dicular to the direction of the polarized excitation beam. Control samples 
of  diphenylhexatriene suspensions and of  unlabeled platelets were examined 
in each experiment.  These light intensities which amounted to approx. 3% of 
the total fluorescence were neglected. All polarization measurements were 
corrected for the inability of  the instrument to transmit differently polarized 
light equally. From these measurements the fluorescence anisotropy,  r, was 
calculated according to the equation: r = L t - - I i / I t t  + 2/1, where Itt and I± 
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are the fluorescence intensities detected through a polarizer oriented parallel 
and perpendicular, respectively, to the direction of polarization of the exci- 
tation beam. The apparent  microviscosity was approximated as described by  
Shinitzky and Barenholz [19] utilizing a maximal limiting anisotropy value of  
r0 = 0.362 for diphenylhexatriene. Here, r0 is the upper  limit value for r in a 
medium of infinite viscosity. Because of  technical limitations a determination 
of  the fluorescence lifetime of diphenylhexatriene in platelet membranes 
could not  be carried out. Also, the structural parameter, C(r), of the Perrin 
equation could not  be measured. For these reasons, the results with diphenyl- 
hexatriene are expressed in terms of  polarization or anisotropy. The calculation 
of  the apparent microviscosity, ~, and from it that  of  the flow activation 
energy, AE, is based on a number  of  assumptions which are arguable. There- 
fore, the values given below are for comparative purposes only and do not  
reflect absolute quantities. 

Parallel experiments were conducted  with isolated platelet membranes 
prepared by  the glycerol-lysis technique [20].  The washed membrane vesicles 
were loaded with diphenylhexatriene as described above. After centrifugal 
separation [20],  the membranes were resuspended in phosphate-buffered 
saline, their concentrat ion adjusted to 10--20 ~g protein/ml and fluorescence 
intensities measured as detailed above. 

Intact platelets or platelet membranes suspended in plasma were preincuba- 
ted with varying concentrations of ~-tocopherol which was added in concen- 
trated form dissolved in ethanol. The tocopherol  content  of  control  and 
vitamin E-incubated platelets was determined by a fluorimetric method [21].  
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Fig.  1. Temperature  dependence  of  the  f l uo re scence  po l a r i z a t i on  o f  d i p h e n y l h e x a t r i e n e  in  n o r m a l  
(e  e )  and ~ - tocophero i - loaded  (o . . . . . .  o)  p la te le ts .  T h e  o r d i n a t e  is a f l uo re sc e nc e  p o l a r i z a t i o n  
t e r m  a n d  the  absc i s sa  is the  r ec ip roca l  o f  the absolute  temperature.  Platelets were incubated  for  60 ra in  
at  3 7 ° C  w i t h  a - t o c o p h e r o l  which  was  added in  an  ethanol ic  so lut ion .  The final concentra t ion  of  a - toco -  
phe ro l  was  1 m M  and  o f  e t h a n o l  0.5%. N o r m a l  c o n t r o l  p la ta le t s  w e r e  i n c u b a t e d  w i t h  a corresponding  
v o l u m e  of  e thano l .  A f t e r  th i s  i n c u b a t i o n  p e r i o d  the platelets  were washed ,  resuspended in phosphate-  
buffered sal ine c o n t a i n i n g  5% a c i d / c i t r a t e / d e x t r o s e  and  l abe led  w i t h  d i p h e n y l h e x a t r l e n e .  Th i s  exper i -  
m e n t  is r e p r e s e n t a t i v e  o f  e igh t  t h a t  were  p e r f o r m e d .  
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a-Tocopherol at the concentrations used in these experiments exerted no 
significant quenching of the fluorescence of diphenylhexatriene-labeled plate- 
lets or platelet membranes. 

Results 

Whole platelets loaded with diphenylhexatriene and analyzed over a 
temperature range from 6--40°C exhibited a monophasic behavior when 
[(ro/r) --1] -1 was plotted vs. the reciprocal of  the absolute temperature (Fig. 
1). In a-tocopherol-preincubated platelets this relationship was characterized 
by a steeper slope, indicative of a greater flow activation energy, AE. In addi- 
tion, it was interesting to note that  in a-tocopherol-loaded platelets anisotropy 
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Fig. 2. Re la t ionsh ip  b e t w e e n  c~-tocopherol c o n t e n t  of  p la te le ts  and  the i r  f low ac t iva t ion  ene rgy  for  
mie rov i scos i ty .  Platelets  were  i n c u b a t e d  wi th  ~ - t o c o p h e r o l  in c o n c e n t r a t i o n s  ranging f r o m  0 to  2 raM. 
The  cond i t ions  of  i n c u b a t i o n  wi th  v i t a m i n  E, the  label ing wi th  d i p h e n y l h e x a t r i e n e  a n d  the  f luorescence  
m e a s u r e m e n t  are as desc r ibed  in the  t ex t  and  in the legend  to  Fig. 1. The  f low ac t iva t ion  energy ,  AE, 
was ca lcu la ted  f r o m  the  shape  of  a p lo t  of  log ~,, the  a p p a r e n t  mic rov i scos i ty  of  p la te le ts  vs. l /T ,  the  
rec iproca l  of  the  absou lu t e  t e m p e r a t u r e .  This re la t ionship ,  eva lua ted  over  the  t e m p e r a t u r e  range  f r o m  
6 to  4 0 ° C ,  was  f o u n d  to  be l inear.  The  mic rov i scos i ty  was ca lcu la ted  accord ing  to  the  m e t h o d  Of Shi- 

n i t z k y  and  Barenho lz  [19]  using the  a p p r o x i m a t i o n ,  ~-= 2.4 r / 0 . 3 6 2  - -  r, sugges ted  by  t h e se  au thors .  
Each  po in t  r ep resen t s  the  resul t  of  one  e x p e r i m e n t .  The  cor re la t ion  coef f i c ien t  was  +0.98.  

Fig. 3. T e m p e r a t u r e  d e p e n d e n c e  of  f luo rescence  po la r i za t ion  of  d i p h e n y l h e x a t r i e n e  in l iposomes  pre- 
pa red  f r o m  p la te le t  m e m b r a n e  lipids. P lasma m e m b r a n e s  were  i so la ted  f r o m  glycerol - lysed p la te le ts  
[20]  and  lipids e x t r a c t e d  b y  a m o d i f i c a t i o n  [22]  of  the  m e t h o d  of  Fo lch  e t  al. [ 2 3 ] .  To  p repare  lipo- 
s o m e  suspens ions ,  the  dr ied  e x t r a c t e d  l ipid was  s u s pe nde d  in p h o s p h a t e - b u f f e r e d  saline at  a final concen-  
t r a t ion  of  0 .35  m g / m l .  The  m i x t u r e  was  son ica t ed  fo r  a pp ro x .  10  rain u n d e r  N 2 a t  4°C.  The  re su l t an t  
suspens ion  was cen t r i fuged  a t  40 000  X g fo r  10 min  at  4°C.  The  s u p e r n a t a n t  l i posomes  were  t h e n  incu- 
b a t e d  wi th  ~ - t o c o p h e r o l  at  f inal c o n c e n t r a t i o n s  of  2 mM (o o) an d  1 m M  (e -'). • . . . . . .  • ,  
l i posomes  i n c u b a t e d  w i t h o u t  add i t i ona l  ~ - tocophero l .  The  cond i t ions  of  i n c u b a t i o n  were  as descr ibed  
for  i n t ac t  p la te le ts  or  p la te le t  m e m b r a n e s .  A f t e r  this  i n c u b a t i o n  the  l i posome  suspens ions  were  passed 
t h r o u g h  a c o l u m n  of S e p h a d e x  G-50 equ i l ib ra ted  w i t h  p h o s p h a t e - b u f f e r e d  saline. The  gel-f i l tered lipo- 
somes  were  t h e n  labeled  wi th  d i p h e n y l h e x a t r i e n e ,  were  again passed t r h o u g h  a c o l u m n  of S e p h a d e x  
G-50 and  were  c o n c e n t r a t e d  to  a b o u t  1 0 - - 1 5  ~g Pi /ml  [24]  be fo re  f luorescence  po la r i za t ion  was  mea -  
sttred. This e x p e r i m e n t  is r ep re sen t a t i ve  of  five t h a t  were  p e r f o r m e d .  
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was decreased at temperatures less than 24--27°C but  increased above that  of  
normal control platelets at temperatures above 27°C. Irrespective of the 
concentrat ion of  a-tocopherol  in the medium and the amount  taken up by the 
platelets, the crossover region of the [(r0/r) - 1] -1 vs. lIT graph of normal and 
vitamin E~nriched platelts occurred in the same temperature range, i.e., 
between 24 and 27°C, The effect  of  a-tocopherol was dose-dependent up to a 
concentrat ion of 2 mM in the medium. Virtually the same results were 
obtained with isolated platelet membranes.  

The apparent microviscosity, ~, of a-tocopherol-loaded platelets incubated 
with 1 mM a-tocopherol  at 37°C was 2.4 +- 0.05 P (1 S.D.) compared to 2.86 +- 
0.12 P for normal control platelets. These changes, as was also the increase in 
AE, were statistically significant (P ~ 0.005) for vitamin E concentrations in 
excess of 0.2 mM (Fig. 2). 

In other  experiments, I extracted platelet lipids and prepared liposomes 
which were then incubated with a-tocopherol.  After labeling such liposomes 
with diphenylhexatriene their fluorescence polarization was measured (Fig. 
3). In a-tocopherol-treated liposomes this parameter  of fluorescence polariza- 
tion was increased at temperatures above 15°C. 

Discussion 

The results obtained with liposomes conform to the expected behavior 
of a lipid matrix enriched with a substance which aligns itself principally 
with the prevailing direction of  the phospholipid acyl chains. In addition 
to restricting the mot ion of these hydrocarbon chains, ~-tocopherol may inter- 
act specifically with polyunsaturated fa t ty  acids [25] and thereby diminish 
their effect on membrane microviscosity. The degree of unsaturation of fa t ty  
acyl chains is an important  determinant  of membrane fluidity [11,26]. The 
postulated 'complex'  formation between the phyty l  side chain of a-toco- 
pherol and the hydrocarbon skeletons of  polyunsaturated fat ty acyl residues, 
especially of arachidonic acid, may result in partial neutralization of the 
fluidity-enhancing effect  of  such unsaturated phospholipid acyl chains. 

The effect  of a-tocopherol  on the anisotropy of diphenylhexatriene in 
intact platelets and isolated membranes stands in sharp contrast  to that  in 
liposomes. Although at this t ime I am unable to offer a precise explanation 
for this finding, it is possible that  membrane proteins are prominent ly involved 
in the observed effect. A close association of a-tocopherol with certain pro- 
teins of their coordinated lipids may lead to a partitioning of  the vitamin into 
distinct lipid domains. The increased disorder of  a-tocopherol-treated platelet 
membranes revealed by their greater apparent fusion activation energy may 
thus be a phenomenon which affects primarily the lipid - protein interaction. 
This could provide the explanation for the effect  of  a-t6copherol on platelet 
aggregation. As increased membrane viscosity has been linked to greater expo- 
sure of membrane proteins [12,14],  so could decreased membrane viscosity 
be associated with reduced accessibility of  membrane proteins. It must  be 
pointed out, however, that  factors other  than lipid-protein interactions may 
play a role in the different behavior of vitamin E-loaded platelets as opposed 
to sonicated membrane extracts. Lipid interactions, the sidedness and asym- 
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metry of phospholipids and the angle of  curvature of  the lipids in the bilayer 
could be affected in the liposomes. 

It is obvious that further work is needed to prove the hypothesis relating 
vitamin E to decreased membrane viscosity. Nonetheless, these findings suggest 
a new role for ~-tocopherol in human platelets. Whether modulation of mem- 
brane fluidity by ~-tocopherol is a biological effect common to other 
mammalian cells remains to be established. 
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