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I t  has been general ly  accepted  on theore t ica l  grounds  tha t  the  best  separat ion of 

a complex  m i x t u r e  by  counte rcur ren t  d i s t r ibu t ion  is ob ta ined  by  working wi th  di lute  

solutions.  CRAIG 1 reckoned t h a t  0.5 g of solute was the  largest  amoun t  of ma te r i a l  which 

could reasonably  be in t roduced  into  his original  a l l -metal  t w e n t y  tube  countercur ren t  

appara tus ,  wi th  a so lvent  capac i ty  of 8 ml for each phase. 

Countercur ren t  d is t r ibut ion  has been appl ied in an a t t e m p t  to separa te  the phos- 

pholipins of p lants  phosphat ides  by  SCHOLFIELD, DUTTON, TANNER AND COWAN 7, SCHOL- 

FIELD, McGuIRE AND DUTTON s and  McGumE A~D EARLE 6, and of ox bra in  by LOVERN 5. 

The  former  group of workers  quo te  figures of approx ima te ly  3 g of phosphol ipin  dissolved 

in 70 ml of the  l ighter  phase as the concent ra t ion  used in thei r  apparatus .  LOVERN 5 

dissolved 12o g of ox bra in  phospha t ide  in 300 ml of l ighter  phase and 7 g of purified 
phospha t ides  in IOO ml of l ighter  phase. 

The  present  work was commenced  to s tudy  the composi t ion of crude phospha t ide  

fract ions f rom fish muscle. I t  was in tended  to use a replica of the  original  me ta l  CRAIG 

appara tus  1 for pi lot  runs to choose solvent  pairs. The  d is t r ibut ion  of the f rac t ion be tween  

l ight  pe t ro l eum:  ace tone-e thanol -wate r  was found to v a r y  extensively,  depending on 

the  concent ra t ions  used. Be t t e r  separat ion of var ious cons t i tuents  were obta ined  at  ve ry  

high concentra t ions .  

METHODS 

Preparation ot phospholipin extract. The phospholipin used was one of the fractions available 
in a current series of studies on the lipids of fish muscle. It  was derived from an acetone-extract 
of haddock muscle which, after purification with light petroleum, was taken up in ether and pre- 
cipitated with a larger excess of acetone: The original crude acetone extract contained considerable 
phospholipin which could be separated by the subsequent precipitation. This crude phospholipin 
was purified by twice repeated reprecipitation from acetone, but in view of its origin would be 
expected still to contain some non-lipid impurity. 

Countercurrent distribution. The countercurrent distribution was done in a 2o tube all-metal 
apparatus as described by CRAIG 1. Each tube had a total capacity of approximately 16 ml allowing 
for 8 ml of each phase. The solvent pair was obtained by shaking together 2 vols light petroleum 
(B.P. 40-6o ° C), 2 vols io : i acetone-water, and i vol io : i ethanol-water. The two phases are referred 
to as light petroleum phase and acetone-ethanol phase respectively. 

A nalytical methods. The % of the total fraction in each tube was determined by direct weighing. 
Phosphorus was determined by the method of LEPAGE AND UMBREIT4: nitrogen by digestion with 
conc. H2SO ~ with Hg and K2S~O 8 as catalysts: the samples were cleared with H202. Plasmals were 

* The work described in this paper was carried out as part of the programme of the Food 
Investigation Organisation of the Department of Scientific and Industrial Research. 
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Fig. I. F-ffect of solute concentration on counter- 
current  dis tr ibut ion of phospholipins between light 

pe t ro leum and aqueous acetone-ethanol.  
(a) = 3.74 g phosphol ipin in first two tubes  ~ 75 % 

in tube  O. 
(b) = 1.55 g phosphol ipin in tube O. 
(c) = 0.54 g phosphol ipin in tube O. 
(d) = o.31 g phosphol ipin in tube O. 
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Fig. 3' Distr ibut ion of plasmals by  countercurrent 
distr ibut ion between l ight  petroleum and aqueous 

acetone-ethanol. 
® ® = 3.74 g phosphol ipin in first two tubes.  

(a) of Fig. I. 
• - - -  • = o.31 g phosphol ipin  in first tube.  

(d) of Fig. i. 
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Fig. 2. Changes in atomic N/P ratio through counter 
current  dis t r ibut ion of phosphol ipins  between ligh 

pet ro leum and aqueous  acetone-ethanol.  
(a) = 3.74 g phosphol ipin in first two tubes  ~ 75 o/ 

in tube  O. 
(c) = 0.54 g phospholipin in tube o. 
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Fig. 4. Separat ion of plasmals  from phospholipil 
extract  by  countercur ren t  dis t r ibut ion between ligh 

pet ro leum and aqueous  acetone-ethanol.  
® ® = 3.74 g phospholipin in first two tubes 

(a) of Fig. i. 
• - - - •  = o.3i g phospholipin in first tube. 

(d) of Fig. I. 
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determined in I ml of acetic acid with IO ml of the fuchsin reagent of FEtILGEN AND GRONBERG s. 
and 3 drops of 6% HgC1 e. The reaction was allowed to take place overnight and 4 ml of n-propyl 
alcohol then added to bring the dye into solution. The stoppered solution was allowed to stand for 
io minutes to clear and the colour then rapidly determined colorimetrically. The time of clearing 
needed to be carefully controlled as the propyl alcohol blank increases fairly rapidly. The n-propyl 
alcohol blank was found to be reasonable and the method more reproducible than extraction pro- 
cedures where part of the colour tends in some samples to remain in the aqueous phase. Choline 
was estimated as described by LOVERN 5. 

RESULTS 

Fig.  I shows the  % of the  t o t a l  f rac t ion  in each tube  af te r  coun te rcur ren t  d i s t r i bu t ion  
of four  different  cor tcentra t ions  of phosphol ip ins .  I t  can be seen t h a t  as the  solu t ions  
become progress ive ly  more  di lute ,  the  bu lk  of the  sample  tends  towards  the  acetone-  
e thano l  phase.  The  peak  in  the  l ight  pe t ro l eum phase  in the  ear l ier  tubes  becomes  succes- 
s ive ly  smal le r  and  f la t ter .  The  final peak  in the  ace tone-e thano l  phase  becomes progres-  
s ive ly  la rger  and  is sh i f ted  fu r the r  in the  d i rec t ion  of so lubi l i ty  in the  lower phase.  At  all  
four  concen t ra t ions  the  or ig inal  s ample  has  been s epa ra t ed  into  at  leas t  four  different  
f ract ions .  

A tomic  N / P  ra t ios  showed m a r k e d  f luc tua t ions  (Fig. 2). A f rac t ion  wi th  an N / P  
ra t io  of less t h a n  I p a r t i t i o n e d  fu r the r  in to  the  ace tone-e thano l  in more  d i lu te  solut ion,  
as d id  a wa te r  soluble n i t rogenous  c o n t a m i n a n t  (N = 12 %). 
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Tube number 
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Fig. 5. Distribution of choline-containing phospho- 
lipins by countercurrent distribution between light 

petroleum and aqueous acetone-ethanol. 
X X = 3.74 g phospholipin in first two tubes. 

(a) of Fig. I. 
x - - -  x = o.54 g phospholipin in first tube. 

(c) of Fig. I. 

Fig.  3 shows the  % p la sma l  in each 
tube  expressed as a percen tage  of the  
t o t a l  p lasmal .  Counte rcur ren t  d i s t r ibu-  
t ion of the  concen t r a t ed  phosphol ip in  
ex t r ac t  has  c onc e n t r a t e d  over  5 ° % of 
the  t o t a l  p lasmal  in to  two tubes  a t  the  
l ight  pe t ro l eum soluble end of the  d is t r i -  
but ion .  The more  d i lu te  e x t r a c t  shows 
the  bu lk  of the  p la smal  d i s t r i bu t ed  to  
the  more  ace tone-e thano l  soluble end.  
The  unde r ly ing  s ignif icance of these  
resul ts  is shown in Fig .  4. The  f rac t ions  
wi th  the  g rea tes t  p l a smal  con ten t  as a 
percen tage  of the  t o t a l  weight  of the  
f rac t ion were those  h igh ly  soluble in 
l ight  pe t ro leum,  i.e. f rac t ions  1-3 a t  bo th  
concen t ra t ions ;  b u t  in the  concen t r a t ed  
ex t r ac t  the  g rea tes t  weight  of the  frac-  
t ion was also here and  there  has  been a 
considerable  sepa ra t ion  of the  p lasmals  
f rom the  o the r  cons t i tuents .  

Fig.  5 shows the  effect p roduced  b y  coun te rcur ren t  d i s t r i bu t ion  at  h igher  concen- 
t r a t ions  for s epa ra t i on  of the  chol ine-conta in ing  phosphol ip ins .  A t  bo th  high and  low 
concen t ra t ions  the  p h o s p h a t i d y l  chol ine compounds  t end  towards  the  ace tone-e thano l  
soluble  phase .  As a t  h igher  concen t ra t ions  the  g rea tes t  weight  of the  f rac t ion  t ended  
towards  the  l ight  pe t ro l eum phase  (Fig. I(a)) ,  the  p h s o p h a t i d y l  choline compounds  
o b t a i n e d  t owards  the  ace tone -e thano l  soluble end were r e l a t ive ly  purer .  

Re]erences p. 498. 
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To obtain  some idea of the nature  of this effect 2.35 g and 0.5 g of phosphat ide were 
each dissolved in IO ml of light petroleum sa tura ted  with 85 % ethanol  and shaken with 
IO ml of 85 % ethanol  in a measuring cylinder. In  bo th  cases the volume of light petro-  
leum phase was reduced by  I ml. The results are shown in Table I. 

TABLE I 

]~FFECT OF CONCENTRATION ON THE DISTRIBUTION OF PHOSPHATIDE 

8 o," B E T W E E N  I ; I LIGHT PETROLEUM AND 5 /o ETHANOL 

Total Wt. Phosphalide in Phosphatide in Ratio Plasmals as % Plasmals as % % Total plasmal 
light petroleum. 85% ethanol (z) phosphatide in phosphatide in in light paroleum 

Pkosp~tide g g (I) (2) (2~ light petroleum 85% ethanol phase 

2 . 3 5  1 . 4 4  o . 9 I  1 . 5 8  4 . 4  2 . 9  71 

0 .  5 o . 1 9  0 . 3 5  0 . 5 4  6 . 3  2 . 8  5 5  

The distr ibut ion ratio of the tota l  phosphat ide  was increased three times at the 
higher concentrat ion.  The plasmal dis tr ibut ion was increased by  3o %. Choline-con- 
ta ining phosphat ides  were shown to 

26 

be preferentially par t i t ioned into the 2, 
e thanol  phase at all concentrat ions 22 ~/~ 

(Fig. 5)- Serine and  e thanolamine 20 
18 

were present  in this phosphat ide  ,~ 
mixture  in negligible quanti t ies  and ,~ 
therefore the threefold increase in ,2 
dis t r ibut ion rat io in the concent ra ted  '° 
solution was to a considerable extent  8 
accounted  for by  the preferential 

Q, 
retent ion in light pet roleum of a ~2 
phosphat ide  with an unidentified 
base. This explains the fact  t ha t  _~2 
a l though the % of the tota l  plasmal ~( ( e J i / /  
retained in the light pet roleum in the ~ ,~ 
concent ra ted  solution was greater,  °<1, 
the plasmal content  as a percentage 1: 

1( 
of the phosphat ide  retained was 
reduced.  ~ 

A countercurrent  distr ibution 
th rough  ten tubes only, be tweenl ight .  : 1 3 ~ 5 
pet ro leum and 85 % ethanol  was 0 
done on the acetone-insoluble mat te r  
f rom unbleached g roundnut  phos- 
phat ides  and  unbleached soyabean 
lecithin*. I t  can be seen by  compari-  
son of graphs (e) and (g), Fig. 6 and 
g raph  (b) Fig. I tha t  weight  curves 

* The groundnut and soyabean phosphatides were kindly supplied by J. Bibby and Sons, Ltd.. 
Liverpool. 
Re/erences p. 498. 
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Fig. 6. Countercurrent distribution of groundnut 
phospholipins and soyabean lecithin between light 

petroleum and 8 5 % ethanol. 
(e) = i.o g groundnut phospholipin. 
(f) = o.14g groundnut phospholipin. 
(g) = 0.8 g soyabean lecithin. 
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from different phosphatides resemble each other more closely at the same concentrations 
than the weight curves for the same phosphatide at different concentrations. In all cases 
increased concentration favoured the partit ion to the light petroleum soluble end of 
the distribution. 

DISCUSSION 

Countercurrent distribution between light petroleum and acetone-ethanol of phos- 
pholipin extracts from haddock muscle have been found to give widely varying distri- 
bution patterns depending on the concentration of the phosphatide. Preferential separa- 
tion into the light petroleum fraction occurs at high concentrations, and with increasing 
dilution, more extract  tends into the acetone-ethanol-water phase. These observations 
have also been found to apply to the total phospholipins of groundnut and soyabean 
when distributed between light petroleum and 85 % ethanol. This effect of concentration 
would therefore appear to be fairly general for widely differing phospholipin composi- 
tions. 

Theoretical explanation for these observations is difficult owing to the complexity of 
the mixtures and to the fact that  solutes do not obey partit ion laws at high concentra- 
tions (CRAIG2). The changes in distribution at varying concentrations of this particular 
sample of acetone-insoluble phosphatides from haddock muscle, would not appear to be 
caused by changes in intersolubility of the solvent pair. The volume changes of the sol- 
vent  pair were small and the same for both concentrated and dilute phosphatide solu- 
tions. I t  should be noted however that  20 g of acetone-soluble 'lecithins' obtained from 
haddock muscle rendered completely miscible 80 ml ol light petroleum and 80 ml o~ 85 % 
ethanol which had been previously saturated with each other. Certain classes of phospha- 
tide Call therefore have extremely serious effects on the intersolubility of the solvent pair. 

I t  would appear from Table I that  the partit ion ratios of some phosphatide-like 
substances have a greater rate of change with concentration than others. I t  might be 
expected that  after one transfer the concentration would be so reduced that  ally efficient 
separations by the use of the effect would not be obtained. There are, however, so many 
examples of one phosphatide influencing the solubility of another in various solvents that  
if a large percentage of one or more substances is removed in the first transfer the parti- 
tion of others may remain permanently altered. I t  is also possible that  at high concen- 
trations the effect of solubilities of the various phospholipin fractions in each other are 
becoming of relatively more importance than the partition between the solvent pair. 
Difficulties with emulsions were not encountered with concentrated solutions. 

The significance of the present results lies in the fact that  quite striking separations 
of some constituents have been obtained at high concentrations, notably the separation 
of the plasmal-containing from the choline-containing phospholipins. This introduces 
another  possible means of separation without the search for a different solvent pair. I t  
is also important  that  results from different laboratories, or on different samples of 
phosphatide, should not be compared unless the concentrations of the original solute are 
of the same order. 

Re/erences p. 498. 
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S U M M A R Y  

Coun te r cu r r en t  d i s t r ibu t ion  of t he  crude p h o s p h a t i d e s  ob ta ined  f rom an  acetone ex t r ac t  of 
h a d d o c k  muscle ,  be tween  l ight  pe t ro l eum and  ace tone-e thanol ,  ha s  been shown  to v a r y  grea t ly  with 
t he  concen t r a t ion  of t he  ex t rac t .  Inc reas ing  t he  concen t r a t ion  of t he  phospho l ip in  ex t r ac t  ha s  been 
found  to f avou r  d i s t r ibu t ion  in to  the  l ight  pe t ro l eum phase .  Th i s  effect would appea r  to be of a more  
genera l  appl icat ion,  as it  h a s  been found  to app ly  to the  coun t e r cu r r en t  d i s t r ibu t ion  of phosphol ip ius  
f rom g r o u n d n u t  and  soyabean  be tween  l ight  pe t ro l eum and  85 % ethanol .  

Coun t e r cu r r en t  d i s t r ibu t ion  of the  phospho l ip ins  of h a d d o c k  musc le  a t  h igh  concen t ra t ions  was 
found  to be  a d v a n t a g e o u s  for the  separa t ion  of some  cons t i t uen t s  of the  mix tu re ,  for e x a m p l e  
sepa ra t ion  of t he  p l a sma l - con t a in ing  f rom the  cho l ine-conta in ing  phospha t ides .  

RI~SUM~ 

Nous  avons  mon t r6  que  la d i s t r ibu t ion  des p h o s p h a t i d e s  b ru t s  d ' u n  ex t r a i t  ac6 tonique  de musc le  
d 'a iglef in en t re  l '6 ther  de p6trole  et  u n  m61ange ac6 tone-6 thanol  (dans u n  appare i l  ~ con t re -couran t )  
var ie  beaucoup  a v e c l a  concen t r a t ion  de l ' ex t ra i t .  L o r sque  la concen t r a t ion  de phospho l ip ine  d a n s  
l ' e x t r a i t  a u g m e n t e ,  le passage  dans  la phase  ~ther  de p6trole es t  favor isC I1 semble  que  cet  effet 
soit  d ' u n e  appl ica t ion  p lus  ~ n 6 r a l e ;  nous  avons  t rouv6,  en  effet, qu ' i l  s ' app l ique  ~ la d i s t r ibu t ion  
(dans  l ' appare i l  ~t cont re -courant )  de phosphol ip ines  de p i s tache  et  de f~ve de soya  en t re  l ' 6 the r  
de p6trole  et  l '~ thanol  ~ 85 %. 

L a  d i s t r ibu t ion  (dans l ' appare i l  ~ con t re -couran t )  des phosphol ip ines  de musc le  d 'aiglefin en  
concen t r a t i on  6levee p e u t  servir  ~ s6parer  cer ta ins  c o n s t i t u a n t s  du  m61ange;  pa r  example ,  l ' on  
s6pare ainsi  les p h o s p h a t i d e s  c o n t e n a n t  du  p l a sma l  d ' avec  ceux  qui  c o n t i e n n e n t  de la choline. 

Z U S A M M E N F A S S U N G  

Es  wurde  gezeigt,  dass  die G e g e n s t r o m v e r t e i l u n g  roher,  au s  d e m  A c e t o n e x t r a k t  yon  Schellf isch- 
m u s k e l n  e rha l t ener  P h o s p h a t i d e  zwischen  L e i ch t pe t ro l eum u n d  Ace ton-Alkoho l  sehr  s t a rk  m i t  de r  
K o n z e n t r a t i o n  des  E x t r a k t e s  var ier t .  E s  wurde  gefunden ,  dass  ein Ans te igen  der  K o n z e n t r a t i o n  
des  Phospho l i p inex t r ak t e s  den  ~3bergang in die L e i c h t p e t r o l e u m p h a s e  begi ins t ig t .  Da  sich d ieser  
Ef fek t  - -  wie ge funde n  wurde  - -  au f  die G e g e n s t r o m v e r t e i l u n g  der  Phospho l ip ide  der  E r d n u s s  u n d  
der  So jabohne  zwischen  Le i ch t -pe t ro l eum u n d  85% Alkohol  a n w e n d e n  liisst, wiirde es sche inen ,  
dass  er a l lgemeiner  a n w e n d b a r  w~re. 

Es  wurde  gefunden ,  dass  die G e g e n s t r o m v e r t e i l u n g  der  Phosphol ip ine  yon  ScheUfischmuskeln  
bei hohen  K o n z e n t r a t i o n e n  vor te i lha f t  i s t  zur  A b t r e n n u n g  einiger Bes tand te i l e  au s  der  Mischung~ 
z.B. zur  T r e n n u n g  der  p l a smal -  u n d  cho l i nen t ha l t enden  Phospha t ide .  

REFERENCES 

x L.  C. CRAIG, J. Biol. Chem., 155 (1944) 519 • 
L.  C. CRAIG AND D. CRAIG, Technique of organic chemistry, Vol. I I I .  In te r sc ience  Pub l i she rs  Inc . ,  
New York  and  London ,  195 o. 

$ R.  FEULGEN AND H.  GRUNBERG, Hoppe-Seyl. Z., 257 (1938) 161. 
4 G. A. LEPAGE AND W. W.  UMBREIT, I n  Manometric Techniques and Tissue Metabolism by  W. W.  

UMBREIT, R.  H.  BURRIS AND J.  F. STAUFFER, Burgess  Pub l i sh ing  Co., Minneapolis ,  1949, P. 19o. 
5 j .  A. LOVER~, Biochem. J. ,  51 (1952) 464 • 
e T.  A. McGuIRE AND F. R.  EARLE, J. Am. Oil Chem. Soc., 28 (1951) 328. 

C. R.  SCHOLFIELD, H.  J. DUTTON, F.  W.  TANNER (Jr.) AND J. C. COWAN, J.  Am.  Oil Chem. Soc., 
25 (1948 ) 368. 

8 C. R.  SCHOLFIELD, T. A. McGuIRE AND H.  J. DUTTON, J. Am. Oil Chem. Soc., 27 (I95 o) 352. 

R e c e i v e d  J u n e  I 9 t h ,  1952  


