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Results. I n  m a n y  cases i t  was  poss ib le  to  s e p a r a t e  1 
c a t i o n  f r o m  n u m e r o u s  m e t a l  ions  eas i ly  a n d  rap id ly .  
Such  r e su l t s  a re  s u m m a r i z e d  in  T a b l e  I .  M a n y  i m p o r t a n t  
a n d  d i f f i cu l t  s epa r a t i o ns  h a v e  been  ach i eved  p r ac t i c a l l y  
a n d  are  g iven  in Tab le  I I .  I n s t e a d  of s i m p l y  g iv ing  R I  
va lues  of  t h e  ca t ion  t h e  RT (rear  l imi t )  a n d  Rr. ( f ron t  
l imi t )  are  g iven  to  h a v e  c lear  p i c t u r e  of t h e  spot .  

Discussion. I t  is c lear  f r o m  t h e  r e su l t s  s u m m a r i z e d  
in  Tab le s  I a n d  I I  t h a t  t i t a n i c  t u n g s t a t e  a n d  / t i t a n i c  
m o l y b d a t e  a re  good ion-exchangers .  P a p e r s  i m p r e g n a t e d  
w i t h  t he se  i on -exchange r s  a ch i eve  fast ,  se lec t ive  a n d  
specif ic  s e p a r a t i o n s  of  m e t a l  ions.  Di f f i cu l t  s e p a r a t i o n s :  
to  m e n t i o n  a few Mo+e-V+4-UO~ +z, Pb+z-Sn  +~, Mn+~-Zn+Z, 
a n d  Zr+4-Th+4 etc.  h a v e  b e e n  ach i eved  c lea r ly  a n d  
rap id ly .  

Se lec t ive  s e p a r a t i o n  of 1 m e t a l  ion f rom n u m e r o u s  
m e t a l  ions  ha s  also b e e n  ach i eved  w i t h  ease. Ve ry  few 
d i rec t  m e t h o d s  a re  a v a i l a b l e  w h i c h  s e p a r a t e  b e r y l l i u m  
f r o m  t h e  m a j o r i t y  of e l e m e n t s  in  a s ingle  s tep.  B e  +z 
can  b e  eas i ly  s e p a r a t e d  f rom 41 ca t i ons  i nc lud ing  Ag +, 
Al+S Au+S a n d  Ga+S (which  in te r fe re  in  b e r y l l i u m  de te r -  
m i n a t i o n )  o n  t i t a n i c  m o l y b d a t e  p a p e r s  u s ing  HCI  + 
n - b u t a n o l  (3: 7) as  developer .  F a s t  s e p a r a t i o n  of z i r c o n i u m  
c a n  also be  ach i eved  on  the se  p a p e r s  f rom 35 c a t i o n s  
(Table  I) i nc lud ing  Fe  +s, Th+4, Sb+3, Mo+e, Ge+4, Cr+3 
a n d  Ga+ 8. These  a re  t h e  ca t ions  t h a t  in t e r fe re  m o s t  in  
z i r con ium d e t e r m i n a t i o n .  T h i s  is p r o b a b l y  t h e  be s t  
s e p a r a t i o n  of Zr+4 f r o m  n u m e r o u s  m e t a l  ions  ye t  re-  
p o r t e d  L 

Zusammenlassung. Mit  a n o r g a n i s c h e n  I o n e n a u s t a u -  
c h e r n  T i t a n w o l f r a m a t  u n d  - m o l y b d a t  impr/~gnier te  IDa. 
p iere  w u r d e n  zur  C h r o m a t o g r a p h i c  m e h r e r e r  M e t a l l i o n e n  
in  v e r s c h i e d e n e n  wgssr igen,  n i ch tw~ss r i gen  u n d  ge- 
m i s c h t e n  L S s u n g s m i t t e l n  v e r w e n d e t .  T r e n n u n g e n  e ine r  
A n z a h l  yon  t e rn / i r en  u n d  b in i i ren  G e m i s c h e n  w u r d e n  
d a m i t  erziel t .  
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Quantitative Determination of Phosphol ipids  

T h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  of t i s sue  p h o s p h o l i p i d s  
a f t e r  t h e i r  s e p a r a t i o n  b y  t h i n  l aye r  c h r o m a t o g r a p h y  
(TLC) h a s  b e e n  r e p o r t e d  f r o m  severa l  l a b o r a t o r i e s  1-s. 
T h e  m a j o r  d i f fe rences  a n d  s imi la r i t i e s  of these  m e t h o d s  
a re  s u m m a r i z e d  in  T a b l e  I .  I t  m a y  be  n o t e d  t h a t  in  t h e  
m e t h o d s  r e p o r t e d  t h e  s e n s i t i v i t y  r a n g e  of p h o s p h o l i p i d  
p h o s p h o r u s  d e t e r m i n a t i o n s  were  comparab l e .  T h e r e  were  
d i f ferences  in  t h e  choice  of a b s o r b e n t ,  s o l ven t  sys tems ,  
a n d  d e t e c t i o n  reagen t s .  T h e  g r e a t e s t  Var ia t ion  is in  t h e  
t i m e  r equ i r ed  for  d iges t ion  of sample ,  for  ins tance ,  
d iges ted  for  20 m i n  b y  ROUSER et  al. 6 as  c o m p a r e d  w i t h  
4 h by PARKER and PETERSON 5. 

The existing methods for tissue phospholipids deter- 
minations were found to be tedious where a large number 
of samples had to be determined. This paper describes a 
simple procedure which allows determination of several 
samples while still retaining a high degree of sensitivity 
and accuracy. 

Methods. Glass  p l a t e s  (20 × 2 0  cm) were  coa t ed  w i t h  
a 0.3 m m  laye r  of Si l ica Gel  G (Merck) us ing  t h e  a p p a r a t u s  
a n d  m e t h o d s  desc r ibed  b y  CHAHI. a n d  KRATZI~rGL L i v e r  
l ip id  so lu t ions  usua l ly  c o n t a i n i n g  u p  to  30 ~zg of p h o s p h o -  
l ip id  p h o s p h o r u s  were  app l i ed  o n t o  each  l ane  b y  m e a n s  
of  t h e  m u l t i s a m p l e  a p p l i c a t o r  of CHAHL a n d  K~ATZING 1% 
T h e y  were  t h e n  i m m e d i a t e l y  p l aced  in a l i gh t -p roof  t a n k  
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Table I. Comparisons of methods and conditions for separation and quantitative determination of phospholipids using TLC techniques 

Tissue Silica Dimension Detection Treatment Digestion P in sample Reference 
Gel reagent of sample ~ time (tzg) 

Human CSF G 1 HzSO ~ D 3 h 0.5-5.0 a 
Human serum (same procedure as 1) 
Rat thymus G 2 Ex 15 min 3.1-6.2 8 
Rat liver H 1 E 3 h 0.2-5.0 4 
Rat liver H b 1 E 4 h 1.85-7.17 
Beef brain H 2 × 2 D 20 min 0.07-2.40 * 

Iodine vapour 
Iodine vapour 
Iodine vapour 
Iodine vapour 

D P]L determined in presence of adsorbent Ex P]L extracted before P determination E P]L eluted before P determination, b Adsorbent 
washed before use. 



Table II. Quantitative determination of phospholipids w h i c h  was  f lushed  w i t h  a c o n t i n u o u s  s t r e a m  of d r y  N= 
to  e v a p o r a t e  t h e  so lven t s .  T h e  p l a t e s  were deve loped  in 
c h l o r o f o r m : m e t h a n o l : w a t e r ,  6 5 : 2 5 : 4 ,  b y  vo lume.  Th e  
s e p a r a t e d  c o m p o n e n t s  were iden t i f i ed  b y  exposu re  to  
iod ine  v a p o u r .  F o r  q u a n t i t a t i v e  e s t i m a t i o n ,  a reas  of 
s i l ica gel c o n t a i n i n g  t h e  p h o s p h o l i p i d s  were  s c raped  i n t o  
25 m l  K j e l d a h l  f lasks  a n d  t r e a t e d  a c c o r d i n g  to  ROUSER 
e t  al. e. 

A q u e o u s  so lu t ions  of N a z H P O  4 (Ana la r  grade)  con-  
t a i n i n g  100 ~g P /ml ,  were  used  as s t a n d a r d s .  To c o n s t r u c t  
s t a n d a r d  curves ,  a l i q u o t s  c o n t a i n i n g  0-30  ~tg P were 
de l ivered  i n to  K j e l d a h l  d iges t ion  f lasks  a n d  t r e a t e d  as  
e x p e r i m e n t a l  samples .  T h e  ef fec t  of  s i l ica gel o n  s t a n d a r d  
samples  was e v a l u a t e d  b y  a d d i n g  6 cm ~ of t h e  a d s o r b e n t  
f r o m  a p r e p a r e d  TLC  glass p l a t e  i n to  t h e  d iges t ion  tube ,  
p r io r  to  c o m m e n c i n g  diges t ion.  

Experiments and results, a) Separation and identi[ication 
of phospholipids. I t  was  f o u n d  necessa ry  t o  a l low t h e  
s o l v e n t  s y s t e m  t o  equ i l i b r a t e  for  6 h before  use, in  o rde r  
to  ge t  d i sc re te  s e p a r a t i o n s  (F igure  1). 

T h e  s e p a r a t e d  p h o s p h o l i p i d  c o m p o n e n t s  were  iden t i f i ed  
b y  reference  to  p u b l i s h e d  resu l t s  xx a n d  b y  p a p e r  chro-  
m a t o g r a p h y  of t h e  g lyce ry l  p h o s p h o r y l  ba se s  xl. T h e  
l ive r  p h o s p h o l i p i d  species s e p a r a t e d  b y  T L C  were  e lu ted  
f r o m  t h e  a d s o r b e n t  w i t h  c h l o r o f o r m :  m e t h a n o l ,  2 :1 ,  a n d  
h y d r o l y z e d  to  o b t a i n  t h e  g lyceryl  p h o s p h o r y l  bases  x~ 
before  t h e i r  d e v e l o p m e n t  on  p a p e r  c h r o m a t o g r a m s .  

b) Quantitative determination. 1. S t a n d a r d  solut ion.  
P h o s p h o r u s  d e t e r m i n a t i o n  w i t h  a n d  w i t h o u t  sil ica gel 
p r e s e n t  were  iden t i ca l  a n d  were  d i r ec t ly  p r o p o r t i o n a l  
t o  t h e  op t i ca l  d e n s i t y  ove r  t h e  r a n g e  0 -20  ~zg (Figure  2). 

Total amount of lipid 
applied in mg 

1.25 2.5 5.0 

Phosphatidyl ethanolamine 5.5 11.0 22.0 
Phosphatidyl choline 11.8 21.5 
Sphingomyelin 3.0 5.0 9.0 
Phosphatidyl inositol 3.8 8.5 16.0 
Other phospholipids = 4.0 9.8 18.0 
Total P in sample ixg 28.1 55.8 - 
Total P in btg/ml of solution c 562 558 - 

a Phospholipids remaining at the origin during TLC separation. 
b Sample too concentrated for determination. ~ Total phosphorus 
value in lipid sample by addition of values for separated components. 
Rat liver lipid solution (25 mglml of chloroform: methanol, 2:1, 
by volume) was applied to a TLC plate. Phospholipids were separated, 
identified and determined quantitatively as described in the text. 

l0 j .  S. CHAHL and C. C. ]{RATZING, Clin. chim. Acta 26, 177 (1969). 
t IK.  RANDERATI4, Thin-Layer Chromatography (Academic Press, 

New York 1963), p. 139. 
12 R. M. C. DAWSON, Biochem. J. 75, 45 (1958). 

NL 

PF 

PC 

Sph 

PI 

0 

15. 5. 1971 Specialia 609  

Fig. 1. Liver phospholipid separation. The solvent tank containing the solvent mixture was allowed to equilibrate for 6 h before TLC 
separation of P/L was commenced. The separation of major P/L species was improved with such treatment. NL, neutral lipids; 
PE, phosphatidyl ethanolamine; PC, phosphatidyl choline; Sph, sphingomyelin; PI, phosphatidyl inositol; O, origin. 



EXPERIENTI& 27/5 

Phospholipid P ([~g) Total P/L (%) 

Rat 1 Rat 2 Rat 1 Rat 2 

Phosphatidyl ethanolamine 4.5 4.5 6.0 6.75 16.6 16.5 16.6 17.9 
Phosphatidyl choline 8.75 8.70 10.75 11.0 30.3 29.5 29.2 30.3 
Sphingomyelin 4.2 3.5 4.8 5.0 14.5 12.8 12.1 13.8 
Phosphatidyl inositol 5.75 6.0 8.75 8.75 19.9 21.1 23.8 21.4 
Other phospholipids s 5.5 5.5 5.5 5.0 10.0 10.0 17.9 16.6 

Phospholipids remaining at origin during TLC separation. Duplicate samples of liver lipids, Rat 1, 1.81 mg and Rat 2, 2.49 mg were separated 
for phospholipids and quantitatively estimated for phosphorus. Duplicate determination showed good agreement and the percentage distribu- 
tion of various phospholipid substances in the 2 rats also showed a close agreement. 

Table IV. Quantitative determination of phospholipids with mini- 
mum oxidation 

R a t  

1.6 

Phospholipid 
(% of total) I 2 3 

Phosphatidyl ethanolamine 25.20 26.0 26.60 
Phosphatidyl choline 52.10 49.00 51.00 
Sphingomyelin 11.25 12.50 11.80 
Phosphatidyl inositol 6.51 7.05 5.29 
Other phospholipids- 4.75 5.77 5.29 

a Phospholipids remaining at origin during TLC separation. Liver 
lipid samples from rats were extracted and either used immediately 
or stored under N 2 at  --18°C. It  was found that distribution of P 
was different from that  reported in Table III. This discrepancy is 
due to deterioration of phospholipids when exposed to light and air. 
The major alterations occurred in the phosphatidyl ethanC "mine 
and phosphatidyl choline fractions. 
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Table III. Quantitative determination of phospholipids in duplicate samples 

Fig. 2. Effect of silica gel in the quantitative determination of 
phosphorus. There was a direct proportionality between amounts 
of P, 0-20 ~g, as the Na2HPO 4, and the optical density of the final 
solution. This relationship was not affected by the presence of 
silica gel. 

2. L i v e r  phosphol ip ids .  A d i rec t  p r o p o r t i o n a l i t y  be-  
t w e e n  t h e  a m o u n t  of l ip id  m a t e r i a l  app l i ed  on  a TLC 
p l a t e  a n d  t h e  a m o u n t  of p h o s p h o r u s  r ecove red  in  t h e  dif-  
f e r en t  p h o s p h o l i p i d  species was  d e m o n s t r a t e d  (Tab le  I I ) .  
T h e  p h o s p h o r u s  d e t e r m i n e d  in  t h e  or ig ina l  so lu t ion  a n d  
t h a t  o b t a i n e d  b y  s u m m i n g  t h e  p h o s p h o r u s  c o n t e n t  of 
i n d i v i d u a l  species a f t e r  TLC s e p a r a t i o n  agreed  to  w i t h i n  
96-100%.  

I n  T a b l e  I V  are  s h o w n  t h e  p r o p o r t i o n s  of d i f f e ren t  
l ive r  p h o s p h o l i p i d  species w h e n  f resh  l iver  l ip id  e x t r a c t s  
were used. P h o s p h a t i d y l  cho l ine  f o r m e d  50~o of  t h e  
t o t a l  l ive r  p h o s p h o l i p i d s  a n d  p h o s p h a t i d y l  e t h a n o l a m i n e  
a b o u t  25%.  

Discussion. I t  h a s  b e e n  r e p o r t e d  t h a t  in  t h e  r ed  b lood  
cells t h e  c o n c e n t r a t i o n  of p h o s p h o l i p i d  species, phos -  
p h a t i d y l  chol ine  a n d  p h o s p h a t i d y l  e t h a n o l a m i n e ,  w h i c h  
c o n t a i n  t h e  h i g h l y  u n s a t u r a t e d  f a t t y  acids,  dec reased  
w h e n  exposed  t o  a i r  18. I n  t h e  p r e s e n t  s t u d y  f resh  l iver  
l ip id  e x t r a c t s  h a d  a g r e a t e r  p r o p o r t i o n  of t he se  species  
t h a n  f o u n d  in  aged  samples  (Tables  I I I  a n d  IV).  T h e  
presence  of si l ica gel, however ,  d id  n o t  a f fec t  t h e  q u a n -  
t i t a t i v e  d e t e r m i n a t i o n  of p h o s p h o r u s  in  phospho l ip ids .  

T h e  s imu l t aneous ,  r a p i d  a n d  q u a n t i t a t i v e  a p p l i c a t i o n  
of severa l  s amples  to  a s ingle  t h i n  l aye r  p la te ,  t h e  deve lop-  
m e n t  of t h e  p l a t e  in  a s ingle  so lven t  s y s t e m  in  1 d i m e n -  
sion, a n d  t h e  v e r y  s h o r t  d iges t ion  t i m e  of 20-30  m i n  
r e su l t ed  in  cons ide rab l e  s a v i n g  of t ime .  T h e  good agree-  
m e n t  o b t a i n e d  b e t w e e n  t o t a l  p h o s p h o r u s  va lues  of t h e  
o r ig ina l  s a m p l e  a n d  t h a t  o b t a i n e d  b y  s u m m i n g  t h e  
p h o s p h o r u s  c o n t e n t  of c o m p o n e n t  f r ac t ions  con f i rms  t h e  
a c c u r a c y  of t h e  m e t h o d .  I t  c a n  the re fo re  b e  useful  for  
r o u t i n e  ana lys i s  whe re  a la rge  n u m b e r  of s amples  h a v e  
to  b e  d e t e r m i n e d  for  l ip id  p h o s p h o r u s  14. 

Rdsumd. U n  proc~d4 faci le  p o u r  d i s t i n g u e r  e t  e s t i m e r  
q u a n t i t a t i v e m e n t  des  phospho l i p ide s  d u  foie es t  d6cri t .  
Les  phospho l ip ide s  p r i n c i p a u x  son t  s6par4s p a r  c h r o m a t o -  
g r aph i c  sur  une  couche  mince  et, d a n s  la  sui te ,  l ' o n  e s t ime  
les p r o d u i t s  t o u j o u r s  adsorb6s  sur  le gel de  silice. 
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