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JOURNAL OF LIQUID CHROMATOGRAPHY, 2(9),  1375-1392 (1979) 

A. F lo r id i ,  C.A. Palmerini,  (;. F i n i ,  G. G O T ' T I C C ~ ,  
G. P o r c e l i a t i  and G. Trovare l l i  

I s t i  tu to  d i  Chimica Bioloqica,  Univcrsj-tA d i  Pcruqi-a 
06100 Peruqia ,  I t a l y  

ABSTRACT 
The simultaneous quai i t i ta t ion of PC, P E ,  CDP-cho- 

l i n e  and CDP-e thanol m i n e  has been performed by h i g n  
performance l i q u i d  chromstoqraphy of pu r i f i ed  r a t  brni.n 
e x t r a c t s .  The water-soluble intermediates  of the pho- 
sphoglyceride biosynthesis  were ex t r ac t ed  from the :rat 
b ra in  by homogenization i n  1 M PCA and pu r i f i ed  by chro- 
matography on neu t r a l  alumina and Dowex 1. T h i s  proce- 
dure removes almost a l l  of' the UV-con.taminating substan- 
ces  and inorganic phospha.te, which i n t e r f e r e  i n  the a- 
nalytical .  chromatographic process. The h i g h  performance 
l i qu id  chromatography w a s  ca r r i ed  out  using the s tyre-  
ne-type Aminex A-I4 r e s in .  The e l u t i o n  was performed f o r  
5 min with 0.1 M 2-amino-2-methyl.-l-propanoi, 0.02 PI 
NaC1, pH 10.3 buf fer ,  a n d  then with 0.1 M 2-mino-2-me- 
thyl-1-propanol, 0.17 M NaC1, pH 11.0 so lu t ion ,  u n t i l  
t h e  end of the run. Sa t i s f ac to ry  separat ions of PC,  PE,  
CDP-choline and CDP-ethanolamine were achieved wi th in  
30 min. 5I-CMP can a l so  be dosed. The cytidine-contain- 
ing compounds have been detected and quan t i f i ed  by W 
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1376 FLORID1 ET AL. 

absorption a t  280 nm, while PC and PE by phosphorus de- 
termination i n  the  chromatographic f r ac t ions .  The method 
al.lows the quan t i t a t ive  determination i n  subgram amounts 
of w e t  t i s sue .  

I NT RODUCTI 0 N 

Phosphorylcholine ( P C )  , cytidine-Tt-diphosphocho- 
l i n e  (CDP-choline), phosphorylethanoLamine ( P E )  and cy- 

t i  dine-5 '-dip hosp hoe thano 1 m i n e  ( CDP-e t hano1 m i n e  ) are  

t h e  metabolic intermediates  €or the  synthes is  of cho- 

l i n e  and ethanolamine phosphoglycerides, respec t lve ly  

(1-5) .  The eva lua t ion  of t h e i r  concentrat ions i n  tis- 

sues i s  very o f t en  required f o r  a b e t t e r  understanding 

of t h e i r  role i n  the regula t ion  of phospholipid biosyn- 

thesis, together  with the  quan t i t a t ive  determination of 

cytidine-5'-phosphate (5I-CMP) which, i n  some cases ,  can  

reverse the a c t i v i t y  of chol ine and ethanolamine pho- 

sphotransPerases (6-9). 

Usually, t h e  separa t ion  and the  quan t i t a t ion  of the  

above mentioned water-soluble intermediates  has been a- 

chieved by combining column and paper chromatography 

(10-12),or by consecutive column chromatographies ( 4 ) .  

Thin-layer chromatography has also been used ( 1  3,14). 

Such procedures are  time-consuming and l a rge  t i s s u e  a- 

mounts are always required f o r  the  analyses. 

T h i s  paper r epor t s  a method f o r  the simultaneous 

separat ion and f o r  the quan t i t a t ive  determination o€ the  

wa t e-soluble i n  t e rmedi a t e  s of the  g 1 ycerop hosp ha t i de 

synthes is .  using high performance l i q u i d  chromatography 

(HPLC) on a conventional ion-exchange polystyrene r e s in .  
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WATER-SOLUBLE PRECURSORS OF CHOLINE 1 3 7 7  

MATERIALS 

PC, PE, CDP-choline, CDP-ethanolamine, and 5I-CMP 

w e r e  obtained from Sigma Chem. Co. ( S t .  Louis, Mo., USA), 

Ph~sphoryl-~~ethyl-~~~choiine ( S . A .  of 40-60 

mCi/mmole), ph0sphoryl-Li,2-'~$ethanolamine (S.A. Of 

I 5-2 5 mCi/mmol e ) , c y t i  d i  ne-5 1 -dipho sp hoL-me thy  1-I 4gcho-  

l i n e  ( S . A .  of 40-60 mCi/mmole) w e r e  obtained from New 

England Nucl. Corp. (Frankfur t ,  West Germany). Cytidi- 

ne-51-diphosphoLi,2-14$ethano1mine (S .A.  of 28 mCi /  

m o l e )  was obtained from the Radiochemical Centre ,  (A- 

mersham, Bucks. England). 

Aminex A-14, C1- ( 2 0  - + 3 p) and Dowex 1-x 4, C1-, 

(100-200 mesh) were purchased from Biorad Lab. (Rich- 

mond Cal i forn ia ,  USA) .  

2-amino-2-methyl-1-propanol (MAP) ,  was obtained 

from E. Merck (Darmstadt, West Germany). Other chemi- 

c a l s  were obtained from commercial sources. 

METHODS 

Extract ion and PuriBicat ion Procedures 
Male Sprague-Dawley r a t s  w e r e  k i l l e d  by decapita- 

t ion .  The b ra in  was r ap id ly  removed, weighed and homo- 

genized i n  i c e  cold 1 M perchlor ic  ac id  (1: 5, w/v) , a t  

O - ~ O C ,  using a glass- tef lon homogenizer. The i n t e r v a l s  

between k i l l i n g  and homogenization w e r e  always control-  

l e d  and k e p t  constant .  I n  some experiments rats w e r e  

k i l l e d  by direct immersion i n  l i q u i d  nitrogen. 

0.5-2.0 g of t i s s u e  samples w e r e  used f o r  the ex- 

t r ac t ion .  The homogenate was cent r i fuged  a t  15.000 x g 

f o r  10 min, and the clear supernatant removed. The pel- 
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1378 FLORID1 ET AL 

l e t  was again e x t r a c t e d  wi th  5 m l  o f  1 M p e r c h l o r i c  a- 

c i d  (PCA). The combined e x t r a c t s  w e r e  d i l u t e d  w i t h  di-  

s t i l l ed  water (1 :1,  v/v). 

This s o l u t i o n  was passed through a small alumina 

column ( 1  cm i . d .  x 3 c m )  p rev ious ly  e q u i l i b r a t e d  with 

0.5 M PCA. The column was washed w i t h  5 m l  OP 0.5 M PCA 

and then w i t h  20 m l  oP d i s t i l l e d  water. The water-solu- 

b l e  in te rmedia tes  were f i n a l l y  e l u t e d  Prom t h e  washed 

alumina with 20 m l  of 1 M ammonia so lu t ion .  The co l lec-  

ted ammonia-eluate was d i l u t e d  ( 1 : l )  wi th  d i s t i l l e d  

water and then adsorbed, a t  90-120 ml/h, onto a Dowex 

I-x 4 column ( 1  cm i .d. x 6 c m ) ,  formate form, previou- 

sly e q u i l i b r a t e d  wi th  water. A P t e r  washing wi th  30 m l  

of d i s t i l l e d  water ,  t h e  e l u t i o n  of t h e  water-soluble 

in te rmedia tes  was carried out  with 40 m l  of 0.1 M for -  

m i c  acid. The Eormic ac id  e l u a t e  was concent ra ted  t o  

dryness under vacuum, at 4OoC, on a r o t a r y  evaporator .  

The r e s i d u e  was d isso lved  i n  2-3 m l  of 0.1 M MAP, 0.02 

M N a C 1 ,  pH 10.3 + 0.02 b u f f e r  (Buffer  A ) .  0.1-0.5 m l  

of t he  r e c o n s t i t u t e d  e x t r a c t  was used f o r  t h e  sirnulta- 

neous determinat ion by HPLC of t h e  water-soluble i n t e r -  

mediates of t h e  phosphoglyceride synthes is .  

- 

I n  o t h e r  experiments the e x t r a c t i o n  was carried 

out  e s s e n t i a l l y  as described by Sundler (17). The b r a i n  

was homogenized i n  20 volumes of chloroform-methanol 

(2:1, v/v) and e x t r a c t e d  f o r  1 h a t  room temperature.  

The l i p i d  e x t r a c t  was t h e n  e q u i l i b r a t e d  with 0.2 volume 

of water and the  phases separated by c e n t r i f u g a t i o n .  

The upper-phase was transferred i n t o  a f l a s k  and t h e  
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WATER-SOLUBLE PRECURSORS OF CHOLINE 1379 

organic phase washed w i t h  0.1 volume of methanol-HC1 

( l : l ,  v/v) and with 0.1 volume of methanol-?% N a C l  

( 1  : 1, v/v) . The washings were pooled with the  f i r s t  

upper-phase. The lipid-f'ree inso luble  res idue  was ex- 

t rac ted  twice w i t h  5 volwncs of 1 M PCA. The PCA e x t r a c t  

w a s  added t o  the poo.led aqueous-methmoiic washings, thus 

const i tut . ing the  t o t a l  e x t r a c t  of the  water-soluble in- 

termediates,  which was centr i fuged a t  15,000 x g and p ro -  

cessed a s  described above. Th i s  ex t r ac t ion  procedure i s  

used i f  the ana.l.ysis of l i p i d s  i n  t h e  same t i s s u e  sam- 

p l e  i s  aLso r e q u i r e d .  

The two ex t r ac t ion  procedures reported above give 

iden t i ca l  r e s u i t s  as  f a r  a s  t h e  water-soluble intermedia- 

t e s  are  concerned, and may be used f o r  t h e  e x t r a c t i o n  

of t h e  hydrosoluble intermediates  from other  t i s s u e s .  

High Performance Liquid Chromatographic Analysis 

a )  
out by using a PYE-UNlCAM Model LC 20 l i q u i d  chromato- 

graph, equipped w i t h  an UV de t ec to r  operat ing a t  280 nm, 

and w i t h  a flow c e l l  of 1 mm i n  diameter and a pa th  len- 
g t h  of 10 nun. The de t ec to r  output was connected t o  a Phi- 

lips Model PM 8220 recorder ,  with a chart-speed of 30 

cm/h. A thick walled g l a s s  column (0.4 c m  i .d.  x 30 c m ) ,  

jacketed f o r  temperature con t ro l  and packed w i t h  Aminex 

A-14 r e s i n ,  was used f o r  the chromatographic separat ions.  

b) Column Preparation. Aminex A-14, C1-, was suspen- 

ded i n  3 M HC1 and then t r e a t e d  as previously descr ibed 

( 1 5 ) .  The f i n a l  height of the  r e s i n  bed was 2 3  cm. The 

column was washed f o r  5 min with 0.3 M HCl a t  1.2 ml/min, 

Apparatus. The ana ly t i ca l  procedure was c a r r i e d  
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1380 FLORID1 ET AL. 

and then conditioned f o r  15 min w i t h  Buffer A,  a t  the 

same flow r a t e .  

c )  Elution Buffers. Buffer A ,  used f o r  the  column equi- 

l i b r a t i o n  and f o r  the f i r s t  chromatographic s t e p ,  was 

prepared by ad jus t ing  a 0.1 M MAP, 0.02 M NaCl SOlUtiOn 

t o  pH 10.3 - + 0.02 with 3 M HC1.  The second e luen t  (Buf- 

fer  B )  was 0.1 M MAP, 0.17 M NaCl so lu t ion ,  pH 11. The 

buf€ers  w e r e  bo th  degassed under vacuum a t  5OoC and 
t h e i r  pH rechecked. 

d )  Chromatographic Elut ion,  The sample (e.g. p u r i f i e d  

t i s s u e  ex t r ac t  o r  c a l i b r a t i o n  mixture) was adsorbed on- 

t o  the column under n i t rogen  pressure.  The e l u t i o n  was 

performed a t  5 O o C  with Buffer A f o r  the  f i r s t  5 min and 

then with Buffer B u n t i l  the  end of the run. The flow 

r a t e  was kept a t  1.2 ml/min and 1.2 ml f r a c t i o n s  w e r e  

co l lec ted .  

P r io r  t o  a new ana lys i s ,  the  column was regenera- 

ted  f o r  5 min w i t h  0.3 M HC1 and then equ i l ib ra t ed  f o r  

15 min with Buffer A. 

e )  Detection, I d e n t i f i c a t i o n  and Quant i ta t ion  of the 

Chromatographic Peaks. I n  rou t ine  analyses ,  cyt idine-  

containing compounds w e r e  detected by t h e i r  UV abso- 

p t ion  a t  280 nm, while PC and PE w e r e  detected by mea- 
sur ing the phosphorus content  of the  chromatographic 
f r ac t ions .  

The e l u t e d  compounds were i d e n t i f i e d  by t h e i r  re- 
spect ive r e t en t ion  times determined by c a l i b r a t i o n  

runs. I n  the prel iminary experiments the  r e t e n t i o n  ti- 

mes o f  P C  and PE w e r e  obtained by using radioactive PC 
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WATER-SOLUBLE PRECURSORS OF CHOLINE 1381 

and P E ,  and counting the  r a d i o a c t i v i t y  i n  small amounts 

of the e lu t ed  f r a c t i o n s ,  

The water-soluble intermediates  present  i n  t h e  

b io logica l  e x t r a c t s  w e r e  i d e n t i f i e d  by comparing t h e i r  

r e t en t ion  times w i t h  those of s tandards,  or by chroma- 

tographic co-e lu t ion  experiments with rad ioac t ive  com- 
pounds. 

The quan t i t a t ion  of cyt idine-containing compounds 
was c a r r i e d  out  by using the  chromatographic procedure 

of peak area  measurements, while  the quan t i t a t ion  of PC 

and PE peaks by phosphorus determination i n  the chroma- 

tographic f r ac t ions .  The concentrat ion of the water-so- 

l ub le  intermediates  i n  the sample ana lys i s  w a s  determi- 

ned f r o m  t h e i r  r e l a t i v e  c a l i b r a t i o n  f a c t o r s ,  obtained 

by chromatographying known amounts of synthe t ic  com- 
pounds, processed as  the b io logica l  ex t r ac t s .  
f )  Chromatographic Cal ibra t ion  Mixture. Separate stan- 
dard so lu t ions  of PC,  PE,  CDP-choline, CDP-ethanoldne 

and 5'-CMP, containing 2 , 5  mg/ml of each compound i n  
0.01 M H C 1 , w e r e  prepared. The concentrat ions of the  cy- 
t i d i n e  de r iva t ives  w e r e  determined by the i r  absorbance 
a t  280 nm ( 1 6 ) ,  while those of PC and PE by phosphorus 

determination ( 4 ) .  Aliquots of these so lu t ions ,  contai-  
ning 40-80 m o l e s  of CDP-choline, CDP-ethanolamine and 

5'-CMP, and 400-800 m o l e s  of PC and PE, w e r e  mixed and, 

a f t e r  t he i r  d i l u t i o n  t o  10 m l  wi th  0.5 M PCA, w e r e  pro- 
cessed as mentioned above f o r  the b io logica l  ex t r ac t s .  
AliqUOtS of the  so lu t ion ,  obtained after the treatment 

of t h e  mixture on alumina and Dowex I ,  w e r e  used €or 
the chromatographic ca l ib ra t ion .  
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-- RESULTS AND D I S C U S S I O N  

FLORID1 ET AL. 

Chromatographic Resolution 

A separat ion of the synthe t ic  water-soluble i n t e r -  

mediates of the phosphoglyceride biosynthesis  i s  shown 

i n  Figure 1. The peaks of PC and PE,  as  obtained from 

1.000 

a500 

t 

TIME (Win.) 

Figure 1. HPLC of the  synthe t ic  water-soluble interme- 
d i a t e s  of the  phosphoglyceride biosynthesis .  The synthe- 
t i c  c a l i b r a t i o n  mixture was processed as described for 
t h e  b ra in  ex t r ac t .  The e l u t i o n  was c a r r i e d  ou t  f o r  5 min 
with Buffer A and then with Buffer B u n t i l  the  end. Flow 
ra t e :  1.2 ml/min; temperature: 50°; column: Aminex A-14; 
detection: absorbance a t  280 nm (0) and a t  830 nm (c). 
The overa l l  chromatographic p r o f i l e  was obtained by dra- 
wing the phosphorus peaks of PC and PE on the UV chroma- 
togram of the cyt idine-containing compounds, which was 
recorded a t  0.160 aufs. 
1. Pc (100.4 m o l e s ) ;  2. CDP-choline (17.5 moles); 3.  
PE (122.5 nmoies); 4. 5 1 - c ~ ~  (25.3 nmoles); 5.  CDP=etha- 
nolamine (22.5 moles); 6. Unknown. 
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WATER-SOLUBLE PRECURSOKS OF CHOLINE 1383 

t h e  phosphorus con ten t  of t h e  chromatographic f r ac t i . ons  , 
were drawn on t h e  chromatogram of t h e  recorded UV-ab- 

sorbance of CDP-cho1j.ne. CDP-ethanolamine and S'-(:MP. 

The  s e p a r a t i o n  of these ccrripounds i s  compl.ete, and t h e  

chromatographic process  may be used f o r  an a c c u r a t e  

q uan t i t a t  i o n  of  t he  e 1. u ted subs t ance s . 
Overal l  r e c o v e r i e s  of CDP-choline, CDP-ethanolami- 

ne,  PC and PE a r e  78 2 4.1; 79 2 3.0 ;  8% 5 4.9; and 

80 2 3.1, r e s p e c t i v e l y ,  when compared t o  the  unproces- 

sed s t anda rds  o r  t o  t h e  bra.in samples spiked w i t h  ra- 

d i o a c t i v e  water-soluble p r e c u r s o r s ,  

Determination of the Water-Soluble P recu r so r  Pool 

The q u a n t i t a t i v e  de t e rmina t ion  by HPLC of t h e  wa- 

t e r - so lub le  in t e rmed ia t e s  of chol.ine and e t h a n o l m i n e  

phosphoglyceride s y n t h e s i s  i s  complicated by t h e  pre- 

sence i n  the  t i s s u e  e x t r a c t  of s e v e r a l  i n t e r f e r i n g  com- 
pounds. The direct  chromatography of  t h e  u n p u r i f i e d  ex- 

tract a f t e r  t h e  removal o f  PCA, i n  the  form o f  potas- 

sium s a l t ,  i s  not  s u i t a b l e  f o r  the p recu r so r  quan t i t a -  

t i o n .  Previous experiments have shown t h a t ,  under o u r  

chromatographic c o n d i t i o n s ,  t h e  compounds which co-elu- 

te,  o r  i n t e r f e r e  w i t h  the in t e rmed ia t e s  t h a t  a r e  t o  be 

q u a n t i t a t i v e l y  determined, a r e  the pu r ine  and pyrimidi- 

ne bases and t h e  nucleosides .  Th i s  c i rcumstance has  in-  

duced us to look f o r  a procedure tha t  cou ld  g i v e  a t is-  

sue e x t r a c t  free from such components. 

Since i t  has been r e p o r t e d  t h a t  alumina adso rp t ion  

chromatography has  been s u c c e s s f u l l y  used f o r  t h e  sepa- 
r a t i o n  of phosphorylated compounds from bases and nu- 

c l e o s i d e s  ( 1 7 ) ,  we have r e s o r t e d  t o  an aluminum oxide 
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1384 FLORID1 ET AL. 

column f o r  a preliminary clean-up of the bra in  ex t r ac t .  

The r e l i a b i l i t y  of t h i s  reso lu t ion  was checked by run- 

ning on an alumina column a 0.5 M PCA so lu t ion  of nu- 

c l eos ides ,  purine and pyrimidine bases,  and labelled 

w a t e r-so 1 ubl e p recur  so r  s o P t h e  p ho sp hog 1 yc e ri de bio- 

synthesis .  The e l u t i o n  pa t t e rn ,  rePerred t o  t h i s  ex- 

periment, i s  shown i n  Figure 2. More than 90% of t h e  
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Figure 2. Elut ion of bases ,  nucleosides and labelled 
water-soluble intermediates  of the phosphoglyceride bio- 
synthesis  from neut ra l  aluminum oxide. A mixture contai-  
ning 1 pmole of adenine, guanine, u r a c i l ,  cytozjrfe-and 
the i r  respec t ive  nucleosides, d 75,800 cpm L g-pho- 

ne, 81,250 cpm L- g-CDP-choline, 35,700 cpm L g- 
CDP-ethanolamine, i n  10 m l  of 0.5 M PCA, was appl ied t o  
a 1 x 3 cm alumina column, equ i l ib ra t ed  with 0.5 M PCA. 
After washing the  colwnn with 0.5 M PCA and water, the 
e l u t i o n  was c a r r i e d  out  with 1 M ammonia solut ion.  W 
absorbance a t  260 nm and r a d i o a c t i v i t y  measurements we- 
re c a r r i e d  out  on each f r a c t i o n  ( 5  ml). 

sphorylcholine,  3q4300 cpm L IP- ~ - p h o s p h o r y l e t h q ~ l - d -  
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WATER-SOLUBLE PRECURSORS OF CHOLINE 1385 

i n i t i a l  O.D. and only traces of r a d i o a c t i v i t y  are de- 

t ec t ab le  i n  the peak obtained by washing the column 

with 0.5 M PCA and water. On the o t h e r  hand, almost 

a l l  of the r ad ioac t iv i ty  (usua l ly  90%) was recovered 

within the ammonia e l u a t e ,  The r e s u l t s  obtained show 

t h a t  the phosphorylated compounds, PC, PE, CDP-choline 

and CDP-ethanolamine, a r e  w e l l  separated f r o m  free ba- 

s e s  and nucleosides.  For t h i s  reason,  the  alumina ad- 

sorp t ion  chromatography can  be used t o  ob ta in  the desi- 

red phosphorylated water-soluble precursors  f r e e  from 
most of the  undesired metabolites.  However, t he  i n o r  
ganic phosphate i s  s t i l l  present  i n  t h i s  f r ac t ion .  I n  

order  t o  avoid i t s  in te r fe rence  with the HPLC analy- 

sis (Pi i n t e r f e r e s  with the PE q u a n t i t a t i o n ) ,  a fu- 

t h e r  p u r i f i c a t i o n  s t ep  i s  e s s e n t i a l .  For t h i s  purpose, 

a Dowex 1 chromatography proved t o  be useful .  I t  must 

also be pointed out  t h a t  the anion exchange chromato- 

graphy s t ep  y i e l d s  the water-soluble precursors  i n  a 

d i lu t ed  formic acid so lu t ion ,  which can be evaporated 

t o  dryness without any chemical a l t e r a t i o n  of the so- 
lu t e s .  

After these two prel iminary chromatographic s t eps ,  
the sample i s  su i t ab le  f o r  the HPLC analysis .  

Figure 3 shows a typ ica l  chromatogram of an ali-  
quot of a pu r i f i ed  r a t  b ra in  e x t r a c t ,  corresponding t o  
0.2 g of f r e s h  t i s sue .  Under our  experimental condi- 

t i o n s ,  w e t  t i s s u e  amounts of t h i s  s i z e  a re  s u f f i c i e n t  

f o r  accurate  determinations.  Thus, t he  s e n s i t i v i t y  of 
t h i s  procedure allows the use of t i s s u e  amounts smal- 
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1~386 FLORID1 ET AL. 

l e r  than those r equ i r ed  by t h e  a s s a y  methods previou- 

s l y  r epor t ed  (10-1.1). 

AS can be observed from Figure 3,  t h e  peaks of 

t h e  cy t id ine -con ta in ing  i n t e r m e d i a t e s  are w e l l  separa- 

t ed  among themselves and from t h e  o t h e r  i n t e r f e r i n g  

components. The contaminat ing compounds (e.g. nucleo- 

t i d e s ) ,  p re sen t  i n  the e x t r a c t  a t  c o n c e n t r a t i o n s  h i -  

gher  than those  o€ t h e  water-soluble i n t e r m e d i a t e s ,  

a r e  e l u t e d  a f t e r  the CDP-ethanolamine peak. A t  t h i s  

p o i n t ,  t h e  chromatographic run  was stopped and t h e  

compounds, s t i l l  r e t a i n e d  on t h e  column, were e l u t e d  

w i t h  0.3 M HC1. The i n s p e c t i o n  of t h e  chromatogram 

TIME (Mln.1 

Figure 3. Chromatogram of a p u r i f i e d  PCA e x t r a c t  of t h e  
r a t  b ra in .  The amount passed through the  column corre-  
sponds t o  0.2 g of f r e s h  t i s s u e .  For t h e  experimental  
c o n d i t i o n s  see Figure 1. 
1.  PC; 2 .  CDP-choline; 3 .  PE; 4. TI-CMP; 5. CDP-ethano- 
lamine; 6. Unknown. 
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WATER-SOLUBLE PRECURSORS OF CHOLINE 1387 

shows t h a t  CDP-choline, CDP-ethanolamine and 5'-CMP 

a r e  e l u t e d  as sharp and symmetrical peaks,  and no 

important secondary peaks a r e  p r e s e n t  c l o s e  t o  them. 

Data on t h e  r a t  b r a i n  pool s i z e  of t h e  water-so- 

l u b l e  in te rmedia tes  of t h e  phosphoglyceride biosynthe- 

s is  a r e  repor ted  i n  Table  1 .  

The amounts of phosphoryl- and CDP- compounds of 

c h o l i n e  and ethanolamine i n  t h e  b r a i n  of t h e  r a t s  k i l -  

l e d  by d e c a p i t a t i o n  (column A of Table l )  a g r e e  w e l l  

wi th  those  prev ious ly  repor ted  (18,19), but they  are 
remarkably h igher  than  those observed by k i l l i n g  t h e  

r a t s  by immersion i n  l i q u i d  n i t rogen .  T h i s  d i f f e r e n c e  

TABLE 1 

Pool S i z e  of t h e  Water-Soluble In te rmedia tes  
i n  the R a t  Brain (nmoles/g vet weight) 

Compound A B 
De c ap i t a t  ion  Immersion i n  

Liquid Nitrogen 

PC 

CDP-choline 

175.7 + 14.3 - 280.2 + 16.8 - 
42.3 + - 5.8 11.3 + - 2.4 

630.5 + 85.3 - 880.1 + 89.3 
31.0 + 6.2 

- PE 

26.8 + 4.1 - - CDP-ethanolamine 

Results are expressed as mean + S.D. from nine ( A )  
and s i x  ( B )  rats. 

- 
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1388 FLORID1 ET AL. 

i s  more evident i n  the  case of t h e  chol ine-containing 

precursors.  The obvious explanat ion f o r  t hese  quanti- 
t a t i v e  d i f fe rences  i s  t h a t ,  i n  t he  time i n t e r v a l  be- 

tween the  decapi ta t ion  and the  homogenization ( 3  min), 
the amounts of the water-soluble precursors  increase ,  
due t o  t h e  a c t i v i t y  of the enzymes of the phospolipid 

catabolism. On the cont ra ry ,  immersing the r a t  i n  li- 

quid ni t rogen produces i n a c t i v a t i o n  of the enzymes a t  

the time of the s a c r i f i c e ,  and the determined amounts 

of the metabol i tes  are of the same magnitude as the 

physiological ones. 

CONCLUSIONS 

The aim of t h i s  work was t o  look f o r  a procedure 
f o r  a rap id  and prec ise  determination of the water-so- 

lub le  precursors  of the chol ine and ethanolamine pho- 

sphoglycerides synthesis .  

Previous determinations of the  water-soluble pre- 

cursors  required very long manipulations of the samples, 

p r i o r  t o  the quan t i t a t ion  s t e p .  I n  our  case ,  only two 
main s t eps  proved t o  be necessary i n  order  t o  obta in  a 

pu r i f i ed  sample su i t ab le  f o r  a p rec i se  quan t i t a t ion  by 

WPLC. These s t eps ,  namely aluminum oxide adsorpt ion 

and ion exchange chromatography on Dowex 1 ,  are easy 

and rapid t o  c a r r y  out  and do not requi re  any sophis t i -  

ca ted  procedure. The alumina colwnn separa tes  the  com- 

ponents of the acid so luble  pool i n  two f r a c t i o n s ;  the 

f i r s t  conta ins  free bases,  nucleoside and o t h e r  neu t r a l  
o r  ca t ion ic  compounds, a s  ethanolamine and chol ine,  

while t h e  phosphorylated metabol i tes  a re  recovered i n  
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WATER-SOLUBLE PRECURSORS OF CHOLINE 1389 

the f r a c t i o n  e lu t ed  with ammonia. Inorganic phosphate 

and many nucleot ides  a re  removed, from t h i s  f r a c t i o n ,  

by Dowex 1 chromatography. Subsequently HPLC opera tes  

the  simultaneous separa t ion  and the p a r t i a l l y  automa- 

t e d  quan t i t a t ion  of t h e  metabol i tes  inves t iga ted .  The 

chromatographic reso lu t ion  i s  achieved under condi t ions  

where the ana ly tes  are  anionic enough t o  be re ta ined  by 

the  exchanger and then they are separated by an ion-ex- 

change mechanism, under a step-wise e l u t i o n  system. The 

complete separa t ion  of the water-soluble precursors  

could not be obtained by i s o c r a t i c  e l u t i o n ,  s ince  the  

chromatographic behaviour of the two couples PC/CDP- 

chol ine and PE/CDP-ethanolamine i s  qu i t e  d i f f e r e n t ,  owing 

t o  the quaternary n i t rogen  of the chol ine-der ivat ives .  

Therefore,  the  e l u t i o n  of PC and CDP-choline can be a- 

chieved a t  low ionic  s t r eng th ,  wh i l e  a bu f fe r  of higher  

pH and ion ic  s t r eng th  must be used i n  order  to  ob ta in  

a rap id  separa t ion  between the  ethanolamine-containing 

intermediates  and 5I-CMP. However good separa t ion  of 
CDP-choline, PE,  CDP-ethanolamine and 5I-CMP can be ob- 
ta ined  i s o c r a t i c a l l y  by e l u t i o n  with 0.1 M MAP, 0.05 M 

NaC1, pH 9.5 buf fer ,  but an overlap between P C  and 

CDP-choline is observed (unpublished observat ions) .  
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