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REVERSED PHASE ION-PAIR CHROMATO- 
GRAPHIC SEPARATION OF ACETYL 

CHOLINE AND CHOLINE 

C .  D .  Raghuveeran 
Defense Research and Development Establishment 

Gwalior 4 74002, India 

ABSTRACT 

A reversed phase High-Performance Liquid Chromatographic 
procedure for the separation of choline and acetyl choline is 
described. The method employs a mobile phase containing aro- 
matic sulphonates as counter ions for ion-pair chromatography 
and for U.V. Visualisation of choline and acetyl choline at 
254 nm. The method enables the separation of the two compounds 
in the 1-10 ug concentration range in s i x  minutes. The sep- 
arations are better achieved on a PRP-I resin column. 

INTRODUCTION 

Acetyl choline (Ach) and Choline (Ch) are physiologically 

important quarternary ammonium compounds - the former is an 
important neurotransmitter while the latter is a metabolic 
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538 RAGHUVEERAN 

product of a c e t y l  c h o l i n e s t e r a s e  a c t i v i t y  on Ach. 

a v a i l a b l e  f o r  t h e i r  de t e rmina t ion  inc lude  spec t ropho tane t ry  

gas  chromatography and p y r o l y s i s  g a s  chranatography . 

The mettiuds 
I D 2  

3 

D.N.Buchman e t  a14 had r epor t ed  a HPLC method f o r  cho l ine  

only  by ion  p a i r i n g  t h e  3,5 d i n i t r o b e n z o a t e  e s t e r  of cho l ine  

(from plasma) wi th  n-heptane su lphonic  a c i d .  

meChod5 i s  a i s o  a v a i l a b l e  wherein r a d i o a c t i v e  l a b e l l e d  cho l ine  

and a c e t y l  cho l ine  have been sepa ra t ed  on a c a t i o n  exchange 

column and de tec t ed  by s c i n t i l l a t i o n  count ing .  A r eve r sed  

phase ion-pair chromatographic method f o r  t h e  de t e rmina t ion  of 

these  us ing  a romat ic  su lphonates  as the  counter  i ons  i n  t h e  

mobile phase, which appears  easier,  i s  r e p o r t e d  here .  

An ion  exchange 

Ion-pair  chromatography i n  t h e  r eve r sed  phase mode has 

been l a r g e l y  used f o r  t he  s e p a r a t i o n  of W absorbing i o n i c  

upecies.  UV absorbing counter  i o n s  have a l s o  bean used fo r  

the  W v i s u a l i s a t i o n  and s e p a r a t i o n  of  non-UV absorbing i o n i c  

spec ie s .  For example Bidlingmeyar6 has r epor t ed  t h e  use  of  

c e t y l  pyr id in iun  bromide f o r  t h e  s e p a r a t i o n  of a l k y l  sulpho- 

n a t e s  us ing  W d e t e c t i o n .  

EXPERIMENTAL 

Waters Model ALC/GPC-244 Liquid Chromatograph was used 

f o r  t h e  s tudy  wi th  t h e  Model 440 UV d e t e c t o r  set a t  254 nm. 

The columns t r i e d  were: (1) Excal ibar  (25cm x 4.6cm i . d . )  

column packed wi th  Spher i sorb  (5nm) ODS (Analabs):  (2) u - 
Bondapak (c-18) and u Bondapak ( C N ) ;  and (3) PRP-1 (Hamilton, 

Bonaduz) packed wi th  s ty rene -d iv iny l  benzene (10 um). 

Chemicals and Solvents  : Water used i n  the s tudy  had barn 

t r i p l e  d i s t i l l e d  i n  an a l l  g l a s s  d i s t i l l a t i o n  appa ra tus .  The 

s o l v e n t s  a c e t o n i t r i l e  and n-propanol were procured from E.Merck 

( I n d i a )  and Ferak  (Germany) and were used as such. Choline and 

a c e t y l  cho l ine  were procured from E.Merck (Darmstadt) and Sigma 
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SEPARATION OF ACETYL CHOLINE AND CHOLINE 539 

(USA) r e s p e c t i v e l y .  The mobile phase found s u i t a b l e  f o r  t h e  

s tudy  was prepared from water ,  a c e t o n i t r i l e  and n-propanol 

(90:7:3) and conta ined  ( a )  potassium dihydrogen phosphate ,  

E.Merck (0.45M), ( b )  p-amino benzene su lphonic  a c i d  (PABSA-BDH, 

ANALAR), 4x10 M and ( c )  c e t y l  t r ime thy l  arumoniun bromide 

(CTAB, Ald r i ch ) ,  lx l f4 :* i .  

3.5 wi th  sulphur c a c i d  and f i l t e r e d  over a M i l l i p o r e  so lven t  

f i l t r a t i o n  systein f i t t e d  w i t h  a 0.25 u membrane f i l t e r  (Sch le i -  

c h r r  & Schu l l ,  Dasse l ) .  Besides PABSA a s  t h e  UV absorb ing  

counter  i on ,  p-toluene su lphonic  a c i d  was a l s o  t r i e d .  (See F i g . 2  

f o r  Chromatographic c o n d i t i o n s )  

-4 

The mobile phase pli was a d j u s t e d  t o  

The su lphonates  used i n  t h e  s tudy ,  e s p e c i a l l y  PABSA, a r e  

spa r ing ly  so lub le  i n  w a t e r , b u t  were rendered  s o l u b l e  i n  i t  by 

the presence of a quar t e rna ry  anunonium de te rgen t  l i k e  CTAB. A 

s tock  s o l u t i o n  of PABSA was prepared by d i s s o l v i n g  t h e  subs t a -  

nce f i r s t  i n  minimum volume o f  0.5M d e t e r g e n t  s o l u t i o n  ( 2 %  v /v  

s o l u t i o n  of  CTAB i n  2OX aqueous methanol) and making up t o  t h e  

r equ i r ed  volume in water .  

So lu t ions  o f  Ach and Ch ( s t o c k  a s  well  as working s tand-  

ards.) i n e  prep-ared in 3 0.453 Lolut ion  o f  KH2PG4 c o n t a i n i n g  

w a t e r , a c c t o n i t r i l e  asd n-prop;?czi i n  t h e  same propor t ions  a s  

the mobile phase. 1 u l  volumes of  t hese  were i n j e c t e d .  

C o l w n  Condi t ion ing  : The PKP-1 column used i n  t h e  f i n a l  s tudy  

as well as t h e  o t h e r  columns used f o r  p re l imina ry  work and men- 

t ioned ear l ier  had to  be thoroughly e q u i l i b r i a t e d  wi th  the  mob- 

i l e  phase a t  ambierit t empera tures .  The column was kept  f lushed  

wi th  t h e  mobile phase ove rn igh t  a t  a flow ra te  o f  0 .2  ml/min 

and t h e  flow r a t e  was s e t  a t  2 ml/min f o r  t h e  a c t u a l  a n a l y t i c a l  

runs .  The column was observed t o  a t t a i n  e q u i l i b r i u i i  i n  1 h r .  

The UV absorbance of t he  mobile phase due t o  t h e  counter  i on  

i n i t i a l l y  r o s e  t o  a maximum and then g radua l ly  dec l ined  LO a 

minimum (0.9 t o  1 AUF) .  It could  be o f f s e t  a t  t h i s  s t a g e  w i t h  
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TABLE 

RACHUVEERAN 

Separa t ion  of Choline and Acety le  ctioline on PRP-1 Column 

Counter i on  Re t e n t  ion(min) Lowest concen t r a t ion  
d e t e c t e d  i n  ug 

c 11 Ach Ch Ach 

I .  p-Toluene S u l  p- 3 . 4  5" Y .  15" 5 2 
honic Acid Sodium 
sal t  (P'rSA) 

2 .  p-thino benzene 2.3" 6' 
Sulptioriic Acid,  
Sodium s a l t  (PABSA) 

1 2 

the - + o f f s e t  po ten t iome t r i c  s e t t i n g  i n  the  Model 440 11V Detec to r .  

Attainment of equ i l ib r ium was i n d i c a t e d  by a s teady  b a s e l i n e  and 

observance of  peaks wi th  r ep roduc ib le  r e t e n t i o n  times f o r  t h e  

t e s t  s o l u t e s .  

was found i n e v i t a b l e .  

A c e r t a i n  degree  of  a slow upward b a s e l i n e  d r i f t  

DISCUSSION 

Pre l iminary  tr  ia l t l  i nvo lv ing  naphtha lene  2-sul phonic a c i d  

and p-toluene su lphonic  a c i d  a s  counter  i ons  i n d i c a t e d  t h a t  Ach 

and Ch could not  be sepa ra t ed  on t h e  C18 and cyano bonded phases 

wi th  v a r i e d  so lven t  compositions.  Sepa ra t ion  was p o s s i b l e  

only  on a PRP-1 r e s i n  column. So t h e  method descr ibed  he re  

evolved around t h i s  column. 'The coun te r  i o n s  t e s t e d  f o r  sepa- 

r a t i o n  on t h i s  column were : PTSA and PABSA. The r e t e n t i o n  

t i m e s  f o r  Ch and Ach a s  also t h e  lowest concen t r a t ion  d e t e c t e d  
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4 6 8 1 0  

Time (Minutes1 

Figure 1. Separation of choline and acetyl choline by 
reversed phase ion-pair chromatography. Column: 
PRP-1 (Hamilton, Bonaduz). Mobile phase: 0.002M 
p-Toluene sulphonic acid i n  water; acetonitrile 
(9O:lO) containing potassium dihydrogen phos- 
phate (0.75M) and cetyl trimethyl aaunonium 
bromide (lx104M) and adjusted to pH 6 . 5 .  Flow 
rate 1 ml/min and detection:W at 254 nm and 
0.01 AUF. Peak Identity: Ch, 6ug, peak No.1. 
Ach, 8 ug, peak No. 2. 
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1 

2 

RAGHUVEERAN 

1 

Time (minutes) 

Figure 2. Separation of choline and ace ty l  choline by 
reversed phase ion-pair chromatography. Column: 
PRP-1 (Hamilton, Bondauz). Mobile phase: 
0 . 4 ~ 1 0 4  M p-amino benzene sulphonic ac id  i n  
water: ace ton i tr i l e :  n-propanol (90: 7 :  3 )  contain- 
ing potassium dihydrogen phosphate ( 4 . 5 ~ 1 0 - h i )  
and ce ty l  trimethyl ammonium bromide ( ~ x ~ O - ~ M )  
Peak Identity: Ch 6ug, peak No. 1 .  Ach, 8ug, 
peak No.2. 
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Figure  3. C a l i b r a t i o n  p l o t s  f o r  c h o l i n e  and a c e t y l  cho l ine  
us ing  PABSA as t h e  counter  i on .  Condi t ions  as 
i n  F igu re  2 .  Ach ( . I ,  Ch ( 0 ) .  

( i n  micrograms) a r e  mentioned i n  t h e  t a b l e  below. Chromato- 

grams showing t h e  sepa ra t ions  o f  the  two subs t ances  a r e  shown 

i n  f i g u r e s  1 and 2 alongwith t h e  chromatographic c o n d i t i o n s .  

ii czii br seen  from the  above t a b l e  t h a t  PABSA is a b e t t e r  

counter  i o n ,  i n  view of  the h ighe r  s e n s i t i v i t y  a t t a i n a b l e  f o r  

both Ch and Ach. Acetyl clioline emerges as a nega t ive  peak 

(F igu re  2)  with  t h i s  counter  ion i n  t h e  mobile phase.  

nce of nega t ive  peaks a r e  not unusual i n  i o n  p a i r  chromatography 

Occurre- 
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544 RACHUVEERAN 

6 
w i t h  UV abso rb ing  i o n s  and have been r e p o r t e d  by Bidl ingmeyar  , 

They a r e  a l s o  r e p o r t e d  i n  i n d i r e c t  photometry on i o n  exchange 
7 colunns  employing UV absorb ing  a n i o n s  o r  c a t i o n s  . 'Ptie c a l i b -  

r a t i o n  p l o t s  f o r  Ch and Ach w i t h  t h e  peak h e i g h t s  (CIII) a s  a 

f u n c t i o n  o f  t h e i r  c o n c e n t r a t i o n  (ug )  a r e  l i n e a r  and are shudn 

i n  F i g u r e  3 .  

wh i l e  t h a t  f o r  Ch i s  l i n e a r  in t h e  1-10 ug r ange .  

The p l o t  f o r  Ach i s  l i n e a r  i n  t h e  2-8 ug range  
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