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A spectrophotometric microdetermination of choline* 

The  react ion of chol ine wi th  iodine to form an  insoluble periodide ha s  been used by  several  workers  
in choline de t e rmina t ions  (see i and  2 for review). In  these  methods ,  the  periodide precipi ta te  
is isolated by  f i l t rat ion or cen t r i fuga t ion  and  t he  iodine in the  complex  measu red  chemical ly.  
Recent ly ,  APPLETON et at.a, 4 in t roduced  a spec t ropho tomet r i c  m e t h o d  in which the  periodide 
precipi ta te ,  a f te r  cen t r i fug ing  and  r emova l  of the  s u p e r n a t a n t  by  aspirat ion,  is dissolved in 
e thy lene  dichloride and  t he  a m o u n t  of choline de t e rmined  f rom the  optical  dens i ty  of the  e thy lene  
dichlor ide  solut ion a t  a wave  l eng th  of 365 m/~. T h e y  repor ted  t h a t  a m o u n t s  of choline as  sma l l  
as 5 /*g  can  be measu red .  

The  m e t h o d  repor ted  here  is a modif icat ion and  simplif icat ion of t h a t  of APPLETON et al. 
The  la t te r  used  special ly made,  finely t apered  cent r i fuge  tubes .  W i t h  e i t he r  o rd inary  conical 
cen t r i fuge  tubes  or such  t ubes  d rawn  ou t  to a fine tip, however ,  it  h a s  been difficult to ob ta in  
accurate ,  reproducible  resul ts ,  the re  being a lways  danger  e i ther  of r emov ing  too little of the  
iodine-conta in ing  s u p e r n a t a n t  or of suck ing  off some  of the  minu te ,  f inely-packed precipi ta te .  
Periodide prec ip i ta tes  fo rmed  in the  presence of cer ta in  biological media,  moreover ,  were some-  
t imes  difficult to redissolve.  

These  sources  of error  and  t he  need for special  e q u i p m e n t  can  be e l imina ted  by  omi t t i ng  
the  cen t r i fug ing  a l together .  APPLETON et al. h a v e  po in ted  ou t  t h a t  in e thy lene  dichloride t he  free 
iodine ha s  a lower ex t inc t ion  coefficient a t  365 m/~ t h a n  does choline periodide. I t  was  found 
here  t h a t  the  addi t ion  of choline to an  iodine solut ion leads to an  increase in t he  total optical  
dens i ty  a t  365 m/ t  of t he  e thy lene  dichloride-soluble mater ia l .  The  increase in optical  dens i ty  
is proport ional ,  over  a wide range,  to t he  choline concent ra t ion ,  and  chol ine m a y  be de te rmined  
by  m e a s u r i n g  th i s  increase.  The  b l ank  read ing  due  to dissolved iodine m a y  be reduced by  lowering 
t he  a m o u n t  of  iodine present ,  a l though ,  as the  increase in opt ical  dens i ty  is also affected by  t he  
iodine concent ra t ion ,  the  b l ank  read ing  c a n n o t  be  decreased below abou t  0.050 w i t h o u t  u n d u l y  
reduc ing  t he  sens i t iv i ty .  

The  optical  dens i ty  of iodine in e thy lene  dichloride has  been observed  to increase wi th  t ime,  
some t imes  as m u c h  as lOO% in 3 ° minu tes .  The  cause  of th is  increase is no t  known.  Shaking  
in air appear s  to accelera te  t he  process,  and  it  occurs  even  wi th  e thy lene  dichloride purified by  
redist i l lat ion.  Var ia t ion  due  to th is  increase can  be min imized  by  us ing  anaerobic  condi t ions  and  
by  s t anda rd i z ing  t he  t ime  lapse be tween add ing  e thy lene  dichloride to t he  aqueous  solut ion and  
read ing  the  opt ical  dens i ty  of t he  e thy lene  dichloride layer.  Chloroform, benzene,  toluene,  ether,  
and  pe t ro leum e the r  have  been tes ted  as so lvents  for th is  m e t h o d  b u t  have  proven  unsui tab le .  

The  following m e t h o d  of choline de t e rmi na t i on  is r e c o m m e n d e d :  

Reagen t s  

Choline:  Choline chlor ide (Merck or Nut r i t iona l  Biochemicals)  is dried over  silica gel to c o n s t a n t  
weight ,  dissolved in wa te r  in a concen t r a t ion  cor responding  to I m g  choline per  ml, s tored  in 
the  cold, and  d i lu ted  as required.  

Iodine  r eagen t :  2.5 g 12 and  3.i  g K I  are dissolved in wa te r  and  m a d e  up  to a vo lume  of 
25 ° ml. 

E thy l ene  dichloride:  The  so lven t  (Fisher  or B.D.H.)  is ref luxed for one hou r  over  zinc d u s t  
and  N a O H  and  redistil led. 

Procedure  

The  sample,  con ta in ing  up  to 5 ° / , g  choline, is placed in a t e s t  t ube  of abou t  2o ml  capac i ty  and  
m a d e  up  to 2.0 ml  wi th  water .  One  ml  of t he  iodine reagen t  is added,  the  tes t  t ube  shaken ,  and  
p laced in an  ice b a t h  for 20 minu tes .  Ten  ml  e thy lene  dichloride are added  and  t he  two layers  
m ixed  by  bubb l ing  a fine s t r e a m  of n i t rogen  t h r o u g h  t h e m  for 3 ° seconds.  The  uppe r  aqueous  
l aye r  is sucked off, and,  exac t ly  two m i n u t e s  af ter  add ing  t he  e thy lene  dichloride, the  optical  
dens i t y  of t he  e thy lene  dichloride layer  a t  365 m/~ is measu red  us ing  a B e c k m a n  Model D U  
spec t ropho tome te r .  Choline s t a n d a r d s  and  a wa te r  b lank  are t rea ted  wi th  iodine and  r u n  t h rough  
t h e  s ame  procedure,  and  the  b l ank  va lue  (about  o . Ioo unde r  t he  above  condit ions)  is sub t r ac t ed  
f rom each of t he  o the r  readings .  

The  combined  resu l t s  of four  choline concent ra t ion-ser ies  p resen ted  in Fig. I show t h a t  the  
increase  in optical  dens i ty  over  the  b lank  va lue  is p ropor t iona l  to the  a m o u n t  of choline, up  
to 5 ° /*g .  The  m e a n  increase in opt ical  dens i ty  p roduced  by  IO/ ,g  choline is o.171 ± O.Ol 4, and  
t h a t  p roduced  by  5 ° / , g  is 0.842 -~- o.o16. Thus ,  th is  m e t h o d  appears  a t  least  as accura te  as t h a t  
of APPLETON et al. 

The following c o m p o u n d s  in l o o / t g  a m o u n t s  gave  no react ion for choline:  DL-alanine, 
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L-arginine, L-aspartic acid, L-cysteine, L-cystine, glycine, L-histidine, DL-isoleucine, DL-leucine, 
DL-lysine, DL-methionine, L-phenylalanine, L-proline, DL-serine, DL-threonine, L-tyrosine, DL- 

valine, ethanolamine, histamine, D-glucosamine, 
0.9 diphenylamine, adenosine, L-asparagine, L- 

glutamine, and glycyl glycine. Acetylcholine, 
acetyl fl-methylcholine, and t ryptophan react 
with iodine to yield precipitates dissolving in 
ethylene dichloride and absorbing light at 365 
mp. On a molar basis, the three are respectively 

O.6 80 9'0, 4 ° %, and IO % as active as choline. Phos- 
phorylcholine gives no reaction by this method. 

Since neither serine nor ethanolamine give 
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Fig. I. Choline standard curve.-  = observed 
readings; × = average values. 

TABLE I 
ASSAY O F  C H O L I N E  IN A L E C I T H I N  H Y D R O L Y S A T E  

Choline pres~e.t (l~g) 
Material assayed % Recovery 

Sample x Sample ~ Average 

a reaction for choline, this method should be 
useful in determining the choline content in 
hydrolysates of mixed phospholipids. In Table I 
duplicate figures are given for choline determina- 
tions by this method in an alkaline hydrolysate 
of purified egg lecithin and for the recoveries 
(97-98 %) of added choline. Analysis of a larger 
amount of the hydrolysate by the reineckate 
method s gave a value of 22. 4/~g choline in 18o 
pg lecithin, as compared to 22.6 pg by the iodine 
method. In this hydrolysate, then, both the iodine 
and the reineckate methods give virtually the 
same result, but the former method is more than 
2o0 times as sensitive. Quantitative recovery of 
added choline is also observed in the presence 
of nutrient broth. 

Hydrolysate 21. 4 23.8 22.6 
Hydrolysate + lO pg choline 32.6 32.i 32.4 98 
Hydrolysate + 2o/~g choline 42.3 41.7 42.o 97 

45 mg purified lecithin were hydrolyzed with 6.0 ml N KOH for 24 hours at 37 ° C. acidified 
with glacial acetic acid, and free fat ty acids were removed with petroleum ether extraction before 
diluting for assay. The amounts taken correspond to 18o pg lecithin. 

This method is currently being used to measure the enzymic hydrolysis of phosphorylcholine 
by a crude seminal phosphatase e. 

The recovery of choline added to the phosphatase and measured after deproteinization is 
only 80--90 %. The method of APPLETON et aL has also been reported to give low recoveries in 
crude tissue extracts e. In measuring the production of choline in the presence of the phosphatase, 
it is necessary, therefore, to apply appropriate corrections. 
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