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THE DETEEMINATIOh OF IOGLYCAMIC A C I D  :N BIIE AND I P I  liRINE BY 
H I G H  PERFORMANCE LIQUID CHROMATOGRAPHY 

C.K. L i m  and M.G. R i n s l e r  
Div is ion  of  C l i n i c a l  Chemistry 

C l i n i c a l  Research Cent re  and Northwick Park H o s p i t a l  
Harrow, Middlesex HA1 TJ, U.K. 

ABSTRACT 

A f a s t ,  s imple and s p e c i f i c  method f o r  t h e  de te rmina t ion  of 
ioglycamic a c i d  i n  b i l e  and i n  u r i n e  is descr ibed.  Reversed-phase 
ion-pa i r  chromatography with methanol-water (67.5 : 32.5) i n  t h e  
presence o f  t h e  counter  i o n  tetrabutyl-ammonium phosphate as t h e  
mobile phase s e p a r a t e s  ioglycamic a c i d  i n  5 min a t  a f low r a t e  
of 1 ml/rnin. Under t h e  same c o n d i t i o n s  u r i n a r y  c r e a t i n i n e  can be 
s imul taneous ly  determined and may be used as a n  endogenous i n t e r n a l  
s tandard.  B i l e  and u r i n e  from a h e a l t h y  s u b j e c t  were screened  
f o r  p o s s i b l e  m e t a b o l i t e s  but  t h e s e  are n o t  de tec ted .  

INTRODUCTION 

Ioglycamic a c i d  (F igure  1) is  a c o n t r a s t  medium used f o r  

t h e  examination of t h e  b i l e  duc t  and t h e  g a l l  bladder .  I t  is  

u s u a l l y  used as t h e  di-N-methylglucamine salt  (rneglumine 

ioglycamate)  o r  as t h e  disodium salt  (sodium ioglycamate)  and 

i s  g iven  in t ravenous ly  by i n f u s i o n  o r  i n j e c t i o n .  I n  some p a t i e n t s  

it i s  be l ieved  (I) t h a t  ioglycamic a c i d  is l a r g e l y  e x c r e t e d  by t h e  

kidneys and not by t h e  l i v e r .  I t  i s  t h u s  of i n t e r e s t  t o  monitor  

t h e  u r i n a r y  concent ra t ion  of ioglycamic a c i d  and t o  compare t h e  

e x c r e t i o n  r a t e  by t h e  l i v e r  and t h e  kidneys d u r i n g  i n t r a v e n o u s  

cholegraphy. 
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Figure  1. Ioglycamic acid. 

The ex ten t  of t he  r ena l  exc re t ion  of intravenous cholegraphic 

agents  has been judged crudely by v i s u a l i s a t i o n  of t he  ur inary  

t r a c t  on radiographs (2-4) but t hese  g ive  ne i the r  excre t ion  r a t e  

no r  t he  t r u e  urinary concentration of t h e  r ad io log ica l  con t r a s t  

agent ( 5 ) .  
f o r  the  es t imat ion  of ur inary  meglumine ioglycamate based on t h e  

p r e c i p i t a t i o n  of ioglycamic ac id  with 2M su lphur ic  acid.  

p r e c i p i t a t e  is red isso lved  i n  sodium hyydroxide f o r  spectrophoto- 

metric measurement. 

A spectrophotometric method has  been repor ted  ( 6 )  

The 

We now repor t  an  improved, fast and s p e c i f i c  method f o r  t h e  

determination of ioglycamic ac id  i n  b i l e  and i n  ur ine  us ing  

high-performance l i q u i d  chromatography (HPLC) . 
A s  t h e  mechanism of ioglycamic a c i d  excre t ion  by t h e  l i v e r  

is not c l e a r  we attempted, us ing  HPLC and mass spectrometry, t o  

de t ec t  any metabol i tes  which might be present  i n  the  b i l e  o r  i n  

the  urine. 

EXPER1MEXI”TL 

Material  and reagents. Chloroform, e t h e r  and methanol were AnalaR 

grade (BDH, Poole, U.K.). 
Chemicals Ltd., Peeblesh i re ,  U.K.). 
(Biligram) was from Schering AG, Ber l in ,  G.F.R. PIC reagent A 

Ace ton i t r i l e  was HPLC grade (Rathburn 

Meglumine ioglycamate 
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IOGLYCAMIC ACID I N  BILE AND URINE 66 1 

(conta in ing  tetrabutylmmonium phosphate and buf fered  a t  pH 7.5) 
was from Waters Associates,  Milford,  Mass., U.S.A. and w a s  

prepared by d i l u t i n g  one b o t t l e  of t h e  reagent t o  1 l i t r e  with 

water. 

Prepara t ion  of dimethylioglycamate. 

c i p i t a t e d  from meglumine ioglycamate by adding 2M su lphur ic  ac id .  

A so lu t ion  of diazomethane i n  e t h e r  (20 m l )  w a s  s t i r r e d  i n  a n  ice-  

ba th  and ioglycamic ac id  (500 mg) w a s  added i n  small portions.  

The mixture was s t i r r e d  f o r  a f u r t h e r  30 min a f t e r  a l l  the  

ioglycamic ac id  had been added. 

temperature t o  remove excess diazomethane. The so lvent  w a s  

removed under reduced pressure ,  us ing  a r o t a r y  evaporator,  and 

the  co lour less  res idue ,  which is so luble  i n  organic so lven t s  

( a l coho l s ,  chloroform) was i d e n t i f i e d  as t h e  d imethyles te r  of 

ioglycamic ac id  by i t s  mass spectrum (M' 1156). Tetramethyl- 

ioglycamic ac id  was a l s o  formed by f u r t h e r  methylation of t he  

-NH groups. 

Ioglycamic ac id  was pre- 

I t  was then  s t i r r e d  at room 

High-performance l i q u i d  chromatography. A P a r t i s i l - 1 0  ODS 

column (25 cm x 4.6 mm I.D.) w a s  used w i t h  a Waters Assoc ia tes  

Model 6 0 0 0 ~  so lvent  de l ivery  system with a U6K i n j e c t o r  and a 

C e c i l  CE212 (Cec i l  Instruments,  Cambridge, U.K.) v a r i a b l e  wave- 

length  u l t r a v i o l e t  de t ec to r  s e t  at 237 m, the  absorp t ion  

maximum of ioglycamic acid. Preliminary p u r i f i c a t i o n  w a s  

performed on a pre-column (5 cm x 4.6 mm I.D.) packed with C Y 8  

Coras i l  (Waters Associates).  

drainage from a tube introduced o r a l l y ,  and ur ine  (10 p 1  of a 

ten-fold d i l u t i o n )  were i n j e c t e d  unt rea ted  d i r e c t l y  i n t o  t h e  

l i q u i d  chromatograph. 

Bi le  (I0 pl), co l l ec t ed  by duodenal 
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662 LTM AND RINSLER 

Ioglycamic ac id  was analysed us ing  methanol-water with PIC 

reagent A (67.5 : 32.5) a s  the so lvent  system and e l u t i o n  was a t  

1 ml/min. 

adjusted t o  methanol-water with PIC reagent A (62.5 : 37.5) f o r  

improved reso lu t ion .  Acetonitri le-water (80 : 20) was used as 

the  mobile phase f o r  t he  sepa ra t ion  of dimethylioglycamate and 

e lu t ion  was again at  1 ml/min. 

For the  ana lys i s  of b i l e  t he  solvent system was 

RFSULTS ANG DISCUSSION 

High-performance l i q u i d  chromatography. 

inso luble  i n  organic so lven t s ,  i t s  sepa ra t ion  by adsorption 

Ioglycamic ac id  is  h ighly  

chromatography i s  the re fo re  not prac t icable .  It is a lso  q u i t e  

ac id i c ,  e a s i l y  ion i sab le  i n  aqueous so lu t ion ,  thus  no r e t en t ion  

can be achieved on a reversed-phase column employing aqueous 

eluents.  Ion  suppression by us ing  a c i d i c  so lvent  systems, on the  

o ther  hand, t e n d s t o  p r e c i p i t a t e  ioglycamic acid.  

completely ion ised  i n  aqueous so lu t ions  i t  can be separa ted  by 

bonded phase anion exchange chromatograpliy . This  approach was 

not adopted, however, because we a l s o  wished t o  measure c r e a t i n i n e ,  

which is a major component of u r ine  and as c rea t in ine  is  bas i c  

it w i l l  not be r e t a ined  on the  anion exchange column. 

simultaneous measurement of c rea t in ine  dur ing  determination of 

compounds present i n  ur ine  is advantageous as i t  was be l ieved  

t h a t  ur inary  c rea t in ine  l e v e l s  a r e  r e l a t i v e l y  cons tan t  over 

severa l  hours. Crea t in ine  can the re fo re  i n  theory be used as 

an endogenous i n t e r n a l  standard. 

Since i t  is  

The 

Reversed-phase ion-pair  chromatography is well  es tab l i shed  

as an a l t e r n a t i v e  t o  ion  exchange chromatography and has  the  

advantage of allowing t h e  tiimultaneous assay  of ac ids ,  bases 

and neu t r a l  species.  

and ioglycamic ac id  is  shown i n  F igure  2. The so lvent  system 

consisted of methanol-water with PIC reagent A (67.5 : 32.5) and 

complete r e so lu t ion  was achieved i n  5 min at a flow r a t e  of 

1 ml/min. 

t he  presence of  t h e  counter i on  tetrabutylammonium phosphate, i.e. 

The sepa ra t ion  of s tandard  c rea t in ine  

The r e t en t ion  of ioglycamic a c i d  was obviously due t o  
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3 
I I 1 1 1  
0 2 4 6 0 M i n s .  

Figure  2. S e p a r a t i o n  of c r e a t i n i n e  and ioglycamic a c i d  
Column : P a r t i s i l  - 10 ODS 
Solvent :  MeOH-water (67.5 : 32.5) w i t h  PIC 
reagent  A .  
Flow r a t e  : 1 ml/min 
C = C r e a t i n i n e  
I = Ioglycamic a c i d  

by t h e  ion-pa i r  mechanism. I t  w a s  l i k e l y ,  however, t h a t  

c r e a t i n i n e  was separa ted  by t h e  i o n  suppress ion  mechanism as it 
is a weak base. 

I n  a pre l iminary  s tudy  b i l e  and u r i n e  specimens were col-  

l e c t e d  from one s u b j e c t  f o r  a n a l y s e s  both  b e f o r e  and a f t e r  

in t ravenous  i n f u s i o n  of meglumine ioglycamate. I n  u r i n e ,  bo th  

c r e a t i n i n e  and ioglycamic a c i d  were p r e s e n t  i n  h igh  c o n c e n t r a t i o n  

and a ten- fo ld  d i l u t i o n  w a s  necessary  b e f o r e  a n a l y s i s  by HPLC. 

F i g u r e  3 shows t h e  d i f f e r e n c e  obta ined  between pre- infus ion  ( A )  

and pos t - infus ion  u r i n e  ( B ) .  

snowed a l a r g e  peak occuring a t  a r e t e n t i o n  t i m e  corresponding t o  

ioglycamic a c i d .  T h i s  peak is  absent  i n  pre- infus ion  u r i n e .  

The u r i n a r y  c r e a t i n i n e  l e v e l s  were q u i t e  cons tan t  i n  both  

specimens. 

The pos t - infus ion  u r i n e  c l e a r l y  

To achieve  complete r e s o l u t i o n  from i m p u r i t i e s ,  t h e  s o l v e n t  

s y s t e m  was modif ied t o  methanol-water w i t h  PIC reagent  A 
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664 LIM AND RINSLER 

, 1 1 1  

(A) 0 2 4 6 Mins. 

(62.5 : 37.5) when b i l e  was analysed. F igure  4 shows t h e  

chromatograms obtained from b i l e  before ( A )  and a f t e r  ( B )  

i n f lu s ion  with ioglycamic acid.  

concentration of con t r a s t  agent present i n  the  b i l e  a f t e r  

infusion. 

This  aga in  ind ica t ed  a high 

Background contamination was never a problem as ioglycamic 

ac id  w a s  the  major component i n  post-infusion b i l e  and urine.  

Quantitation. 

out us ing  standard chromatographic procedures of peak a r e a  

measurement. 

graphy were s u f f i c i e n t l y  good t h a t  an i n t e r n a l  s tandard  w a s  not 

used. Creatinine,however, can be used as an  endogenous i n t e r n a l  

standard when ur inary  ioglycamic a c i d  is being determined. 

de tec t ion  wavelength (237 m) w a s  t h e  absorp t ion  maximum of 

ioglycamic ac id ,  and thus provides both s p e c i f i c i t y  and s e n s i t i v i t y  

t o  t h e  method. 

The quan t i t a t ion  of ioglycamic a c i d  w a s  c a r r i ed  

The l i n e a r i t y  and r ep roduc ib i l i t y  o f  t he  chromato- 

The 
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L 

1 1 1 1  I 
(B) 0 2 4 6 8 Mins. 

Figure 3. HPLC chromatograms of ( A )  pre- and (B) post-infusion 
urine. Conditions as for Fig. 2. 

Metabolites. 
often a way of excreting acidic compounds, although conjugation 

with amino acids o r  sugars is also common. 

Methylation of carboxyl groups by the liver is 

Ion-pair chromatography using a wide variety of solvent 
compositions, failed to reveal the presence of ioglycamic acid 

conjugates. The dimethylester of ioglycamic acid was therefore 
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I I I 
(A) 0 4 8 1'2 Mins. 

1 I (B) b 4 8 12 1b M i n s .  

Figure 4. HPLC cnromatograms of ( A )  pre- and (B) post-infusion 
bile. 
Solvent : MeOH-water (62.5 : 37.5) with PIC 
reagent A. 
Other conditions similar to Fig. 2. 

investigated as a possible metabolite. This compound, prepared 

by treating ioglycamic acid with diazomethane, was completely 
soluble in chloroform and alcohols. It gave a sharp peak 
(Figure 5) when separated by reversed-phase chromatography 
using acetonitrile-water (80 : 20) as the mobile phase. 
of bile and urine with chloroform followed by HPLC analyses of the 
extracts showed no peak corresponding to dimethylioglycamate. 

Extraction 

CONCLUSION 

Reversed-phase ion-pair chromatography provides a fast and 
specific method f o r  the determination of the biliary contrast 
medium ioglycamic acid in bile and in urine. 
is also suitable f o r  the measurement of urinary creatinine. 

The method described 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



IOGLYCAMIC ACID IN BILE AND URINE 667 

J 
Figure 5. Separa t ion  of dimethylioglycamate 

Column : P a r t i s i l  - 10 ODS 
Solvent : CH CN-water (80 : 20) 
Flow r a t e  : 7 ml/min 

A preliminary study i n  one hea l thy  subjec t  suggested t h a t  

ioglycamic ac id  was excreted unchanged by the  l i v e r  and the  

kidneys, s ince  no metabolites could be detected.  
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