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JOURNAL OF L I Q U I D  CHROMATOGRAPHY, 4 (2), 27 1-278 (1981) 

ESTIMATION OF HIGH-PERFORMANCE LIQUID 
CHROMATOGRAPHIC RETENTION INDICES OF 

GLUCURONIDE METABOLITES 

John K. Baker 
Department of Medicinal Chemistry 

School of Pharmacy 
University o f  Mi ssi ssippi 

University, MS 38677 

ABSTRACT 

The retention indices of several glucuronide metabolites and 
their parent compounds were measured using a reversed-phase HPLC 
system. It was found that the typical glucuronide metabolite had 
a retention index 244 f 31 units lower than the parent compound. 

INTRODUCTION 

Though glucuronide formation is the most common pathway to the 

production of mammalian urinary metabolites o f  drugs and 

organic compounds, surprisingly little i s  known about the 

chromatographic properties of this important group of compounds. 

The most comon approach to the identification and quantitation o f  

these metabolites is to assay for the free aglycon following 

enzymatic or chemical hydrolysis of the sample and then subtract 

the quantity of free aglycon that was originally in the sample. 

Because of the high polarity o f  these metabolites, it is extremely 

difficult to extract these compounds from urine samples. Despite 

these difficulties, the intact glucuronides have been analyzed by 
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272  BAKER 

gas chromatography f o l l o w i n g  d e r i v a t i z a t i o n  o f  t h e  c a r b o x y l i c  a c i d  

group w i t h  diazomethane and d e r i v a t i z a t i o n  o f  t h e  hyd roxy l  groups 

w i t h  N,O-bi s (  t r i  -methyl s i  1 y l  ) acetamide (1 ) . 
D i r e c t  a n a l y s i s  o f  t h e  i n t a c t  g lucu ron ide  w i t h o u t  

d e r i v a t i z a t i o n  u s i n g  high-performance l i q u i d  chromatography i s  a 

much more promis ing approach t o  the  problem. 

of t h i s  s tudy was t o  determine i f  t h e  g lucu ron ides  c o u l d  be 

chromatographed s a t i s f a c t o r i l y  us ing  reversed-phase columns and i f  

t h e  r e t e n t i o n  i ndex  o f  t h e  me tabo l i t e .  can be p red ic ted .  

The ma jo r  o b j e c t i v e  

EXPERIMENTAL 

M a t e r i a l s  

The 2-keto a lkane standards were ob ta ined  f rom Analabs (Nor th  

Haven, Connect icut ) .  

Theta Corpo ra t i on  (Media, Pennsylvania) .  

and codeine g lucu ron ide  were ob ta ined  f rom A p p l i e d  Science I n c .  

( S t a t e  College, Pennsylvania) .  Testosterone,  t e s t o s t e r o n e  

g lucuronide,  6-Bromonaphthol, 6-Bromonaphthol g lucu ron ide ,  

phenolphthale in ,  pheno lph tha le in  g lucuronide,  8-hydroxyquinol ine,  

8 -hyd roxyqu ino l i ne  g lucuronide,  p -n i t ropheno l ,  and p -n i t ropheno l  

g lucu ron ide  were ob ta ined  f rom Sigma Chemical Company ( S a i n t  Louis ,  

M i s s o u r i ) .  A l l  o t h e r  chemicals and so l ven ts  were o f  reagent  grade 

and were used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

Morphine and codeine were ob ta ined  f rom t h e  

Morphine-3-gl ucuronide 

Chromatography 

A 3.9 mm i .d. x 30 cm C18 reversed-phase column (p-Bondapak 
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RETENTION INDICES OF GLUCURONIDE METABOLITES 273 

C18, Waters Associates,  Inc., M i l f o r d )  w i t h  a 10pm p a r t i c l e  s i z e  

was used f o r  t h e  study. 

and was comprised o f  6.6 g K2HP04, 8.4 g KH2P04, 1.6 1 CH30H, and 

2.4 1 H20. 

o f  t h e  methanol. 

The mob i l e  phase f l o w  r a t e  was 2.0 ml /min 

The pH o f  t h e  mob i l e  phase was 7.0 b e f o r e  t h e  a d d i t i o n  

A Waters Associates,  I n c .  M-6000 pump, U6K i n j e c t o r ,  and 

Model 440 dual  wavelength u l t r a v i o l e t  d e t e c t o r  were used. The 

f i r s t  d e t e c t o r  was operated a t  254 nm, w h i l e  t h e  second d e t e c t o r  

( i n  s e r i e s )  was operated a t  280 nm. 

Re ten t ion  Index Measurements 

The bas i c  c o n s t r u c t i o n  and p r o p e r t i e s  o f  t h e  r e t e n t i o n  index 

sca le  have been p r e v i o u s l y  r e p o r t e d  ( 2 ) .  

o f  t h e  t e s t  compounds and standards were determined f rom t h e  

observed r e t e n t i o n  t i m e  (t,) and t h e  r e t e n t i o n  t ime  o f  t h e  s o l v e n t  

f r o n t  ( t o ) .  

by d e f i n i t i o n ,  equal t o  100 t imes t h e  number o f  carbons i n  t h e  

standard. Thus, acetone was assigned a va lue  o f  300, and 

2-butanone, 400. 

c a p a c i t y  f a c t o r  observed f o r  t h e  drug ( k I x ) ,  t h e  c a p a c i t y  f a c t o r  

f o r  a 2-keto a l kane  s tandard e l u t i n g  j u s t  be fo re  t h e  t e s t  

compound ( k " ) ,  and t h e  c a p a c i t y  f a c t o r  o f  t h e  n e x t  h i g h e r  

The c a p a c i t y  f a c t o r  ( k I x )  

The index ( I )  o f  a g i ven  2-keto a lkane s tandard was, 

The index o f  a drug was c a l c u l a t e d  f rom t h e  

homologue ( k l N  + 1 )  us ing  Equat ion 2. 

tx - to 
Eq. 1 

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



274  BAKER 

l o g  k l x  - l o g  k "  

I = 100 + l O O N  
l o g  k 'N  + 1 - f o g  k "  

Eq. 2 

RESULTS AND DISCUSSION 

The r e t e n t i o n  t imes o f  t h e  compounds and t h e i r  g lucu ron ide  

m e t a b o l i t e  v a r i e d  f rom about one minute f o r  p -n i t ropheno l  

g lucu ron ide  t o  ove r  one hour f o r  t e s t o s t e r o n e .  

t he  r e t e n t i o n  t i m e  o f  t h e  g lucu ron ide  m e t a b o l i t e  and t h e  aglycon 

v a r i e d  cons ide rab ly  f rom compound t o  compound and t h i s  parameter 

would n o t  be u s e f u l  f o r  t h e  p r e d i c t i o n  o f  t h e  r e t e n t i o n  t i m e  o f  t h e  

g lucu ron ide  d e r i v a t i v e  o f  some new t e s t  compound. However, when 

t h e  HPLC r e t e n t i o n  index o f  t h e  g lucu ron ide  and i t s  ag lycon were 

examined, a v e r y  c l e a r  p a t t e r n  was observed (Table I). The 

r e t e n t i o n  index o f  t h e  g lucu ron ide  was found t o  have a much lower  

r e t e n t i o n  index as one m igh t  expect f o r  t h e  h i g h l y  p o l a r  g lucu ron ide  

group and i t  was observed t h a t  t he  s h i f t  i n  r e t e n t i o n  index was 

v e r y  n e a r l y  t h e  same f o r  a l l  o f  t h e  g lucu ron ides .  

va lue  f o r  t h e  s h i f t  i n  r e t e n t i o n  index was found t o  be 244 i 31 

The d i f f e r e n c e  i n  

The average 

u n i t s .  I f  t h i s  t r e n d  were t o  be extended t o  o t h e r  drugs and 

o rgan ic  compounds, one would p r e d i c t  t h a t  r e t e n t i o n  i ndex  o f  t h e  

g lucu ron ide  m e t a b o l i t e  would be 244 u n i t s  l ower  than  t h a t  

e x p e r i m e n t a l l y  observed f o r  t h e  pa ren t  compound. 

t o  p r e d i c t  t h e  r e t e n t i o n  p r o p e r t i e s  o f  t h e  m e t a b o l i t e  would be 

ext remely use fu l  because re fe rence  s tandards f o r  t h e  m e t a b o l i t e s  

a r e  d i f f i c u l t  t o  o b t a i n  and t h e y  a r e  r a r e l y  a v a i l a b l e  i n  t h e  

e a r l y  stages o f  t he  metabolism s t u d i e s  o f  a new compound. 

The a b i l i t y  
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RETENTION I N D I C E S  OF GLUCURONIDE METABOLITES 275 

TABLE I 

Effect  o f  Glucuronide Format ion on the  HPLC Re ten t ion  Index o f  Drugs 

Drug Index S h i f t  

morphine 
morphine-3-glucuronide 
codeine 
codeine g lucu ron ide  
t e s t o s t e r o n e  
t e s t o s t e r o n e  g lucu ron ide  
6- bromona p h t o l  
6-bromonaphtol g lucu ron ide  
Dhenol Dhthal  e i  n 

g lucu ron ide  
ne 
ne g l  ucuronide 

pheno lph tha le in  
8-hydroxyquinol 
8-hydroxyquinol  
p-n i  t rophenol  
p -n i t ropheno l  g ucuronide 

625 
361 -264 
712 
489 -223 
920 
71 0 -21 0 
871 
61 7 -254 
740 
5 08 -232 
61 2 
31 1 -301 
493 
270 -223 

Average = -244 ?r 31 

I n  p rev ious  s tud ies ,  i t  was found t h a t  t h e  r e t e n t i o n  i ndex  o f  

a t e s t  compound ( I x )  cou ld  be p r e d i c t e d  f rom the  r e t e n t i o n  i ndex  

e x p e r i m e n t a l l y  observed f o r  a r e l a t e d  r e f e r e n c e  compound ( I  ) and 

t h e  sum o f  t h e  Hansch s u b s t i t u e n t  cons tan ts  ( r x )  t han  a r e  r e a d i l y  

ob ta ined  f rom re fe rence  t a b l e s .  The e s t i m a t i o n  o f  t h e  r e t e n t i o n  

i ndex  o f  t h e  new compound was made u s i n g  Equat ion 3 which was 

p r e v i o u s l y  developed (3,4). 

r e f  

Ix = 200 Trx + Iref Eq. 3 

Though t h i s  equa t ion  was n o t  developed s p e c i f i c a l l y  f o r  

metabolism s tud ies ,  t h e  r e t e n t i o n  index o f  a m e t a b o l i t e  cou ld  be 

es t ima ted  i f  t h e  r e t e n t i o n  i ndex  o f  t h e  p a r e n t  compound were known 

and i f  t h e  Hansch IT va lues f o r  a l l  o f  t h e  s u b s t i t u e n t  changes were 

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



27 6 BAKER 

available.  Unfortunately, the  TI value f o r  the glucuronide group 

was not ava i lab le .  However, i f  Equation 3 i s  used in the  reverse 

manner, a 244 uni t  retention index s h i f t  would ind ica te  t h a t  the 

glucuronide group would have a TI value of - 1.22 i 0.16 units.  

more than one s t ruc tura l  change occurred during the metabolic 

transformation of the d r u g ,  one would  use the sum of the  

f o r  each of the  changes to  estimate the re ten t ion  of the  f ina l  

metabolite. A l l  of the aglycons in Table I contain a hydroxyl 

group which was t h a n  conjugated to  form the  glucuride. 

aromatic compounds tha t  do not contain a hydroxyl g r o u p ,  the  T 

value would be equal t o  the  sum of the  glucuronide group and the  

aromatic hydroxyl g r o u p  ( -0 .67(5))  which would be -1.89. Thus, 

the estimated retention index of the glucuronide metabolites of 

non-hydroxylated aromatic compounds would be 378 un i t s  lower than 

the parent compound ra ther  than the 244 un i t s  shown in  Table I .  

I f  

values 

For simple 

One of the major d i f f i c u l t i e s  in the  detection of d r u g  

metabolit ies in urine samples i s  t ha t  t he re  a re  a l a rge  number of 

natural components in the  urine t h a t  have strong UV chromophores. 

Unless one uses extremely se l ec t ive  ex t rac t ion  procedures, one i s  

almost assured of finding a natural component with nearly the same 

retention time a s  the d r u g  metabolite. 

used in se r i e s ,  the absorbance r a t i o  a t  t he  two wavelengths fo r  

the compound can be obtained with good precision and t h i s  

measurement has been shown t o  be an extremely useful a id  in the 

iden t i f i ca t ion  of the  compound ( 6 ,  7 ) .  

I f  dual U V  de tec tors  a re  
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RETENTION INDICES OF GLUCURONIDE METABOLITES 277 

TABLE I 1  

The R e l a t i v e  Response of  254 nm and 280 nm U l t r a v i o l e t  De tec to rs  t o  
Glucuronide M e t a b o l i t e s  

Com po u n d 

morphine 
morphine-3-gl ucuronide 
codeine 
codeine g lucu ron ide  
tes tos te rone  
t e s t o s t e r o n e  g lucu ron ide  
6-bromonaphtol 
6-bromonaphtol g lucu ron ide  
pheno lph tha le in  
pheno lph tha le in  g lucu ron ide  
8-hydroxyquinol ine 
8 -hyd roxyqu ino l i ne  g lucu ron ide  
p -n i t ropheno l  
p-n i  t rophenol  g l  ucuronide 

A254/A280 

0.77 
0.50 
1.27 
1.17 

ca .35 
33.8 

0.96 
1.08 
1.23 
1.26 
1.49 
0.56 
1.11 
0.38 

The absorbance r a t i o  o f  t h e  compounds and t h e i r  g lucu ron ide  

m e t a b o l i t e s  (Table 11) was a l s o  found t o  be very u s e f u l  i n  t h e  

c h a r a c t e r i z a t i o n  o f  t h e  compounds i n  t h e  p resen t  s tudy.  For 

those aglycons t h a t  have t h e  hydroxy l  group removed f rom t h e  UV 

chromophore (codeine and t e s t o s t e r o n e )  one would expect  t h e  

g lucu ron ide  m e t a b o l i t e  t o  have the  same absorbance r a t i o  which was 

observed. 

r e d u c t i o n  i n  t h e  absorbance r a t i o  (morphine, 8 -hyd roxyqu ino l i ne ,  and 

p -n i t ropheno l  ) o r  remained unchanged (6-bromonaphthol and 

pheno lph tha le in )  when conjugated w i t h  g l u c u r o n i c  ac id .  

Most o f  t h e  pheno l i c  m e t a b o l i t e  e i t h e r  showed a 

P r e l i m i n a r y  s t u d i e s  w i t h  codeine-6-g lucuronide u s i n g  t h e  40% 

methanol mob i l e  phase g i ven  i n  t h e  exper imenta l  have i n d i c a t e d  t h a t  

t h e  g lucu ron ide  i s  p o o r l y  r e s o l v e d  from t h e  n a t u r a l  c o n s t i t u e n t s  i n  
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278 BAKER 

human u r i n e .  I f  t h e  methanol con ten t  o f  t h e  mob i l e  phase was 

reduced t o  20%, t h e  g lucu ron ide  cou ld  be de tec ted  a t  30 ug/ml i n  

d i r e c t l y  i n j e c t e d  u r i n e  samples. 

g lucu ron ide  a r e  t o  be measured i t  w i l l  be necessary t o  remove 

i n t e r f e r i n g  peaks t h a t  e l u t e  be fo re  and a f t e r  t h e  g lucu ron ide .  

I f  lower  l e v e l s  of t h e  
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