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SEPARATION QF THE 111-a, IX*, AND 
XIII-a ISQMERS OF BlLIRUBIN AND 

BILIRJBIN DIMETHYL ESTER BY 
HIGH PEX@VRWCE LIQUID 

T k t h y  A. Wooldridge and David A. Lightner 
Department of chanistry 

University of Nevada - Reno 
Reno, Nevada 89557 

AIsmAcr 

Conditions are described for the rapid separation of the 
111-a, I X - a ,  and XIII-a i s m s  of both free bilirubin 
(BR) and its dimethyl ester by no&-phase HPLC 
on silica. The method for BR is an alternative for 
the tedious TLC method far determination of the isaneric 
purity of carprrercidl and other BR samples. 

The chenistry, @mtcchemistq ana clinical analysis of the 
important bile pigment, bilirubin IX-a (BR =-a) has required 
increasingly sophisticated mthds of detection and quantitative 
determination. This is especially true for investigations of the 
phototherapy for newborn infants w i t h  unconjugatxd hyperbilirubi- 
d a  (1). 

camzzcial sanples of BR IX-a contain variable munts of 
the symnetrical 111- and XIII-a isaners of BR (2) which prabably 
ar i se  in the isolatim-purificatim procedures. 
of the BR 111-a and XI1I-a isaners can be intentionally generated 

Larger anrnmts 
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654 WOOLDRIDGE AND LIGHTNER 

f r a n  BR IX-I by treatment with m c .  E l  in dimethylsulfoxide ( 3 ) .  
Analysis of BR s q l e s  for iscaner content or  separation of pure 
samples of each i s m  has previously been accanplished by ana- 
lytical "LC on plyamide (4) or silica (4) and preparative TIC on 
silica (3). 
silica using recently develOpea ccmditions described herein. Con- 
diticms have also been worked out for the separation of the 1114, 

IX-a, and XIII-cr isaners of bilirubin dimethyl ester (BRDME) . 

These s l m  prm&wes can be replaced by HPIC on 

H H H H H H H H 
BR I X - a  E R  XIII-a 

P = CHZCHZCOOH 

H H H H 
BR 111-O! 

EQUIPMENTANDMATERIATS 

A P e r k i n - E h x  Series 3 liquid chranatograph equipped with a 
M y n e  7105 injector and an IC-65 detectwr-over unit was used 
for a l l  HPLC wrk. 
x 4.6 mn I.D.). 
wavelength detector was set a t  450 nm for work with BR and a t  410 
nm for work w i t h  BRDME. 

The colurm used was a Dupont Zorbax-SIL (25 an 
Separations were achieved a t  25'. The variable 

The Wl3 used contain& 0.75% ethanol stabilizer (Fisher 
HPLC grade). The toluene (Fisher reagent grade) was washed with 
Water, dried (K2C03) and distilled. 
95% ethanol was f i l t e r d  t h r q h  f i l t e r  paper to rmne excess 

suspended water while leaving the solutim nearly water-saturated. 

The toluene with 5% (v/v) of 
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ISOMERS OF BILIRUBIN 655 

The BR (KB) was purified by dissolving i n  CHC13, followed by 5% 
aq. NaHC03 extraction (3X) and crystallization fran CHCl3-CH30H. 
The BRaME was prepared by diazmthane (5) or llnethyl-3-p-tolytri- 
azene (6) methylation of BR Ix-a. Separation of the BRcbrlE from 
over-methylated p r d u d s  was  achieved by column chrcmatography on 
neutral almina, activity 11-111 (E. Merk, Darmstadt) , eluted with 
1:l CHCl3-6O0 petroleum ether, CHcl3, and then 20:l CXl3CH30H 
in that order. 
chranatography on M. Woelm, Eschewege silica gel F using benzene 
with 10% (v/v) of 95% ethanol. Dm d i f f e r a t  mixtures of BR III+, 
IX-a, and XI1I-a were generated by treatmznt of BR IX-a with canc. 

HC1 in dkthylsulfoxide for one minute and 60 minutes exactly as 

described by the published prccedure ( 3 ) .  

Final purification w a s  achieved by thick-layer 

MEmioDs AND RESULTS 

Separation of the BR i-s was best achieved by using a 
linear gradient of glacial acetic acid i n  El3 [0.2% t o  0.999% 
(7) (v/v) in 20 minutes, Figure 11. Although gradient elutions 
are not always repeated on silica, the w l m  used re-equilibrated 
rapidly w i t h  this solvent system and gave reprcducible retention 
t i m s .  As sham in Figure la, the ccmmrcial (MB) EiR sample wn- 
tains only m a l l  m u n t s  of the 111% and XIII-a isamers while the 
sample treated for one minute with acid (Figure lb) contains the 
isaners in a ratio of approximately 1:2:1. The simple treated for 
60 minutes show* (Figure Ic) m s t l y  l3R XI114 and Ix-a w i t h  l i t t le 
1II-a. Peak assignments were based on previous work (2 , 3 ) .  

Separation of the BRaME i s m s  was best achieved by an is- 
cratic elution with toluene with 5% (v/v) of 95% ethanol. The 

sanple of BFlDME prepared frcin EiR IX-a shows (Figure 2) sanewhat 
increased m u n t s  of 111- and XI1I-a which probably result fran the 
preliminary isolation-purificaticm procedure. Peak assignments were 
amfirmed by canparison with the BRmE esters derived f m n  acid 
treatment of BR 1x-a (above), which produces a nearly 1:2:1 ra t io  
of the 1114, I X a  and XI114 i-s (3 ) .  
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FIGURE la. Commercial BR IX a, eorbax-sil, acetic acid in CHCl 
-0.75% ethanol 0.2% to 0.99% linear gradient in 20 min, 0.5ml/udn, 

c( 

450 nm. 

U dl 

M X  
Y E  

FIGURE lb. Acid treated BR IX-a (1 min), zorbax-ail, acetic acid in 
CHCl., -0.75X ethanol, 0.2% to 0,99% linear gradient in 20 min, 0.5ml/ 
min, 450 nm. 
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FIGURE lc. Acid-treated BR IX-a (60 min), zorbax-ail, acetic acid in 
CHC13 -0.75% ethanol, 0.2% to 0.99% linear gradient in 20 min, 0.5ml/ 
min, 450 nm. 
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FIGURE 2. BRDME from BR IX-a, zorbax-ail, toluene-5X 95% ethanol 
isocratic, 1.0 ml/min, 410 m. 
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658 WOOLDRIDGE AND LIGHTNER 

small smples of the BR or FiRD-lE isamxs sufficient, for 
exanple, for UV-Visible spectrophotanetric analysis can easily be 
collected by making several 10P1 injections of approximately 
g solutions. 
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