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MICELLAR HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHIC SEPARATION OF SERUM
BILIRUBIN SPECIES WITH DIRECT
SAMPLE INJECTION

M. LINL, N. WU?¥, AND J. H. ATKEN!*#»
! Department of Chemistry
State University of New York at Binghamton
Binghamton, New York 13902
°Department of Chemistry
University of Illinois at Urbana-Champaign
Urbana, filinois 61801

ABSTRACT
A rapid reversed-phase high performance liquid chromatographic method is described using
a C, column and a mobile phase containing sodium dodecyl suifate (SDS) as a modifier to separate
the four bilirubin species present in serum: unconjugated, monoconjugated, diconjugated and
biliprotein. The results show that using SDS as a mobile phase modifier improves separation

efficiency and increases sample solubility. This simple HPLC procedure allows direct sample
injection and makes it possible to quantitatively determine bilirubin species in biological fluids.

INTRODUCTION
The degradation of hemoproteins in humans and most mammals leads to the formation of
bilirubin (1, 2). In normal serum, bilirubin is almost completely unconjugated as it is transported

from the reticuloendothelial system to the liver, where conjugation of one (mono-conjugated) or
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both (di-conjugated) propionic acid side-chains with glycones occurs. In 1966, Kuenzle, et al.
(3,4) first discovered that sera from adults with jaundice contained a fourth bilirubin species firmly
bound to protein which was termed biliprotein.

The measurement of bilirubin and its metabolic forms has been recently reviewed by
Doumas and Wu (5). In spite of extensive research that has been published on the assay of
bilirubin, there is a lack of analytical methods which are capable of accurate, fast determination
and quantitation of the metabolic forms of bilirubin in serum.

Currently, most clinical laboratories utilize methods based on coupling bilirubin with a
suitable diazonium salt to form colored diazo derivative for the fractionation of "direct” reacting
(B- and y-fractions) and "indirect" reacting (x-fraction) bilirubins. However, the diazo reaction
method is not very selective and is prone to interference problems. The 3-fraction and
approximately 10-15% of the «-fraction can be direct reacting; therefore, the "direct” diazo
reaction can overestimate the level of conjugated bilirubin.

Since the early 1980s, HPLC has been utilized for quantitative fractionization of the four
bilirubin species (6-8). The first HPLC method is reported by Lauff and co-workers (6), in this
method, the serum is treated with saturated sodium sulfate to precipitate most globulins, but not
albumin, and bilirubins are resolved on a reversed-phase column, eluting in order of decreasing
polarity. The pretreatment of the serum may entail a variable loss of the biliprotein fraction.

Although high-performance liquid chromatography (HPLC) and anion-exchange
chromatography (IEC) techniques have permitted the simultarieous resolution and quantitation of
the bilirubin species present in the serum, the complexity of these HPLC or IEC methods have
prevented their application for routine clinical use.

It is well known that reverse-phase HPLC columns are modified by the addition of alkyl
sulfates commonly used as ion-pair reagents or micelle-forming agents. This modification has

been shown to "protect” reverse-phase columns from the deleterious effects of repeated injection
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of untreated protein-containing samples (9). Unprotected reverse-phase columns suffer severe
efficiency loss, followed by plugging of the column frits or the packing material itself with
proteinaceous material, usually in short order.

This effect of surface modification, along with the solubilization of serum proteins has
been one of the most important aspects of micellar liquid chromatography (MLC) (10). In
micellar solutions, there is an unchanging concentration of free surfactant (given by the critical
micelle concentration) in the mobile phase. Since it is the free surfactant molecules which modify
the reverse-phase column packing in MLC, gradients have been shown to be possible over wide
surfactant concentration gradients (11). The purpose of this study is to investigate the feasibility
of the using SDS micelles to enhance the selectivity of the reverse-phase packing material and

improve the solubility of unconjugated bilirubin and serum proteins at physiological pH.

EXPERIMENTAL

Materials

HPLC grade methanol, propanol, sodium phosphate monobasic, and phosphoric acid were
from Fisher (Springfield, NJ, USA). Human serum albumin (fraction V), normal human serum
and SDS were from Sigma (St. Louis, MO, USA). SDS was recrystallized from methanol before
use.
Bilirubin Standards

Unconjugated bilirubin containing 9% XIlle; 80% IXa and 11% Mo (12) were from
Porphyrin Products (Logan, UT, USA). Diconjugated bilirubin (bilirubin ditaurite-Na) was
obtained from U.S. Biochemical (Cleveland, OH, USA). Unconjugated bilirubin was used as
received since its extinction coefficient was in agreement with accepted value for pure pigment
and its separation using high-performance thin-layer chromatograph (HPTLC) and micellar

electrokinetic chromatography showed no detectable impurity. However, diconjugated bitirubin
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was purified using HPTLC according to previously described procedures (7) since the
electropherogram showed approximately 5% impurity. Monoconjugated bilirubin was extracted
from rabbit bile using Eberlein's method (13) and further purified on HPTLC plates. Covalent
complex of bilirubin and albumin (biliprotein) was synthesized from unconjugated bilirubin and
Woodward's reagent K (N-ethylphenylisoxazolium-3'-sulfonate) according to the method of
Kuenzle et al. (14).
Rabbit Bile and Human Serum Samples

Fresh bile from young rabbits was purchased from PEL-Freez Biologicals (Rogers, AR,
USA) and pathological serum samples were obtained from three patients in Moses Taylor Hospital
(Scranton, PA, USA). Bile and serum samples were kept frozen and stored in the dark before the
experiments. To prepare spiked model serum samples, appropriate amounts of a mixture of the
four bilirubin standards were dissolved in 20 mM phosphate buffer (pH = 7.0) solutions
containing 6% human serum albumin. Serum samples were 1 to 3-fold (v/v) diluted with the
mobile phase and then directly injected onto the column.
Chromatographic Conditions

The HPLC system consisted of a Varian 5500 liquid chromatograph (Houston, TX, USA),
a Model 7125 sample injector with 10 ul injection loop (Reodyne, Cotati, CA, USA), and a
Spectra-100 UV-Vis detector (Spectra Physics, San Jose, CA, USA) equipped with 10 ul flow
cell. The absorption wavelength was set at 450 nm for detecting bilirubin species.
Chromatograms were recorded on a Hewlett-Packard Model 3390A integrator (Avondale, PA,
USA). The analyticat HPLC column was a 4 pm Waters Nova-Pak Cy (3.9 x 150 mm) column
(Waters Associates, Milford, MA, USA). This column was protected by a 30-mm refillable
pellicular Cy guard column (Alltech, Deerfield, IL, USA). Mobile phase A was prepared by
adding appropriate amounts of SDS to 15% methanol : 85% 50 mM NaH,PO, pH 7 to give 0 to
50 mM micellar solutions. Mobile phase B was 95% methanol : 5% H,0. Solutions were

degassed by sonication.
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A linear gradient was applied from 100% eluent A to 30% eluent B in 5 min, followed by
holding at 30% eluent B for 10 min, then returned to initial conditions in 2 min and finally re-
equilibrated for 5 min. A total mobile phase flow rate of 1 ml/min was used at all times and
retention times were measured from point of injection to the peak maxima on the chromatogram.
Recovery Studies

Appropriate volumes of standard solutions were added to normal human serum. These
sample solutions of bilirubins in serum were then thermally equilibrated for 2 hours at 37°C in

the dark.

RESULTS AND DISCUSSION

It has been demonstrated that even in the presence of significant amounts of methanol, SDS
will still allow the solubilization and elution of serum proteins with minimaj damage to the
chromatographic system (9). It is also possible to have gradients both with respect to SDS
concentration and methanol concentration, and still allow reproducible separation of analytes of
interest in untreated human serum samples (15).

Many of the interactions of analytes with micelles are based primarily on hydrophobic
interactions between the analyte and the hydrophobic core of the micelle. Electrostatics also play
a role, as oppositely charged analytes and micelles typically have higher degrees of association
that do like-charged species. It has been shown that conjugated bilirubins have slightly more
affinity for SDS micelles than free bilirubin (16). Protein-bound bilirubin would have the greatest
interaction with SDS micelles due to the dissipation of the negative change of bilirubin by the
protein and the solubilizing interaction of protein and SDS. The elution order of the bilirubin
species as shown in Figure 1A is in agreement with these concepts. It was not observed that SDS
affected the protein-bilirubin interaction, although it may prevent any further association of free-

bilirubin with protein by competitive binding or slight denaturation.
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Figure 1. Chromatograms of four bilirubin standards in presence of 3% human serum
albumin. Peak Idntification: 1 = 6.1uM biliprotein; 2 = 5.2 uM diconjugated

bilirubin; 3 = 3.8 xM monoconjugated bilirubin and 4 = 11.3 uM unconjugated
bilirubin. (a) eluent A contains 25 mM SDS and (b) 5 mM SDS.

The separation is affected by the amount of surfactant in the mobile phase. The capacity
factors of each of form of bilirubin increased with decreased concentration of SDS from 25 to 10
mM as demonstrated in Figure 1B. Figure 2 shows this effect more clearly with only free
bilirubin, at an SDS concentration of 2mM, resolution of the unconjugated bilirubin isomers is
completely lost.
Limits of Detection (LOD) and Linearity

For each individual bilirubin species investigated, a linear relationship was found between
the amount of bilirubin injected and the corresponding peak area on the chromatogram.
Recovery

Recovery was based on a single point comparison of peak areas of bilirubin standards

prepared in mobile phase with those prepared in 3% human serum albumin. Average recovery
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TABLE 1

Detection Limits and Linearity

Bilirubin Detection limit Linearity r
(nM) Upper limit (uM)
unconjugated 33 0.85 0.996
monoconjugated 35 1.32 0.995
diconjugated 39 1.41 0.998
biliprotein 43 0.83 0.993

LOD based on S/N = 3 according to peak heights.

Linear regression constants determined from LODs up to the upper limits.

450 nm absorbance

J Ma
T T T T T T 1
0 2 4 ] g8 10 12 14

Retention time (min)

Figure 3. Chromatogram of four bilirubin standards spiked into normal human serum and
after 2 hours of 37°C incubation.
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Figure 4. Chromatograms of patient serum samples from individuals with obstructive
jaudice. See text for details.

values for duplicate sample preparation was 96% or the mixture of unconjugated bilirubin, 98 %
for monoconjugated bilirubin, 92% or diconjugated bilirubin and 89 % for biliprotein.
Reproducibility

At approximately 25 pmol of total bilirubins per liter, the relative standard deviation
(RSD) of peak areas were less than 3% for within 24 hours, and < 6% for day-to-day analysis
over a period of 7 days. At 0.5 to 1.0 umol total bilirubins per liter, RSD < 5% and < 8% were
found for within 24 hours and day-to-day (over 7 days) analysis, respectively.
Stability

Serum samples frozen at -60°C are stable for at least 1 month and bilirubin residues
obtained from extracts remain stable for at least a week when stored under argon at -20°C.

Using mobile phase as mentioned earlier, with eluent A containing 25 mM SDS, the

separation of bilirubin standard spiked into normal human serum is shown in Figure 3. Although
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there is a slight loss of efficiency, probably due to interaction of bilirubin with other serum
components, peaks are still well resolved. In cases of obstructive jaundice, where there is an
obstruction of the normal hepatic bile flow, serum bilirubin is known to be elevated. Serum
samples from patients with this affliction were chromatographed using this system. In Figure 4,
the four principle types of bilirubin are easily detected and quantitated in these samples. In Figure
4a, a total bilirubin concentration of 110 uM/L (7.4 uM biliprotein, 12 uM diconjugated bilirubin;
29.3 uM monoconjugated and 62.1 uncojugated bilirubinun) and 4b total bilirubin 102 xM/L
(13.5, 26, 9 and 53.5 M, respectively).

In conclusion, we have demonstrated a simple HPLC procedure which makes possible the
quantitative determination of the major bilirubin species in serum. This method makes use of the
solubilizing power of sodium dodecyl sulfate micelles to allow direct sample injection without

modification of the state of conjugation of bilirubin and minimal damage to the analytical column.
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