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ABSTRACT

Glycated albumin in human serum was analyzed by solid-phase
extraction and selective detection. One system with one solid-
phase extraction column and a chemiluminescence detector
facilitated rapid analysis. A second system with two solid-phase
extraction columns and a fluorescence detector was a fast and
stable analytical method compared to liquid chromatographic
analysis. Both analytical systems were suitable for diagnostic
analysis of glycated human serum albumin. These systems
require 1 pLL blood serum for analysis.

* Corresponding author. E-mail: thanai@attglobal.net
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276 HANAI ET AL.
INTRODUCTION

The analysis of glycated human serum albumin in blood serum has been
commonly used for diagnostic analysis for diabetes (1). The concentration of
glycated human serum albumin (GHSA) in human serum albumin (HSA)
indicates the mean concentration of GHSA over the previous 2—3 weeks, because
glycation occurs continuously in vivo. However, the amount of glycated human
serum albumin varies between methods and reports (2-21).

Further development of a rapid and simple method is required.
Theoretically, high resolution separation on liquid chromatography requires a
high theoretical plate number column, but a highly selective column does not
require a highly theoretical plate number. The latter method requires simple solid-
phase extraction instead of a high pressure operation system. In addition,
selective detection does not require complete separation. Therefore, selective
separation and detection were studied using 4 bonded phases, fluorescence and
chemiluminescence detectors, and a high-pressure pump system with a column
switching system and a gradient elution system.

Previously, chemiluminescence detection was applied for selective detec-
tion of glycated albumin in size-exclusion liquid chromatography of human blood
serum (22). Chemiluminescence detection was based on measurement of
superoxide produced in strong alkaline solution from Amadori form ketoamine,
according to Maillard reaction of glycated human serum albumin (23-25). This
superoxide produces chemiluminescence with lucigenin in strong alkaline
solution. Chemiluminescence detection was combined with solid phase extraction
to develop a fast analytical method of glycated human serum albumin. Another
system using two solid-phase extraction columns was also developed for easy
comparison with the present liquid chromatographic system with two columns.
The newly developed systems were applied to analyze glycated human serum
albumin in blood sera from diabetic patients, and the results were compared with
those measured by liquid chromatography, using two columns and high-pressure
gradient elution with column switching and two fluorescence detectors.

EXPERIMENTAL
Preparation of Solid-Phase Extraction Columns
Albumin Affinity Extraction Column
Albumin affinity gel was synthesized from Sepharose 4B (Amersham

Pharmacia Biotech AB, Uppsala, Sweden) according to the reference method des-
cribed previously (26,27). The bonded phases were packed into polyethylene tubes.

Copyright © Marcel Dekker, Inc. All rights reserved.
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GLYCATED ALBUMIN IN HSA 277
Glycated Albumin Affinity Extraction Column

Asahipak borate resin (a kind gift from Dr. Keiko Yasukawa, Asahi
Chemical Co.) was packed into polyethylene tubes. The resin was 9pum
vinylalcohol polymer gel, modified using metha-aminoboronate (28).

Flow Injection and Liquid Chromatography Systems

A flow injection system was assembled with two model LC-9A liquid
chromatography pumps from Shimadzu (Kyoto), a model 7125 Reodyne injector,
and a model Shodex CL2 chemiluminescence detector from ShowaDenko
(Tokyo). The intensity of chemiluminescence was recorded with a Chromato-
corder 12 from SIC (Tokyo, Japan). A liquid chromatograph was constructed with
two model LC-10AD pumps, a model SIL-10AXL auto-injector from Shimadzu
(Kyoto), a model ERC-3522 degasser from ERC (Tokyo), and a model 202
column oven from IRICA (Kyoto). The fluorescence detector was a model RF530
from Shimadzu. The operation and chromatographic data analysis were
performed with a model CLASS-LC10 workstation from Shimadzu.

Micro-Plate Analysis

Micro-plate analysis was performed using a Luminescenser-JNR AB2100
from Atto Bio-Instrument (Tokyo, Japan) and a black plate with 96 wells for
ELISA, MS-8496K) from Sumitomo Bakelite (Tokyo, Japan). The Luminescen-
ser was modified to inject equivalent-volumes of 0.02M lucigenin aqueous
solution and 1.0 N NaOH solution with a three port PEEK connector, because the
instrument was equipped with only one liquid injection pump. Aliquots of 50 pL
of extracts from the albumin affinity extraction column were applied to wells,
then 100 pL of reagents were added before counting photons. As a calibration
standard, 0.0105 M 1-deoxy-1-p-toluidine-D-fructose was used.

RESULTS AND DISCUSSION

The Selectivity and Loading Capacity of Albumin
Affinity Columns

The selectivity and loading capacity of solid-phase extraction columns were
examined using liquid chromatography. Briefly, 1 mL of albumin affinity gel was
packed into a polyethylene tube, then washed with solution A containing 0.15M

MaRcEL DEKKER, INC.
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278 HANAI ET AL.

sodium chloride and 0.02 M sodium-phosphate buffer (pH 7.50). Then, 100 pL of
blood serum was applied to the column and washed 10 times with 200 pL of
solution A. The column was then washed 10 times with solution B containing
200 pL of 0.075 M sodium phosphate buffer (pH 2.40) and 50 v% ethanol, and
fractions of 200 uL were collected for further liquid chromatographic analysis
using two columns, a column switching system, and two fluorescence detectors.
These chromatograms are not shown.

The chromatograms of these fractions indicated that washing with 7
column volumes of solution A was sufficient to clean blood serum, and extraction
with 4 column volumes of solution B could quantitatively recover albumin. No
pure albumin is available, and GHSA is a mixture of different degrees of glycated
human serum albumin. Therefore, the recovery could not be calculated with
precision.

The loading capacity of the albumin affinity column was examined using a
100 pL packed column several times. When 20 pLL blood serum was applied to
this small column, the chromatograms of the effluent indicated that the maximum
loading capacity was less than 40% of the column volume. The column could be
reused several times after washing with the above solutions.

The Selectivity and Loading Capacity of Glycated Albumin
Affinity Column

One mL of borate gel was packed into a polyethylene tube, then washed
with solution C containing 0.25M ammonium acetate, 0.05M magnesium
chloride, and 5% ethanol (pH 8.50 adjusted with ammonium solution). Then,
100 pL of albumin extract from the albumin affinity column was applied to the
column and washed 10 times with a 200 pL of solution C. Then, the column was
washed 10 times with 200 pL of solution B containing 0.20 M D-sorbitol, 0.10 M
2-amino-2-hydroxymethyl-1,3-propanediol, and 0.05M disodium ethylenedia-
mine tetraacetate (pH 8.50 adjusted with ammonium solution), and all fractions
collected were analyzed by both modified borate column affinity liquid
chromatography, and flow injection analysis equipped with a fluorescence
detector.

The peak area indicated that washing with 7 column volumes of solution C
was sufficient to collect nonglycated human serum albumin from the human
serum albumin fraction previously extracted using the albumin column; and
extraction with 4 column volumes of solution D was sufficient to extract glycated
human serum albumin quantitatively.

The loading capacity of albumin affinity column was examined using a
small 100 uL packed column. When 20 puL of albumin extract solution was
applied to this small column several times, the chromatograms measured by

Copyright © Marcel Dekker, Inc. All rights reserved.
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GLYCATED ALBUMIN IN HSA 279

modified affinity liquid chromatography using a borate column indicated that the
maximum loading capacity was less than 40% of the column volume. The
columns could be reused several times after washing with the above solutions.

Analysis of Blood Serum

Blood serum samples of 20 uL from diabetic patients were applied to
200 uL albumin affinity extraction columns, washed with 1.4 mL of solution A,
then extracted 4 times with a 200 L. of solution B. The extracted fractions were
further analyzed by both flow injection analysis equipped with a chemilumines-
cence detector, and liquid chromatography equipped with a fluorescence detector.
A portion of the extracted solution was further separated to GHSA and NGHSA
using the second solid-phase extraction column (100 pL borate affinity columns).

Chromatography and Flow Injection Analysis of Extracts

The purity of the HSA fraction of blood serum of diabetic patients obtained
from the albumin affinity extraction column, was analyzed, first, by an ordinary
chromatographic system handling ion-exchange and borate gel-affinity liquid
chromatographies (15,16). Chromatograms, after ion-exchange column liquid
chromatography monitored with a fluorescence detector, indicated that fractions
of large and small molecular size were eliminated by the albumin affinity column.
The albumin fraction, further separated by the borate column liquid chromato-
graphy, showed only two peaks. These results indicated that the solid-phase
extraction by the albumin affinity extraction column is a rapid and efficient
method to purify human serum albumin in blood serum. These chromatograms
are not shown here.

The purified fractions of albumin were analyzed by size-exclusion liquid
chromatography with a fluorescence detector and a chemiluminescence detector.
Representative chromatograms are shown in Fig. 1. The chromatograms indicated
that the peak of HSA was sharper than that measured by the original
chromatographic system. Both the larger molecular and smaller molecular size
fractions disappeared. The second large peak in the chemiluminescence
chromatogram was due to contamination by impurities in ethanol used for
extraction. The sharper peak shape indicated that extraction through an albumin
affinity column improved the purity of albumin. The albumin fraction was also
analyzed by modified affinity liquid chromatography with a borate column, and a
representative chromatogram is shown in Fig. 2. The further separation of GHSA
from NGHSA indicated that the concentration of GHSA in the HSA fraction was
equivalent to that measured by the original system. Therefore, 10 albumin samples
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Figure 1. Size-exclusion chromatograms of blood serum after albumin affinity gel
extraction. Extraction column: 200 uL. of albumin affinity gel. Washing solvent: 0.15 M
sodium chloride 4+ 20 mM sodium phosphate buffer (pH 7.50). Extraction solvent: 75 mM
sodium phosphate buffer (pH 2.4)+ ethanol (14 1). Column: Asahipak 510H,
250 x6.0mm I.D. Eluent: 25mM ammonium acetate +200mM  D-sorbitol
(pH=10.0) 4 15% ethanol. Flow rate: 0.5mL/min at 37°C. Fluorescence detector: ex.
285, em. 340nm. Chemiluminescence detector: Reagent A: 0.12M lucigenin + 5%
ethanol. Flow rate: 0.6 mL/min. Reagent B: 0.5M sodium hydroxide + 2.5% ethanol.
Flow rate: 0.3 mL/min.
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Figure 2. Separation of NGHSA and GHSA in HSA using borate affinity liquid
chromatography. Column: 100 x 4.6 mm L.D. packed with Asahipak borate resin (8 um).
Eluent A: 250 mM ammonium acetate + 50 mM magnesium chloride (pH 8.50) + 5%
ethanol. Eluent B: 200mM D-Sorbitol + 100 mM 2-amino-2-hydroxymethyl-1,3-propa-
nediol and 50mM disodium ethylenediamine tetraacetate (pH 8.50). Flow rate:
1.0 mL/min at ambient. Gradient condition: 0—8 min: B conc 0%, 12 min: B conc 70%,
12—-14 min: B conc. 70%, 15 min: B conc. 0%, 19 min: STOP.
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GLYCATED ALBUMIN IN HSA 281

from diabetic patients were analyzed by both size-exclusion liquid chromatography
and modified borate column-affinity liquid chromatography.

The correlations of GHSA concentration in sera of 10 diabetic patients
measured by the original two-column chromatographic system (X') and those of
the modified borate column-affinity liquid chromatography method (Y1), were
linearly related as shown in Figure 3, as monitored with the fluorescence detector
(Y1=0.763X+7.455, r=0.972, n=10). The data are given as percentage of
GHSA in total HSA from peak areas of GHSA and NGHSA, due to lack of
standard compounds. The slightly higher concentration of GHSA on the modified
borate column-affinity liquid chromatograms for samples containing low
concentrations of GHSA, may have been due to the reduced tailing of peaks in
this method.

The results obtained by flow injection analysis (Y2) of the same
samples after two-step solid-phase extractions, are also shown in Fig. 3
(Y2=0.832X+5.385, r=0.975, n=10). The latter results indicated that the
samples treated using two solid-phase extractions can be analyzed by flow
injection analysis within a very short time, compared to liquid chromatographic
analysis. The concentration of GHSA correlated well with that measured by
modified borate-column affinity liquid chromatography.

The albumin fractions of 10 different diabetic patients extracted from the
albumin affinity columns were analyzed by size-exclusion liquid chromatography
with chemiluminescence detection. The content of glycated albumin was

50
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Figure 3. Comparison of GHSA concentration in HSA measured using borate resin
affinity liquid chromatography, flow injection analysis, and original liquid chromato-
graphy. +: Combination of one solid-phase extraction and borate resin affinity liquid
chromatography. x: Combination of two solid-phase extractions and flow injection
analysis. Detector: Fluorescence detector ex. 285, em. 340 nm. Chromatographic condition
of original liquid chromatography (ref. 15).
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Figure 4. Comparison of GHSA concentration in HAS, measured using size-exclusion
liquid chromatography and original liquid chromatography. Chromatographic conditions:
see Figure 1.

determined from the calibration curve of 1-deoxy-1-p-toluidine-D-fructose (DTF)
as the standard (22). The total amount of albumin in serum can be easily analyzed
by ordinary clinical analysis. Then, the amount of GHSA was reported as relative
concentration in total albumin in serum (¥3). The results were correlated with
GHSA concentration measured by the original two-column liquid chromato-
graphic system (X), as shown in Fig. 4 (Y3 =0.575X"2'", »=0.885, n=10). The
stability and sensitivity of the chemiluminescence detector were affected by
environmental changes in the laboratory. The peak area was adjusted by the
background change displayed on the monitor of the instrument. The long-term
monitoring of chromatograms by the chemiluminescence detector is not
recommended, but chemiluminescence analysis of albumin affinity column
extraction was faster than the original two column liquid chromatographic
system.

The albumin fractions from the albumin affinity column had a high degree
of purity, as shown in Fig. 1. Therefore, the same albumin column extracts used
for experimental results given in Fig. 1, were analyzed by flow injection analysis
using a chemiluminescence detector after evaporation of ethanol. The peak area
was not adjusted using the background change, due to the shorter analysis time
compared to liquid chromatography. The results are summarized in Fig. 5 along
with the results observed by the basic two-column liquid chromatography
(Y4=0.324X"3%¢, y=0.888, n=9). The amount of GHSA was calculated from
concentration of DTF as a standard, due to lack of standard GHSA. The content
of GHSA in serum of 9 diabetic patients ranged from 1.0 to 1.6 g/dL. The total
amount of HSA in these serums ranged from 3.5 to 4.8 g/dL, as determined by
the standard clinical test. The concentration of GHSA in HSA ranged from 15 to
45%. A combination of albumin affinity extraction and flow injection analysis

Copyright © Marcel Dekker, Inc. All rights reserved.
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Figure 5. Comparison of GHSA concentration in HSA measured using flow injection
analysis after albumin affinity gel extraction and original liquid chromatography.
Extraction column: 200 pL of albumin affinity gel. Washing solvent: 0.15M sodium
chloride + 20 mM sodium phosphate buffer (pH 7.50). Extraction solvent: 75 mM sodium
phosphate buffer (pH 2.4) + ethanol (1 + 1). Flow injection analysis: Chemiluminescence
detector: Reagent A: 0.06 M lucigenin. Flow rate: 0.25 mL/min. Reagent B: 0.5 M sodium
hydroxide. Flow rate: 0.25 mL/min.

using a chemiluminescence detector was a simple and fast analytical method for
GHSA in blood serum.

The sensitivity of flow injection analysis using a fluorescence detector is
dependent on the power of excitation lamp and, that using a chemiluminescence
detector is influenced by the flow rate. Therefore, the total flow rate effect for
chemiluminescence detection was measured. The detection limit of the standard
compound 1-deoxy-1-p-toluidine-D-fructose calculated from the peak height was
8.5pmol (S/N=3) at a flow rate of 0.1 mL/min. The detection limit was
improved by 5-fold at a flow rate of 0.01 mL/min. Lower flow rate was associated
with higher sensitivity. The noise level decreased at a slower flow rate. These
results indicated, that micro-plate analysis equipped chemiluminescence detection
should be a suitable analytical system for GHSA with high sensitivity. The micro-
plate analyzer can be used for measurements under the same conditions, and
environmental changes will not affect the sensitivity.

Therefore, the albumin column extracts used for experimental results given
in Fig. 4 were directly analyzed using the modified micro-plate analyzer equipped
with chemiluminescence detection. The detection limit of DTF was 0.1 nmol
(S/N =3), and the calibration was linear from 0.1 to 10 nmol. The total count
was adjusted using the extraction blank. The results (¥5) are summarized in Fig.
6, along with the results (X2) measured by affinity liquid chromatography after
first solid-phase extraction (Y5 =0.0041X,>%1°, »=0.887, n=9). The amount
of GHSA was calculated from the concentration of DTF as a standard, due to lack
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Figure 6. Comparison of GHSA concentration in HAS, measured using micro-plate
analyzer equipped with a chemiluminescence detection and affinity liquid chromatography
after first solid-phase extraction.

of standard GHSA. The content of GHSA in serum of 9 diabetic patients ranged
from 0.45 to 3.56 g/dL. The total amount of HSA in these sera ranged from 3.73
to 4.76 g/dL, as determined by standard clinical test. The concentration of GHSA
in HSA ranged from 13 to 83%. The non-linear relation observed by
chemiluminescence detection was due to Mailard reaction of glycated albumin.
That is, glycated albumin binds with a different number of glucose units, the
chemical structure of which is dependent on Mailard reaction. The fluorescence
detector indicates the concentration of albumin, and the chemiluminescence
detection indicates the amount of enaminol-form glycated albumin.

Further study of GHSA analysis using a micro-plate analyzer equipped
with a chemiluminescence detector, will facilitate development of the highly
sensitive methods for analysis of GHSA in blood serum, and further studies using
a micro-plate analyzer equipped with a fluorescence detector, will decide which
analytical method is practical for clinical use. These new analytical methods may
be used as standard clinical tests in the future.
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