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Summary. A method for determination of serum glycated al-
bumin by high-performance liquid chromatography is
presented. The system involves anion exchange chromatog-
raphy to separate albumin and consecutive boronate affinity
chromatography to separate glycated and nonglycated al-
‘bumin. The method is rapid (20 min), precise (coefficient of
variation, 0.7-4.9%), requires only a small sample (5 ul), and
can be automated. Assay of glycated albumin by this method
is not influenced by the protein concentration of the sample
or the presence of glucose. The variation in glycated albumin
values in consecutive samples obtained within a day from
diabetic patients (coefficient of variation, 2.02 +0.65%) was
significantly smaller (p < 0.001) than that of values for fruc-

tosamine (coefficient of variation, 4.33 +2.0%). The values of
glycated albumin in normal subjects (20.2 £ 1.6%) were clear-
ly less than those in diabetic patients [39,6+5.4% in 40
Type1 (insulin-dependent) and 39.4%59% in 25 Type2
(non-insulin-dependent) patients]. The serum glycated al-
bumin level was well correlated with HbA;. in 65 diabetic
patients (r=0.60). Because the life span of albumin in the
circulation is short, measurement of glycated albumin should
be useful as a short-term index of glycaemic control.

Key words: Affinity chromatography, anion exchange chro-
matography, fructosamine, haemoglobin A4, glycaemic con-
trol, glycated protein.

Glycation of proteins can occur as a non-enzymatic
post-translational modification [1, 2] directly dependent
upon the prevailing glucose concentration. From the
diagnostic point of view, non-enzymatic glycation of
albumin and other plasma proteins appears to provide
an index of the state of glycaemic control about two
weeks previously, and may be useful clinically in the
same way as measurement of glycated haemoglobin
[3-11]. The level of glycated albumin (GA) should pro-
vide additional useful information on glycaemic con-
trol when monitoring the effect of change in diet or in-
sulin therapy. Serum glycated protein rather than gly-
cated albumin has been measured because of the diffi-
culty in separating albumin from other serum proteins.
But since the exact half-lives of all glycated proteins
have not yet been determined, measurement of GA
may be more useful clinically because its half-life is
known. However, the various methods for measure-
ment of GA reported so far [3, 4, 12] are laborious, and
unsuitable for routine clinical use.

Therefore, we devised a simple high-performance
liquid chromatographic (HPLC) method for separa-
tion of GA involving a combination of ion exchange
chromatography to separate albumin and boronate af-
finity chromatography to separate GA from non gly-

cated albumin (non-GA). Then we used this method to
measure the GA levels in clinical samples and com-
pared the values with those for fructosamine, which is
regarded as an index of glycated protein.

Materials and methods

Materials

Asahipak ES-502N (high-performance anion exchange chromatog-
raphy column, 100 x 7.6 mm), which is commercially available, and
Asahipak GS-520 gel (exclusion limit of molecular weight, 3 x 10°;
particle size, 9.0+ 0.5 pm) were products of Asahi Chemical Indus-
try (Kawasaki, Japan). Epichlorohydrin was obtained from Tokyo
Chemical Industry (Tokyo, Japan). m-Aminophenylboronic acid
hemisulfate salt was purchased from Sigma Chemical Co. (St. Louis,
Mo, USA).

Preparation of affinity adsorbent for glycated albumin
(Asahipak GS-520-Boronate)

Activation procedure. Dried Asahipak GS-520 gel (80 g) was sus-
pended in 800 ml of dimethyl sulfoxide. Then 374 ml of epichloro-
hydrin and 40ml of 10mol/l sodium hydroxide solution were
added with stirring at 30°C for 20 h. The activated gel was washed
with 11 dimethyl sulfoxide and 21 water.
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Coupling of m-aminophenylboronic acid. The activated gel (40 g) was
suspended in 100 ml of water, and 26 g of m-aminophenylboronic
acid hemisulfate salt was added. The pH was adjusted to 10 with
1 mol/1 sodium hydroxide solution and the suspension was stirred at
60° C for 20 h. The adsorbent was then washed with 11 water. The
content of m-aminophenylboronic acid was 290 pmol per g dry gel,
which was determined by titrating boronic acid liberated from the
gel by the addition of hydrogen peroxide with sodium hydroxide.

Chromatographic system. The adsorbent was packed in a stainless-
steel column (100x6mm). The following eluents were used:
Fluent A, 5% ethanol solution containing 250 mmol/l ammonium
acetate and 50 mmol/l1 magnesium chloride (ph8.50); Eluent B,
200 mmol/1 sorbitol, 100 mmol/1 tris(hydroxymethyl)aminomethane
and 50 mmol/1 EDTA-2Na (pH 8.50). The eluents were degassed by
the use of an on-line degassing unit (DEGAS, Showa Denko, Tokyo,
Japan), und introduced at a flow rate of 1.0 ml/min using HPLC
pumps (LC-6A, Shimadzu, Kyoto, Japan).

A diagram of the system is shown in Figure 1. Both columns
were immersed in a water bath (30° C). A 10-min convex gradient
program from Eluent A to 70% Eluent B was started 10 min after in-
jection of 5 ul of sample with an injector (Model 7125; Rheodyne,
Cotati, Calif, USA) into the Asahipak ES-502N column. The effluent
was passed through a fluorescence monitor (Detector I; Xenon
lamp; excitation wavelength, 285 nm, emission wavelength, 340 nm;
RF-530, Shimadzu). After the first fraction had drained off, the frac-
tion containing albumin was introduced into the column of Asahi-
pak GS-520-boronate by use of a high-pressure valve (FCV-2AH,
Shimadzu). The two pumps and valve were controlled with a system
controller (SCL-6A, Shimadzu). The effluent from column IT was
passed through another fluorescence monitor (Detector IT; RF-530;
Shimadzu). The outputs from the two monitors were processed with
an integrator (SIC-7000A, System Instruments, Kyoto, Japan). GA
values are expressed as percentages of the glycated form (peak 2 in
the second chromatogram in Fig. 1) in the total albumin (peaks 1 and
2 in the second chromatogram in Fig.1). One run required about
20 min.

Precision was evaluated using serum samples with low and high
GA levels (Table 1). The values for the two serum samples were
measured 10times during an analytical run within a day to deter-
mine the within-day precision. For evaluating the between-day pre-
cision, we measured the GA levels in different samples in successive
analytical runs on different days.

Column IT
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Detector
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Fig.1. Schematic diagram of the chroma-
tographic system and chromatograms.
Column I, an anion exchange column, se-
parates albumin (peak 2 in the first chro-
matogram) from other serum compo-
nents. The albumin component is then
introduced into Column II, a boronate af-
finity column, in which the second chro-
matogram is obtained. Glycated albumin
(peak 2 in the second chromatogram) is
expressed as a percentage of the total
albumin (peaks 1 and 2 in the second
chromatogram). For details, see “Materi-
als and methods”

Table 1. Reproducibility of the present assay

Within-day Between-day
Sample A B C
mean 19.16 55.69 20.63
SD 0.72 0.39 1.02
CV (%) 3.77 0.70 4.94

Table2. Clinical characteristics of the subjects
Group Age Sex Fasting blood  HbAy
glucose
(years) (M/F)  (mmol/l) (%)
Type 1 patients 16+ 7 1921  10.0% 5.2 87+ 1.5
range 6-29 3.4-239 6.2-12.6
Type 2 patients  58+12 16/ 9 9.7+ 40 9.0+ 13
range 37-79 45-22.4 6.9-11.8
Control subjects 49+ 8  130/25 53+ 0.5
range 25-65 29- 6.1

Preparation of glycated human serum albumin

A sample of 250 mg of human serum albumin (HSA) (PENTEX
Fraction V, Miles Lab., Naperville, Ill, USA) was dissolved in 5 ml
of phosphate-buffered saline solution containing 25 mg of D-glu-
cose and sterilized by filtration through a Millipore filter (pore size,
0.22 um, Millipore Corp, Bedford, Mass, USA). The mixture was
kept at 37°C, and portions were collected on days 14 and 47 for
assay of GA by the HPLC method.

Collection of glycated albumin fractions

In the HPLC analysis of serum samples, the fractions corresponding
to GA (peak 2 in the second chromatogram in Fig.1) and non-GA
(peak 1 in the second chromatogram in Fig. 1), respectively, were col-
lected for measurement of glycated proteins by radioimmunoassay.
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Subjects

Blood was obtained after an overnight fast, from 40 patients with
Type 1 (insulin-dependent) diabetes, 25 patients with Type2 (non-
insulin-dependent) diabetes and 155 healthy control subjects. The
clinical characteristics of the subjects are shown in Table 2. The sub-
jects consisted of patients attending the outpatient clinics of Toku-
shima University Hospital and Osaka University Hospital and
healthy university personnel. To evaluate the diurnal variation of
GA values, we obtained blood samples from 15 diabetic patients be-
fore and 2 h after each meal and at midnight. All subjects gave in-
formed consent to participate in the study.

Serum was separated by centrifugation and stored at —20°C
until use.

Other analytical methods

Blood glucose was measured by the glucose oxidase method and
HbA; by HPLC [13]. Immunoreactive glycated proteins were deter-
mined by a slight modification of the radioimmunoassay reported
previously 14]. The procedure involves the specific reaction of 2°I-
labelled monoclonal antibody to reduced bovine glycated low den-
sity lipoprotein with reduced glycated proteins bound to Coomassie
Brilliant Blue coated beads together with nonglycated proteins. The
fructosamine assay was performed in a Cobas Bio-centrifugal ana-
lyzer [15] with commercial reagents (F.Hoffmann-LaRoche, Basal,
Switzerland).

Statistical analysis

Data are presented as means = SD. Student’s t-test was used for sta-
tistical analyses.

Results

Analytical studies

Effect of incubation with glucose on the percentage of
glycated albumin. The percentages of GA were 22%,
39% and 50% on days 0, 14 and 47 of incubation, re-
spectively. Thus the percentage of GA increased dur-
ing the incubation.

Concentrations of immunoreactive glycated protein in
pooled fractions. The concentrations of immunoreactive
glycated proteins in the pooled fractions of GA and non-
GA were 12.5 and 0.14 nmol/mg protein respectively.

Diurnal variations in serum GA, fructosamine, glucose
and protein concentrations. Figure 2 shows the diurnal
variations of the mean serum GA, glucose and protein
concentrations in 15 diabetic patients. Because of great
individual variation in the values of these parameters,
the values at the indicated times are expressed as per-
centages of those before breakfast. Changes in the
mean percentage of GA during the test period were
quite small, being 101.9+3.4% at most 2 h after din-
ner, whereas the serum glucose level fluctuated
markedly with a maximum of 178.1+ 56.6% after din-
ner. Changes in the mean percentage level of serum
fructosamine were also not marked, ranging from
99.3 £6.3% to 103.9 + 5.7%. The variability of values in
the seven samples from each patient during the test
period evaluated as the coefficient of variation (CV),
was 2.02+0.65% for GA, which was significantly

629

smaller than that of 4.33+2.0% for fructosamine
(p<0.001). This intra-patient variability of GA was
roughly within the limits of analytical variability.
Figure 3 shows the correlation between the values for
GA and fructosamine in these samples. The correla-
tion was significant (r=0.93, p <0.001).

Clinical studies

We next used this method for measuring the GA levels
in three groups of subjects (Fig.4). A group of 155 nor-
mal subjects had a mean GA level of 20.2+1.6%
(range 17.2-23.4%). This value was significantly lower
(» <0.001) than the mean serum GA values in two
groups of diabetic patients (39.6+5.4% in Type 1 and
394+59% in Type2 patients). In addition, the
diabetic patients had greater spread of values than the
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Fig.2. Diurnal variations of mean serum glycated albumin

(0—0), glucose (@—®) and protein (A—~A) concentrations in
15 diabetic patients. Values at the indicated times are expressed as
percentages of those before breakfast. B, L and D indicate breakfast,
lunch and dinner, respectively
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Fig.3. Correlation between glycated albumin and fructosamine
levels in serum samples. Serum samples were obtained from
15 diabetic patients before and 2 h after each meal and at midnight.
(r=093, p<0.001, correlation line; y=0.095x +0.527) :
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Fig.4. Fasting serum glycated albumin levels in 155 normal subjects
and 40 Type 1 (insulin-dependent) and 25 Type 2 (non-insulin-de-
pendent) diabetic patients. Clinical data on these subjects are given
in Table 2

normal subjects. There was no overlap of the values in
diabetic and control subjects.

A clear correlation was found between the GA and
HbA . levels in all 65 diabetic patients (r=0.60), and
the correlation was greater (r=0.76) when the subjects
were limited to patients with Type 2 diabetes.

Discussion

The HPLC method reported here for measurement of
glycated albumin is rapid and precise, requires a small
sample, and can be automated. The separation of gly-
cated from nonglycated protein depends on the inter-
action of the cis-diol groups of glycosyl moieties of the
nonglycated protein with boronic acid [16]. As antici-
pated from the principle of the method, GA values ap-
peared not to be influenced by the presence of a labile
glycated fraction (the aldimine before rearrangement
to the stable ketoamine), judging from the finding that
the GA levels of samples obtained at different times of
the day did not change despite remarkable fluctuation
of the blood glucose level at the corresponding times
(Fig.2). On chromatography on the boronate column,
Column II, the albumin preparation gave three distinct
peaks, peak 1, 2 and 3 (Fig.1). The materials in peaks 1
and 2 were albumin, while that in peak 3 was not al-
bumin but probably IgG and other components, judg-
ing from the elution positions of authentic albumin,
IgG and transferrin. Radioimmunoassay of glycated
protein showed that immunoreactive glycated protein
was present exclusively in peak 2, with a negligible
amount in peak 1, thus confirming that the affinity ma-
trix separated the glycated form from the non-glycated
form. These results, together with the finding that the
ratio of peak 2 to peak 1 increased during incubation
of HSA with glucose, indicate that the material in
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peak 1 was not glycated and that glycated albumin was
eluted in peak 2. However, the present study does not
exclude the possibility that some non-glycated al-
bumin was present in peak 2. Based on a value of GA,
of 12.5 nmol/mg protein, 87% of the albumin mole-
cules in peak 2 were glycated, assuming that nonenzy-
matic glycation of HSA occurred at one site [17], sug-
gesting that the material in peak 2 was contaminated
with about 10% of the non-glycated form. This might
be one reason why our GA values for normal subjects
were higher than those reported previously, though re-
ported values range widely from 1.5% [11] to 15% [18],
with one exceptional value of 27% [19). There is a re-
port [20] that the amount of glycation of albumin is
0.37 mol/mol protein, that is, 37% when measured
with the methods which are rigorous and more quanti-
tative in character. If this is the case, any methods for
glycated albumin reported so far merely measure a
part of its amount. In any case, the values of glycated
albumin should be confirmed by an independent
methodology, which has not been consistently done.

Previous methods used to quantify glycated total
protein and albumin were less precise than the present
affinity chromatographic method, with CV values
ranging from 5% to 14.4% [9, 11, 12, 18] whereas that
in the present method ranged from 0.7% to 4.9%.
Values in many of the methods used to quantify gly-
cated haemoglobin, including the affinity-chromato-
graphic procedure, are affected by fluctuations in tem-
perature [1, 21]. This is also true for affinity-chromato-
graphic determination of glycated albumin and gly-
cated total protein. We maintained both columns at
30°C by immersing them in a water bath. Besides the
temperature, other conditions, such as the pressure ap-
plied to the columns and the flow rate of eluent could
also be kept constant easily in the HPLC system.
These constant conditions may have contributed to the
high precision achieved.

The methods for quantifying serum glycated al-
bumin reported hitherto [9, 11, 12, 18] involve prior
separation of albumin from other serum proteins by
methods such as DEAE-cellulose and/or affinity chro-
matography on Affi-Gel Blue (Bio-Rad Lab., Rich-
mond, Calif, USA). By connecting the boronate col-
umn with the anion exchange one of Asahipak ES-
502N, which can separate albumin from other serum
components almost completely, our method does not
require another step for purification of albumin. Thus,
the method is labour-saving and can be automated.
Because free glucose competes with protein-bound
glucose for boronic acid binding sites, decreasing the
binding of protein-bound glucose [12], free glucose
must be removed. This has been done by chromatog-
raphy on Sephadex G-25 or dialysis, but in our
method, values were not influenced by the presence of
glucose in serum samples, probably because the glu-
cose was diluted and/or removed during anion ex-
change chromatography.
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As mentioned above, quantitation of glycation of

serum proteins by the various methods used so far is
too time-consuming to be used routinely. The fructos-
amine test [22] was recently developed to facilitate
quantitation of serum protein glycation. The values for
GA measured by the present method were significant-
ly correlated with those for fructosamine (Fig.3), sug-
gesting that these analytes are indices of similar
aspects of glycaemic control. However, estimation of
protein glycation by fructosamine assay in seven
serum samples obtained from a subject during the
17-h test period gave more variable results (CV;
433+£2.0%) than those obtained by the present
method (CV; 2.02+£0.65%). As already pointed out
[23], values for fructosamine concentration are in-
fluenced by the protein concentrations and also by the
lipid and bilirubin contents of samples, whereas these
substances did not affect GA determinations by the
present method (data not shown).

The present study showed that the serum GA level

was significantly higher in diabetic patients than in nor-
mal control subjects. This difference confirms that gly-
cated albumin is an indicator of glycaemic control. The
absence of overlap between the GA levels in normal sub-
jects and diabetic patients suggests that GA may be a
more sensitive index than other parameters such as
HbA,,, as already reported by others [24]. We are now
testing this possibility by using these parameters in
screening tests for detection of diabetes mellitus.

GA levels correlated better with HbA,. in patients

with Type2 diabetes than in those with Type1
diabetes, in whom glycaemic control is less stable. GA
probably responds more quickly than HbA;. to
changes in glycaemic control because albumin has a
shorter half-life and may have a greater tendency to
become glycated [17]. Values of GA should provide
additional useful information on diabetic control in
unstable diabetic patients in whom the HbA, level ap-
pears to change too slowly to reflect rapid fluctuations
in blood glucose level.
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