
Glycated proteins are pathophysiologically important be-
cause they are related to chronic complications such as
nephropathy, retinopathy and neuropathy.1—4)

The glycation of proteins is a non-enzymatic modification
dependent on the glucose concentration. Glycated proteins
accumulate in patients with diabetes mellitus (DM) more
than in normal subjects because plasma proteins of diabetic
patients are exposed to high concentrations of glucose over a
long period.5,6) Glycated proteins provide information about
the mean blood glucose level.7—9) Glycated hemoglobin has
been used widely as an index of diabetic control because it
reflects blood glucose levels of the past 2—3 months;7) fruc-
tosamine values, in contrast, reflect the status of diabetic
control in the past 2—3 weeks.8,9) A fructosamine value re-
flecting a shorter period is required to assess diabetic control
more accurately and would, for example, allow for the adjust-
ment of therapy or therapy for unstable DM.10,11)

A fructosamine assay which depends on the abilities of the
glycated proteins to reduce nitroblue tetrazolium (NBT)
under alkaline conditions was reported by Johnson et al.12)

Measurements using NBT are more useful in the assessment
of diabetic control and screening of DM because the method
is quick, economical, and technically simple.

Conventionally, serum or plasma samples are used for
fructosamine assays. However, the low molecular weight
substances, uric acid, ascorbic acid etc., in these samples
might also reduce NBT.12—14) It is impossible to correct the
effects of low molecular weight substances because their
concentrations in serum vary. In fact, uricase has been incor-
porated into commercial kits to cope with the effect of uric
acid.15) Nonetheless, it is difficult to completely eliminate the
effects of low molecular weight substances. Also, it is un-
likely that the fructosamine value can be assessed accurate-
ly because individual glycated proteins with different half-
lives and reducing activities contribute unequally to the
value.10,13,16—18)

Although the conventional method is based on non-spe-

cific reduction, the fructosamine value reflects mainly the
glycation of albumin because albumin accounts for 55—80%
of the glycated proteins in serum.6,16) Therefore, it is assumed
that a fructosamine assay using albumin (albumin fruc-
tosamine assay) can be useful.10,13)

The albumin fructosamine assay makes use of affi-gel
blue10) or polyethylene glycol13) for the purification of albu-
min. However, the method using affi-gel blue10) lacks sim-
plicity and accuracy, and the method using polyethylene gly-
col13) is likely to be affected by low molecular weight sub-
stances. We have developed an albumin fructosamine assay
which copes with these problems. Serum albumin was sepa-
rated from low molecular weight substances and other pro-
teins by extraction using trichloroacetic acid (TCA) and
ethanol. In addition, 1-deoxy-1-p-toluidino-D-fructose (DTF)
was used as a calibrator instead of conventional calibrators
such as 1-deoxy,1-morpholinofructose (DMF) or glycated
polylysine which have problems of reducing activity and the
rate of glycation, respectively.

MATERIALS AND METHODS

Chemicals A 100% (w/v) TCA solution, ethanol, albu-
min B-test wako, human serum albumin and NBT were pur-
chased from Wako Pure Chemical Industries (Osaka, Japan).
A 100% (w/v) TCA solution was diluted into 10% TCA with
water. DMF was purchased from SIGMA Chemical (St.
Louis, MO, U.S.A.). Precimat® fructosamine was obtained
from F. Hoffmann-La Roche (Basel, Switzerland). 

Patients Blood samples were provided by Saitama Med-
ical School Hospital. Informed consent was obtained from all
of the forty-five diabetic patients with renal failure.

Synthesis of DTF DTF was synthesized as reported pre-
viously.19) It was obtained from a mixture of D-glucose and p-
toluidine in water and its structure was identified by infrared
and nuclear magnetic resonance spectrometry and elemental
analysis.
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Albumin extracted from serum by a simple technique using trichloroacetic acid and ethanol has been ap-
plied to a fructosamine assay using nitroblue tetrazolium. A fructosamine assay using extracted albumin sample
was carried out without interference from low molecular weight substances with reducing activities and other
proteins with varying concentrations, half-lives and reducing activities. 1-Deoxy-1-p-toluidino-D-fructose (DTF)
was selected as a calibrator for the assay because it is a stable Amadori reaction product with a constant glyca-
tion rate. Albumin fructosamine value was calculated using the calibration curve of DTF. The corrected albumin
fructosamine value was expressed as the amount of albumin fructosamine per gram of extracted albumin taking
into consideration the variation in albumin concentrations in sera from patients. The corrected albumin fruc-
tosamine values correlated more closely with the fasting blood glucose levels (r50.735) than the serum fruc-
tosamine values corrected for albumin concentrations (r50.514) (p,0.05).
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Extraction of Albumin from Serum Serum albumin
was extracted using TCA and ethanol. The methods of
Campbell et al.20) and Schwert21) were modified as follows:
200 m l of serum was added to an equal volume of 10% (w/v)
TCA at room temperature, vortexed sufficiently and allowed
to stand for 10 min. After centrifugation at 10000 g for 2
min, the supernatant was eliminated. The precipitate of the
proteins was suspended in 600 m l of ethanol. The supernatant
obtained by centrifugation at 10000 g for 2 min was used as
the extracted albumin sample for the albumin fructosamine
assay.

Assay of Albumin Concentration Measurement of the
albumin concentration in the extracted albumin sample was
performed with a commercial kit (albumin B-test wako).
This measurement is based on the increase in absorbance
caused by the binding of albumin and bromcresol green
(BCG). 

A 30-m l volume of the albumin sample was added to 2.48
ml of BCG solution and absorbance was measured at 630 nm
after 20 min.

Fructosamine Assay Fructosamine was quantified by a
colorimetric method using NBT. The method described by
Johnson et al.12) was modified as follows: 450 m l of sample
was added to 2.7 ml of NBT reagent (0.2 M carbonate buffer,
pH 10.3, containing 0.574 mM NBT) at 37 °C. The ab-
sorbance change at 530 nm (DA 530 nm) in the interval 10 to
13 min after the start of the reaction was measured and com-

pared with that for DTF treated under the same conditions.
Albumin fructosamine was evaluated using the extracted

albumin sample, and the corrected albumin fructosamine
value was expressed as follows:

The serum fructosamine value was measured using the
serum samples diluted three-fold with purified water, and the
corrected serum fructosamine value was expressed as fol-
lows:

RESULTS

Extraction of Albumin The extraction recovery for al-
bumin in a concentration of 48 g/l was measured by compar-
ing the concentration before and after extraction using a
commercial kit. The recovery was 87.2063.93% (mean6
S.D., n55).

Comparison of Calibrators Figure 1 shows calibration
curves of 3 calibrators (precimat® fructosamine, DTF and
DMF). Precimat® fructosamine is the standard serum for a
commercial kit. Though both DTF and DMF were Amadori
reaction products, a difference in NBT-reducing activity be-
tween these compounds was observed. The reducing activity
of DMF was about 50% that of DTF. On the other hand, the
calibration curve of DTF was similar to that of precimat®

fructosamine.
Fructosamine Assay Figure 2 shows the effect of the al-

bumin level on the fructosamine value. The 45 diabetic pa-
tients with renal failure were divided into two groups based
on albumin levels. One group was comprised of patients with
high levels of albumin (40 g/l or greater, n525) and the other
those with low levels of albumin (less than 40 g/l, n520).
There was no significant difference between the two groups
with respect to blood glucose levels (high, 8.4663.95; low,
7.2662.21 mM, p.0.05). The serum fructosamine values
were significantly higher (p,0.001, Fig. 2A) for the patients

corrected serum fructosamine value ( mol/g)
[serum fructosamine]

[serum albumin]
µ 5

corrected albumin fructosamine value ( mol/g)
[albumin fructosamine]

[extracted albumin]
µ 5
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Fig. 2. Serum Fructosamine Values (A), Corrected Serum Fructosamine Values (B) and Corrected Albumin Fructosamine Values (C) in Patients with High
and Low Levels of Albumin

Bars represent the mean6S.D. N.S.5not significant. 

Fig. 1. Calibration Curves of Three Calibrators

d, precimat® fructosamine; j, DTF; m, DMF.



with high levels of albumin (450.56682.14 mM) than those
with low levels (368.60661.28 mM), while there was no sig-
nificant difference between the two groups (p.0.05, Fig. 2B)
with respect to the corrected serum fructosamine value (high,
10.3161.88; low, 10.4361.16 mmol/g). There was also no
significant difference between the two groups (p.0.05, Fig.
2C) in the corrected albumin fructosamine value (high,
8.9161.46; low, 8.7361.25 mmol/g).

Figure 3 shows the relationship between the serum fruc-
tosamine assay and the albumin fructosamine assay. The
serum fructosamine values correlated with the corrected al-
bumin fructosamine values (r50.687, p,0.001).

Figure 4 shows the relationship between the fasting blood
glucose level and the corrected serum fructosamine value or
the corrected albumin fructosamine value. The latter value
correlated more closely with the fasting blood glucose level
(r50.735, p,0.001, Fig. 4B) than the corrected serum fruc-
tosamine value (r50.514, p,0.001, Fig. 4A). A significant
difference was found at p,0.05.

Table 1 shows the within-run and between-run repro-
ducibility of the albumin fructosamine assay. The repro-
ducibility was examined using an albumin solution diluted to
six different concentrations (10—60 g/l), while the corrected
albumin fructosamine value for the albumin concentration
(10—60 g/l) was linear (r50.99).

DISCUSSION 

Extraction with TCA and ethanol was used to separate
serum albumin from globulin.22) Albumin, after the precipita-
tion with TCA, is soluble in organic solvents such as ethanol,
while globulin is insoluble in these solvents.21) With this ex-
traction method, it is possible not only to eliminate other pro-
teins but also to eliminate low molecular weight substances
along with the supernatant after precipitation of the proteins.
Although the concentrated TCA solution caused the precipi-
tation of NBT, TCA contained in the supernatant was re-
moved before the redissolution of precipitated albumin by
ethanol. Therefore, the present assay was executed without
the effects of these substances. 

The question about the standardization of fructosamine
values has been controversial. Johnson et al. used a calibrator
solution containing DMF and albumin.12) However, Hindle et
al.23) and Smid et al.24) pointed out that the use of different
batches of albumin in the calibrator solution influenced the
calibration curve. In addition, the reducing activity of DMF
differs from that of physiological fructosamine.25,26) In the
present study, DTF used as a calibrator was similar in reduc-
ing activity to physiological fructosamine as Fig. 1 indicates.
Otherwise, Schleicher and Vogt recommended the use of a
secondary serum protein standard calibrated by glycated
polylysine.26) However, the glycation rate for glycated polyly-
sine is not constant.26) Although standard serum for a com-
mercial kit is readily available, the fructosamine value for
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Fig. 3. Correlation between Serum Fructosamine Values and Corrected
Albumin Fructosamine Values

Fig. 4. Correlation between Fasting Blood Glucose Levels and Both Corrected Serum Fructosamine Values (A) and Corrected Albumin Fructosamine Val-
ues (B)

Table 1. The Reproducibility of Albumin Fructosamine Assay

Albumin concentration
C. V. (%)

(g/l)
Within-run (n55) Between-run (n55)

10.0 8.39 11.64
20.0 3.51 6.36
30.0 2.23 2.93
40.0 1.52 1.98
50.0 1.34 1.74
60.0 0.96 1.46

Albumin dissolved in purified water was diluted to 6 different concentrations. A 150
m l volume of each albumin solution was added to 3 ml of NBT reagent at 37 °C, and the
absorbance change was measured at 530 nm in the interval 10 to 13 min after start of
the reaction.



standard serum is determined by a complicated method using
elementary analysis of C and N and radioactivity measure-
ments. Moreover, the standard serum seems inappropriate as
a calibrator because it contains low molecular weight sub-
stances and various proteins. DTF, however, has a constant
reducing activity because it does not contain other substances
and has a constant glycation rate; it therefore has advantages
in the standardization of fructosamine values.

Long-term hyperglycemia leads to diabetic nephropathy,3,4)

and the serum protein levels of these patients tend to be low
due to factors including malnutrition, loss during dialysis, the
alteration of protein metabolism, and so on.27,28) In the pre-
sent study, fructosamine values were corrected for albumin
concentration, and three kinds of these values were compared
between patients with renal failure divided into two groups
according to serum albumin levels to evaluate the utility of
correction by albumin. The reference value for the grouping
was determined on the basis of reports that the risk of mor-
tality rises dramatically as serum albumin levels decline to
less than 40 g/l.29—31) There was no significant difference be-
tween the two groups in blood glucose levels. However,
serum fructosamine values of the group with low levels of al-
bumin were significantly lower than those of the group with
high levels of albumin. Otherwise, the corrected serum fruc-
tosamine values and the corrected albumin fructosamine val-
ues were much the same in these two groups, respectively.
The fructosamine values of patients with low protein levels
tend to be low.32—34) Therefore, the serum fructosamine val-
ues of renal failure patients with low albumin levels may be
misleading. However, it is possible to assess the fructosamine
values of patients with low albumin levels accurately using
the fructosamine value corrected for albumin. 

The correlation between the present method and serum
fructosamine value (r50.687) was looser than that of a simi-
lar study (r50.85).10) The low albumin levels are believed to
have an effect on the correlation between the corrected albu-
min fructosamine value and the serum fructosamine value,
because the present study was carried out using serum from
diabetic patients with renal failure.

Comparison of the corrected serum fructosamine values
with the corrected albumin fructosamine values revealed the
latter to be correlated more closely with the fasting blood
glucose levels than the former. The significant difference in
correlation coefficients is probably due to the existence of
low molecular weight substances and various glycated pro-
teins in the serum samples. These findings indicate that the
corrected albumin fructosamine values are important for the
accurate assessment of diabetic control. Therefore, it is con-
ceivable that the present method is more useful for diabetic
control, especially in the management of diabetic patients
with renal failure.
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