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in many diseases, such as heart failure and renal insufficiency.

Human serum albumin is an index of oxidative change and is

conventionally measured using high�performance liquid chromato�

graphy (HPLC). Although this method is more sensitive than the

colorimetric method, it is time�consuming for clinical practice and

the sera must be stored at –80°C before analysis. To overcome

these limitations, in the present study we developed a new

reagent for a more rapid and convenient quantification of oxida�

tive stress, involving determination of the ratio of human non�

mercaptalbumin to total albumin using a colorimetric method

with bromocresol purple. The clinical utility of the developed

reagent was confirmed by demonstrating the consistently higher

oxidative stress levels in dialysis patients than in healthy control

subjects, matching the results of the conventional HPLC method.

This novel approach could be a valuable tool for immediate

estimation of the state of oxidative stress during the course of

disease and treatment, and could aid clinical treatment decisions.
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IntroductionThe generation of excess reactive oxygen species beyond the
scavenging ability of cells results in a state of oxidative

stress, which is a major characteristic of many diseases, such as
heart failure and renal insufficiency. Therefore, proper evaluation
and control of oxidative stress is expected to help prevent such
diseases. The major oxidative stress markers currently used in
clinical settings include aldehyde lipid peroxides, such as 4-
hydroxy-2-nonenal and malondialdehyde, along with protein
oxides, such as 8-hydroxy-2-deoxyguanosine;(1,2) however, there
is still no standardized method for evaluation of oxidative stress.

Human serum albumin (HSA) is the most abundant oxidative
stress marker in the blood and is, thus, a useful marker to estimate
the degree of oxidative stress. HSA comprises a mixture of human
mercaptalbumin (HMA, reduced form) and nonmercaptalbumin
(HNA, oxidized form). The conversion of HMA to HNA via an
intermolecular SH/SS exchange reaction (i.e., mercapt-nonmercapt
conversion) is reported to play an important role in the manage-
ment of oxidative stress in the body, functioning as a scavenger of
oxidation products.(3,4) Therefore, the ratio of HNA to total serum
albumin (%HNA) is markedly increased in the blood of patients
with various diseases and some physical conditions compared

with that in healthy subjects.(2–7) In addition, blood purification
techniques, such as hemodialysis, can increase the %HMA and
decrease the %HNA, contributing to the consistent state of
oxidative stress in dialysis patients.(3,4) Sogami et al.(3,4) reported
that high-performance liquid chromatography (HPLC) analysis
of HSA on Asahipak GS-520 columns at neutral pH showed three
peaks: the principal component corresponding to HMA, and the
secondary and tertiary components corresponding to HNA carrying
mixed disulfides. Therefore, %HNA serves as a reliable biomarker
of oxidative stress in human serum. However, the HPLC analysis
of HSA is a time-consuming process and the sera must be stored
at -80°C to prevent the conversion of HMA to HNA at room
temperature (about 20°C), 3°C, and -20°C.(8,9) Therefore, we
sought to develop a new, more rapid, method to estimate the
%HNA.

Toward this end, we established a dye-binding method with
advantages of reduced cost and suitability for automation,
allowing for its routine use in the evaluation of several samples in
a standard clinical laboratory simultaneously. Bromocresol green
has been shown to overestimate the serum albumin concentration
as a result of non-specific reactions with some serum proteins,(10,11)

whereas bromocresol purple (BCP) reacts only with albumin,
and shows excellent agreement with the results of electroimmuno-
assays.(12) Given a difference in the reaction of HMA and HNA
with BCP, Muramoto et al.(13) developed a new method that
reduced this reaction by the addition of sodium dodecyl sulfate
(SDS) and 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB) to the BCP
reagent (i.e., the improved BCP method).

In the present study, we applied and further optimized the BCP
method with regard to the difference in the reaction between HMA
and HNA and validated its performance in measuring the %HNA,
compared to that of conventional HPLC, as a marker of oxidative
stress. We further evaluated the clinical utility of the developed
reagent for screening patients with a high degree of oxidative
stress. For this purpose, we targeted dialysis patients whose oxida-
tive stress levels are consistently high owing to exposure to uremic
substances, and the inflammatory cytokines produced by dialysis
membranes, the dialysate, and dialysis circuit.(12) In addition, the
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degree of oxidative stress was shown to decrease in parallel with
the removal of uremic substances after dialysis.(13) Therefore, we
also compared the ability of our newly developed reagent to detect
the decrease in oxidative stress after dialysis in comparison to
oxidative stress levels estimated in healthy controls. This newly
optimized BCP reagent can facilitate the rapid and convenient
detection of oxidative stress to improve diagnosis and treatment
monitoring for more immediate clinical decisions.

Materials and Methods

Subjects. Control blood samples were obtained from healthy
young volunteers (n = 86; mean age, 32 ± 12.4 years). Sera were
separated from the blood samples by centrifugation at 1,800 ´ g
for 5 min and divided into two samples: one serum sample was
immediately frozen and stored at –80°C until the analysis, and
the other was stored at room temperature. For assessment of the
clinical utility of the new method, sera were also obtained from 85
patients (53 men, 32 women, mean age 62 ± 14.9 years) under-
going maintenance hemodialysis. After obtaining informed
consent, blood samples were collected immediately before and
after hemodialysis. Ethical approval for this study was obtained
from Kyushu University Institutional Review Board for Clinical
Research (27-369).

Optimization of the BCP method. A HITACHI 7150 auto-
mated analyzer was used for assessment of HNA using the
optimized BCP reagents. Two reagents (reagent A and B) were
prepared. Reagent A, used to measure total albumin, was prepared
according to the method of Muramoto et al.(13) The final concen-
tration of reagent A is mentioned in Table 1. We then searched for
the optimal condition for developing the new reagent B that would
be the most sensitive for HNA. When we developed the reagent B,
we specifically varied the type and concentration of the surfactant
in the reagents, pH of the buffer solution, sample volume, and
BCP dye concentration to find the combination with maximum
sensitivity to HNA, and determined the reagent composition in
this order. The final concentration of reagent B is mentioned in
Table 2. Measurement for each sample was done in the same
way. First, 180 ml of reagent 1 (R1) was added to the serum and

left to react at 37°C after stirring for 5 min; this was followed by
the addition of 90 ml of reagent 2 (R2). After reacting at 37°C,
with stirring for 5 min, the absorbance was measured at 605 nm
(main) and 660 nm (sub) (Fig. 1). For comparison, the HNA levels
in the same samples were determined using HPLC according to
the method described by Sogami et al.(3)

Optimization of the type and concentration of surfac�
tant. We examined the optimal condition for reagent B using
three kinds of surfactants: Triton X-405 (Sigma-Aldrich, Tokyo,
Japan), Triton X-100 and Brij 35 (FUJIFILM Wako Pure
Chemical Corporation, Osaka, Japan), at five surface-active
concentrations (0.1, 0.2, 0.3, 0.4, and 0.5%). The Day (0) control
specimen and Day (6) oxidation specimen were used to determine
the oxidation rate (A) according to the following formula.

A (%) = {[Day (x) – Day (0)]/[Day (0) – Blank]} ´ 100

Where Day (0) indicates the absorbance value of the serum
stored at -80°C immediately after blood collection, Day (x) indi-
cates the absorbance of the serum stored at room temperature on
day X after drawing the blood, and Blank indicates the absorbance
of the control saline sample. Because the oxidation rate in serum
preserved at room temperature was higher than that in serum
preserved at -80°C, we considered that the reagent showing a
difference in reaction at the two temperature conditions would
be the one that most strongly reacted with HNA. Therefore,
[Day (0) – Blank] is the denominator, which indicates the sensi-
tivity to serum albumin of the BCP method, and [Day (x) – Day
(0)] in the numerator reflects the increase in HNA relative to
that in the sample stored at room temperature on Day X. In other
words, the oxidation rate (A) indicates the sensitivity of HNA in
albumin, which is considered to reflect the degree of the increase
in HNA in a subtler manner. In this study, we used the serum
stored for six days at room temperature. All other conditions were
the same, with a buffer pH of 5.6, sample volume of 8 ml, and final
concentration of BCP dye being 50 mM. The pH was selected
based on the method reported previously.(13)

Optimization of the pH of the buffer solution. For reagent
B, we examined the optimal condition for using succinic acid
buffers with pH 4.4, 4.6, 4.8, and 5.0. The oxidation rate (A) was
measured from the Day (0) control specimen and Day (6) oxida-
tion specimen. Other conditions were the same, with 0.2% Triton
X-405 used a surfactant, a sample volume of 8 ml, and the final
concentration of BCP dye being 50 mM.

Optimization of the sample volume. For a reagent B, we
next examined the optimal condition of sample volume with 8, 6,
4, or 2 ml. The oxidation rate (A) was measured from the Day (0)
control specimen and Day (6) oxidation specimen. Other condi-
tions were fixed with a surfactant of 0.2% Triton X-405, pH 4.8 of
the buffer and final concentration of BCP dye of 50 mM.

Table 1. Final concentration of reagent A used to measure total albumin
quantity

Volume 
(ml)

Reagent
Final 

concentration

Sample 2

R1 180 Succinate buffer (pH 5.6) 120 (mM)

Triton X�100 0.1 (%)

SDS 0.02 (%)

DTNB 66.7 (mM)

R2 90 Succinate buffer (pH 5.6) 120 (mM)

BCP 50 (mM)

Triton X�100 0.1 (%)

Table 2. Final concentration of reagent B used to measure HNA

Volume 
(ml)

Reagent
Final 

concentration

Sample 4

R1 180 Succinate buffer (pH 4.8) 123 (mM)

Triton X�405 0.2 (%)

R2 90 Succinate buffer (pH 4.8) 123 (mM)

BCP 150 (mM)

Triton X�405 0.2 (%)

Fig. 1. Schematic of the method for determining the quantities of
total albumin (reagent A) and human nonmercaptalbumin (HNA)
(reagent B).
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Optimization of BCP dye concentration. For a reagent B,
we next examined the optimal condition of BCP dye concentration
with 250, 200, 150, 100, or 50 mM. The oxidation rate (A) was
measured from the Day (0) control specimen and Day (6) oxida-
tion specimen. Other conditions were fixed with a surfactant of
0.2% Triton X-405, pH 4.8 of the buffer and sample volume of 4 ml.

HNA assessment in serum samples. The estimated ratio of
HNA using the two optimized reagents (reagent A and B) was
calculated using the following formula:

Estimated ratio of HNA ≒ Absorbance using reagent B/
Absorbance using reagent A

Because reagent A was developed by correcting the discrepancy
between the reaction of HMA and HNA with the reagent that had
better accuracy for total albumin, while maintaining high speci-
ficity of BCP, SDS and DTNB were added to effectively convert
HMA to HNA.(13) Therefore, the denominator in this formula
expresses the quantity of total albumin. Reagent B was developed
to react most strongly with HNA. Thus, we established the above
formula to estimate ratio of HNA of samples.

Statistical analysis. Analysis of variance was used to com-

pare the results of the normal healthy control, pre-dialysis, and
post-dialysis groups using the JMP software (SAS Institute Inc.,
Cary, NC). P<0.05 was considered statistically significant.

Results

Optimization of the type and concentration of surfac�
tant. Under fixed conditions of a buffer with pH 5.6, sample
volume of 8 ml, and 50 mM BCP dye, the oxidation ratio (A)
decreased with increasing concentration of the surfactant for all
the surfactants tested. Among the three kinds of surfactants, 0.1%
Triton X-405 demonstrated the highest reactivity, followed by
0.2% Triton X-405. However, the reaction stability of the reagent
and albumin was poor, and plasticity at the time of measurement
decreased, resulting in a low surfactant concentration; therefore,
0.2% Triton X-405 was considered the optimal surfactant for the
new reagent (Fig. 2A).

Optimization of the pH of the buffer solution. With the
surfactant fixed at 0.2% Triton X-405, sample volume of 8 ml, and
final concentration of BCP dye being 50 mM, the highest oxidation
percentage was detected when the pH of the buffer was 4.8
(Fig. 2B).

Fig. 2. Reagent optimization for reaction with human nonmercaptalbumin (HNA) in albumin. The vertical axis indicates the absorbance percent�
age calculated by the equation [(Day (x) – Day (0))/(Day (0) – Blank)] ´ 100. Data represent means ± SD. (A) Optimization for surfactant concentra�
tion. The horizontal axis indicates various surfactant concentrations tested under the fixed condition with buffer pH 5.6, sample volume of 8 ml, and
final concentration of bromocresol purple (BCP) dye being 50 mM. The number of experiments was three. (B) Optimization for pH of the succinate
buffer. The horizontal axis indicates the pH of the succinate buffer under the fixed condition with 0.2% Triton X�405 as the surfactant, sample
volume of 8 ml, and final concentration of BCP dye being 50 mM. The number of experiments was two. (C) Optimization for the volume of serum
sample. The horizontal axis indicates the sample volume under the fixed condition with 0.2% Triton X�405, buffer pH 4.8, and final concentration of
BCP dye being 50 mM. Samples were used in triplicate and the number of experiments was three. (D) Optimization for the BCP dye concentration.
The horizontal axis indicates the BCP dye concentration under the fixed condition with 0.2% Triton X�405 as the surfactant in the reagent, buffer
pH 4.8, and sample volume of 4 ml. Samples were used in triplicate and the number of experiments was three.



doi: 10.3164/jcbn.20�10
©2020 JCBN

260

Optimization of the sample volume. Using 0.2% Triton
X-405, the buffer with pH 4.8, and final concentration of BCP
dye being 50 mM, the highest oxidation percentage was found
using a sample volume of 6 ml, followed by 8 and 4 ml (Fig. 2C).
However, the performance of reagent requires some dilution
linearity; in the case of 6 or 8 ml sample volume, the deviation
rate from the theoretical value of dilution linearity was high.
Therefore, we selected 4 ml as the optimal sample volume because
some linearity was confirmed (Fig. 3A).

Optimization of BCP dye concentration. Using 0.2%
Triton X-405 as the surfactant in the reagent, the buffer with
pH 4.8, and a sample volume of 4 ml, we assessed the influence
of different concentrations of BCP. As the BCP concentration
increased, there was a clear drop in the oxidation rate (Fig. 2D).
Because the lowest concentration of BCP dye did not demonstrate
dilution linearity, we chose a concentration of 150 mM for optimi-
zation, which displayed linearity (Fig. 3B).

Comparison of the clinical utility and performance of the
optimized BCP method with conventional HPLC. Figure 4A
and B show the comparisons of %HNA or ratio of HNA between
the healthy group and pre-dialysis group and post-dialysis groups
using HPLC and the optimized BCP method. In the HPLC results,
there was a significant difference in the %HNA between the
healthy and pre-dialysis groups, and between the pre-dialysis and
post-dialysis groups (p<0.01), whereas there was no significant
difference between the healthy and post-dialysis groups (p = 0.37,
Fig. 4A). However, using the optimized BCP method, there was a
significant difference in ratio of HNA detected among all the
groups (p<0.01, Fig. 4B). Comparison of the same specimen
showed that ratio of HNA in the post-dialysis group increased in
17 of 85 patients when the BCP method was used, whereas the
%HNA decreased in all patients of the post-dialysis group,
according to the HPLC results (Fig. 4C and D). Finally, the
correlation between ratio of HNA assessed using the optimized
BCP method with the new development reagent (y) and %HNA

Fig. 3. Linearity curve for bromocresol purple (BCP) development reagents. Samples were used in triplicate. Data represent means ± SD. (A) Linearity
curve when changing the sample volume. The deviation ratios from the theoretical value of dilution linearity are ~10.6%–37.0% (8 ml), ~8.7%–
25.6% (6 ml), ~5.7%–14.5% (4 ml), ~2.2%–4.5% (2 ml). (B) Linearity curve when changing the concentration of BCP dye. The deviation ratios from the
theoretical value of dilution linearity are ~0.3%–0.6% (250 mM), ~0.6 %–1.3% (200 mM), ~1.6%–2.4% (150 mM), ~3.2%–5.4% (100 mM), and ~6.6%–
15.1% (50 mM).
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determined with the HPLC method (x) considering all the three
groups was y = 0.0056x + 2.53 (r = 0.53) (Fig. 5). When consid-
ering the difference only between the healthy and pre-dialysis
groups, the correlation increased to y = 0.0071x + 2.45 (r = 0.66).

Discussion

The %HNA of the total serum albumin for clinical assessments
of oxidative stress is conventionally measured with HPLC.(14)

However, this method is time-consuming and requires specialized
and expensive equipment, thus limiting its widespread applica-
bility. To overcome these limitations, we developed an updated
colorimetric method using a new reagent that reflects the HNA
level in serum and can be measured by an automated analyzer.
The color intensity in the BCP method obtained with albumin
differs for HMA and HNA with changing conditions, which is due
to a structural change in albumin at the time of the reaction.(13) By
exploiting this characteristic, we developed a reagent that showed
a more sensitive response for HNA. As a result, the most suitable
condition to measure the quantity of HNA using the BCP method
was determined to be 0.2% Triton X-405 as the surfactant, pH 4.8
of the buffer, a sample volume of 4 ml, and BCP dye at a final
concentration of 150 mM.

In addition, we evaluated the clinical utility of the developed
reagent for screening patients with a high degree of oxidation
stress using serum from patients obtained during the enforcement
of maintenance hemodialysis. Oxidation stress is considered to be

Fig. 4. Comparison of %HNA or ratio of HNA among the normal (n = 86), pre�dialysis (n = 85), and post�dialysis (n = 85) groups using dot plots
employing (A) HPLC and (B) new development reagent for BCP. *p<0.01; NS, not significant. (C) and (D) show comparison of %HNA or ratio of HNA
between the pre�dialysis (n = 15) and post�dialysis (n = 15) groups using dot plots.

Fig. 5. Correlation of the results obtained with the new development
reagent for the bromocresol purple (BCP) method and HPLC. Samples
were normal group (n = 86), and pre�dialysis group (n = 85), and post�
dialysis group (n = 85) group.
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related to the condition of a patient at disease onset and can also
reflect the disease progression during hemodialysis. Moreover,
oxidation stress is considered to be perpetually high during
hemodialysis.(15) Indeed, the serum from the pre-dialysis group
showed a greater level of oxidative stress compared to that from
the normal, healthy control group using the developed reagent, as
measured by ratio of HNA, which was consistent with the results
of conventional HPLC. Similarly, both the new method and
conventional HPLC showed consistently higher levels of oxida-
tive stress in the pre-dialysis group compared to those in the post-
dialysis group. However, comparison of pre- and post-dialysis
results for the same patients showed a greater HNA abundance
in the post-dialysis specimens in 17 out of 85 patients, which was
in contrast to the HPLC results. This inconsistency is considered
to be due to the influence of an interference factor that cannot
capture the post-dialysis drop in the oxidation rate. Patients
undergoing hemodialysis typically take various drugs, such as
heparin to prevent blood coagulation as well as antihypertensive
agents to prevent complications, such as heart disease and stroke.
In particular, in this study, blood was collected as a pre-dialysis
specimen before heparin administration, which is used for extra-
corporeal blood circulation, and as a post-dialysis specimen
immediately after heparin administration was completed. There-
fore, it is considered that the sample after dialysis contains exces-
sive heparin. In the BCP method used for samples after dialysis,
it has been reported that heparin causes turbidity and cross-
reaction with fibrinogen, resulting in an error.(16) Therefore, it is
conceivable that the sample collected after dialysis also shows a
pseudo high value due to the effect of heparin. In addition, there
are many potential factors that can affect the specimen after
dialysis. In view of these facts, and considering the results of
this study, we do not recommend this method for post-dialysis
patients.

Accordingly, we believe that the optimized BCP method is a
useful and reliable tool for screening the high HNA levels at

the onset of disease. Measuring the high state of HNA at an early
stage can provide guidance for timely intervention to prevent
diseases related to oxidative stress, such as cardiovascular
diseases, chronic obstructive pulmonary disease, chronic kidney
disease, neurodegenerative diseases, and cancer.(17)

In future work, we plan to validate the clinical utility of this
method for patients with other types of diseases related to
oxidative stress.
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