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Maondialdehyde (MDA), used as an oxidative stress marker, is commonly assayed by measuring the
thiobarbituric acid reactive substances (TBARS) using HPLC, as an indicator of the MDA concentration.
Since the HPLC method, though highly specific, is time-consuming and expensive, usualy it is not suit-
able for the rapid test in large-scale environmenta epidemiologic surveys. The purpose of this study is to
develop a smple and rapid method for estimating TBARS levels by using a multiple regression equation
that includes TBARS levels measured with a microplate reader as an independent variable. Twelve hour
urine samples were obtained from 715 subjects. The concentration of TBARS was measured at three dif-
ferent wavelengths (fluorescence: A-, 530 nm and A-,,, 550 nm; A-,, 515 nm and A-,, 553 nm; and absor-
bance: 532 nm) using microplate reader as well as HPLC. 500 samples were used to develop aregression
equation, and the remaining 215 samples were used to evaluate the validity of the regression anadysis. The
induced multiple regression equation is as follows: TBARS level (uM) =-0.282 + 1.830 x (TBARS level
measured with a microplate reader at the fluorescence wavelengths A-,, 530 nm and A-,, 550 nm, uM)
—0.685 x (TBARS level measured with a microplate reader at the fluorescence wavelengths A-., 515 nm
and A-, 553 nm, uM) + 0.035 x (TBARS level measured with a microplate reader at the absorbance
wavelength 532 nm, uM). The estimated TBARS levels showed a better correlation with, and are closer
to, the corresponding TBARS levels measured by HPLC compared to the values obtained by the micro-
plate method. The TBARS estimation method reported here is simple and rapid, and that is generally in
concordance with HPLC measurements. This method might be a useful tool for monitoring of urinary
TBARS level in environmental epidemiologic surveys with large sample sizes.
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INTRODUCTION

Aging and disease, have been linked to oxidative stress
damage of DNA and protein that results in various del eteri-

Correspondence to: Heon Kim, Professor, Department of Preven-
tive Medicine and Medical Research Institute, College of Medicine,
Chungbuk National University, 52 Naesudong-ro, Heungdeok-gu,
Cheongju 361-763, Korea

E-mail: kimheon@cbu.ackr

This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

ous effects on cells, such as lipid peroxidation (1,2). As a
marker for oxidative stress, lipid peroxidation can be indi-
rectly evaluated by assay of malondiadehyde (MDA) pro-
duced during the process of lipid peroxidation (3).

The most common method of measuring MDA is to
determine the amount of TBARS that reacts with MDA and
TBA, using HPL C. Although direct determination of TBARS
by HPLC may increase the specificity of the assay, the use
of HPLC is attendant with the issues of expensive columns.
Thereis also alimitation on the number of samples that can
be measured in a day because it takes approximately 10 min
to analyze each sample (4,5). In addition, given that the
HPLC method requires frequent instrument cleanup, the
rate of sampling decreases accordingly (6). Therefore, it is



8 H.-N. Kil et al.

inconvenient to use this method for large-scal e environmen-
tal epidemiologic studies. On the other hand, measurement
using a microplate facilitates high throughput screening,
because it allows the simultaneous analysis of tens of sam-
ples and does not require cleaning.

The microplate methods for TBARS measurement are
less expensive, less time consuming, and less laborious than
the HPLC methods. However, based on the experience of
the authors, microplate readers generaly yield higher val-
ues for TBARS levels than HPLC for the same samples.
This discrepancy could be explained by the fact that the
MDA-TBA adduct can be distinguished from other TBA-
bound substances in case of HPLC-based methods, but not
in case of microplate methods.

The purpose of this study isto develop avalid method for
estimating TBARS levels by applying the microplate method
while maintaining simplicity and time-based efficiency.

MATERIALS AND METHODS

Subject. The subject includes 303 adults, 148 primary
and middle school students, and 264 infants and toddlers,
who participated in a nationwide epidemiologic survey con-
ducted in 2011 by the Korea Food and Drug Administra:
tion to study the extent of exposure to toxic metals and the
related effects in general Korean population. We collected
12 hr urine samples from every subject. All adult subjects
and parents of all students, infants, and toddlers provided
written consent, which included approval for the measure-
ment of urinary MDA levels. Of the 715 samples, 500 ran-
domly selected samples were used to develop a new
method, and the remaining 215 samples were used to evalu-
ate the validity of the method. The study protocol was
approved by the Chung-Ang University Ethical Committee
for Medical Research (IRB approval 2011-02-02).

TBARS measurement. Standard solutions were prepared
by dissolving the required amounts of 1,1,3,3-tetramethox-
ypropane (TMP) in 40% ethanol to yield 2, 2.5, 5, and
10 uM solutions. Fifty microliters, each of the urine sam-
ples and the standard solutions, was mixed with 50 ul of
0.05% butylated hydroxytoluene, 150 ul of 0.1125 N HNO,,
and 150 ul of 42mM TBA. After 1-hr incubation at 95°C,
the mixture was cooled with ice for 5min. To the cooled
mixture, 300 ul of n-butanol was added, and then, the solu-
tion was centrifuged for 5 min at 1,500 rpm and 4°C. The
supernatant was used for analyses.

Two hundred microliters of the pretreated samples was
dispensed into a 96-well microplate (F96 Microwell Plate;
Nunc, Denmark), and fluorescence was measured by the
top method at A, = 530 nm and A, = 550 nm; A, = 515 nm
and A, = 553 nm, and the absorbance was measured at 532
nm. Both fluorescence and absorbance measurements were
carried out in using a SPECTRAmax PLUS microplate

spectrophotometer (Molecular Devices, Sunnyvae, CA, USA).

Using an autosampler (SIL-10ADvp; Shimadzu, Japan),
10 pl of the supernatants was injected into a HPLC system
fitted with a fluorescence detector (RF-10AXL; Shimadzu)
and a reverse-phase column (TSK-gel; TOSOH, Japan).
The fluorescence wavelengths were set at A, = 515 nm and
em = 553 Nm. The mobile phase consisted of a mixture of
50mM KH,PO, (pH 6.8), methanol, and acetonitrile
(65: 20: 15, viviv), and the flow rate was 1.0 ml/min. The
external standard method was applied to the TBARS quan-
tification methods.

Statistical analysis. A multiple regression analysiswas
performed for TBARS levels measured by the HPLC method.
The dtatistically analyzed regression model is asfollows:

H=o,+B;xA+B,x(B-H)+B;x(C-H),

where H: TBARS level measured by the HPL C method at
the fluorescence wavelengths A, =515 nm and A, =553
nm (uM),

A: TBARS level measured by the microplate method at
the fluorescence wavelengths A, =530 nm and A, =550
nm (uM),

B: TBARS level measured by the microplate method at
the fluorescence wavelengths A, =515 nm and A, =553
nm (uM), and

C: TBARS level measured by the microplate method at
the absorbance wavelength of 532 nm (uM).

The statistically induced model was converted to the fol-
lowing equation:

H=o,+B,xA+P;xB+PsxC

All independent variables were tested for their collinearity.

RESULTS

Table 1 shows the distribution of urinary TBARS levels
measured using the HPLC and microplate method in 500
subjects (211 adults, 97 primary and middle school stu-
dents, and 192 infants and toddlers). The average TBARS
level measured using the HPLC method was 2.15uM,
whereas the average TBARS level measured by the micro-
plate method was 2.79 uM (fluorescence wavelengths: A, =
530 nm and A, =550 nm), 4.42uM (fluorescence wave-
lengths. A, =515nm and A,,=553nm), and 10.21 uM
(absorbance wavelength: 532 nm), respectively, al of which
were higher than that determined by the HPLC method. The
value obtained by the microplate method at A, =530 nm
and A, = 550 nm showed the highest R-square value, i.e.,
0.788, with that obtained by HPLC.

The results of a multiple regression model for TBARS
level measured by HPLC are presented in Table 2. This can
be summarized asfollows:
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Table 1. Distributions of measured TBARS levels and R-squares between the HPLC method concentration and the other 3 measured

values
] TBARS (uM)
Device/method Wavelength N R-square
Mean = S.D. Range

HPL C/fluorescence Aex = 515 NM, A, =553 NM 500 215+ 1.60 0.01~11.86
Microplate/fluorescence Aex =530 NM, A, =550 Nm 500 279+ 155 0.01~10.86 0.788
Microplate/fluorescence Aec =515 M, Ay, =553 nm 500 442+229 0.30~12.09 0.495
Microplate/absorbance A =532n€m 500 10.21+£551 0.94~29.94 0.251

Table 2. Multiple regression analysis result for TBARS

concentration measured with an HPLC

Table 3. Collinearity statistics: tolerances and variance inflation
factors

Variables B Std. Error t p-value
Constant -0.171 0.035 -4910 <0.0001
A 1.109 0.013 86.366 < 0.0001
B-H -0.415 0.016 —25.237 < 0.0001
C-H 0.021 0.005 3.390 < 0.0001

A: TBARS concentration measured with microplate at fluorescence
wavelength A, =530nm and A, =550 nm, B: TBARS concentra-
tion measured with microplate at fluorescence wavelength A, =
515 nm and A.,, =553 nm, C: TBARS concentration measured with
microplate at absorbance wavelength 532 nm, H: Dependent vari-
able, TBARS concentration measured with HPLC, at A, =515nm
and A, =553 nm.

H=0282+1830xA-0.685xB +0.035xC

where H is the TBARS level measured using the HPLC
method (uM), A is the TBARS level measured by the
microplate method at ., = 530 nm and A, = 550 nm (uM),
B is the TBARS level measured by the microplate method
at Ay =515 nm and A, = 553 nm (uM), and C isthe TBARS
level measured by the microplate method at the absorbance
wavelength 532 nm (uM).

Tables 3 and 4 show the results of the collinearity test for
the independent variables of multiple regression anaysis.
The tolerances for each independent variable listed in Table
3 were 0.564, 0.522, and 0.410, and the variance inflation
factors (VIFs) were 1.772, 1.915, and 2.440, respectively,
indicating no collinearity. None of the condition indices
suggested collinearity, with all being less than 30 (Table 4).

Compared to the average value obtained by the HPLC

Table 4. Collinearity diagnostic results

Collinearity statistics

Tolerance VIF
A 0.564 1.772
B-H 0.522 1.915
C-H 0.410 2.440

A: TBARS concentration measured with microplate at fluorescence
wavelength A, =530 nm and 2, =550 nm, B: TBARS concentration
measured with microplate at fluorescence wavelength A, =515
nm and A,,=553nm, C: TBARS concentration measured with
microplate at absorbance wavelength 532 nm, H: Dependent vari-
able, TBARS concentration measured with HPLC, at A, =515nm
and A, =553 nm.

method, i.e., 2.21 uM, al the average values obtained by the
three different microplate conditions (fluorescence wave-
lengths: Ay =530 nm and A, =550 nm, and A, =515 nm
and A, =553 nm; and absorbance wavelength: 532 nm),
i.e, 2.82uM, 4.40 uM, and 10.28 uM, respectively, were
higher (Table 5). However, the average TBARS level esti-
mated from the regression equation was 2.22 uM, which is
amogt identical to the average TBARS level measured
using the HPLC method. The R-square value between the
value obtained by the HPL C method and the estimated val-
ues obtained using the regression model was 0.933, which
was highest among the four R-sgquare values.

Fig. 1 illustrates scattergrams between the levels deter-
mined by the HPLC method and those determined by three
different microplate methods and those estimated from the
regression equation. In the scattergrams for the microplate
methods, most of the data points lie above the y = x regres-

Model Dimension Eigenvalue

Condition index

Variance Proportions

Congtant A B-H C-H

1 1 3.676 1.000 0.01 0.01 0.01 0.01
2 0.145 5.042 0.96 0.04 0.07 0.09

3 0.114 5.679 0.01 0.67 0.46 0.00

4 0.065 7.518 0.02 0.29 0.47 0.90

A: TBARS concentration measured with microplate at fluorescence wavelength A, =530nm and A, =550 nm, B: TBARS concentration
measured with microplate at fluorescence wavelength A,, =515 nm and 2., = 553 nm, C: TBARS concentration measured with microplate at
absorbance wavelength 532 nm, H: Dependent variable, TBARS concentration measured with HPLC, at A, =515 nm and A, = 553 nm.
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Table 5. Distributions of TBARS levels measured and estimated with the regression model and R-squares between the HPLC method

concentration and the other measured or estimated values

. TBARS (uM)
Device/method Wavelength N R-square
Mean + SD. Range
HPL C/fluorescence Aex =515 nM, Ay, =553 nm 215 221+195 0.04~14.20
Microplate/fluorescence Aex =530 NM, Ay, =550 Nnm 215 2.82+1.90 0.41~12.17 0.876
Microplate/fluorescence Aex = 515 NM, A, =553 Nm 215 440+ 2.56 0.75~14.48 0.591
Microplate/absorbance A =532nm 215 10.28 + 5.80 217~27.23 0.170
Regression model 215 222+201 0.01~13.02 0.933
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20 20
= = o
2 18 R?=0.8767 2 18 R?=0.5917 -
g 16 S 16 1
g g ] >
£ E 14 E E 14 .
gE 12 g@12
3210 S 10
2'c 2% s |
< E 8 é =
- KR
g 4 E 4
£ E 2
g . , : , s o . ‘ , .
0 5 10 15 20 0 5 10 15 20

HPLC TBARS Concentration (nM)

Microplate TBARS Concentration (M)
Absorbance 532nm

10 15 20
HPLC TBARS Concentration (nM)

HPLC TBARS Concentration (uM)

Cl

R?=0.9339

S o =
: !

Regreesion model TBARS
Concentration (pM)

(=T S B -
L L L L

0 5 10 15 20
HPLC TBARS Concentration (nM)

Fig. 1. Scattergrams between TBARS concentrations determined by the HPLC method, and those by 3 different microplate reader
methods ((A) fluorescence at A,, =530 nm/A,,, =550 nm, (B) fluorescence at A, =515 nm/A,, =553 nm, (C) absorbance at A =532nm)
and those estimated from the regression equation (D). The dotted line in each scatter plot represents the identity line.

sion line, indicating that the TBARS levels measured by the
three different microplate methods are higher than the cor-
responding TBARS level measured by the HPLC method.
In case of the value estimated from the regression equation,
however, the data points are in close proximity with they =
X regression line and evenly scattered above and below the
line.

DISCUSSION

Since alot of diseases have been linked to oxidative dam-
ages of DNA and proteins that result in various deleterious

effects on cells, evaluation of TBARS, a marker for oxida-
tive stress, have been widely used in environmenta epide-
miologic studies. The HPLC method, though highly specific,
is time-consuming, expensive and labor-intensive, therefore,
rapid and inexpensive methods evaluating urinary TBARS
level need to be developed, especialy for large-scale envi-
ronmental epidemiologic surveys.

In the present study, the TBARS levels estimated from
the regression equation showed a higher correlation with
those measured by the HPLC method than any TBARS lev-
els measured with the three different microplate methods. In
comparison of TBARS levels measured by HPLC method
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and the microplate method, the TBARS levels measured by
al of the three different microplate methods were higher
than that by the HPLC method. This overestimated TBARS
levels measured by single absorbance or fluorescence wave-
length are due to the interfering chromogens (5). The inter-
fering chromogens signals can be removed effectively in
the HPL C-based assay. In case of the value estimated from
the regression equation, however, the data points are in
close proximity with the y = x regression line and evenly
scattered above and below the line. This indicates that the
TBARS level estimated from the regression equation rather
than microplate method is more consistent with that mea-
sured using the HPL C method.

With the objective of developing a simple and rapid esti-
mation method of urinary TBARS level, we adopted a mul-
tiple regression analysis approach. The regression model is
not valid if thereis collinearity among the independent vari-
ables. To avoid the issue of collinearity, the values obtained
by the microplate methods corrected by subtracting the cor-
responding value obtained by the HPLC method were used
as independent variables. In the collinearity test, al the tol-
erances were greater than 0.1, and all the VIFs were smaller
than 10. In addition, every condition index was below the
cut-off value of 30. These facts suggest that collinearity was
not an issue.

This study has one limitation; since the TBARS level was
estimated from a regression equation, the values for around
2% of the total samples were negative. In this study, we
substituted the negative TBARS levels with the value of the
detection limit divided by 2. In addition, the regression
equation derived does not reflect individual urine character-
istics such aslevels of bile pigment, hemoglobin, and biliru-
bin, which can interfere with the measurement of TBARS
level (7,8).

In summary, we proposed a simple, rapid and reliable
method for TBARS estimation which might be a conve-
nient tool for estimation of urinary TBARS leve in large-
scale environmental epidemiologic studies.
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