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INTRODUCTION

The Analyte

Lipid peroxidation is a well-established mechanism of cellular injury in both plants and animals, and
is used as an indicator of oxidative stress in cells and tissues. Lipid peroxides, derived from
polyunsaturated fatty acids, are unstable and decompose to form a complex series of compounds.
Malondialdehyde (MDA) is the most frequently used biomarker of oxidative stress in many health
problems such as cancer, psychiatry, chronic obstructive pulmonary disease, asthma, or
cardiovascular diseases (1, 2). Therefore, measurement of malondialdehyde is widely used as an
indicator of lipid peroxidation (3). Increased levels of lipid peroxidation products have been
associated with a variety of chronic diseases in both humans (4, 5) and model systems (6, 7). MDA
reacts readily with amino groups on proteins and other biomolecules to form a variety of adducts
(3), including cross-linked products (8). MDA also forms adducts with DNA bases that are
mutagenic (9, 10) and possibly carcinogenic (11). DNA-protein cross-links are another result of the
reaction between DNA and MDA (12). The TBARS method is commonly used to measure MDA in
biological samples (13). However, this reaction is relatively nonspecific; both free and
protein-bound MDA can react. The method of high sensitive malondialdehyde assay kit is designed
to assay free MDA or, after a hydrolysis step, total MDA (i.e., free and protein-bound Schiff base
conjugates). The assay conditions serve to minimize interference from other lipid peroxidation
products, such as 4-hydroxyalkenals.

PRINCIPLES OF THE PROCEDURE

The MDA-586 method ! (14) is based on the reaction of a chromogenic reagent,
N-methyl-2-phenylindole (R1, NMPI), with MDA at 45°C. One molecule of MDA reacts with 2
molecules of NMPI to yield a stable carbocyanine dye as shown in Figure 1 (15).

o o X X
+
\\/\// | | )
N N™ e o7 N °
CHg CHg CH

X
3

Malondialdehyde NMPI Carbocyanine Dye
(MDA)

Figure 1. N-methyl-2-phenylindole (NMPI) reacts with malondialdehyde to form an intensely
colored carbocyanine dye with a maximum absorption at 586 nm.

1 US Patent No. 5726063
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The MDA-586 method is specific for MDA
because 4-hydroxyalkenals do not produce 25
significant color at 586 nm under the conditions of
the assay (16). Figure 2 shows the absorption
spectra of the reaction products of MDA under the
standard MDA-586 reaction conditions. The
reaction is carried out in hydrochloric acid
(provided) and with the addition of Probucol
(provided), an antioxidant, to further minimize the 05 |
reaction of 4-hydroxyalkenals. Under these
conditions, there is little absorbance at 586 nm 00
from HNE, the most common 4-hydroxyalkenal 400
produced in cells subjected to lipid peroxidation. nm
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Figure 2. Absorption spectra obtained from the

. . . reaction of NMPI with MDA (21 pM) or HNE (19 uM) in
In the MDA-586 assay, a calibration curve is  ihe presence of HCI. (2L uM) (19 M)

prepared using the MDA standard provided. The

[MDA] in an unknown and is determined from the absorbance of the unknown at 586 nm in the
MDA-586 assay and the standard curve. For colored samples, a sample blank is run (omitting the
NMPI) and any absorbance at 586 nm is subtracted from the sample absorbance to give the true
absorbance due to the carbocyanine dye.

REAGENTS

Materials Provided (for 96 tests)

e ReagentR1 N-methyl-2-phenylindole, in acetonitrile, 1 X 13 mL

e Reagent R2 Concentrated hydrochloric acid, 1 X 5 mL

e MDA Standard 1,1,3,3-tetramethoxypropane (TMOP) in Tris-HCI, 1 X 200 pL
e BHT BHT (butylated hydroxytoluene) in acetonitrile, 1 X 2 mL

e Probucol Probucol in methanol, 1 X 1 mL

e Methanol 1X55mL

e Microplate 96-well Microplate, 1 X plate

Materials Required But Not Provided

e Spectrophotometer plate reader with a 586 nm filter (filters between 580 nm or 590 nm are also
acceptable).
Water bath or heat block set to control temperature at 45 + 1°C
Disposable tubes and stoppers (glass or polypropylene)

e Microcentrifuge

Warnings and Precautions

e Acetonitrile (R1 and BHT) is a flammable liquid and is harmful if swallowed, inhaled, or
absorbed through the skin. Causes irritation. Use with adequate ventilation. In case of contact
with skin or eyes, rinse immediately with plenty of water. Seek medical advice.

e Hydrochloric acid is corrosive and may cause burns. In case of contact with skin or eyes,
rinse immediately with plenty of water. Seek medical advice.

e Methanol (Probucol) is a flammable liquid and is harmful if swallowed, inhaled, or absorbed
through the skin. Use with adequate ventilation. In case of contact with skin or eyes, rinse
immediately with plenty of water. Seek medical advice.

e BHT is harmful if swallowed, inhaled, or absorbed through the skin. Risk of serious eye injury.
In case of contact with eyes, rinse immediately with plenty of water and seek medical advice.

e Probucol is harmful if swallowed, inhaled, or absorbed through the skin. In case of contact with
skin or eyes, rinse immediately with plenty of water and seek medical advice.
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Reagent Storage and Handling

e |tis good practice to transfer the desired volume of reagents for an experiment to a clean glass
test tube or other vessel and return the stock reagent bottles to 4°C storage.

e Do not allow the capped reagent bottles to sit at room temperature for long periods of time.
When not in use, place the bottles at 4°C.

« Unopened reagents are stable until the indicated expiration date.

PROCEDURE

Sample Preparation

e Sample Oxidation. AOXRE recommends that butylated hydroxytoluene (BHT) be added to a
final concentration of 5 mM prior to homogenization of tissue or cells. BHT is provided as a 500
mM solution in acetonitrile. If no antioxidant is added, new lipid peroxidation can occur during
homogenization, resulting in biased values (13).

e Total MDA. The standard MDA-586 method is designed to measure free MDA. Determination
of total MDA requires hydrolysis of the sample in the presence of BHT, at pH 1-2 at 60°C for 80
minutes. The hydrolysis yield is markedly reduced at pH less than 1 and pH greater than 2 (15).

e Tissue. Sample homogenates should be as concentrated as possible, (i.e., approximately 20%
- 30% or 200-300 mg tissue per mL of buffer). It is recommended that 0.2 mL of a homogenate
containing 15-60 mg/mL of protein, should be assayed for initial studies of a previously
untested biological sample. Homogenates not assayed immediately must be stored at—70°C or
lower (19, 20).

e Cell culture. Cells should be washed to removed protein and other constituents from the media,
then lysed by 2 or 3 freeze/thaw cycles or by sonication. Cell debris are then removed by
centrifugation at 3000 x g for 10 minutes at 4°C. It is recommended that a lysate from 107 cells
be added to the MDA-586 reaction mixture (i.e., 0.2 mL of 5 X 107 cells per mL). Lysates not
assayed immediately must be stored at —70°C or lower (19, 20).

« Plasma. The concentration of free MDA in normal plasma is below the limit of quantitation of
the MDA-586 method (18). Bound MDA, which represents over 80% of the plasma MDA (19),
can be hydrolyzed in the presence of BHT, at pH 1-2 at 60°C for 80 minutes. The hydrolysis
yield is markedly reduced at pH less than 1 and pH greater than 2 (15). See below for protocol.
Because MDA has a room temperature half-life in plasma of approximately two hours, samples
must be kept cold and assayed as soon as possible after hydrolysis (3). Plasma not assayed
immediately must be stored at —70°C or lower (19, 20).

Reagent Preparation

Dilution of the R1 solution for use in the assay. Dilute ratio: R1 3:1 with Diluent (i.e. 12 mL R1 + 4
mL Diluent). Prepare this solution immediately before use. Do not leave the R1 reagent bottle
uncapped (open to the atmosphere).

Preparation of Standards

Malondialdehyde is provided as an acetal because the aldehyde itself is not stable. The acetal
(TMOP) is hydrolyzed during the acid incubation step at 45°C, which will generate MDA.

The TMOP standard is provided as a 10 mM stock solution which will need to be diluted 1/500 (v/v)
in deionized water just prior to use to yield a 20 uM stock solution for use in the assay. For a
standard curve, pipette the volumes shown in table 1 to give a total of 200 pL of each standard.

Use the zero concentration standard(Ao) as a blank to zero the spectrophotometer or plate reader
that the assay is to be run on. If it is easier, one may also subtract the absorbance value of the blank
from the absorbance value of each of the standards, as described in the calculations section on.
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Table 1: Standard Curve Dilution Volumes

Standard | MDA Conc. (uM) | Volume of dH20 (uL) | Volume of 20 uM MDA Stock sol. (pL)

So 0 200 -

S1 0.5 195 5

S2 1.0 190 10
Ss 2.5 175 25
S4 5.0 150 50
Ss 10.0 100 100
Se 15.0 50 150
S7 20.0 - 200

Sample Blank (Asb)

75% Acetonitrile / 25% Diluent. Add 650 L to a microcentrifuge tube. Skip assay steps 1 and 2.
The acid addition and the incubation steps are carried out on this blank.

Assay

Add 7 uL of probucol to each assay tube.*

Add 140 uL of Standards or Samples to a microcentrifuge tube.

Add 448 L of diluted Reagent R1 to each tube and vortex.

Mix by briefly vortexing each tube.

Add 105 pL of R2.

Stopper each tube and mix well by vortexing.

Incubate at 45°C for 60 minutes.

Centrifuge turbid samples (e.g., 10,000 X g for 10 minutes) to obtain a clear supernatant.
Transfer the 3 x 150 pL of the supernatant to the microplate and read at 586 nm. See
Scheme | for a sample plate layout. The color is stable for at least an hour at room
temperature, or 2 hours at 4°C when stored in the dark.

10. Measure absorbance at 586 nm.* (Also acceptable at between 580 nm and 590 nm).

CoNoA~®WNE

* Some of the probucol may precipitate but this will not cause a problem. Any precipitate formed is removed in Step 8.
*The color is stable for at least two hours at room temperature (15).

Scheme I: Sample Plate Layout

1 2 3 4 5 6 7 8 9 10 11 12

A SO SO SO BLK | BLK | BLK | U8 us us ule | Ul6 | Ul6

B S1 S1 S1 U1 U1 Ul U9 U9 U9 ulr | Ul7r | U17

C S2 S2 S2 U2 U2 u2 Ui |U1l0 |Uu10 |U18 |U18 | U18

D S3 S3 S3 U3 U3 U3 Uil |Ull |ull |U19 |U19 |U19

E S4 S4 S4 U4 U4 u4 Uiz |Ul2 |ul2 |U20 |U20 | U20

F S5 S5 S5 U5 U5 us Ul3 | U13 | Ul13 |U21 |uU21 | U2l

G S6 S6 S6 u6 u6 u6 ul4 | U4 | U14 | U22 | U22 | U22

H S7 S7 S7 u7 u7 u7 Uils | Ul5 |U15 | U23 | U283 | U23
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Calculations
1.

Using the standard data, calculate the net Asss for each standard by subtracting the blank (Ao)
value from each of the standard Asss values. Plot net Asss vs [MDA], and perform a linear
regression analysis of Asss on [MDAY:

[A. ]=a[MDA]+b

Calculate the concentration of analyte in each unknown from the net Asgs of the sample (If a
sample blank was required, subtract Asp from the net sample absorbance.):

A —D
[MDA]= "% o df
a
Where:
[MDA] is the uM concentration of MDA in the sample
Asgs = Net absorbance at 586 nm of the sample
a = regression coefficient (slope)
b = intercept
df = dilution factor

Figure 1: Example of MDA Standard Curve
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NOTES

Interference

Reducing Sugars. Sucrose or fructose, at concentrations of 50 mM or greater in the sample,
will cause a high bias in the assay (18).

Antioxidants. Glutathione (200 uM), ascorbate (100 uM), probucol (1 mM), and BHT do not
interfere. (15).

Others. Hydrogen peroxide at 50 pM will reduce MDA by 13% (15).

Limitations

Normal Plasma. MDA is at the detection limit in normal plasma.

Normal Tissue. Normal tissues have very low levels of free malondialdehyde, typically 10-100
pmol/mg protein (13, 21). Assuming the lower value, an assay of a 0.2 mL sample containing
10 mg of protein derived from normal tissue will give an absorbance value at 586 nm of 0.012 in
the MDA-586 assay. Caution must be taken not to interpret very low absorbance values (near
zero) as an accurate reflection of analyte concentrations in biological samples.
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Assay Performance

Sample Oxidation. The kinetics of color development in the sample should be followed in
comparison with that of the TMOP supplied with the reagent set. The Asss of the sample should
reach a plateau and then remain stable. Continual increase in the Asss indicates non-MDA
reactivity (interference) or oxidation is occurring in the reaction mixture. This could also be due
to slow hydrolysis of protein-bound MDA.

Turbidity. A wavelength scan from 400 to 700 nm should be performed on the clarified sample
reaction mixture and compared to that obtained with the TMOP standard. The lack of a peak at
586 nm or a continuous increase in the baseline would suggest interference or non-specific
reactivity in the sample (18).

Reagent Preparation

R1 Dilution. Failure to dilute the R1 reagent with methanol will result in the formation of a 2
phase reaction mixture.

Assay Buffers. Buffers should not contain amino groups (e.g., Tris) since these can react with
MDA to form Schiff bases, which may hydrolyze only slowly under the MDA-586 reaction
conditions. Potential interference in the assay should be assessed by adding MDA (hydrolyzed
TMOP) to aliquots of buffer (water as a control) and assaying for free MDA after an appropriate
incubation period, which is determined by the experimenter's own protocol for tissue
preparation. A suggested protocol follows:

1. Prepare 0.2 M HCI solution by mixing 17 uL of R2 with 983 uL of water.

2. Combine 50 uL MDA Standard and 50 pL of 0.2 M HCI. Stopper, vortex, and allow it to
incubate at room temperature for two hours. This will hydrolyze the TMOP, forming 5 mM
MDA.

3. Dilute 20 uL of the MDA to a final volume of 10 mL with the buffer being tested

([MDA] = 10 uM)

Prepare an identical sample using water instead of buffer.

5. Allow both samples to incubate at room temperature. Remove 200 pL aliquots at
appropriate times, determined by the experimenter’s own sample preparation protocol, and
analyze using the MDA-586 assay. Phosphate buffers do not react with MDA and are
recommended for sample preparation.

e

REFERENCE

1.
2.
3.

oo

10.

1. Maryam Khoubnasabjafari, et al.; Bioimpacts. 2015; 5(3): 123-127.

Aparna R. Bitla'", et al.; (2011) Biomedical Research (2011) Volume 22, Issue 1

Esterbauer, H. et. al., (1991) Chemistry and Biochemistry of 4-Hydroxynonenal,
Malondialdehyde and Related Aldehydes, Free Rad. Biol. Med. 11, 81-128.

De Maria, N. et. al., Association Between Reactive Oxygen species and Disease Activity in
chronic Hepatitis C, (1996) Free Radicals Biol. Med. 21, 291-295.

Browne, S.E. et. al., (1999) Oxidative Stress in Huntington’s Disease, Brain Pathol. 9, 147-163.
Vento, R. et. al., (2000) Induction of Apoptosis by Arachidonic Acid in Human Retinoblastoma
Y79 Cells: Involvement of Oxidative Stress, Exp. Eye Res. 70, 503-517.

Valerio, L.G. and Petersen, D.R., (1998) Formation of Liver Microsomal MDA-Protein Adducts
in Mice with Chronic Dietary Iron Overload, Toxicol. Lett. 98, 31-39.

Beppu, M. et. al., (1988) Interaction of Malondialdehyde-Modified Bovine Serum Albumin and
Mouse Peritoneal-Macrophages, Chem. Pharm. Bull. 36, 4519-4526.

Mao, H., et. al., (1999) Solution Structure of an Ologonucleotide Containing the
Malondialdehyde Deoxyguanosine Adduct N2-(3-oxo-1-propenyl)-dG (ring-opened M1G)
Positioned in a (CpG)3 Frameshift Hotspot of the Salmonella typhimurium hisD3052 Gene,
Biochemistry 38, 13491-13501.

Marnett, L.J., (1999) Chemistry and Biology of DNA Damage by Malondialdehyde, IARC No.
150 17-27.

Page 6 of 7
A21033/0519


https://www.ncbi.nlm.nih.gov/pubmed/?term=Khoubnasabjafari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26457249
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4597159/
http://www.alliedacademies.org/articles/evaluation-of-plasma-malondialdehyde-as-a-biomarker-in-patients-with-carcinoma-of-stomach.html#a1
http://www.alliedacademies.org/articles/evaluation-of-plasma-malondialdehyde-as-a-biomarker-in-patients-with-carcinoma-of-stomach.html#corr

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Marnett, L.J., (1999) Lipid Peroxidation-DNA Damage by Malondialdehyde, Mutat. Res. 424,
83-95.

Voitkun, V and Zhitkovich, A., (1999) analysis of DNA-Protein Crosslinking Activity of
Malondialdehyde in vitro, Mutat. Res. 424, 97-106.

Botsoglou, N.A., (1994) Rapid, Sensitive, and Specific Thiobarbituric Acid Method for
Measuring Lipid Peroxidation in Animal Tissue, Food and Feedstuff Samples, J. Agric. Food
Chem. 42, 1931-1937.

Gérard-Monnier, et. al., (1998) Method of Colorimetric Analysis of Malonic Dialdehyde and
4-Hydroxy-2-enaldehydes as Indexes of Lipid Peroxidation, Kits for Carrying Out Said Method,
Substitued Indoles for Use in Said Method and Their Preparation, US Patent No. US5726063.
Gérard-Monnier, et.al., (1997) Reactions of N-Methyl-2-phenlindole with Malondialdehyde and
4-Hydroxyalkenals. Analytical Applications to a Colorimetric Assay of Lipid Peroxidation,
Chemical Research in Toxicology 11:10, 1176-1183.

Erdelmeier, 1., et. al., (1997) Reactions of N-Methyl-2-phenlindole with Malondialdehyde and
4-Hydroxyalkenals. Mechanistic Aspects of the Colorimetric Assay of Lipid Peroxidation,
Chemical Research in Toxicology 11:10, 1184-1194.

NCCLS Tentative Guideline. (1992) EP5-T2, 2™ edition. Evaluation of Precision Performance
of Clinical Chemistry Devices. Villanova, PA. National Committee for Clinical Laboratory
Standards, 12:4.

AOXRE Research, unpublished data.

Carbonneau, M.A. et. al., (1991) Free and Bound Malondialdehyde Measured as Thiobarbituric
Acid Adduct by HPLC in Serum and Plasma, Clin. Chem. 37, 1423-1429.

Bull, A.W. and Marnett, L.J. (1985) Determination of Malondialdehyde by lon-Pairing
High-Performance Liquid Chromatography, Analyt. Biochem. 149, 284-290.

Liu, J. et. al., (1997) Assay of Aldehydes from Lipid Peroxidation: Gas Chromatography-Mass
Spectrometry Compared to Thiobarbituric Acid, Analyt. Biochem. 245, 161-166.

Sun, J., OXIS Research, unpublished observations.

OxisResearch™

1499 Rollins Road
Burlingame, CA 94010 U.S.A.
E-mail: info@aoxre.com
Telephone: 650-289-8908
WWW.aoxre.com
Last revision: May 2019
Made in the U.S.A.

Copyright® 2019 AOXRE LLC. All rights reserved.

Page 7 of 7
A21033/0519



