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T	 	 ype 2 diabetes mellitus (T2D) is recognized as 
	 	 one of the leading causes of morbidity and mor- 
	 	 tality in the world. T2D has been shown to 
increase free radical activity1,2 and to be associated with 
the increased activity of free radical-induced lipid pero-
xidation and accumulation of lipid peroxidation pro-
ducts3 as well as being associated with a substantially 
higher prevalence of atherosclerositic and cardiovascular 
mortality.4 The mechanisms of the formation of free 
radicals in T2D may include not only increased non-
enzymatic and auto-oxidative glycosylation, but also 
metabolic stress resulting from changes in energy meta-
bolism, and the levels of inflammatory mediators.4

	 Lipid peroxidation is an autocatalytic free radical-
mediated destructive process whereby poly-unsaturated 
fatty acids in cell membranes undergo degradation to 
form lipid hydroperoxides.5,6 By-products of lipid pero-
xidation such as conjugated dienes and malondialde-
hyde (MDA) are increased in the circulation of T2D 
patients. 
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ABSTRACT



Objective: To investigate the serum MDA levels, as a biomarker of lipid peroxidation in T2D patients and the association 
with the other conventional cardiovascular risk factors (Glu, TC, TG, HDL-C, LDL-C, waist circumference, and BP).

Methods: Serum levels of malondialdehyde (MDA) are the most commonly used markers of this process measured as 
thiobabituric acid reaction substances (TBARS). The MDA-TBA adduct has a colorimetric measurement of 532 nm. A total 
of 50 T2D patients and a group of 40 healthy controls participated in this study.

Results: The MDA concentrations of the 40 healthy controls ranged from 0.699 to 2.684 ?mol/l. The serum levels of MDA 
concentration in type 2 diabetes patients were significantly elevated (P<0.001) compared with the healthy controls. MDA 
levels were significantly correlated (P<0.05) with conventional cardiovascular risk factors (age, Glu, LDL-C, HDL-C, TC, 
TG, UA, waist circumference, and blood pressure). 

Conclusion: Serum levels of MDA were significantly increased in T2D patients. It may be a good marker for lipid 
peroxidation or an oxidative stress event that is implicated in various pathological conditions. 
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	 MDA is generated as a relatively stable end product 
from the oxidative degradation of poly-unsaturated fatty 
acids (PUFA).7-11 This free radical-driven lipid peroxi-
dation has been causatively implicated in the aging 
process,12,13 atherosclerosis,14,15 Alzheimer’s disease16,17 
and cancer.18 Serum MDA has been used as a bio-  
marker of lipid peroxidation and has served as an 
indicator of free radical damage. 

	 MDA is a three-carbon dialdehyde that can exist in 
various forms in an aqueous solution. This method was 
most widely used for the reaction of MDA with thio-
barbituric acid (TBA), when heated under acidic con-
ditions. The TBA can react with a number of chemical 
species such as nucleic acids, amino acid, proteins, 
phospholipids, and aldehydes.19 One molecule of MDA 
reacts with two molecules of TBA to form a stable 
pink to red color that absorbs maximally at 532 nm20 
or fluorescence detection. These substances are termed 
thiobarbituric acid reacting substances (TBARS). The 
hypothesis of the current study is that elevated levels of 
malondialdehyde (as TBARS) are associated with in-
creased cardiovascular risk in patients with T2D. 

	 The aim of this study was to investigate the serum 
MDA levels, as a biomarker of lipid peroxidation in 
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T2D patients and the association with the other conven-
tional cardiovascular risk factors (Glu, TC, TG, HDL-C, 
LDL-C, waist circumference, and BP).




MATERIALS AND METHODS



Subjects  

	 A total of 50 T2D patients (12 male, 38 female) 
with a median age of 68.9 years (interquartile, 62-76 
years) were recruited from the Tapho Primary Care 
Unit, Buddachinaraj Hospital. Also a group of 40 
healthy controls (14 male, 26 female) with a median 
age of 65.5 years (interquartile, 58.8-73.7 years) was 
established from healthy volunteers. These subjects  
were apparently healthy as based on their medical 
history and a physical examination. For subjects 
exclusion criteria were smokers or taking supplements 
with antioxidant agents or alcohol consumption habits. 
All subjects gave written informed consent, and the 
Ethics Committee of the Naresuan University approved 
the study protocol. 



Blood sampling and assays

	 Venous blood samples were taken without stasis 
after a 12-hour fast and a 30 minute rest in a supine 
position. Plasma glucose (Glu), serum total cholesterol 
(TC), triglycerides (TG), high density lipoprotein-cho-
lesterol (HDL-C), BUN, Creatinine (CT), and uric acid 
(UA) were measured immediately after blood collection. 
Plasma Glu, serum TC, TG, HDL-C, UA, and the other 
biochemical variables were measured by standard enzy-
matic methods using a Hitachi 912 analyzer (reagents 
from Roche Diagnostics); low-density lipoprotein cho-
lesterol (LDL-C) was estimated from the Friedewald’s 
equation21 Quality control and standardization was 
achieved throughout the analysis with internal and 
external quality assurance materials purchased from 
Roche Diagnostic.

	 Blood pressure was measured with the patients in 
the supine position after a 5 minute resting period with 
a Terumo digital blood pressure monitor, ES-P110. 
Blood pressure is given as the mean value of at lest 
two measurements of patients and the control subjects 
on the same day. For the determination of MDA, serum 
was stored at -70oC without the addition of exogenous 
antioxidants before MDA analysis. 

	 After thawing the samples, measurements of MDA 
in term of TBARS were performed for each of the 90 
samples by the modified method of Wong et al.22 
Briefly, a 50 µL of TEP standards, serum specimen,  
and quality control specimen was pipetted into the    
13-ml polypropylene test tube. Also 0.75 ml of phos-
phoric acid (0.44 mol/l) solution was added into the 
respective tubes and vortex-mixed. Then 0.25 ml of 
TBA (42 mmol/l) was added to each tube. Distilled 
water (0.50 ml for reagent blank, 0.45 ml for TEP 
standards, plasma, samples, and quality control samples) 
was added to adjust the final volume to 1.5 ml. The 
test tubes were capped tightly and heated at 100oC for 
60 minutes after which the samples were cooled in an 
ice water bath (0oC). The optical density of the pink 
chromogen was read at 532 nm in a double-beam 
spectrophotometer (UV-610 Shimadzu, Japan). The 
within-run and between-run precisions of MDA assay 
were analyzed in two pooled-control sera. The replicate 
daily analyses were CVs of 6.22% and 6.11% for 

within-run precision assay, and 6.62% and 7.14% for 
between-run assay with the MDA concentration avera-
ging (SD) 2.233 (0.139), 4.208 (0.257) and 2.250 
(0.149), 4.428 (0.316) µmol/L. The %recovery for    
this MDA determination in serum sample and TEP 
standard were 102.21% and 95.13% respectively.  TEP 
working standard solutions (5, 10, 15, 20 µmol/l) were 
prepared by using 1,1,3,3-Tetraethoxypropane (TEP, 
Sigma Chemical) stock standard solution dissolved in  
an ethanol solution. These working standards were 
prepared bi-weekly and were stored at 4oC as described 
in Wong et al.22



Statistical analysis

	 Statistic analysis was performed using the SPSS 
computer program version 11.0 (SPSS, Chicago, IL). 
All results are presented as median and interquartile 
ranges (Q1-Q3). Mann-Whitney U test was used to 
estimate differences between groups. Spearman rank 
correlation was used to assess the correlation between 
MDA and other variables of traditional cardiovascular 
risk factors. All analyzes were undertaken using α <      
0.05 (two-tailed) as the significant statistic.




RESULTS



	 Clinical characteristics of the healthy controls and 
T2D patients are shown in Table 1. The median level 
for serum MDA concentrations in healthy controls   
was 1.652 µmol/L (2.5th/97.5th percentile = 0.699-2.684 
µmol/L). In this study, the age in both groups were not 
significantly different (P = 0.059). 29 (58%). T2D 
patients had elevated MDA (≥ 2.68 µmol/l), The serum 
MDA levels, a product of lipid peroxidation as the 
oxidative stress marker from 50 T2D patients (12 men, 
38 women, age range 50-86 years) were significantly 
higher than the MDA levels from healthy controls (P<
0.001). The conventional cardiovascular risk factors 
(Glu, TC, TG, LDL-C, UA, waist circumference, and 
systolic blood pressure) were also significantly higher 
(P<0.05) in T2D patients than healthy controls (Table 
1). HDL-C levels were also significantly lower in T2D 
patients (P<0.001). The serum MDA levels were 
significantly correlated (P< 0.05) with the conventional 
cardiovascular risk factors (age, Glu, TC, TG, LDL-C, 
HDL-C, UA, waist circumference, and blood pressure) 
using the Spearman rank correlation test (Table 2). 




DISCUSSION



	 Increasing evidence in experimental and clinical 
studies suggest that oxidative stress plays the major role 
in the pathogenesis of T2D. Free radicals are formed 
disproportionately in DM by glucose degradation, non-
enzymatic glycation of proteins, and the subsequent 
oxidative degradation which may play an important role 
in the development of complications in T2D patients. 
The levels of MDA (as TBARS) were significantly 
elevated in T2D patients.11,23-25 In the present study, the 
serum MDA levels were also significantly elevated in 
T2D patients. The present study found free radical 
activity is increased in the type 2 diabetic mellitus1,2 
which leads to a higher incidence of atherosclerotic and 
cardiovascular disease.4 The absolute level of atheroge-
nic lipoproteins in the circulation is a major factor in 
the risk of cardiovascular diseases, and this oxidative 
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modification of blood lipids further increased this risk.26 
Oxidized LDL particles are more readily internalized by 
macrophages and thereby enhance foam cell formation 
which, in the vascular wall, favors smooth muscle cell 
proliferation, increases platelet adhesion and the anti-
coagulant activity of the endothelium.27 Increased lipo-
peroxide levels have been correlated to atherosclerosis, 
Alzheimer’s disease, and cancer, as well as the aging 
process. These consequences of oxidative stress can 
promote the development of complications in diabetes 
mellitus patients. T2D patients have shown, increased 
lipid peroxidation and decreased levels of reduced 
glutathione, glutathione reductase, glutathione peroxi-
dase, glutathione and G6PDH.19

	 Lipid peroxidation is an autocatalytic free-radical-
mediated destructive process whereby PUFA undergo 

degradation to form lipid hydroperoxides. These latter 
compounds decompose to form a wide variety of pro-
ducts: low-molecular mass hydrocarbons, hydroxyl 
aldehydes and fatty acids, ketone, alkenals, and alkanals, 
including MDA.28 Many laboratory techniques have 
been used to quantify MDA. The most commonly used 
methods are: (i) gas chromatography;29 (ii) analysis of 
age-related pigments (e.g. lipofuscin, uroid) based on 
characteristic fluorescence and emission spectra;30 (iii) 
spectrophotometry of conjugated dienes at 233 nm;31 
(iv) colorimetry and fluorimetry of MDA and other 
chromogens based on the thiobarbituric acid (TBA) 
reaction;32,33 and (v) the measurement of various pro-
ducts by high-performance liquid chromatography 
(HPLC).34,35 The methods most widely used are based 
on the reaction of MDA with TBA, in which one 
molecule of MDA reacts with two molecules of TBA to 
form a stable pink to red color that absorbs maximally 
at 532 nm.32,33 The acid hydrolysis process in the 
colorimetric method has been used with different acids. 
Wong, Knight, Koschsour, Londero and Neilson all 
used orthophosphoric acid, Sinnhuber used hydrochloric 
acid, whereas Carbonneau used perchloric acid. Seljeskog 
et al. tested 8 different acids at three different concen-
trations for the initial acidifying step of samples. The 
stronger the ability of an acid to oxidize, the more 
bound MDA will be liberated and more MDA may be 
produced by PUFA oxidation. Then, our study separated 
the TCA from the acid hydrolysis step to decrease non-
specific color reaction and to reduce the turbidity inter-
ference from serum protein after the acid hydrolysis 
step (the boiling solution was cooled) by adding TCA 

	 Variables	 T2D patients	 Healthy control group	 P-value

		  (n= 50)	 (n=40)

BMI	 	 25.40	 23.52	 0.012 

Q1-Q3	 	 22.80-27.40	 21.26-25.31

Weight (Kg)	 	 60.3	 57.9	 0.682

Q1-Q3	 	 53.80-66.2	 51.9-66.3

Waist circumference (cm)	 89.2	 83.4	 <0.001

Q1-Q3	 	 85.0-94.2	 78-89

Systolic Blood Pressure (mmHg)	 134.8	 120.5	 0.008

Q1-Q3	 	 121.3-154	 112.5-138.3

Diastolic Blood Pressure (mmHg)	 77.3	 75	 0.013

Q1-Q3	 	 71.0-93.0	 70-80.8

Glucose (mg/dl)	 	 118.7	 81.3	 <0.001

Q1-Q3	 	 96.0-147	 76.8-90.0

BUN (mg/dl)	 	 13.3	 11	 0.002

Q1-Q3	 	 11.2-16.3	 9.3-12.9

Creatinine (mg/dl)	 	 0.91	 0.84	 0.19

Q1-Q3	 	 0.73-1.09	 0.74-0.96

Uric acid (mg/dl)	 	 6.0	 4.8	 0.002

Q1-Q3	 	 4.8-6.8	 4.1-5.7

Total Cholesterol (mg/dl)	 202.5	 179.3	 <0.001

Q1-Q3	 	 185.5-229	 165.4-192.7

Triglycerides (mg/dl)	 171.7	 126	 <0.001

Q1-Q3	 	 122.3-342	 102.5-170.5

HDL-Cholesterol (mg/dl)	 45.7	 59.8	 <0.001

Q1-Q3	 	 38.1-51.9	 52.3-68.1

LDL-Cholesterol (mg/dl)	 114.1	 93.6	 <0.001

Q1-Q3	 	 90.4-133.6	 82.0-93.6

MDA level (μmol/L)	 2.750	 1.652	 <0.001

Q1-Q3	 	 2.216-3.420	 1.296-2.050


TABLE 1. Clinical and chemical characteristics in Thai elderly type 2 diabetic patients and healthy control groups. The values 
are shown as medians and interquartile (Q1-Q3).


	                 MDA

	 r	 (P-value)

Plasma glucose	 0.450	 0.005

Serum total cholesterol 	 0.295	 0.005

Serum triglyceride	 0.220	 0.038

Serum LDL-C	 0.259	 0.014

Serum HDL-C	 -0.234	 0.027

Serum uric acid 	 0.346	 0.001 

Waist circumference 	 0.304	 0.004

Systolic blood pressure	 0.210	 0.048

Diastolic blood pressure	 0.19	 0.010


TABLE 2. Spearman rank correlation between serum malon-
dialdehyde (MDA) levels with other cardiovascular risk fac-
tors.




23Siriraj Med J, Volume 61, Number 1, January-February 2009

REFERENCES



1.	 Baynes JW. Role of oxidative stress in development of complications 
	 in diabetes. Diabetes 1991;40:405-12.

2.	 Gillery P, Monboisse JC, Maquart FX, Borel JP. Does oxygen free 
	 radical increased formation explain long term complications of diabetes 
	 mellitus? Med Hypotheses 1989;29:47-50.

3. 	 Palanduz S, Ademoglu E, Gokkusu C, Tamer S. Plasma antioxidants 
	 and type 2 diabetes mellitus. Res Commun Mol Pathol Pharmacol 2001; 
	 109: 309-18.

4. 	 Wolff SP, Jiang ZY, Hunt JV. Protein glycation and oxidative stress 
	 in diabetes mellitus and ageing. Free Radic Biol Med 1991;10:339-52.

5. 	 Freeman BA, Crapo JD. Biology of disease: free radicals and tissue 
	 injury. Lab Invest 1982;47:412-26.

6. 	 Slater TF. Free-radical mechanisms in tissue injury. Biochem J 1984;	
	 222:	1-15.

7. 	 Horton AA, Fairhurst S. Lipid peroxidation and mechanisms of toxicity.

	 Crit Rev Toxicol 1987;18:27-79.

8. 	 Mihara M, Uchiyama M. Determination of malonaldehyde precursor in 
	 tissues by thiobarbituric acid test. Anal Biochem1978;86:271-8.

9. 	 Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal 
	 tissues by thiobarbituric acid reaction. Anal Biochem 1979;95:351-8.

10.	 Rankinen T, Hietanen E, Vaisanen S, Lehtio M, Penttila I, Bouchard C, 
	 Rauramaa R. Relationship between lipid peroxidation and plasma fibrino- 
	 gen in middle-aged men. Thromb Res 2000;99:453-9.

11. 	 Pasaoglu H, Sancak B, Bukan N. Lipid peroxidation and resistance to 
	 oxidation in patients with type 2 diabetes mellitus. Tohoku J Exp Med 
	 2004;203:211-8.

12. 	 Marnett LJ. Oxyradicals and DNA damage. Carcinogenesis 2000;21:361- 
	 70.

13.	 Poon HF, Calabrese V, Scapagnini G, Butterfield DA. Free radicals and 
	 brain aging. Clin Geriatr Med 2004;20:329-59.

14. 	 Cavalca V, Cighetti G, Bamonti F, et al. Oxidative stress and homocy-	
	 steine in coronary artery disease. Clin Chem 2001;47:887-92.

15. 	 Witztum JL. The oxidation hypothesis of atherosclerosis. Lancet 1994;	
	 344:	793-5.

16. 	 Steinberg D, Parthasarathy S, Carew TE, Khoo JC, Witztum JL. Beyond 

(50 µL, 100%).41 Our study used serum and found 
TBARS from 40 healthy subjects with a median value 
of 1.652 µmol/L for men and women with 2.5th/97.5th 
percentile = 0.699-2.684 µmol/L. These results were clo
se to previous researchers as determined by gas 
chromato-graphy-mass spectrophotometry, 1.30 ± 0.07 
µmol/L42 and 1.67 ± 0.16 µmol/L.43 However, meas
urement by either spectrophotometry or fluormetry 
induces various interfering compounds, thereby 
decreasing the specificity of the method.44,45 Wong et 
al.22 reported an improved liquid chromatographic 
technique for measu-ring MDA in plasma with reliable 
reference values. By this spectrophotometic method we 
tried to reduce some interferences including separated 
TCA from the acid hydrolysis step and precipitated the 
protein after the acid hydrolysis step.

	 In conclusion, increased oxidative stress caused an 
increased lipid peroxidation, measured as serum malon-
dialdehyde (TBARS) concentration. T2D patients were 
significantly higher in MDA concentration than the 
healthy controls (P<0.001). A significant correlation was 
found with the traditional cardiovascular risk factors 
(age, Glu, TC, TG, LDL-C, HDL-C, UA, waist circum-
ference, and blood pressure). 




ACKNOWLEDGMENTS



	 We sincerely thank the Faculty of Allied Health 
Sciences, Naresuan University for financial support. We 
also thank Mr. Ekalak Payomhom and Miss Walanporn 
Ungsawat for their blood sample collection and techni-
cal assistance. We particularly thank those who donated 
blood samples for this study.

	 We would like to thank Assoc. Prof. Dr. Mary 
Sarawit, Naresuan International College for her critical 
reading of this manuscript.


	 cholesterol. Modifications of low-density lipoprotein that increase its 
	 atherogenicity. N Engl J Med 1989;320:915-24.

17. 	 Markesbery WR, Lovell MA. Four-hydroxynonenal, a product of lipid 
	 peroxidation, is increased in the brain in Alzheimer’s disease. Neurobiol 
	 Aging 1998;19:33-6.

18. 	 Niedernhofer LJ, Daniels JS, Rouzer CA, Greene RE, Marnett LJ. Malon-	
	 dialdehyde, a product of lipid peroxidation, is mutagenic in human cells?  
	 J Biol Chem 2003; 278:31426-33.

19. 	 Nair V, Cooper CS, Vietti DE, Turner GA. The chemistry of lipid pero-	
	 xidation metabolites: crosslinking reactions of malondialdehyde. Lipids 
	 1986;21:6-10.

20. 	 Knight JA, Pieper RK, McClellan L. Specificity of the thiobarbituric 
	 acid 	reaction: its use in studies of lipid peroxidation. Clin Chem 1988;	
	 34:2433-8.

21. 	 Friedewald W, Levy R, Fredrickson D. Estimation of the concentration 
	 of low density lipoprotein cholesterol in plasma without use of ultracen-	
	 trifuge. Clin Chem 1972;18:499-502.

22. 	 Wong SH, Knight JA, Hopfer SM, Zaharia O, Leach CN Jr, Sunder-	
	 man 	FW Jr. Lipoperoxide in plasma as measured by liquid-chromato-	
	 graphic separation of malondialdehyde-thiobarbituric acid adducts. Clin 
	 Chem 1987;33:214-20.

23.  	 Mahboob M, Rahman MF, Grover P. Serum lipid peroxidation and antio- 
	 xidant enzyme levels in male and female diabetic patients. Singapore 
	 Med J 2005;46:322-4.

24. 	 Gallou G, Ruelland A, Legras B, Maugendre D, Allannic H, Cloarec L. 
	 Plasma malondialdehyde in type 1 and type 2 diabetic patients. Clin 
	 Chim Acta 1993;214:227-34.

25. 	 Sundaram RK, Bhaskar A, Vijayalingam S, Viswanathan M, Mohan R, 
	 Shanmugasundaram KR. Antioxidant status and lipid peroxidation in 
	 type II diabetes mellitus with and without complications. Clin Sci (Lond) 
	 1996;90:255-60.

26. 	 Selwyn AP, Kinlay S, Libby P, Ganz P. Atherogenic lipids, vascular 
	 dysfunction, and clinical signs of ischemic heart disease. Circulation 
	 1997;95:5-7.

27. 	 Holvoet P, Collen D. Thrombosis and atherosclerosis. Curr Opin Lipodol 
	 1997;8:320-8. 

28. 	 Sunderman Jr FW. Metals and lipid peroxidation. Acta Pharmacol 
	 Toxicol 1985;59(Suppl 7):248-55.

29. 	 Lawrence GD, Cohen G. Concentrating ethane from breath to monitor 
	 lipid peroxidation in vivo. Methods Enzymol 1984;105:305-11.

30. 	 Tsuchida M, Miura T, Mizutani K, Aibara K. Fluorescent substances 
	 in mouse and human sera as a parameter of in vivo lipid peroxidation. 
	 Biochim Biophys Acta 1985;834:196-204.

31. 	 Recknagel RO, Glende Jr EA. Spectrophotometric detection of lipid 
	 conjugated dienes. Methods Enzymol 1984;105:331-7.

32. 	 Sinnhuber RO, Yu TC, Yu TeC. Characterization of the red pigment 	
	 formed in the 2-thiobarbituric acid determination of oxidative rancidity. 
	 Food Ras1958;23:626-33.

33. 	 Yagi K. A simple fluorometric assay for lipoperoxide in blood plasma. 
	 Biochem Med 1976;15:212-6.

34. 	 Bird RP, Hung SS, Hadley M, Draper HH. Determination of malonalde-	
	 hyde in biological materials by high-pressure liquid chromatography. 	
	 Anal Biochem1983;128:240-4.

35. 	 Lang J, Celotto C, Esterbauer H. Quantitative determination of the lipid 
	 peroxidation product 4-hydroxynonenal by high-performance liquid 
	 chromatography. Anal Biochem 1985;150:369-78.

36. 	 Khoschsorur GA, Winklhofer-Roob BM, Rabl H, Auer Th, Peng Z, 
	 Schaur RJ. Evaluation of a sensitive HPLC method for the determination 
	 of malondialdehyde, and application of the method to different biolo-	
	 gical materials. Chromatographia 2000;52:181-4.

37.  	 Londero D, Lo Greco P. Automated high-performance liquid chroma-	
	 tographic separation with spectrofluorometric detection of a malondial-	
	 dehyde- thiobarbituric acid adduct in plasma. J Chromatogr A 1996;	
	 729:207-10.

38.	 Nielsen F, Borg Mikkelsen B, Bo Nielsen J, Raun Andersen H, Grand- 
	 jean P. Plasma malondialdehyde as biomarker for oxidative stress: 
	 reference interval and effects of life-style factors. Clin Chem 1997;43:	
	 1209-14.

39. 	 Carbonneau MA, Peuchant E, Sess D, Canioni P, Clerc M. Free and 
	 bound malondialdehyde measured as thiobarbituric acid adduct by HPLC 
	 in serum and plasma. Clin Chem 1991;37:1423-9.

40. 	 Seljeskog E, Hervig T, Mansoor MA. A novel HPLC method for the 
	 measurement of thiobarbituric acid reactive substances (TBARS). A 
	 comparison with a commercially available kit. Clin Biochem 2006;-	
	 39:947-54.

41. 	 Santos MT, Valles J, Aznar J, Vilches J. Determination of plasma 
	 malondialdehyde-like material and its clinical application in stroke pa-	
	 tients. J Clin Pathol 1980;33:973-6.

42. 	 Cighetti G, Debiasi S, Paroni R, Allevi P.  Free and total malondial-	
	 dehyde assessment in biological matrices by gas chromatography–mass 
	 spectrometry: What is needed for an accurate detection. Anal Biochem 
	 1999;266:222-9.

43. 	 Cighetti G, Paroni R, Marzorati S, Borotto E, Giudici R, Magnanini G, 
	 Iapichino G. Evaluation of oxidative stress in serum of critically Ill 
	 patients by a commercial assay and gas chromatography–mass spec-	
	 trometry. Clin Chem 2005;51:1515-7.

44. 	 Baumgartner WA, Baker N, Hill VA, Wright ET. Novel interference 
	 in thiobarbituric acid assay for lipid peroxidation. Lipids 1975;10:309-11.

45. 	 Bird RP, Draper HH. Comparative studies on different methods of 
	 malonaldehyde determination. Methods Enzymol 1984;105:299-305.



