A new study on the derivatization of malondialdehyde by anisidine reagent with use of UV-Vis, FT-IR, and NMR techniques
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Derivative methods of malondialdehyde (MDA) as a biomarker of oxidative stress often require high temperature and long heating time. Some of which activate a color reaction such as thiobarbituric acid reactive substances (TBA), Diaminonaphtalene, Pentafluorophenyl hydrazine, and Phenylhydrazine after placing in that harsh condition. Our attempts were to introduce a new derivative reaction between malondialdehyde and Para methoxy aniline (PMA) to identify MDA. The derivatization of malondialdehyde (MDA) with different concentration of para-methoxy aniline (Anisidine) in an acidic medium and various time, temperature, and pH was investigated. The possible reaction of malondialdehyde and Anisidine was completed after 10 min at 75oC in optimal condition. By spectrophotometric techniques, the complex formed in this process exhibits a highly specific UV spectrum with a sharp maximum at 400nm. (1H and 13C) NMR, and FT-IR were confirmed the formed adduct.  
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1. INTRODUCTION
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Malondialdehyde (MDA), as one of the great significance individual aldehyde resulting from lipid peroxidation, is a reactive unsaturated dicarbonyl that can easily bind to macromolecules such as structural and functional proteins and nucleic acids (Karatas et al., 2002; Grotto et al., 2007; Del Rio et al., 2005; Agarwal et al.,2007; Seljeskog et al., 2006). As of now, the great number of analytical approaches for determination of Malondialdehyde (MDA) with various derivative methods have been proposed. Most procedures based on the aldehydic reactivity of MDA employed hydrazine-based derivatization reagents (Giera et al.,2012; Grintzalis et al., 2013). Still, the classical assay "2-thiobarbituric acid (TBA) is the most general applied technology in which two molecules of TBA change with one molecule of MDA to give a colored reaction product which can be measured spectrophotometrically at 535 nm, or by fluorescence detection with excitation at 530 nm and emission at 550 nm(Steghens et al., 2001; Czauderna et al., 2011; Mendes et al., 2009; Pilz et al., 2000; Shibamoto et al., 2006).  In fact, the TBA assay is a non-specific method for MDA; therefore, further developed methods were strongly suggested by researchers  with the use of new color reagent for detection of  this prominent biomarker. Sim et al., 2003; Khoubnasabjafari et al., 2015; Shahidi, F. et al., 2005). Derivative reagents, namely, thiobarbituricacid, diamino-naphtalene (DNPH), Pentafluorophenylhydrazine (PFH), Phenylhydrazine (PH), dansylhydrazine, methylhydrazine, 2,2,2-Trifluoroethylhydrazine and FMOC-hydrazine after placing in high temperature, and longtime have been proposed by researchers to measure MDA through  expensive separation technology such as reverse phase-liquid chromatography (RP-HPLC), gas chromatography–mass spectrometry (GC-MS), and liquid chromatography–mass spectrometry (LC-MS, or alternatively HPLC-MS) (Giera et al.,2012). However, the result of their investigations was unsatisfactory. 
On the other hand, para-anisidine (p-anisidine) value would be a well-known method to measure the content of aldehydes (principally 2 alkenals and 2, 4-alkadienals) generated during the decomposition of hyroperoxides. para-methoxyaniline (anisidine or PMA) and the aldehydic compounds under acidic conditions provide yellowish products and absorb at 350 nm (Aruoma et al.,1998). Besides, p-An Value is a valid indicator of oxidative rancidity in oils and fatty foods (Mao et al., 2006; Shibamoto et al.,2006). However, no specific method has been developed for determination of malondialdehyde by anisidine reagent. 
In this paper, based on colorimetric reaction, a new method for synthesis and identification of MDA was introduced. Investigation of complex formation (MDA-PMA) with the use of variegated techniques was studied as well. In addition, it was expected that this procedure would assure a simple, selective, and sensitive measurement of MDA for further biological studies.  2016 Bulgarian Academy of Sciences,  Union of Chemists in Bulgaria

2. EXPERIMENTAL
2.1. Material and methods
Malondialdehyde Tetra butyl ammonium salt (MDA, 96%) was purchased from Sigma Aldrich. In addition, para methoxy aniline, butylatedhydroxytoluene, glacial acid acetic, HClO4 0.1 M diluted in glacial acetic acid, absolute ethanol, and sodium hydroxides were from Merck Company. 
2.2. Solvent selection
To find an appropriate solvent, a possible reaction between Malondialdehyde Tetra butyl ammonium salt (MDA, 96%) and para-methoxy aniline (anisidine, PMA) was evaluated. Therefore, different solvents such as HPLC-grade water, absolute ethanol, glacial acid acetic, and HCl were examined. Finally, absolute ethanol and glacial acetic acid were selected as two proper solvents for MDA and Para methoxy aniline, respectively. 
2.3. Preparation of Anisidine reagent
p-methoxy aniline (Anisidine) as a reagent was prepared at 1000 µM.L-1(µM = µM.L-1 =n mol/ ml) in glacial acetic acid, by dissolving 0.0123 g of ansidine in 100 ml of glacial acetic acid. The solution was protected from the light and was stored at room temperature for a daily basis. The maximum absorbance was at 273 nm (Figure.1). 




Fig. 1. Wavelength of Anisidine diluted in glacial acetic acid

Anisidine was fully tested on room temperature in the dark place with two different concentrations (500 and 1000 µM) to investigate its stability in long period. Anisidine stability had a constant trend within 30 days. 
2.4. Preparation of MDA stock solution
Standard stock solution of MDA (5000 µM.L-1) was obtained by dissolving 0.0156 g of Malondialdehyde Tetra butyl ammonium salt in 10ml of absolute ethanol. (Figure.2). This stock solution remained stable for at least 6 months, and stored at -20 oC in aliquots of 250 µl in dark place while the working standard solutions had to be prepared every day MDA solution was monitored by its absorbance at 267nm (Giera et al.,2012).
2.5. The process of derivatisation
First, seven clean glass test tubes were taken and labeled them (A-G). Second, different concentrations of MDA standard stock solutions were prepared (50, 25, 10.5, 5, 2.5, 1, and 0.5 μM) and diluted by absolute ethanol. Afterwards, two ml of prepared MDA solution was transferred to each labeled glass tubes. Then, two ml of Anisidine (500 μM) as a color reagent was added to them and vortex the solution. Finally, the tubes were closed and placed them to any holder to keep the tubes upright during boiling at 90 oC. After 10 min, immediately, the tubes were removed and were placed in ice bath to stop the reaction. At least, 15 min was needed to be cooled down. Without any extraction steps, two ml of the clear yellowish complex of each glass tubes were loaded to absorption cell for reading the absorbance at 400-404 nm by UV-Vis. 



Fig. 2. Wavelength of malondialdhyde tetrabutyl ammonium salt diluted in absolute ethanol.

2.5. The process of derivatisation
First, seven clean glass test tubes were taken and labeled them (A-G). Second, different concentrations of MDA standard stock solutions were prepared (50, 25, 10.5, 5, 2.5, 1, and 0.5 μM) and diluted by absolute ethanol. Afterwards, two ml of prepared MDA solution was transferred to each labeled glass tubes. Then, two ml of Anisidine (500 μM) as a color reagent was added to them and vortex the solution. Finally, the tubes were closed and placed them to any holder to keep the tubes upright during boiling at 90 oC. After 10 min, immediately, the tubes were removed and were placed in ice bath to stop the reaction. At least, 15 min was needed to be cooled down. Without any extraction steps, two ml of the clear yellowish complex of each glass tubes were loaded to absorption cell for reading the absorbance at 400-404 nm by UV-Vis. 
2.6. Investigation of concentration, time, and temperature
Various concentrations of MDA standards (50, 12.5, 3.125 µM.L-1) and Anisidine reagent (30, 50, 100, 150, 250, 500 µM.L-1) were prepared by further dilution of their stock solutions. After preparing anisidine reagent in glacial acetic acid, the solution should be protected from the light within the procedure. For activating the color, derivatization was performed at different reaction times (5, 10, 20, 30, and 40 min) and at different temperature (30, 70, and 90 oC) to evaluate the optimum conditions of MDA derivatization. 
2.7. Process of complex (MDA-PMA) formation
Appropriate volumes and concentrations of anisidine, optimum temperature, and time were the significant parameters that needed to be studied. In fact, to explore the colorimetric reaction between MDA and PMA, several tests with various concentrations of each have been done. Briefly, by our research work, various concentrations of MDA standards (50, 12.5, 3.125 µM) and anisidine reagent (150, 250, 500 µM) were prepared by further dilution of the stock solutions. Afterwards, two milliliter of prepared MDA solution (50) was transferred to a labeled glass tube (Complex MDA-PMA).Then, two ml of Anisidine (500 μM) as a color reagent was added to the labeled tube (Complex MDA-PMA) and vortex the solution. Finally, the tube was closed and placed them to any holder to keep the tubes upright during boiling at 90, 70, and 30 oC . After 10 min, immediately, the tubes were removed and placed in ice bath to stop reaction. At least, 10 min was needed to be cooled down. The optimum condition provided for stable yellowish color adduct (complex A) was considered as follows: (Time: 20 min, Temperature 75 oC , Anisidine concentration 500 µM).  
2.8. Synthesis of MDA-PMA adduct
The product (MDA-PMA) is not commercially available, but it can be prepared in laboratory condition. Formation of imine compound was necessary to evaluate the reaction and confirmation of MDA-PMA adduct. The derivatisation procedure is based on the principle of (0.5g) of MDA reacting with (0.4g) of anisidine prepared with glacial acetic acid at room temperature.  
It was found that an imine compound is produced after a few seconds. Then, yellow-orange product was dried at 60 oC for 4 h in a vacuum drying oven. The structure of this compound was confirmed by different methods namely NMR (1H and 13C), and FT-IR. 
2.9. Effect of pH
The pH effect of the derivatization reaction on the MDA value was investigated by previous scientists [3]. Although this new procedure was confirmed at pH= 7.4, the validity of the derivative method has been questioned in various pH (acidic or basic medium). In other words, the complete reaction should be evaluated in different pH for the future biological studies. For this reason, the pH ranges (3, 7, and 12.0) have been selected. 
In normal pH (p H= 7.4), two ml of MDA (50 µM) was added to two ml of Anisidine (500µM) in a 10 ml lab tube. Then, this reaction mixture was placed in the water bath for 10 min at 90 oC. The solution was cooled and ready for the analysis by UV-Vis spectrophotometer at 400-404nm. 
In the basic medium, 200 µl of 6 M NaOH was added to 1000 µl of MDA in a 10ml lab tube. By placing this mixture at 60 oC in the water bath for 30 min, allow medium to be basic. After cooling, 200 µl of Anisidine reagent (500µM) was added to this basic solution. The same as above, the reaction mixture was placed in water bath for 10 min at 90 oC. The solution was cooled and ready for the analysis by UV-Vis spectrophotometer at 400-404nm. 
In the acidic medium, 250 µl of HClO4 (0.1 M) diluted in glacial acetic acid was added to 1000 µl of MDA (50 µM) in a 10ml lab tube and vortex. Then, 200 µl of Anisidine reagent (500µM) was added to the tube and finally, this mixture was placed in water bath for10 min at 90 oC. The solution was cooled and ready for the analysis by spectrophotometer at 400 nm. 
2.10. Techniques
Possible structure of the formed adduct (complex MDA-PMA) under above condition was confirmed by UV-Vis spectrophotometry, FT-IR, and NMR techniques. 
2.10.1. Spectrophotometric analysis. After cooling in icy bath to stop the reaction, without any extraction steps, the solution was analyzed by spectrophotometer using a Lambda Bio 20 spectrometer (Perkin-Elmer, Rotkreuz, Switzerland) using 1-cm absorption cell. Spectrum of MDA-PMA solutions was recorded from 200 to 600 nm at a scanning speed of one nm/min against of the glacial acetic acid as a blank reaction mixture. Absorbance reading was done at 404nm. Data acquisition and processing were carried out with the Perkin-Elmer UV Winlab software. 
2.10.2. FT-IR analysis. The infrared (IR) spectra of the samples were recorded in the range 400–4000 cm−1 on a Fourier transform infrared (FTIR) spectrometer (model Perkin-Elmer, Rotkreuz, Switzerland) using KBr pellet method. 
2.10.3. Nuclear magnetic resonance spectroscopy. NMR spectra were performed on a 250 MHz Brüker (Germany) in deuterated chloroform for both experiments at room temperature to find whether the imine was formed or not. 
3. RESULTS AND DISCUSSION
3.1. Influence of time in derivative reaction
The yellow complex under 30 oC cannot be produced, although time and concentration of Anisidine equal to 500 μM have been raised. However, at 90 and 75oC, reaction accelerates in short time (10min); this vital point can help us to consider the reaction of Imine formation or the same yellow complex in the real biological samples to determine MDA. 
[bookmark: _GoBack]According to Figure.3, the temperature of 75 oC indicates the complete derivatization and the formation of the colorimetric reaction. Moreover, at 90oC, the reaction was carried out in a short time. However, at high level of temperature, the aldehyde levels may be raised in the real samples from the actual results which make it difficult to evaluate the data (Seljeskog et al.,2006). Therefore, to implement this method in biological samples, using 75 oC as an optimal temperature can be suited for the analysis. Furthermore, to obtain complete derivative reaction with Anisidine (500µM) at 75 oC, 20 min would be a proper time. Actually, by using 250 µM or lower concentrations of Anisidine, the complex (MDA-PMA) was remained at an intermediate state and the yellowish complex will not be formed and its result will not be suitable for the real samples. Therefore, the reaction is completed by Anisidine (500 μM) with optimized temperature at 75 oC within 20 min. (Figure 4.1 and Figure 4.2) 




Fig. 3. Formation of yellow complex at different temperature (30,75, 90 oC)



























Fig.4.1. The relationship between different anisidine concentration and time in complex (MDA-PMA) formation at 30 oC




























Fig. 4.2 The relationship between different anisidine concentration and time in complex (MDA-PMA) formation at 75 0C

On the other hand, TFEH, and PFH as derivative reagents require harsh temperature to produce complex (Giera et al.,2012 ). Temperature effect on derivative procedure was considered as an important part in this research; therefore, the samples placed in a water bath at 30, 75 and 90 oC and room temperature, then, cooled in icy bath. 
To evaluate the optimum condition for formation of the complex [MDA-PMA], different concentrations of Anisidine (30, 50, 100, 150, 250, 500 µM) was added to different concentrations of MDA (3.125, 12.5 and 50 μM) in different times (5, 10, 20, 30 and 40) and in separate runs. 
The results of Fig.4.1 indicate that yellow adduct was not formed at 30 oC and room temperature. Optimal temperature and time as the main part of derivation process were considered in this study. Under low temperature (30 oC), the reaction was slow and proceeded to produce an intermediate compound. Even, by increasing in the molar concentration of anisidine and time, it produces higher concentration of intermediate 


compounds; this indicates that derivative adduct could not be formed in this concentration and temperature. However, while the concentration of Anisidine is 10 times higher than MDA concentration, the yellow color reduces the form of intermediate compounds and enhances the form of complex. 
It seems that the procedure was completed at 90 oC in 10 min which contribute to form the imine reaction or yellow adduct in this temperature while this should be considered that high temperature is not proper for this procedure due to evaporation of malondialdehyde and solvents during derivative process. So this may be difficult to maintain the derivative concentrations. 
On the other hand, at 30oC, there is no yellowish complex; therefore, it is not a proper temperature to assess the complex formation. Nevertheless, at 75oC, the reaction was completed in 40 min and the concentration of anisidine selected at 500 μm while Mao’s method reaction time was 3 hours with FMOC reagent (Mao et al., 2006).
As can be seen in Figure 5, at the wavelength of 300-380 nm, the wide peak is related to intermediate formation whereas in Figure 6, relatively high peak in the range of 400-404 nm indicates reduced concentration of intermediate and formation of adduct (or the same considered complex). 
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Fig.5. Different concentration of anisidine with their absorbance spectra of derivative complex at 30 oC in complete reaction (Complete reaction)
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Fig.6. Different concentration of anisidine with their absorbance spectra of derivative complex at 90 oC in complete reaction (Complete reaction)

The colorant has a strong absorbance peak in the visible range in 400 nm related to electronic transference π→ π* (Figure.6). The absorbance peaks in UV region are related to electron transference of benzene rings (Mendes et al., 2009). The obtained peak in visible range in the range of 300 to 395 is related to the formation of intermediates and the peak value decreases by high temperature. Likewise, by altering anisidine concentration, the adduct peak value increases. 
3.2. Optimal condition for derivative procedure 
The reaction of Anisidine (para - methoxy aniline) with aldehydic groups can be considered as an addition reaction. The yellowish complex emerged from releasing H2O molecules present a stable adduct. Investigating the reaction depended on MDA concentration indicated that the more molar concentration of anisidine, the more increase in the concentration of yellow complex (MDA-PMA). Derivatized adduct was evaluated with the molar ratios of 1/2:1 to 1:10 (MDA: Anisidine). Figure.4.2 depicts when the molar ratio of anisidine concentration is (10[MDA]), the derivative solution attains to a higher level; thus, the derivatization was completed at the molar ratio of 10:1. 
 3.3. Stability 
Current method is significantly different from Mao J, Zhang H, et al. (Mao et al., 2006). Their method was time consuming procedure (4 hour) at 50 oC to reach near completion reaction (Mao et al., 2006). To prevent false results, stability of malondialdehyde and anisidine as a crucial methodological aspect of this study were evaluated by UV-Vis spectrophotometry. 
The absorbance reading of PMA (1000 µM and 500 µM) and MDA (stock solution (5000 µM) and its working standard solution (50 µM)) was done at 273 nm and 267 nm, respectively. It is clearly observed in Figure.7.1 that the solution of PMA was stable if it is protected from light. Nevertheless, it would be better to prepare 500 µM concentration of PMA at the time of the test. Figure.7.2 depicts the satisfactory results of 5000 µM concentration of MDA stock solution in terms of stability. However, working standard solution did not prove to be stable over 30-days period. Thus, it is only possible to use stock solution to prepare working standard solution at the time of test because MDA becomes degradation less than 24 hour.  
 On the other hand, FMOC-hydrazine and DNPH (as derivative reagents) increased the derivative reaction under mild acidic conditions and lower temperatures, because of having identical hydrazine groups, which are strong nucleophiles and can readily react with aldehydes. These conditions prevent undesired artificial aldehyde formation generated during the sample pretreatment. The derivative reagents such as DNPH need several Liquid-Liquid extractions due to the excess of unreached DNPH. Therefore, separation of the MDA-DNPH will be difficult and because of DNPH instability, purification of DNPH should be performed on a daily basis (Mao et al., 2006; Shibamoto et al.,2006).
Consequently, based on above aforementioned results, this method did not require multiple extraction steps for anisidine reagent and thus, no residue or cloudiness was appeared during and after derivative procedure, which made this procedure preferable over the other methods. Furthermore, the yellowish adduct has no hazardous material if keep it for a long time in a laboratory. A feature which is crucial in developing a precise and accurate quantitative method is the stability of PMA. FMOC-Hydrazone (as a reagent) is only stable for 72 h at room temperature whereas PMA is stable for at least 1 month at room temperature if it is protected from light (Mao et al., 2006; Shibamoto et al.,2006).

Fig.7.1. Evaluation of PMA stability

Fig.7.2. Evaluation of MDA stability

 
3.4. The effect of pH  
           The influence of pH in this procedure was examined. As can be seen in Figure 8, derivative complex at different pH (3.0, 7.4, 12.2) was formed after 10 min at 90 oC. The maximum yield was achieved at 400 nm in each pH. The results may contribute to apply this procedure for determination of free and total MDA in biological samples at different pH for further studies. 
 






Fig.8. Evaluation of different pH for complex formation
 
3.5. Mechanism of imine formation 
The formation of the imine is the initial step in this reaction. The imine was formed after reacting an amine (10) with aldehydes to form a dipolar intermediate. The reaction has two steps: 
1-NH2 preferentially approach to carbonyl groups of aldehydes  2- Elimination of water group. 
In the current study, imine formed during the synthesis procedure identified by NMR and FT-IR techniques was confirmed as the adduct. The possible mechanism of MDA derivatization was depicted in Figure.9. 
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Fig.9.The mechanism of MDA-PMA adduct
 




3.6. The results of UV-Vis, FT-IR, and NMR 
3.6.1. Spectrophotometric results 
MDA and other carbonyl compounds naturally exist as byproducts of lipid peroxidation and prostaglandin biosynthesis. With regard to analytical approaches, it is better to derivatize MDA with reagents having high molar absorptivity at longer UV wavelengths (>254 nm). In fact, the high molar absorptivity and the close proximity of the absorbance maximum to ~ 300nm make an MDA derivative almost preferably suited for detection using a diode array system (Czauderna et al., 2011). (Figure.10) 
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Fig.10. Spectrum of yellow adduct at 750C (50 µM MDA- 500 µM PMA) 
 
3.6.2. FT-IR results 
 The FT-IR spectrums of MDA-derivatisation, primary Anisidine and malondialdehyde were confirmed in the reaction. IR spectra were different from spectra of MDA before and after derivative reaction. The important IR bands of the compounds along with their assignments are given in Figures 11.1, 11.2, and 11.3. 
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 Fig.11.1. IR-spectra of Anisidine
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Fig.11.2. IR spectrum of Malondialdehyde tetrabutyl ammonium salt molecule
   
 
N
H
3
CO
H 
H 
H 
N 
OCH
3 
N 
OCH
3 
H 
H
N
H
3
CO
H 
H
H 
 
  


Fig.11.3. IR spectrum of MDA-PMA and the proposed synthetic molecule
  
 
Analytical data  
 
Important infrared spectral (cm-1) bands of Anisidine 
               Figure 11.1: IR-spectra of Anisidine demonstrate the N-H tension bond appears close 3346 and 3232cm-1. Another band at 3103 cm-1 was proved the aromatic CH tension. Furthermore, signals between 2838 cm-1 correspondent to the C-H aliphatic. Moreover, Band at 1510 shows the C=C and signals at 1334 and 1459 cm-1 depict the tension band of the CH3 and N-H, respectively. The stretching vibration of the C-N and C-O band for the methoxy group were appeared at 1235 cm-1 and 1030, respectively.  
 




Important infrared spectral (cm-1) bands of Malondialdhyde 
 
Figure 11.2: IR-spectra of MDA show the C-N stretching band (calculated at 1272 cm-1 ) related to the amine bands. The C-O stretching enol form band is clarified at 1152 cm-1 . The strong peak exhibits the aldehydic form of C=O at 1695 cm-1. The enol form of C=C was verified by the strong band at 1580 cm-1 . Besides, the CH3 and CH2 bending at 1367 and 1492 cm -1 are roughly visible. 
 
IR Spectrum of Adduct 
 
Figure 11.3: IR-spectra of adduct shows Tension signals were eliminated at 2786 and 2735 cm-1 (C-H) due to the reaction between Anisidine and aldehydic group. Further band at 2955 cm-1 appeared as a result of α,β-unsaturated conjugated  imides in <2955 cm -1  .  
The new adduct being formed in acetic acid medium is conjugated imine aromatic. Not only is acetic acid as a catalyst for the reaction of amine and MDA but also make tetra-butyle amine separate from MDA and provide possible reaction for MDA and Anisidine again.  
The important infrared spectral (cm-1) bands of MDA-PMA are considered in table.1 as follows:  
 
Table.1. 

FT-IR results of MDA-PMA Adduct  

 C-H   = 2850 cm-1                         N-H (NH group) = 3220 cm-1

C-N (amine group) = 1241 cm-1CH3 (bending vibration) = 1287cm-1  

C-O (enole form) = 1176 cm-1                          C=C (α, β unsaturated)   = 1587 cm-1  

C=N (imide) = 1605 cm-1                                  N-H = 1409 cm-1 
 
Ammonium ion peak as a byproduct was appeared in a strong state at 3450 cm-1 .This is 
  the byproduct which has not been fully separated completely. (Figure. 12)
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Fig.12. The byproduct of MDA-PMA reaction
 
3.6.3. NMR results  
The structure of adduct (MDA-PMA) is confirmed by the 1H-NMR and 13C-NMR. The protons of NH group in CDCL3 are shown in 9.8 ppm. Figures 13.1, and 13.2.
  
 
Fig. 10-3: Spectrum of adduct 
 
 
 
 
 
 









Fig.13.1.1H NMR spectra of the adduct (MDA-PMA)
 
 
 
 
 
 
 
 
 

Fig.13.2.13C NMR spectra of main production with glacial acid acetic and tetra butyl ammonium salt 
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5min	30	50	100	150	250	500	6.1000000000000004E-3	0.01	0.01	0.01	1.6E-2	2.5999999999999999E-2	10min	30	50	100	150	250	500	6.4000000000000003E-3	1.0999999999999999E-2	1.0999999999999999E-2	1.0999999999999999E-2	1.7000000000000001E-2	0.03	20min	30	50	100	150	250	500	7.0000000000000001E-3	1.2E-2	1.23E-2	1.2999999999999999E-2	1.9E-2	3.1E-2	30min	30	50	100	150	250	500	7.4999999999999997E-3	1.24E-2	1.3100000000000001E-2	1.4E-2	0.02	3.2000000000000001E-2	40min	30	50	100	150	250	500	8.3000000000000001E-3	1.2999999999999999E-2	1.4E-2	1.6E-2	2.1999999999999999E-2	3.7999999999999999E-2	Anisidine Concentration (µM)


Absorbance




Concentration of MDA (12.5 µM)

5min	30	50	100	150	250	500	2.0999999999999999E-3	0.01	0.01	1.0999999999999999E-2	1.9E-2	0.02	10min	30	50	100	150	250	500	3.0000000000000001E-3	1.0999999999999999E-2	1.2E-2	1.29E-2	2.1000000000000001E-2	2.3E-2	20min	30	50	100	150	250	500	3.0999999999999999E-3	1.2999999999999999E-2	1.43E-2	1.5800000000000002E-2	2.3E-2	2.4E-2	30min	30	50	100	150	250	500	3.3E-3	1.4E-2	1.7999999999999999E-2	1.9300000000000001E-2	2.5999999999999999E-2	2.7E-2	40min	30	50	100	150	250	500	3.5000000000000001E-3	1.4999999999999999E-2	0.02	0.02	0.03	0.03	Anisidine concentration (µM)


Absorbance 




Concentration of MDA (50 µM)

5min	30	50	100	150	250	500	2E-3	1.9E-2	0.02	3.5999999999999997E-2	0.05	0.06	10min	30	50	100	150	250	500	3.2000000000000002E-3	0.02	2.1000000000000001E-2	3.6999999999999998E-2	5.5E-2	6.7000000000000004E-2	20min	30	50	100	150	250	500	3.8999999999999998E-3	2.1000000000000001E-2	2.3E-2	3.9E-2	6.0999999999999999E-2	7.0000000000000007E-2	30min	30	50	100	150	250	500	4.0000000000000001E-3	2.1999999999999999E-2	2.4E-2	4.0800000000000003E-2	0.08	0.09	40min	30	50	100	150	250	500	4.7999999999999996E-3	2.3E-2	2.9000000000000001E-2	4.4999999999999998E-2	0.09	9.5000000000000001E-2	Anisidine Concentration (µM)


Absorbance 




 Concentration of MDA (50µM )

5min	30	50	100	150	250	500	6.0000000000000001E-3	5.7999999999999996E-3	0.03	2.9000000000000001E-2	0.13300000000000001	0.32900000000000001	10min	30	50	100	150	250	500	4.0000000000000001E-3	0.01	0.03	7.0000000000000007E-2	0.19	0.432	20min	30	50	100	150	250	500	7.0000000000000001E-3	8.9999999999999993E-3	4.5999999999999999E-2	0.11700000000000001	0.27	0.53	30min	30	50	100	150	250	500	5.0000000000000001E-3	1.4999999999999999E-2	3.3000000000000002E-2	0.13500000000000001	0.34	0.62	40min	30	50	100	150	250	500	6.1000000000000004E-3	0.01	7.0000000000000007E-2	0.17	0.42	0.74	Anisidine Concentration (µM)


Absorbance 




Concentration of MDA (12.5 µM)

5min	30	50	100	150	250	500	2E-3	1.6999999999999999E-3	1.2E-2	1.4999999999999999E-2	0.08	0.11	10min	30	50	100	150	250	500	1.6000000000000001E-3	8.0000000000000002E-3	1.4E-2	0.03	0.09	0.14000000000000001	20min	30	50	100	150	250	500	1E-3	0.01	1.6E-2	0.06	0.111	0.17	30min	30	50	100	150	250	500	3.0000000000000001E-3	0.02	2.8000000000000001E-2	6.7000000000000004E-2	0.14899999999999999	0.19800000000000001	40min	30	50	100	150	250	500	2E-3	3.4000000000000002E-2	0.04	7.0000000000000007E-2	0.17799999999999999	0.23	Anisidine Concentration (µM)


Absorbance 




Concentration of MDA (3.1µM)

5min	30	50	100	150	250	500	2E-3	3.0000000000000001E-3	4.0000000000000001E-3	8.0000000000000002E-3	8.4000000000000005E-2	0.09	10min	30	50	100	150	250	500	2.3E-3	4.0000000000000001E-3	8.0000000000000002E-3	8.9999999999999993E-3	9.0999999999999998E-2	0.1	20min	30	50	100	150	250	500	1E-3	4.4999999999999997E-3	8.2000000000000007E-3	0.01	9.9000000000000005E-2	0.112	30min	30	50	100	150	250	500	1E-3	4.5999999999999999E-3	9.1999999999999998E-3	1.7000000000000001E-2	0.1	0.11799999999999999	40min	30	50	100	150	250	500	1E-3	6.0000000000000001E-3	0.01	1.7999999999999999E-2	0.12	0.123	Anisidine concentration (µM)


Absorbance 




500 µM anisidine	
DAY-0	DAY-1	DAY3	DAY-7	DAY-14	DAY- 30	0.75	0.75	0.64300000000000002	0.54	0.42	0.4	1000 µM anisidine	
DAY-0	DAY-1	DAY3	DAY-7	DAY-14	DAY- 30	1.47	1.47	1.47	1.4630000000000001	1.46	1.45	
Absorbance 



   working standard solutions of  malondiladhyde	
DAY-0	DAY-1	DAY3	DAY-7	DAY-14	DAY-30	1.2	1.1000000000000001	1.0900000000000001	1	0.99	0.98	   5000 μM malondiladhyde 	
DAY-0	DAY-1	DAY3	DAY-7	DAY-14	DAY-30	1.2	0.7	0.2	0.1	0.06	0.04	Days


Absorbance



pH=3
800	799	798	797	796	795	794	793	792	791	790	789	788	787	786	785	784	783	782	781	780	779	778	777	776	775	774	773	772	771	770	769	768	767	766	765	764	763	762	761	760	759	758	757	756	755	754	753	752	751	750	749	748	747	746	745	744	743	742	741	740	739	738	737	736	735	734	733	732	731	730	729	728	727	726	725	724	723	722	721	720	719	718	717	716	715	714	713	712	711	710	709	708	707	706	705	704	703	702	701	700	699	698	697	696	695	694	693	692	691	690	689	688	687	686	685	684	683	682	681	680	679	678	677	676	675	674	673	672	671	670	669	668	667	666	665	664	663	662	661	660	659	658	657	656	655	654	653	652	651	650	649	648	647	646	645	644	643	642	641	640	639	638	637	636	635	634	633	632	631	630	629	628	627	626	625	624	623	622	621	620	619	618	617	616	615	614	613	612	611	610	609	608	607	606	605	604	603	602	601	600	599	598	597	596	595	594	593	592	591	590	589	588	587	586	585	584	583	582	581	580	579	578	577	576	575	574	573	572	571	570	569	568	567	566	565	564	563	562	561	560	559	558	557	556	555	554	553	552	551	550	549	548	547	546	545	544	543	542	541	540	539	538	537	536	535	534	533	532	531	530	529	528	527	526	525	524	523	522	521	520	519	518	517	516	515	514	513	512	511	510	509	508	507	506	505	504	503	502	501	500	499	498	497	496	495	494	493	492	491	490	489	488	487	486	485	484	483	482	481	480	479	478	477	476	475	474	473	472	471	470	469	468	467	466	465	464	463	462	461	460	459	458	457	456	455	454	453	452	451	450	449	448	447	446	445	444	443	442	441	440	439	438	437	436	435	434	433	432	431	430	429	428	427	426	425	424	423	422	421	420	419	418	417	416	415	414	413	412	411	410	409	408	407	406	405	404	403	402	401	400	399	398	397	396	395	394	393	392	391	390	389	388	387	386	385	384	383	382	381	380	379	378	377	376	375	374	373	372	371	370	369	368	367	366	365	364	363	362	361	360	359	358	357	356	355	354	353	352	351	350	349	348	347	346	345	344	343	342	341	340	339	338	337	336	335	334	333	332	331	330	329	328	327	326	325	324	323	322	321	320	319	318	317	316	315	314	313	312	311	310	309	308	307	306	305	304	303	302	301	300	299	298	297	296	295	294	293	292	291	290	289	288	287	286	285	284	283	282	281	280	279	278	277	276	275	274	273	272	271	270	269	268	267	266	265	264	263	262	261	260	259	258	257	256	255	254	253	252	251	250	249	248	247	246	245	244	243	242	241	240	239	238	237	236	235	234	233	232	231	230	229	228	227	226	225	224	223	222	221	220	219	218	217	216	215	214	213	212	211	210	209	208	207	206	205	204	203	202	201	200	0.14912	0.15024000000000001	0.15110999999999999	0.15193000000000001	0.15351000000000001	0.15454000000000001	0.15517	0.15554999999999999	0.15572	0.15595000000000001	0.15622	0.1565	0.15686	0.15706000000000001	0.15726999999999999	0.15726000000000001	0.15737999999999999	0.15736	0.15748999999999999	0.15748999999999999	0.15737000000000001	0.15706999999999999	0.15634000000000001	0.15609000000000001	0.15545	0.15483	0.15397	0.15351000000000001	0.15257999999999999	0.15168000000000001	0.15060999999999999	0.14945	0.14834	0.14746000000000001	0.14666999999999999	0.14580000000000001	0.14485999999999999	0.14384	0.14287	0.14177999999999999	0.14065	0.13952999999999999	0.13869999999999999	0.13775999999999999	0.13704	0.13627	0.13583000000000001	0.13483999999999999	0.13402	0.13322000000000001	0.13267999999999999	0.13195999999999999	0.13113	0.1305	0.12992999999999999	0.12927	0.12845000000000001	0.12790000000000001	0.12719	0.12656999999999999	0.12578	0.12531	0.12483	0.12411	0.12366000000000001	0.12315	0.12275	0.12223000000000001	0.12184	0.12159	0.12116	0.12109	0.12071999999999999	0.12075	0.12059	0.12049	0.12028999999999999	0.12021	0.12002	0.11985	0.11964	0.11917999999999999	0.11883000000000001	0.1188	0.11851	0.11841	0.11803	0.11785	0.11768000000000001	0.11748	0.11745999999999999	0.11741	0.11724999999999999	0.11724999999999999	0.11719	0.1171	0.11701	0.11681999999999999	0.1169	0.11686000000000001	0.11687	0.1168	0.11681999999999999	0.11681999999999999	0.11677	0.11667	0.11658	0.11648	0.11647	0.11627	0.11627999999999999	0.11608	0.11595999999999999	0.11591	0.11594	0.11617	0.11600000000000001	0.1159	0.11565	0.11536	0.11523	0.11518	0.11484999999999999	0.11454	0.11425	0.11416	0.11404	0.11383	0.11372	0.11347	0.11317000000000001	0.1129	0.11269999999999999	0.11244	0.11226999999999999	0.11222	0.11199000000000001	0.11187	0.11172	0.1115	0.11119	0.11086	0.11072	0.11045000000000001	0.11037	0.11007	0.10983	0.10964	0.10947999999999999	0.10928	0.10904	0.10889	0.1089	0.10853	0.10841000000000001	0.10833	0.10814	0.10802	0.10777	0.10763	0.10742	0.10722	0.10707999999999999	0.10666	0.10654	0.10627	0.10593	0.10564	0.1052	0.10489	0.10445	0.10399	0.10342999999999999	0.10273	0.10208	0.10162	0.10088	0.10023	9.9629999999999996E-2	9.8960000000000006E-2	9.8330000000000001E-2	9.7500000000000003E-2	9.6790000000000001E-2	9.597E-2	9.5070000000000002E-2	9.4450000000000006E-2	9.3640000000000001E-2	9.2920000000000003E-2	9.1950000000000004E-2	9.1039999999999996E-2	9.0149000000000007E-2	8.9209999999999998E-2	8.8529999999999998E-2	8.7739999999999999E-2	8.695E-2	8.6190000000000003E-2	8.5339999999999999E-2	8.4220000000000003E-2	8.3110000000000003E-2	8.1820000000000004E-2	8.0479999999999996E-2	7.9299999999999995E-2	7.8259999999999996E-2	7.7509999999999996E-2	7.6130000000000003E-2	7.4810000000000001E-2	7.3179999999999995E-2	7.1679000000000007E-2	7.0129999999999998E-2	6.88E-2	6.8010000000000001E-2	6.7339999999999997E-2	6.6640000000000005E-2	6.6009999999999999E-2	6.5430000000000002E-2	6.4879000000000006E-2	6.4409999999999995E-2	6.3589000000000007E-2	6.3130000000000006E-2	6.2489999999999997E-2	6.2120000000000002E-2	6.1589999999999999E-2	6.123E-2	6.0760000000000002E-2	6.0319999999999999E-2	5.9990000000000002E-2	5.9650000000000002E-2	5.9060000000000001E-2	5.8790000000000002E-2	5.8520000000000003E-2	5.8409999999999997E-2	5.7820000000000003E-2	5.765E-2	5.7500000000000002E-2	5.7000000000000002E-2	5.6989999999999999E-2	5.6739999999999999E-2	5.6570000000000002E-2	5.6399999999999999E-2	5.6169999999999998E-2	5.611E-2	5.5710000000000003E-2	5.4829999999999997E-2	5.475E-2	5.4620000000000002E-2	5.4449999999999998E-2	5.45E-2	5.4260000000000003E-2	5.3929999999999999E-2	5.3600000000000002E-2	5.3499999999999999E-2	5.3339999999999999E-2	5.3159999999999999E-2	5.3179999999999998E-2	5.2920000000000002E-2	5.289E-2	5.2749999999999998E-2	5.2440000000000001E-2	5.2400000000000002E-2	5.2319999999999998E-2	5.2080000000000001E-2	5.1929999999999997E-2	5.1790000000000003E-2	5.1490000000000001E-2	5.144E-2	5.1360000000000003E-2	5.1180000000000003E-2	5.11E-2	5.0959999999999998E-2	5.0849999999999999E-2	5.0930000000000003E-2	5.0779999999999999E-2	5.0650000000000001E-2	5.0639999999999998E-2	5.0430000000000003E-2	5.0430000000000003E-2	5.0340000000000003E-2	5.0220000000000001E-2	5.024E-2	5.0189999999999999E-2	4.999E-2	5.0049999999999997E-2	5.008E-2	5.0029999999999998E-2	5.0020000000000002E-2	4.9910000000000003E-2	4.9840000000000002E-2	4.9820000000000003E-2	4.9889999999999997E-2	4.9770000000000002E-2	4.981E-2	4.9849999999999998E-2	4.9639999999999997E-2	4.99E-2	4.9790000000000001E-2	4.9660000000000003E-2	4.9820000000000003E-2	4.9790000000000001E-2	4.9779999999999998E-2	4.9829999999999999E-2	4.981E-2	4.9840000000000002E-2	5.0049999999999997E-2	4.9860000000000002E-2	4.9959999999999997E-2	0.05	5.024E-2	5.0500000000000003E-2	5.0610000000000002E-2	5.0790000000000002E-2	5.0970000000000001E-2	5.1310000000000001E-2	5.1729999999999998E-2	5.2019999999999997E-2	5.2290000000000003E-2	5.2780000000000001E-2	5.3530000000000001E-2	5.4190000000000002E-2	5.5E-2	5.5669999999999997E-2	5.679E-2	5.7979999999999997E-2	5.9139999999999998E-2	6.0630000000000003E-2	6.2399999999999997E-2	6.4409999999999995E-2	6.6400000000000001E-2	6.8729999999999999E-2	7.1379999999999999E-2	7.4230000000000004E-2	7.7450000000000005E-2	8.097E-2	8.4659999999999999E-2	8.8980000000000004E-2	9.3460000000000001E-2	9.8650000000000002E-2	0.10390000000000001	0.10945000000000001	0.11572	0.12223000000000001	0.12928000000000001	0.13661000000000001	0.14441000000000001	0.15261	0.161	0.16958999999999999	0.17891000000000001	0.18795999999999999	0.19741	0.20721999999999999	0.21720999999999999	0.22756999999999999	0.23780999999999999	0.24839	0.25908999999999999	0.26994000000000001	0.28036	0.29115000000000002	0.30185000000000001	0.31276999999999999	0.32369999999999999	0.33463999999999999	0.34566000000000002	0.35681000000000002	0.36818000000000001	0.37911	0.39061000000000001	0.40172999999999998	0.41321999999999998	0.42416999999999999	0.43558000000000002	0.44675999999999999	0.45761000000000002	0.46881	0.47936000000000001	0.48997000000000002	0.50022999999999995	0.51088999999999996	0.51993999999999996	0.52968000000000004	0.53878000000000004	0.54766999999999999	0.55652999999999997	0.56447999999999998	0.57218999999999998	0.57911999999999997	0.58591000000000004	0.59218999999999999	0.59809999999999997	0.60348000000000002	0.60862000000000005	0.61309999999999998	0.61714999999999998	0.62095	0.62387000000000004	0.62682000000000004	0.62946000000000002	0.63129999999999997	0.63273000000000001	0.63405999999999996	0.63422999999999996	0.63468000000000002	0.63439000000000001	0.63387000000000004	0.63253000000000004	0.63080999999999998	0.62873000000000001	0.62672000000000005	0.62380000000000002	0.62051999999999996	0.61707999999999996	0.61292999999999997	0.60860000000000003	0.60419999999999996	0.59948999999999997	0.59484000000000004	0.59033999999999998	0.58609	0.58077000000000001	0.57391000000000003	0.56952000000000003	0.56330000000000002	0.55739000000000005	0.55137999999999998	0.54525000000000001	0.53888000000000003	0.53236000000000006	0.52668999999999999	0.52090000000000003	0.51483999999999996	0.50822999999999996	0.50221000000000005	0.49641000000000002	0.49082999999999999	0.48566999999999999	0.48044999999999999	0.47500999999999999	0.47006999999999999	0.46505000000000002	0.46062999999999998	0.45628000000000002	0.45207999999999998	0.44806000000000001	0.44395000000000001	0.44039	0.43706	0.43352000000000002	0.43049999999999999	0.42729	0.42437999999999998	0.42135	0.41848999999999997	0.41607	0.41338999999999998	0.41082000000000002	0.40803	0.40562999999999999	0.40239999999999998	0.39987	0.39723000000000003	0.39423000000000002	0.39151000000000002	0.38829999999999998	0.38518000000000002	0.38189000000000001	0.37792999999999999	0.37491999999999998	0.37119999999999997	0.36753000000000002	0.36345	0.35899999999999999	0.35499999999999998	0.35043999999999997	0.35145999999999999	0.34733999999999998	0.34260000000000002	0.33789999999999998	0.33299000000000001	0.32884000000000002	0.32403999999999999	0.31945000000000001	0.31557000000000002	0.31222	0.30915999999999999	0.30702000000000002	0.30591000000000002	0.30478	0.30573	0.30718000000000001	0.30975999999999998	0.31324000000000002	0.31668000000000002	0.32046000000000002	0.32427	0.32762999999999998	0.33173999999999998	0.33631	0.34122999999999998	0.34617999999999999	0.35233999999999999	0.35815999999999998	0.36375000000000002	0.36756	0.36984	0.37095	0.371	0.37092000000000003	0.37095	0.37130999999999997	0.37192999999999998	0.37298999999999999	0.37484000000000001	0.37846000000000002	0.38567000000000001	0.39896999999999999	0.42220000000000002	0.45831	0.50426000000000004	0.54820999999999998	0.57548900000000003	0.57892900000000003	0.56945000000000001	0.5645	0.57652000000000003	0.60187999999999997	0.62807999999999997	0.64458000000000004	0.65107999999999999	0.65585000000000004	0.66283999999999998	0.67344000000000004	0.68679999999999997	0.70511000000000001	0.72740000000000005	0.75409999999999999	0.7833	0.81276000000000004	0.84374000000000005	0.87649900000000003	0.91249999999999998	0.94784999999999997	0.98451999999999995	1.01935	1.05301	1.0875999999999999	1.12215	1.15686	1.18699	1.21533	1.23803	1.2700899999999999	1.2741899999999999	1.2171000000000001	1.2242500000000001	0.99728000000000006	0.70443	0.64287000000000005	0.73199999999999998	0.84970999999999997	0.75856000000000001	1.04471	0.96065	1.0343899999999999	1.33996	0.72826000000000002	0.54015999999999997	0.60811000000000004	0.71782000000000001	0.41839999999999999	0.57625999999999999	1.19441	0.40362999999999999	1.3123400000000001	0.43490000000000001	0.38207999999999998	0.63153999999999999	1.5408900000000001	0.19572999999999999	1.4345000000000001	6	1.3186500000000001	0.53391	1.1067	0.12695000000000001	0.40734999999999999	0.66883999999999999	0.60170000000000001	0.67359000000000002	0.62485999999999997	0.82313000000000003	0.69906000000000001	0.63895999999999997	0.31562000000000001	0.87102999999999997	0.46564	1.6549999999999999E-2	0.34725	-8.276E-2	0.29609999999999997	1.52335	0.34305999999999998	Wavelenght
Absorbance
pH=7

600	599	598	597	596	595	594	593	592	591	590	589	588	587	586	585	584	583	582	581	580	579	578	577	576	575	574	573	572	571	570	569	568	567	566	565	564	563	562	561	560	559	558	557	556	555	554	553	552	551	550	549	548	547	546	545	544	543	542	541	540	539	538	537	536	535	534	533	532	531	530	529	528	527	526	525	524	523	522	521	520	519	518	517	516	515	514	513	512	511	510	509	508	507	506	505	504	503	502	501	500	499	498	497	496	495	494	493	492	491	490	489	488	487	486	485	484	483	482	481	480	479	478	477	476	475	474	473	472	471	470	469	468	467	466	465	464	463	462	461	460	459	458	457	456	455	454	453	452	451	450	449	448	447	446	445	444	443	442	441	440	439	438	437	436	435	434	433	432	431	430	429	428	427	426	425	424	423	422	421	420	419	418	417	416	415	414	413	412	411	410	409	408	407	406	405	404	403	402	401	400	399	398	397	396	395	394	393	392	391	390	389	388	387	386	385	384	383	382	381	380	379	378	377	376	375	374	373	372	371	370	369	368	367	366	365	364	363	362	361	360	359	358	357	356	355	354	353	352	351	350	349	348	347	346	345	344	343	342	341	340	339	338	337	336	335	334	333	332	331	330	329	328	327	326	325	324	323	322	321	320	319	318	317	316	315	314	313	312	311	310	309	308	307	306	305	304	303	302	301	300	299	298	297	296	295	294	293	292	291	290	289	288	287	286	285	284	283	282	281	280	279	278	277	276	275	274	273	272	271	270	269	268	267	266	265	264	263	262	261	260	259	258	257	256	255	254	253	252	251	250	249	248	247	246	245	244	243	242	241	240	239	238	237	236	235	234	233	232	231	230	229	228	227	226	225	224	223	222	221	220	219	218	217	216	215	214	213	212	211	210	209	208	207	206	205	204	203	202	201	200	1.4080000000000001E-2	1.404E-2	1.391E-2	1.406E-2	1.4160000000000001E-2	1.417E-2	1.4080000000000001E-2	1.4069999999999999E-2	1.404E-2	1.3990000000000001E-2	1.406E-2	1.409E-2	1.417E-2	1.41E-2	1.426E-2	1.4030000000000001E-2	1.417E-2	1.404E-2	1.4160000000000001E-2	1.41E-2	1.4069999999999999E-2	1.4250000000000001E-2	1.4160000000000001E-2	1.413E-2	1.43E-2	1.435E-2	1.43E-2	1.4239999999999999E-2	1.4460000000000001E-2	1.444E-2	1.447E-2	1.4489999999999999E-2	1.456E-2	1.4330000000000001E-2	1.421E-2	1.447E-2	1.4460000000000001E-2	1.444E-2	1.456E-2	1.444E-2	1.4619999999999999E-2	1.4670000000000001E-2	1.4590000000000001E-2	1.46E-2	1.4579999999999999E-2	1.4619999999999999E-2	1.468E-2	1.472E-2	1.4749999999999999E-2	1.456E-2	1.451E-2	1.4659999999999999E-2	1.4500000000000001E-2	1.4489999999999999E-2	1.4540000000000001E-2	1.477E-2	1.468E-2	1.455E-2	1.474E-2	1.481E-2	1.461E-2	1.464E-2	1.456E-2	1.452E-2	1.461E-2	1.461E-2	1.4449999999999999E-2	1.4540000000000001E-2	1.4420000000000001E-2	1.447E-2	1.427E-2	1.44E-2	1.436E-2	1.44E-2	1.406E-2	1.413E-2	1.4189999999999999E-2	1.4160000000000001E-2	1.406E-2	1.4120000000000001E-2	1.414E-2	1.3950000000000001E-2	1.41E-2	1.421E-2	1.418E-2	1.4189999999999999E-2	1.4149999999999999E-2	1.427E-2	1.4279999999999999E-2	1.4290000000000001E-2	1.431E-2	1.444E-2	1.4319999999999999E-2	1.46E-2	1.461E-2	1.4670000000000001E-2	1.451E-2	1.47E-2	1.485E-2	1.4880000000000001E-2	1.4800000000000001E-2	1.499E-2	1.5180000000000001E-2	1.528E-2	1.5389999999999999E-2	1.555E-2	1.5769999999999999E-2	1.6060000000000001E-2	1.644E-2	1.6719999999999999E-2	1.6969999999999999E-2	1.7309999999999999E-2	1.7690000000000001E-2	1.8429999999999998E-2	1.89E-2	1.9599999999999999E-2	2.036E-2	2.1399999999999999E-2	2.2419999999999999E-2	2.3640000000000001E-2	2.4969999999999999E-2	2.6800000000000001E-2	2.852E-2	3.0779999999999998E-2	3.3119999999999997E-2	3.5729999999999998E-2	3.8890000000000001E-2	4.2250000000000003E-2	4.5949999999999998E-2	5.015E-2	5.4760000000000003E-2	5.9769999999999997E-2	6.5229999999999996E-2	7.1629999999999999E-2	7.825E-2	8.5470000000000004E-2	9.3548999999999993E-2	0.10197000000000001	0.11098	0.12064999999999999	0.13114999999999999	0.14172999999999999	0.15334	0.16505	0.17787	0.19059000000000001	0.20413999999999999	0.21779999999999999	0.23208000000000001	0.24667	0.26135000000000003	0.2767	0.29226999999999997	0.30803999999999998	0.32356000000000001	0.33978000000000003	0.35550999999999999	0.37170999999999998	0.38738	0.40344999999999998	0.41987999999999998	0.43575999999999998	0.45247999999999999	0.46870000000000001	0.48571999999999999	0.50190000000000001	0.51871	0.53537999999999997	0.55201	0.56899	0.58484999999999998	0.60165000000000002	0.61807000000000001	0.63449	0.65024999999999999	0.66576000000000002	0.68056000000000005	0.69635000000000002	0.71050000000000002	0.72397999999999996	0.73719999999999997	0.75031000000000003	0.76271999999999995	0.77432999999999996	0.78537000000000001	0.79525999999999997	0.80484	0.81367	0.82176000000000005	0.82931900000000003	0.83594000000000002	0.84223000000000003	0.84792999999999996	0.85275000000000001	0.85672999999999999	0.86045000000000005	0.86287999999999998	0.86512	0.86626999999999998	0.86738000000000004	0.86707000000000001	0.86668999999999996	0.86507999999999996	0.86307999999999996	0.86036000000000001	0.85709000000000002	0.85299999999999998	0.84845000000000004	0.84294999999999998	0.83704000000000001	0.83033000000000001	0.82326900000000003	0.81547000000000003	0.80764000000000002	0.79940999999999995	0.79035	0.78229000000000004	0.77480000000000004	0.76487000000000005	0.75529000000000002	0.74433000000000005	0.73357000000000006	0.72365999999999997	0.71292999999999995	0.70160999999999996	0.69142000000000003	0.68013999999999997	0.66908999999999996	0.65756999999999999	0.64648000000000005	0.63524000000000003	0.62417999999999996	0.61336999999999997	0.60260999999999998	0.59209999999999996	0.58243	0.57213999999999998	0.56252999999999997	0.55247999999999997	0.54291	0.53408999999999995	0.52537	0.51675000000000004	0.50853999999999999	0.50046000000000002	0.49298999999999998	0.48585	0.47825000000000001	0.47126000000000001	0.46493000000000001	0.45850999999999997	0.45226	0.44600000000000001	0.44013000000000002	0.43430999999999997	0.42887999999999998	0.42354999999999998	0.41804999999999998	0.41248000000000001	0.40736	0.40250000000000002	0.39652999999999999	0.39190999999999998	0.38716	0.38155	0.37680999999999998	0.37169999999999997	0.36656	0.36098000000000002	0.35587000000000002	0.35037000000000001	0.34543000000000001	0.33951999999999999	0.33304	0.32833000000000001	0.32296999999999998	0.31802000000000002	0.31259999999999999	0.30858999999999998	0.30326999999999998	0.29903000000000002	0.29576000000000002	0.29249999999999998	0.29082999999999998	0.28981000000000001	0.29049000000000003	0.29197000000000001	0.29531000000000002	0.29923	0.30520999999999998	0.31130999999999998	0.31707000000000002	0.32277	0.32826	0.33276	0.33751999999999999	0.34217999999999998	0.34716999999999998	0.35210999999999998	0.35802	0.36326999999999998	0.36746000000000001	0.37056	0.37186000000000002	0.37158999999999998	0.36992000000000003	0.36775000000000002	0.36564999999999998	0.36349999999999999	0.36123	0.35915999999999998	0.35811999999999999	0.35793000000000003	0.36074000000000001	0.36708000000000002	0.38063999999999998	0.40227000000000002	0.43048999999999998	0.45621	0.46927000000000002	0.46648000000000001	0.45678000000000002	0.45234999999999997	0.45942	0.47511999999999999	0.49013000000000001	0.49913999999999997	0.50219000000000003	0.50485000000000002	0.51076900000000003	0.51956999999999998	0.53174900000000003	0.54764999999999997	0.56813999999999998	0.59370000000000001	0.62158000000000002	0.65117999999999998	0.68174999999999997	0.71543000000000001	0.75027900000000003	0.78498999999999997	0.81974000000000002	0.85121999999999998	0.88187000000000004	0.90732999999999997	0.93017000000000005	0.94982	0.96226999999999996	0.96882999999999997	0.96397900000000003	0.95033999999999996	0.91449999999999998	0.83667000000000002	0.74056999999999995	0.56333	0.58543999999999996	0.64066000000000001	0.47954999999999998	0.55174000000000001	0.50985000000000003	0.57699	0.51263999999999998	0.47841	0.53373999999999999	0.47455000000000003	0.56025000000000003	0.49057000000000001	0.49160999999999999	0.71174999999999999	0.42501	0.45241999999999999	0.54767900000000003	0.43641999999999997	0.53305999999999998	0.22189	0.49081000000000002	0.34733000000000003	0.43160999999999999	0.89778999999999998	0.49885000000000002	0.56415999999999999	0.64305999999999996	0.64788000000000001	7.7460000000000001E-2	0.68262	0.52022999999999997	0.32494000000000001	6	6	0.52224999999999999	0.29687999999999998	6	0.10536	0.89814000000000005	0.17749000000000001	0.27842	0.70394999999999996	0.40811999999999998	0.46253	0.51149999999999995	0.43572	Wavelenght
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pH=12

600	599	598	597	596	595	594	593	592	591	590	589	588	587	586	585	584	583	582	581	580	579	578	577	576	575	574	573	572	571	570	569	568	567	566	565	564	563	562	561	560	559	558	557	556	555	554	553	552	551	550	549	548	547	546	545	544	543	542	541	540	539	538	537	536	535	534	533	532	531	530	529	528	527	526	525	524	523	522	521	520	519	518	517	516	515	514	513	512	511	510	509	508	507	506	505	504	503	502	501	500	499	498	497	496	495	494	493	492	491	490	489	488	487	486	485	484	483	482	481	480	479	478	477	476	475	474	473	472	471	470	469	468	467	466	465	464	463	462	461	460	459	458	457	456	455	454	453	452	451	450	449	448	447	446	445	444	443	442	441	440	439	438	437	436	435	434	433	432	431	430	429	428	427	426	425	424	423	422	421	420	419	418	417	416	415	414	413	412	411	410	409	408	407	406	405	404	403	402	401	400	399	398	397	396	395	394	393	392	391	390	389	388	387	386	385	384	383	382	381	380	379	378	377	376	375	374	373	372	371	370	369	368	367	366	365	364	363	362	361	360	359	358	357	356	355	354	353	352	351	350	349	348	347	346	345	344	343	342	341	340	339	338	337	336	335	334	333	332	331	330	329	328	327	326	325	324	323	322	321	320	319	318	317	316	315	314	313	312	311	310	309	308	307	306	305	304	303	302	301	300	299	298	297	296	295	294	293	292	291	290	289	288	287	286	285	284	283	282	281	280	279	278	277	276	275	274	273	272	271	270	269	268	267	266	265	264	263	262	261	260	259	258	257	256	255	254	253	252	251	250	249	248	247	246	245	244	243	242	241	240	239	238	237	236	235	234	233	232	231	230	229	228	227	226	225	224	223	222	221	220	219	218	217	216	215	214	213	212	211	210	209	208	207	206	205	204	203	202	201	200	2.6970000000000001E-2	2.7130000000000001E-2	2.733E-2	2.76E-2	2.7730000000000001E-2	2.7990000000000001E-2	2.819E-2	2.844E-2	2.8500000000000001E-2	2.87E-2	2.8910000000000002E-2	2.895E-2	2.9309999999999999E-2	2.9360000000000001E-2	2.9649999999999999E-2	2.9839999999999998E-2	2.9909999999999999E-2	3.0099999999999998E-2	3.0110000000000001E-2	3.039E-2	3.0470000000000001E-2	3.0609999999999998E-2	3.0589999999999999E-2	3.0759999999999999E-2	3.083E-2	3.092E-2	3.1109999999999999E-2	3.1109999999999999E-2	3.1220000000000001E-2	3.1029999999999999E-2	3.117E-2	3.1210000000000002E-2	3.1220000000000001E-2	3.1289999999999998E-2	3.1130000000000001E-2	3.1199999999999999E-2	3.1359999999999999E-2	3.1309999999999998E-2	3.1379999999999998E-2	3.1390000000000001E-2	3.1419999999999997E-2	3.1379999999999998E-2	3.1350000000000003E-2	3.143E-2	3.1419999999999997E-2	3.1379999999999998E-2	3.1489999999999997E-2	3.1419999999999997E-2	3.134E-2	3.1399999999999997E-2	3.1390000000000001E-2	3.1419999999999997E-2	3.1489999999999997E-2	3.1390000000000001E-2	3.1449999999999999E-2	3.1559999999999998E-2	3.1629999999999998E-2	3.168E-2	3.1759999999999997E-2	3.175E-2	3.1759999999999997E-2	3.1940000000000003E-2	3.1989999999999998E-2	3.1710000000000002E-2	3.193E-2	3.1940000000000003E-2	3.1960000000000002E-2	3.1989999999999998E-2	3.211E-2	3.2129999999999999E-2	3.2120000000000003E-2	3.227E-2	3.2230000000000002E-2	3.2419999999999997E-2	3.2280000000000003E-2	3.2349999999999997E-2	3.2439999999999997E-2	3.2469999999999999E-2	3.2570000000000002E-2	3.2550000000000003E-2	3.2629999999999999E-2	3.2489999999999998E-2	3.2750000000000001E-2	3.2829999999999998E-2	3.2890000000000003E-2	3.2969999999999999E-2	3.3029999999999997E-2	3.313E-2	3.3099999999999997E-2	3.32E-2	3.3169999999999998E-2	3.322E-2	3.3259999999999998E-2	3.3430000000000001E-2	3.338E-2	3.3599999999999998E-2	3.3700000000000001E-2	3.3669999999999999E-2	3.3730000000000003E-2	3.397E-2	3.4020000000000002E-2	3.4000000000000002E-2	3.4270000000000002E-2	3.4340000000000002E-2	3.4410000000000003E-2	3.4610000000000002E-2	3.465E-2	3.4880000000000001E-2	3.517E-2	3.5189999999999999E-2	3.5520000000000003E-2	3.5580000000000001E-2	3.5909999999999997E-2	3.6400000000000002E-2	3.6609999999999997E-2	3.7069999999999999E-2	3.7659999999999999E-2	3.814E-2	3.8850000000000003E-2	3.9260000000000003E-2	4.0219999999999999E-2	4.1160000000000002E-2	4.224E-2	4.3389999999999998E-2	4.4729999999999999E-2	4.6240000000000003E-2	4.7849999999999997E-2	4.9739999999999999E-2	5.1650000000000001E-2	5.4030000000000002E-2	5.6599999999999998E-2	5.9220000000000002E-2	6.2429999999999999E-2	6.5729999999999997E-2	6.9339999999999999E-2	7.3429999999999995E-2	7.7660000000000007E-2	8.2369999999999999E-2	8.7359000000000006E-2	9.2630000000000004E-2	9.8350000000000007E-2	0.10425	0.11055	0.11713	0.12401	0.13125000000000001	0.13882	0.14632999999999999	0.15407000000000001	0.16231999999999999	0.17039000000000001	0.17909	0.18770999999999999	0.19635	0.20524000000000001	0.21423	0.22323000000000001	0.23186000000000001	0.24093999999999999	0.24969	0.25901000000000002	0.26784999999999998	0.27705000000000002	0.28621000000000002	0.29554999999999998	0.30470999999999998	0.31397000000000003	0.32300000000000001	0.33238000000000001	0.3417	0.35115000000000002	0.36004000000000003	0.36923	0.37846000000000002	0.38745000000000002	0.39638000000000001	0.40453	0.41295999999999999	0.42120000000000002	0.42892000000000002	0.43661	0.44402999999999998	0.45104	0.45785999999999999	0.46406999999999998	0.46978999999999999	0.47537000000000001	0.48054000000000002	0.48542000000000002	0.48976999999999998	0.49373	0.4975	0.50087000000000004	0.50373000000000001	0.50649	0.50853999999999999	0.51046999999999998	0.51195000000000002	0.51302999999999999	0.51405999999999996	0.51436000000000004	0.51453000000000004	0.51436999999999999	0.51375000000000004	0.51276900000000003	0.51136999999999999	0.50987000000000005	0.50805999999999996	0.50624999999999998	0.50366999999999995	0.50100999999999996	0.49802999999999997	0.49495	0.49203000000000002	0.48843999999999999	0.48504999999999998	0.48250999999999999	0.47948000000000002	0.47582999999999998	0.47245999999999999	0.46922999999999998	0.46489999999999998	0.46206999999999998	0.45850999999999997	0.45512000000000002	0.45273000000000002	0.44941999999999999	0.44636999999999999	0.44363000000000002	0.44120999999999999	0.43905	0.43718000000000001	0.43557000000000001	0.43430000000000002	0.43298999999999999	0.43231999999999998	0.43204999999999999	0.43214000000000002	0.43214000000000002	0.43247999999999998	0.43336999999999998	0.43456	0.43593999999999999	0.43736999999999998	0.43907000000000002	0.44084000000000001	0.44330999999999998	0.44563000000000003	0.44761000000000001	0.45039000000000001	0.45323000000000002	0.45550000000000002	0.45829999999999999	0.46052999999999999	0.46311000000000002	0.46512999999999999	0.46732000000000001	0.46944999999999998	0.47088999999999998	0.47288000000000002	0.47332000000000002	0.47415000000000002	0.47499999999999998	0.47543999999999997	0.47475000000000001	0.47447	0.47326000000000001	0.47166000000000002	0.46994999999999998	0.46715000000000001	0.46505999999999997	0.46211000000000002	0.45837	0.45352999999999999	0.44999	0.44514999999999999	0.44069999999999998	0.43591000000000002	0.43123	0.42598000000000003	0.4209	0.41582999999999998	0.41210999999999998	0.40828999999999999	0.40459000000000001	0.40233000000000002	0.40072000000000002	0.40065000000000001	0.40100999999999998	0.40329999999999999	0.40615000000000001	0.41017999999999999	0.41503000000000001	0.41998000000000002	0.42552000000000001	0.43139	0.43747000000000003	0.44328000000000001	0.44877	0.45469999999999999	0.45984999999999998	0.46376000000000001	0.46584999999999999	0.46675	0.46612999999999999	0.46457999999999999	0.46250000000000002	0.46061000000000002	0.45893	0.45733000000000001	0.45524999999999999	0.45374999999999999	0.45339000000000002	0.45550000000000002	0.46268999999999999	0.47696	0.50053999999999998	0.53256000000000003	0.56244000000000005	0.58174999999999999	0.58294000000000001	0.57362999999999997	0.56720000000000004	0.57340999999999998	0.59055999999999997	0.60926000000000002	0.62143000000000004	0.62672000000000005	0.63138000000000005	0.63763999999999998	0.64781	0.66130999999999995	0.67903999999999998	0.70091999999999999	0.72774000000000005	0.75578999999999996	0.78593999999999997	0.81764000000000003	0.8508	0.88668999999999998	0.92320999999999998	0.95901999999999998	0.99383900000000003	1.0277400000000001	1.05965	1.0907500000000001	1.11693	1.13988	1.1559699999999999	1.16665	1.16994	1.1460999999999999	1.0316099999999999	0.89795999999999998	0.77746999999999999	0.70286000000000004	0.71318999999999999	0.76515	0.63546000000000002	0.49575000000000002	0.57384999999999997	0.41426000000000002	0.68149999999999999	0.77637999999999996	0.75766	0.41397	0.40273999999999999	0.55766000000000004	0.62634000000000001	0.40510000000000002	0.37472	0.52807999999999999	0.84589999999999999	0.71128000000000002	0.37140000000000001	1.0550299999999999	0.67712000000000006	0.37946000000000002	0.34720000000000001	0.27912999999999999	0.41876000000000002	0.37076999999999999	0.31901000000000002	0.27717999999999998	0.28312999999999999	0.44795000000000001	0.51739999999999997	1.303E-2	0.46111999999999997	0.29659999999999997	0.29214000000000001	6.1960000000000001E-2	0.32690000000000002	0.35658000000000001	1.52328	0.49175999999999997	1E-4	0.30820999999999998	6	0.16320000000000001	0.31176999999999999	Wavelenght
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[3]. Although this new procedure was confirmed at pH= 7.4, the validity of the derivative method has been
questioned in various pH (acidic or basic medium). In other words, the complete reaction should be
evaluated in different pH for the future biological studies. For this reason, the pH ranges (3, 7, and 12.0)
have been selected.

In normal pH (p H= 7.4), two ml of MDA (50 uM) was added to two ml of Anisidine (500uM) in a 10 ml
1ab tube. Then, this reaction mixture was placed in the water bath for 10 min at 90 %€, The solution was
cooled and ready for the analysis by UV-Vis spectrophotometer at 400-404nm.

In the basic medium, 200 ul of 6 M NaOH was added to 1000 ul of MDA in a 10m! lab tube. By placing
this mixture at 60 € in the water bath for 30 min, allow medium to be basic. After cooling, 200 ul of
Anisidine reagent (500uM) was added to this basic solution. The same as above, the reaction mixture was
placed in water bath for 10 min at 90 °€, The solution was cooled and ready for the analysis by UV-Vis
spectrophotometer at 400-404nm.

In the acidic medium, 250 pl of HC10s (0.1 M) diluted in glacial acetic acid was added to 1000 pl of
MDA (50 M) in a 10ml lab tube and vortex. Then, 200 ul of Anisidine reagent (S00uM) was added to the
tube and finally, this mixture was placed in water bath forl0 min at 90 °€, The solution was cooled and ready

for the analysis by spectrophotometer at 400 am
2.10. Technigues

Possible structure of the formed adduct (complex MDA-PMA) under above condition was confirmed by
UV-Vis spectrophotometry, FT-IR, and NMR techniques.

2.10.1. Spectrophotometric analysis

After cooling in icy bath to stop the reaction, without any exraction steps, the solution was analyzed by
spectrophotometer using a Lambda Bio 20 spectrometer (Perkin-Elmer, Rotkssuz, Switzerland) using 1-cm
absorption cell. Spectrum of MDA-PMA solutions was recorded from 200 to 600 am at a scanning speed of
one nm/min against of the glacial acetic acid as a blank reaction mixture. Absorbance reading was done at

404nm. Data acquisition and processing were carsied out with the Perkin-Elmer UV Wigla software.
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The yellow complex under 30 °C. cannot be produced, although time and concentration of Anisidine equal
to 500 yM have been raised. However, at 90 and 75, reaction accelerates in short time (10min); this vital
point can help us to consider the reaction of Imine formation or the same yellow complex in the real
biological samples to determine MDA,
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Fig. 3. Formation of yellow complex at different temperature (30,75, 90 %)
According to Figure.3, the temperature of 75 5€ indicates the complete derivatization and the formation
of the colorimetric reaction. Moreover, at 90 %, the reaction was carried out in a short time. However, at
high level of temperature, the aldehyde levels may be raised in the real samples from the actual results which
make it difficult to evaluate the data (Selisskog, et al.2006). Therefore, to implement this method in
biological samples, using 75 € as an optimal temperature can be suited for the analysis. Furthermore, to
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