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Levels of the oxidative-stress biomarker malondialdehyde in tears relate to central serous chorioretinopathy activity

Alejandra Daruich1,2,3 , Jean-Jacques Sauvain4*,  Alexandre Matet 1,3,5, Simone Eperon3, Claude Schweizer3, Aurélie Berthet4, Brigitta Danuser4, Francine Behar-Cohen1,6
1 Centre de Recherche des Cordeliers,  INSERM,  Université Paris Descartes Sorbonne Paris Cité,  From physiopathology of ocular diseases to clinical development,   15 rue de l’Ecole de Médecine, 75006 Paris, France
2 Ophthalmology Department, Necker-Enfants Malades University Hospital, APHP, Paris, France.
3 Department of ophthalmology, University of Lausanne, Jules-Gonin Eye Hospital, Fondation Asile des Aveugles, Lausanne, Switzerland
4 Unisanté, Lausanne, Département Santé au Travail et Environnement, 1066 Epalinges-Lausanne, Switzerland
5 Institut Curie, PSL Research University, Department of Ophthalmology, F-75005, Paris, France.

6 AP-HP, Assistance Publique Hôpitaux de Paris, Cochin Hospital, 24 rue du Faubourg Saint-Jacques, 75014 Paris, France
* Both authors contributed equally to this work and should therefore be regarded as equivalent first authors.
Supplementary methods

1. Analytical method for MDA in tears using thiobarbituric acid as derivative agent 

After thawing to ambient temperature, the tear samples were diluted to 1:10 with ultrapure water.   An aliquot of 100 µl diluted tears was further diluted with 125 µl of 0.3 M phosphate buffer pH 3.2 and 625 µl of the derivative mixture (18 mM thiobarbituric acid in 2.1% perchloric acid) was added. The mixture was heated at 90°C during one hour. After cooling in ice for 10 minutes, the solution was centrifuged during 10 minutes at 13’500 rpm. 600 µl of the surnageant was neutralized with 170 µl NaOH 1M and filtrated through 0.2 µm Teflon filters (UptiDisc, Interchim). The filtrate was analyzed by HPLC-Fluorescence on a Dionex Ultimate 3000 UHPLC series (Thermo Scientific) with the following conditions: 20 µl of the filtrate was injected on a Nucleoshell PFP 150 mm x 4.6 mm x 2.7 µm (Macherey Nagel, Switzerland) thermostatized at 35°C. Isolation of the MDA(TBA)2 derivative was achieved under an isocratic elution mode (50 mM phosphate buffer pH 6.9:acetonitrile 80:20; 0.8 ml/min, total run time of 5 min). Detection was done with a fluorescence detector with an excitation wavelength set at 532 nm and emission at 553 nm. The retention time of the MDA(TBA)2 derivative was 3.4 min in these conditions. Calibration curves (0 – 500 nM) were run daily and prepared in water by multiple dilution of a 5 mM MDA stock solution (40.0 mg MDA tetrabutylammonium salt, Sigma Aldrich, in 25 ml H2O:Ethanol (60:40 v/v)). Typical chromatogram and calibration curve are given in Figure S1.
Figure S1: Typical chromatogram of a blank (brown trace), a standard solution (red trace), and a tear sample (blue trace). The insert on the right represents a typical calibration curve with 95% confidence interval (in red). 
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2. Analytical method for total and free MDA in tears using 2-aminoacridine (2-AA) as derivative agent

After thawing to ambient temperature, the tear samples were diluted to 1:10 with ultrapure water. 
Total MDA: 20 µl of the diluted tears (or MDA standards, 0-750 nM) was introduced in a conical Eppendorf tube and 80 µl of ultrapure H2O2 was added in addition to 10 µl of an internal standard (Methyl-MDA, 64.2 mM in water, synthesized following the procedure described by Claeson1) and 10 µl of NaOH 5.9 M (precisely measured with an electronic pipette, eVol xR, SGE Analytical). After vortexing the mixture for 30 seconds, the hydrolysis was done by heating the sample at 60°C (Reactitherm, Pierce) during 1 hour. This duration was observed to be long enough to quantitatively hydrolyse the protein-bound MDA (see Figure S2 A). The samples were then centrifuged at 1’500 rpm during 5 minutes than neutralized with a precise volume (around 15 µl, using the electronic pipette eVolxR) of an HClO4 solution titrated against the NaOH 5.9 M solution used for the hydrolysis. We observed that the signal of the Me-MDA was influenced by the pH of the final extract when hydrolyzed with NaOH, as illustrated in Figure S2 B. The precise neutralization step of the hydrolyzed sample is thus very important to get reliable results when using Me-MDA as internal standard. 

After vortexing, the solution was centrifuged 10 minutes at 10’000 rpm and 100 µl of the supernatant was used for derivatization with 2-AA as described for the determination of free MDA.

Figure S2: A. Concentration of total MDA in tears as a function of the hydrolysis time.B. Dependence of the Me-MDA signal as a function of the pH of the final extract.
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Free MDA: 100 µl of the diluted tears (or hydrolyzed tear or standard) were introduced in a conical glass vial with screw cap containing 100 µl of a 1 M citrate buffer pH 4.0. Then, 10 µl of a 5 mM 2-AA (Sigma-Aldrich, > 98%) in acetonitrile was introduced; the mixture was vortexed 30 seconds and let 90 minutes at 40°C (Reactitherm, Pierce) for complete derivatization. Finally, the vial was vortexed and 20 µl of this solution (kept at 15°C on the autosampler) was injected on a HPLC-Fluorescence system with the following conditions: Synergi Hydro-RP 80 Å 75 mm x 3.0 mm x 4.0 µm (Phenomenex, Switzerland) thermostatized at 35°C. Isolation of the labeled MDA was achieved under an isocratic elution mode (76% H2O:24% acetonitrile; 0.8 ml/min, total run time of 9 min). Detection was done with a fluorescence detector with an excitation wavelength set at 345 nm and emission at 500 nm. In these conditions, the retention time of the labeled MDA was 4.2 min and 6.4 minutes for the labeled Methyl-MDA (as internal standard). Calibration curves (0 – 750 nM for the total MDA or 0-50 nM for the free MDA) were run daily and prepared in water by multiple dilution of a 5 mM MDA stock solution (40.0 mg MDA tetrabutylammonium salt, Sigma Aldrich, in 25 ml H2O:Ethanol (60:40 v/v)). Typical chromatograms and calibration curve are given in Figure S3.

Figure S3: A. Typical chromatogram for the total MDA determination (alkaline hydrolysis), obtained for a standard solution (250 nM, black trace) and a tear sample (healthy volunteer, blue trace). The insert on the right represents a typical calibration curve with 95% confidence interval (in red). B. Typical chromatogram for the free MDA determination, obtained for a standard solution (50 nM, pink trace) and a tear sample (healthy volunteer, black trace). The insert on the right represents a typical calibration curve with 95% confidence interval (in red).
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3. Figure of merit of the two methods for MDA analysis in tears. 

The method performances were determined using the NFT 90-210 protocol2. The linearity of each method was evaluated based on the calibration curves prepared at a minimum of 3 different days with the corresponding described protocols. These calibration curves were also used to estimate the limit of detection (LOD), which corresponds to 3 times the error on the ordinate to the origin divided by the slope of the calibration curve. The limit of quantification (LOQ) was defined as three times the LOD. The recovery and accuracy of the two methods were evaluated based on spiking samples of pooled tear either at one (for the 2-AA assay; around 60 nM for free and total MDA) or at two different concentrations (for the TBA assay; 25 and 50 nM). A minimum of three independent measurements was done in intermediate precision conditions.
Supplementary Tables
Table S1 and S2 resume the figures of merit for the determination of MDA in tears with thiobarbituric acid and with 2-aminoacridone respectively.
Table S1: Figures of merit of the analytical method for the determination of MDA in tears with thiobarbituric acid. These data have been obtained for three independent measurements in conditions of intermediate precision.  
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Calibration Expected performanceObserved value Conclusion

Function Linear

Linearity domain 5 - 500 nM

Biais std 5 nM [%] 30 Max = 41 % Not verified

Biais std 10 nM [%] 30 Max = 62 % Not verified

Biais std 25 nM [%] 15 Max = 25 % Not verified

Biais std 50 nM [%] 15 Max = 13 % Verified

Biais std 75 nM [%] 10 Max = 4 % Verified

Biais std 100 nM [%] 10 Max = 6 % Verified

Biais std 150 nM [%] 10 Max = 3 % Verified

Biais std 250 nM [%] 10 Max = 1 % Verified

Biais std 500 nM [%] 10 Max = 2 % Verified

Estimated limit of quantification [nM] 25 24±9 Verified

Recovery Pool 1 [nM]  - 33.5±2.2

Spiking level 1 [nM] 25 62.0±11.5

Recovery [%] [80 - 120] 93.8 Verified

Spiking level 2 [nM] 51 110.6±6.0

Recovery [%] [80 - 120] 112.6 Verified

Precision Pool 1; level 25 nM

CV [%] 20 18.1 Verified

Pool 1; level 51 nM

CV [%] 15 12.8 Verified

  

Table S2:  Figures of merit of the analytical method using 2-aminoacridone for the determination of either free (A.) or total MDA (B.) in tears. These data have been obtained for at least five independent measurements in conditions of intermediate precision.
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Calibration Expected performanceObserved valueConclusion

Function Linear

Linearity domain 5 - 765 nM

Biais std 3 nM [%] 30 Max = 24 % Verified

Biais std 5 nM [%] 30 Max = 31 % Verified

Biais for 10 nM [%] 20 Max = 21 % Verified

Biais std 25 nM [%] 15 Max = 14 % Verified

Biais std 50 nM [%] 10 Max = 7 % Verified

Biais std 75 nM [%] 10 Max = 6 % Verified

Biais std 100 nM [%] 10 Max = 5 % Verified

Biais std 250 nM [%] 10 Max = 3 % Verified

Biais std 500 nM [%] 10 Max = 8 % Verified

Biais std 750 nM [%] 10 Max = 4 % Verified

Estimated limit of quantification [nM] 7.5 5.8±1.8 Verified

Recovery Pool 2 [nM]  - 2.9±0.8

Pool 3 [nM]  - 2.0±0.8

Spiking level 1 [nM] 52 56.6

Recovery [%] 80 - 120 90.4 Verified

Precision Pool 2 + 3

CV [%] 10 2.8 Verified
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Calibration Expected performanceObserved valueConclusion

Function Linear

Linearity domain 5 - 765 nM

Biais for std 5 nM [%] 30 Max = 98 % Not verified

Biais for std 10 nM [%] 30 Max = 33 % Not verified

Biais for std 25 nM [%] 20 Max = 36 % Not verified

Biais for std 50 nM [%] 20 Max = 17 % Verified

Biais for std 75 nM [%] 15 Max = 11 % Verified

Biais for std 100 nM [%] 10 Max = 13 % Not verified

Biais for std 250 nM [%] 10 Max = 10 % Verified

Biais for std 500 nM [%] 10 Max = 9 % Verified

Biais for std 750 nM [%] 10 Max = 5 % Verified

Estimated limit of quantification [nM] 20.0 15±7 Verified

Recovery Pool 2 [nM]  - 493.8±24

Pool 3 [nM]  - 652.1±58

Spiking level 1 [nM] 76 522.4

Recovery [%] 80 - 120 94.1 Verified

Precision Pool 2 + 3

CV [%] 10 6.2 Verified
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