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In Brief

The role of oxidative stress markers in predicting clinical outcomes
of deceased-donor kidney transplantation remains unclear. In this
prospective pilot study, Ribeiro Neto et al. identified donor serum
hydrogen peroxide as a potential predictor of delayed graft function
lasting >7 days.

Highlights

= Oxidative stress markers are associated with the intensity
and consequences of ischemia-reperfusion injury during
deceased-donor kidney transplantation.

= The donor’s serum hydrogen peroxide level achieved
85.7% sensitivity and a 91.7% negative predictive value for
detecting delayed graft function lasting more
than one week.

= Donor H,0, <14uM is suggested to dichotomize risk for
delayed graft function lasting longer than a week.

= This study provides pivotal information on the use of
oxidative stress markers to identify patients at high risk of
requiring dialysis beyond the first post-transplant week.
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ORIGINAL ARTICLE

Accuracy of oxidative stress markers for
predicting delayed graft function lasting
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ABSTRACT

Objective: To assess the accuracy of oxidative stress markers in predicting delayed graft function
(DGF) lasting more than one week after deceased-donor kidney transplantation (KTx). Methods: A
translational pilot study was carried out and a five-step hierarchical diagnostic accuracy strategy
was applied to evaluate the predictive value of oxidative stress markers for DGF >7 days in
adult patients with end-stage kidney disease undergoing deceased-donor KTx. Statistics comprise
multiple conventional methods, C-statistics, and diagnostic test performance measures. Results:
Cohort analysis of 27 consecutive patients revealed that 33.3% (9/27) developed DGF >7 days.
Assessment of the oxidative stress markers selected in the first statistical step comparing donors
and controls revealed a significant correlation of the DGF duration with the recipient’s protein
oxidation (p=0.466; p=0.022) as well as donor’s hydrogen peroxide (p=-0.489; p<0.014). The
areas under the curve were 0.683 (95% confidence interval [95%Cl], 0.458-0.859; p=0.224) and
0.746 (95%CI=0.534-0.897; p=0.019), respectively. A cutoff of <14 uM H,0, had the highest
level of discriminating power for predicting DGF >7 days. The sensitivity, specificity, positive
predictive value, negative predictive value, and overall diagnostic accuracy to identify patients
at risk for experiencing DGF >7 days was 85.7%, 61.1%, 46.1%, 91.7%, and 68%, respectively.
Conclusion: Donor hydrogen peroxide was identified as a potential predictor of DGF >7 days
in patients who underwent deceased-donor KTx. A cut-off value of <14 umol/L is suggested to
stratify patients at high risk of requiring dialysis beyond the first post-transplant week.

Keywords: Kidney transplantation; Oxidative stress; Graft survival

INTRODUCTION

Ischemia-reperfusion is an inherent phenomenon in solid organ transplantation
that leads to a tonic increase in oxidative stress markers during kidney
transplantation (KTx). These biochemical indicators reflect the balance
between cellular oxidative injury and the homeostatic ability of the body to
detoxify reactive species or repair resulting cellular damage.®® Notably,
oxidative stress markers have been associated with relevant complications
following KTx?® and may serve as valuable predictors of clinically significant
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outcomes after deceased-donor KTx.»» Nevertheless,
their role in predicting clinical outcomes remains
unclear and warrants further investigation.

Kidney transplantation remains the therapy of
choice for improving outcomes in patients with end-stage
kidney disease, with benefits increasing over time despite
the increasing age and comorbidity burden among
contemporary transplant recipients.“® Unfortunately,
renal graft recovery remains a critical issue after KTx,
with many patients experiencing delayed graft function
(DGF). This ultimately imposes a significant financial
burden because of prolonged hospitalization and
the need for additional dialysis. Additionally, allograft
dysfunction strongly influences the long-term outcomes
after deceased-donor KTx. The incidence of allograft
dysfunction ranges from 20-30% in the United States”
to nearly 50% in Europe,® and reaches rates of 54-62%
in Brazilian centers.!?

Considering the well-established impact of DGF on
graft survival and patient outcomes,'*? we hypothesized
that oxidative stress markers could serve as valuable
predictors of DGF >7 days following deceased-donor
KTx,1? thereby providing a potential tool for improving
patient selection, enabling early intervention, and
optimizing post-transplant management.

OBJECTIVE

To assess the accuracy of oxidative stress markers
for predicting DGF >7 days in patients who have
undergone deceased-donor kidney transplantation.

METHODS

Study design

A translational pilot study was conducted, and a
stepwise diagnostic accuracy strategy was applied to
assess the predictive value of oxidative stress markers for
DGF >7 days in adult patients with chronic end-stage
kidney disease who underwent deceased-donor KTx.
Following the Standards for Reporting of Diagnostic
Accuracy Studies (STARD) Statement (https:/www.
equator-network.org/reporting-guidelines/stard/), we
prospectively explored systemic levels of oxidative
stress damage by thiobarbituric acid reactive substances
(TBARS) and carbonyls; antioxidants by superoxide
dismutase (SOD), catalase (CAT) activities and ferric
reducing antioxidant power (FRAP); and pro-oxidants by
hydrogen peroxide, nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase, and nitrite, in both
recipients and donors, as predictors of DGF >days.
All patients underwent the operation at the Instituto de
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Medicina Integral Professor Fernando Figueira (IMIP)
between June 2021 and June 2022. This study was
reviewed by the Ethics Research Committee of the
IMIP (CAAE 42858520.8.0000.5201, # 4.556.284) and
complied with the current Brazilian ethical guidelines.

Study population and procedures

In terms of the scope, we limited our study to consecutive
deceased-donor KTx performed in adult patients (=18
years) with chronic end-stage kidney disease during the
1-year period of laboratory assessment that we defined
at our convenience (l-year cohort study). Additional
requirements for inclusion were transplantation
being carried out at IMIP, with kidney graft retrieval
performed at the Hospital da Restauracio (RH), and
voluntary informed consent provided by the recipients
and donors’ families for participation in this study. The
only exclusion criterion was missing data from patient
charts. All kidney transplantations were performed
by the same surgical team following standardized
institutional protocols and routines.”® During the study
period, the patients received the same institutional
standards of immunosuppressive therapy, including
induction with an anti-interleukin-2 receptor antibody,
calcineurin inhibitor, mycophenolate, and steroids.

Blood sampling and data collection

As part of our prospective study, we assessed and
recorded clinical and paired laboratory data using
electronic spreadsheets. Blood samples for oxidative
stress marker analysis were collected at standardized
time points to ensure procedural consistency. From the
donors, peripheral blood was drawn immediately prior
to the initiation of procurement surgery, and a sample
of the preservation solution was obtained at the time of
organ perfusion. In recipients, the first peripheral blood
sample was collected upon hospital admission, before
the administration of immunosuppressive therapy.
A second sample was drawn from the renal vein
immediately after graft reperfusion. All procedures were
conducted under the direct supervision of the research
team to ensure adherence to the protocol. Blood
samples were processed using standard methods® as
detailed in the Table 1S, Supplementary Material. The
endpoint of clinical interest was the severity of DGE,
assessed as DGF >7 days, in patients requiring dialytic
treatment beyond the first week after KTx.(112)

Statistical analysis
The predictive value of the oxidative stress markers was
assessed using a five-step hierarchical strategy. First,
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donor and recipient results were compared with those
of healthy controls. Second, statistically significant
parameters were correlated with the DGF duration
using Spearman’s rank test. Third, the overall accuracy
was evaluated using the C-statistic, and optimal cut-
offs were determined using Youden’s J index. Fourth,
significant continuous variables (i.e., area under the
curve =0.7 and p<0.05) were dichotomized and
reassessed using the yx? test. Finally, the diagnostic
accuracy was determined by calculating the sensitivity,
specificity, positive predictive value, negative predictive
value, and overall accuracy.

Descriptive statistics are summarized as median
(interquartile range) or frequency (percentage). Between-
group comparisons were performed using the Mann-
Whitney U test or %2 test, including Yates’s correction
or Fischer’s exact test as appropriate. Analyses were
performed using MedCalc v.19.4 (MedCalc Software,
Ostend, Belgium), and correlation strength was
classified according to p-values as very strong (0.91-1),
strong (0.71-0.9), moderate (0.51-0.7), weak (0.31-0.5),
very weak (0.01-0.3), and no correlation (zero), as
previously reported.'> P-values (two-tailed) <0.05
were considered to indicate a statistically significant
difference.

RESULTS

Our cohort analysis included 27 recipients and 20
donors who consented to participate in our study.
The control group comprised 19 healthy participants
with a median age of 43 years (interquartile range
[IQR] 35.5-46) and a male/female ratio of 1.7, which
we obtained from our laboratory database of oxidative
stress markers. The baseline demographics of the main
donors and recipients are shown in table 1. In terms
of renal function recovery, the median DGF duration
was 4 days (IQR, 1-14 days), with DGF occurring in
77.8% (n=21/27) of the patients. Delayed recovery
requiring dialytic treatment beyond the first week
after transplantation was observed in 33.3% (9/27) of
cases, and prolonged DGF lasting more than 14 days
was found in 25.9% (n=7/27). Most patients (92.6%;
n=25/27) achieved resolution of DGF within 28 days of
receiving a deceased-donor kidney graft.

Table 2 summarizes the systemic (blood) levels
of oxidative stress markers. Compared with controls,
there was no significant difference in catalase levels in
the recipient (p=0.146) or donor (p=0.351) samples.
The same was true for TBARS (p=0.914) and NADPH
oxidase (p=0.690) in recipient samples, and for nitrite
(p=0.260) in donor samples. Assessment of the

Table 1. Baseline demographic characteristics

Characteristics

n (%) or median (IQR)

Recipient factors

Age (years) 46 (36.5-59)
Sex

Male 15 (55.6)

Female 12 (44.4)
Body mass index (kg/m?) 24.4(22.6-25.8)
Time on dialysis (months) 78 (48-105)
Comorbidities

Hypertension 19(70.4)

Diabetes mellitus 2(7.4)
End-stage kidney disease

Mixed/undefined 16 (59.3)

Chronic obstruction/infection 5(18.5)

Others 6(22.2)
Donor factors
Age (years) 39 (24-63.5)
Sex

Male 20 (74)

Female 7(26)
Cause of death

Trauma 12 (44.4)

Stroke 12 (44.4)

Others 3(11.2)
Expanded criteria donor 4(14.8)
HLA-PRA

0% 21(77.8)

1-79% 5(18.5)

>80% 1(3.7)
Cold ischemia time (hours) 22.5(17-29.5)
Body mass index (kg/m?) 25.9(25.1-29.3)
Creatinine at transplantation (mg/dL) 1.3(1.1-1.9)
Kidney donor risk index 0.86(0.68-1.42)
Kidney donor profile index 35(13-83)

HLA: human leukocyte antigen.

correlation between the remaining markers with the
DGF duration reached statistical significance for the
recipient’s protein oxidation by carbonyls (p=0.466;
p=0.022) and the donor’s hydrogen peroxide (p=-0.489;
p<0.014). A summary of the correlations between all
oxidative stress markers and the DGF duration is shown
in table 3, and graphical assessments of the correlations
for the oxidative stress markers selected in this step are
presented in figures 1 and 2.

According to the C-statistic, the overall accuracy of
recipients’ protein oxidation by carbonyls and donors’
blood hydrogen peroxide levels (as a continuous
variable) for predicting DGF >7 days was 0.683 (95%
confidence interval [95%CI]|=0.458-0.859; p=0.224)
and 0.746 (95%CI=0.534-0.897; p=0.019), respectively.
A graphical summary of the receiver operating
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Table 2. Summary of the systemic (blood) oxidative stress markers

X Median (IQR) p values*
Variables
Controls (A) Donors (B) Recipients (C) A versus B A versus C

TBARS 6.20 (5.45-7.28) 7.32(6.71-8.50) 6.20 (5.80-6.98) 0.027 0914
Carbonyls (nmol/mg) 1.43(1.32-1.46) 0.67(0.52-0.80) 0.86 (0.68-0.98) <0.001 <0.001
SOD 5.36 (5.21-5.55) 7.18(6.11-9.19) 6.81(6.22-7.96) <0.001 < 0.001
CAT 2.10(1.68-4.42) 2.45(1.49-3.19) 1.99(1.35-2.53) 0.351 0.146
FRAP 1.62(1.07-1.73) 2.89(1.64-5.31) 3.43(2.39-5.16) 0.024 < 0.001
Hydrogen Peroxide (UM H,0,) 5.15(2.42-7.73) 13.96(8.74-21.20) 28.80(18.70-50.20) <0.001 <0.001
NADPH oxidase 32 (25-44.90) 17.60(12.40-33.10) 34 (26.80-44.60) <0.001 0.690
Nitrite (nmol/mg of protein) 0.40(0.32-0.66) 0.57(0.38-1.18) 0.67(0.52-1.09) 0.260 0.006

# MannWhitney U-test between donors and recipients versus controls.

TBARS: thiobarbituric acid reactive substances (pmoles/mg); SOD: superoxide dismutase (Usod/mg); CAT: catalase (nmol/mg); FRAP: ferric reducing antioxidant power (mM Fe [II]); NADPH oxidase: nicotinamide adenine dinucleotide phosphate oxidase

(nmol/mg of protein).

Table 3. Summary of correlations between oxidative stress markers and the DGF
duration

Spearman’s correlation statistics

Laboratorial marker p values Strength of the
(rho) p value correlation
Recipient marker
Carbonyls (nmol/mg protein) 0.464 0.022 Weak
SOD 0.155 0.449 Very weak
FRAP 0.018 0.943 Very weak
Hydrogen Peroxide (uM H,0,) 0.013 0.956 Very weak
Nitrite (nmol/mg protein) 0.019 0.937 Very weak
Donor Marker
Carbonyls (nmol/mg protein) 0.050 0.982 Very weak
TBARS 0.011 0.956 Very weak
SOD 0.091 0.667 Very weak
FRAP 0.036 0.860 Very weak
NADPH oxidase 0313 0.136 Very weak
Hydrogen peroxide (UM H,0,) -0.490 0.014 Weak

SOD: superoxide dismutase (Usod/mg); FRAP: ferric reducing antioxidant power (mM Fefii]); TBARS: thiobarbituric acid
reactive substances (pmoles/mg); CAT: catalase (nmol/mg); NADPH oxidase: nicotinamide adenine dinucleotide phosphate
oxidase (nmol/mg of protein).

50 |- /

40

30 A

20

T
\L

Time to independence dialysis
N\

10 20 30 40 50
carbonyls protein (nmol/mg)

Figure 1. Scatterplot of the correlation between carbonyls and the duration of
delayed graft function
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Figure 2. Scatterplot of the correlation between hydrogen peroxide and the
duration of delayed graft function

characteristic curve for the donor hydrogen peroxide
is presented in figure 3. A cutoff of =13.963 uM H,O,
was found to have the highest discriminating power for
predicting the DGF >7 days, reaching a Youden’s J
index of 0.468. The level of hydrogen peroxide in the
donor’s blood dichotomized by the rounded cutoff
(i.e.: =14 uM H, 0, as a positive test to identify high-
risk patients for experiencing DGF >7 days) was also
confirmed to be associated with DGF >7 days according
to the Fisher’s exact test results (p=0.039).

Among the seven donor-recipient pairs analyzed,
two pairs presented discordant outcomes, with one
recipient developing DGF >7 days and the other not.
In these cases, one recipient tested positive (hydrogen
peroxide =14 uM H,0,), while the other tested negative
(hydrogen peroxide >14 uM H,0,). Additionally, in
one concordant pair where both recipients developed
DGF >7, the level of hydrogen peroxide was >14
uM H,O,. Overall, the sensitivity, specificity, positive
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Figure 3. Receiver operating characteristic curve for the overall discriminatory
power of the donor’s hydrogen peroxide level to predict DGF >7 days. AUC,
area under the receiving operating characteristic curve

predictive value, negative predictive value, and accuracy
of donor’s hydrogen peroxide levels, when dichotomized
as a positive or negative test, were found to be 85.7%
(95%C1=42.1-99.6), 61.1% (95%CI1=35.7-82.7), 46.1%
(95%C1=30.8-62.2), 91.7% (95%CI1=63.2-98.6), and
68% (95%CI=45.6-85.1), respectively.

DISCUSSION

Summary of the main results

In this pilot study, we explored the value of eight
oxidative stress markers in both recipient and donor
blood samples to predict clinically relevant endpoints
in patients who underwent deceased-donor kidney
transplantation. Accordingly, we identified the systemic
level of donor’s hydrogen peroxide as a potential
predictor of DGF >7 days by applying a comprehensive
stepwise diagnostic approach. Herein, the donor
systemic levels of this oxidative stress marker were
found to be higher than those in healthy controls and
correlated with the DGF duration after transplantation.
Using c-statistics, we also determined the optimal cutoff
for dichotomizing this marker as a positive/negative
test. The cutoff was then statistically associated with
DGF >7 days, achieving 85.7% sensitivity and a 91.7%
negative predictive value.

Results in the context of published literature

Clinical factors such as the donor and recipient age,
ischemia time, and revision surgery in association with
human leukocyte antigen mismatching have been the
most explored predictors for the occurrence of DGF

in patients undergoing KTx.(*» On the other hand,
markers of oxidative stress have also been demonstrated
a potential value in a few numbers of studies. For
example, by exploring the role of malondialdehyde as
an early predictive marker of graft dysfunction, Fonseca
et al.® found that the levels of this product of lipid
peroxidation were significantly higher shortly after KTx
and increased further in the subsequent days in patients
developing DGF. In these settings, the authors reported
that malondialdehyde levels accurately predicted DGF
and demonstrated that high levels at one week were
independently associated with poorer 1-year allograft
function.® Similarly, assessing the oxidative status by
the OxyScore and AntioxyScore indexes, Rodriguez-
Sanchez et al.® recently demonstrated that donation
after circulatory death induced greater short-term
oxidative, whereas the early levels of oxidative damage
were predictive of the graft function at 1 year among
recipients of donation after brain death. Among the
eight oxidative stress markers explored in recipient and
donor blood samples, we added the donor’s hydrogen
peroxide level at the time of KTx as a potential predictor
of DGF >7 days.

Because of a long cold ischemia period and other
socioeconomic-related factors, the rates of DGF have
remained high in Brazil, ranging from 29.9% to 87.7%
among different transplantation centers.”” Accordingly,
we observed a DFG rate of 77.8% in the current
study despite a lower median DGF duration (4 days)
in comparison with the American (10 days)!? and
European (5 days) series.'? Of note, the length of the
DGE, rather than the DGEF itself, is associated with
long-term kidney graft function according to several
studies.1™1229 As confirmation of the duration-dependent
effect of DGF on graft survival, the need for dialytic
treatment beyond the first week after transplantation
occurred in 33.3% of our cases and severe DGF lasting
more than 14 days occurred in 25.9% of our cases, similar
t022.5%"» and 26%"'V reported in large previous studies.
Since most of our cases (92.6%) achieved resolution of
DGF within 4 weeks after KTx at a rate similar to those
previously reported,! 2 we chose DGF >7 days as a
more clinically relevant endpoint in our study.

Strengths and weaknesses

The main strengths of this study include its
comprehensive accuracy analysis using five stepwise
approaches and the use of paired prospectively collected
data to assess oxidative stress markers in both donor
and recipient blood samples. To our knowledge,
this study is the first to investigate oxidative stress
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markers as predictors of DGF in deceased-donor KTx.
Notably, the study was conducted during the COVID-19
pandemic, which required additional logistical efforts
to perform complex surgical procedures such as kidney
transplantation and may have contributed to longer
cold ischemia times and higher rates of DGF in this
study. Although the number of procedures may seem
limited, this is inherent to the pilot study design, and
reflects the rigorous methodological control applied
to sample collection at each stage of the donation and
transplantation processes.

Implications for practice and future research
Oxidative stress, one of the most important components
of the ischemia-reperfusion process, has been implicated
in relevant complications after KT, including DGF and
allograft rejection.> 3 However, effective treatment of
oxidative stress in transplant patients requires further
investigation.?V  Additionally, identifying patients
at high risk of allograft malfunction is important to
improve KTx outcomes and graft allocation policies.
Overall, our pilot study provides pivotal information
that will aid researchers in exploring oxidative stress
markers in future large clinical studies. These studies
should focus on identifying patients who require early
intervention and intensive postoperative surveillance
to mitigate the effects of ischemic injury and DGF on
long-term graft function.

CONCLUSION

We identified the donor’s hydrogen peroxide as a
potential predictor of DGF >7 days in adult patients
with end-stage kidney disease who underwent deceased-
donor KTx. This oxidative stress marker warrants
further investigation in larger clinical studies, with
a suggested cut-off value of <14uM H,O, to identify
patients at risk of requiring dialysis beyond the first
week post-transplant.
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Table 1S. Oxidative stress assessment in blood samples

Preparation of plasma, serum, and erythrocytes

Plasma (EDTA tube) and serum (dry tube) were centrifuged for 20 min at 3000rpm in a refrigerated centrifuge between 0 and 4°C (Eppendorf, 5804-R), and the supernatant was frozen in a
freezer at -80°C for oxidative stress and inflammation measurements. Additionally, the erythrocytes were washed three times with saline and stored in a preservative solution (MgSO, and
glacial acetic acid).

Protein Assay

Proteins were quantified by standard methods using a bovine albumin solution at a concentration of 1 mg/mL.

Protein Oxidation by Carbonyls (Protein Damage)

The carbonyl assay was used to detect oxidatively modified proteins. The technique is based on the reaction of oxidized proteins from blood plasma with 2,4 dinitrophenylhydrazine (DNPH)
inan acidic medium, followed by successive washes with acids and organic solvents, and a final incubation with guanidine.

Thus, the absorbance of the carbonyls was measured in plasma using a spectrophotometer at 360nm in a reaction medium containing the following reagents: guanidine (6 M) in hydrochloric
acid (HCI) (2.5M) at a pH of 2.5 or 2.4, DNPH in HCI (2.5M), trichloroacetic acid (TCA) 20%, TCA 10%, and ethanol-ethyl acetate 1:1 (V/V). In parallel, a protein standard curve was obtained
using albumin, and the absorbance was read at 280nm using a spectrophotometer.

Thiobarbituric Acid-Reactive Substances (TBARS)

For the reaction to occur, 0.75mL of 10% (W/V) trichloroacetic acid (TCA) was added to 0.25mL of plasma, with the function of denaturing the proteins present and acidifying the reaction
medium. This mixture was shaken and centrifuged for 3 min at 1000rpm. Next, 0.5mL of the supernatant was removed and 0.5mL of 0.67% (w/v) thiobarbituric acid (TBA) was added,
which reacted with the lipoperoxidation products to form a pink compound. The mixture was incubated for 15 min at 100°C and then cooled on ice. Absorbance was read at 535nm using
a spectrophotometer.

Catalase (CAT)

The rate of hydrogen peroxide decomposition is directly proportional to CAT activity. Thus, H,0, consumption can be used as a measure of CAT activity. The test consisted of measuring the
decrease in absorbance at 240nm, the wavelength where there is the greatest absorption by hydrogen peroxide, using quartz cuvettes. A phosphate buffer solution (50 mmol/L, pH 7.4) was
used to perform the measurements. Next, 985uL of this buffer and 5L the diluted erythrocyte sample were added to a spectrophotometer cuvette, and this mixture was discounted against
a blank phosphate buffer. Lastly, 15uL of hydrogen peroxide (0.3 mol/L) was added. The decrease in absorbance was monitored using a spectrophotometer.

Superoxide Dismutase (SOD)

The SOD activity was determined based on the reaction of the superoxide radical with pyrogallol, with the formation of a colored product detected spectrophotometrically at 420nm for 2
min. The percentage inhibition of the initial reaction rates depended on the pH and the amount of SOD present in the reaction mixtures. The amount of enzyme required to inhibit the reaction
by 50% was defined as one unit of SOD. The reaction mixture contained 980uL of 50mM tris-phosphate buffer pH 8.2, 10uL of 24mM pyrogallol, 5uL of 30mM CAT, and bul of sample. A
standard curve with three different SOD concentrations (0.25, 0.5, and 1 U) was constructed to determine the equation used in the calculations.

Non-enzymatic Antioxidant Potential (FRAP)

The antioxidant assay for determining the reducing power of iron ions, FRAP (from the English Ferric Reducing Antioxidant Power), is based on the production of Fe?* ions (ferrous form)
by the reduction of Fe** ions (ferric form) present in the 2,4,6- tripyridyl -s- triazine (TPTZ) complex. Thus, the change in absorbance was directly related to the total reduction power of the
antioxidant electron donation present in the reaction. When reduction occurred, the hue of the reaction mixture changed from light purple to intense purple. The higher the absorbance
or intensity of the color, the greater the total antioxidant potential of the sample. The technique was performed in a microplate, in which 10uL of a standard solution of ferrous sulfate
heptahydrate or 10uL of sample was added to 290uL of FRAP reagent (sodium acetate and acetic acid buffer, pH 3.6; 10mM TPTZ; 20mM ferric chloride hexahydrate). The microplate was
then incubated for 5 min with shaking at 37°C, and the absorbance was measured at 593nm.

NADPH Oxidase

NADPH oxidase activity was determined in erythrocytes and superoxide production was monitored using Enzyme-Linked Immunosorbent Assay (ELISA). To perform the assay, we used
50mM phosphate buffer containing 2mM EDTA and 150mM sucrose, 3mM NADPH1, and 10uL of sample.

Hydrogen Peroxide

Hydrogen peroxide was measured by the oxidation of phenol red mediated by horseradish peroxidase (HRP), which led to the formation of a measurable compound at 630nm. We
performed a curve with distilled H,0, H,0, 250uM, horseradish peroxidase solution (PRS) composed of buffer dextrose, phenol red (Sigma-Aldrich Corporation) horseradish peroxidase type
II (Sigma-Aldrich Corporation), and sodium hydroxide (NaOH) (FMaia Gold). Then, 70uL of plasma was added to the ELISA plate together with 180uL PRS and incubated for 25 min at room
temperature. After this period, we added 5ul of NaOH and readings were recorded using ELISA plate reader equipment.

Nitrite

Plasma nitrite levels (50uL) were measured by reacting samples with Griess reagent on microplates (96 wells) in an ELISA reader. The total tissue nitrite was estimated using a standard
absorbance curve at 592nm.
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