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A B S T R A C T   

Several recent reviews have suggested a role of oxidative stress in the pathophysiology of COVID-19, but its 
interplay with disease severity has not been revealed yet. In the present study, we aimed to investigate the as
sociation between the severity of COVID-19 and oxidative stress parameters. Clinical data of 77 patients with 
COVID-19 admitted to the hospital were analyzed and divided into moderate (n = 44) and severe (n = 33) groups 
based on their clinical condition. Production of oxidant (hydrogen peroxide) and defense antioxidants (total 
antioxidant capacity, reduced and oxidized glutathione, glutathione s-transferase), and oxidative damage 
(malondialdehyde, carbonyl, and sulfhydryl) were assessed using the serum samples. The results revealed that 
severe patients who presented high serum leukocyte count and CRP level stayed for a longer period in the 
hospital. However, there was no correlation observed between the oxidative stress parameters and degree of 
COVID-19 severity in the present study. In conclusion, these results indicate that the disease severity may not be 
a detrimental factor contributing to the changes in the redox profile of hospitalized patients with COVID-19.   

1. Introduction 

Acute respiratory syndrome (SARS) coronavirus 2 (SARS-CoV-2) is a 
pathogenic virus that is highly transmissible, and causes an infectious 
disease known as coronavirus disease 2019 (COVID-19) [1]. COVID-19 
was first detected in late December 2019 in Wuhan, China. It rapidly 
spread across the world as a pandemic, and infected more than 90 
million individuals causing 2 million deaths, according to the World 
Health Organization [2]. Most individuals who acquired the infection 
exhibited a mild condition and did not require hospitalization. 
Conversely, a subset of individuals progressed to the moderate or severe 
conditions [3]. The moderate and severe cases were driven by the host’s 
response to the infection, leading to the activation of multisystemic in
flammatory responses and respiratory dysfunction [1]. 

Elevated blood levels of cytokines and chemokines have been re
ported in patients with COVID-19 infection [4–7] that trigger a 
pro-inflammatory environment and severe tissue damage, thereby 
contributing to the adverse outcomes of this disease [8]. Inflammatory 

disease progression is usually associated with the production of reactive 
oxygen species (ROS) followed by oxidative stress [9]. Previous studies 
have reported a link between the inflammatory response and oxidative 
stress in infectious diseases [10–14]. Moreover, several reviews have 
suggested a role of the redox system in the pathophysiology of COVID-19 
infection [15,16]. Viruses use different strategies to alter the cell envi
ronment, including the modulation of the redox state [17]. An imbal
ance in the redox state towards antioxidant versus oxidant conditions 
has been observed in other infectious diseases [10,18,19], which in
creases the inflammation-dependent oxidative stress, and can be a key 
event during COVID-19 infection as well. In this scenario, the degree of 
ROS production and consequent oxidative stress during COVID-19 
infection needs to be investigated. A spectrum of COVID-19 disease 
severity, ranging from asymptomatic or mild to moderate, severe, or 
critical has been established. Patients with mild disease symptoms 
exhibit rapid recovery, while those with moderate to severe disease 
exhibit high mortality and poor prognosis [20]. Previous evidence 
suggests that the severity and progression in hospitalized patients with 

* Corresponding author. Graduate Program in Health Sciences, School of Medicine, Pontifícia Universidade Católica do Paraná, Tech Park - Block 4, Laboratory 3. 
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COVID-19 may be related to the systemic changes in their redox profile 
[8,14–16,21,22], but it has not been confirmed through experimental or 
descriptive studies. The information regarding the redox parameters in 
this disease may help better understand the natural history of COVID-19 
and provide support for the clinical decision-making. Therefore, in this 
study, we aimed to evaluate the oxidative stress levels during the pro
gression of hospitalized patients with COVID-19 and a possible interplay 
with disease severity. 

2. Material and methods 

2.1. Study design 

This is a prospective cohort of hospitalized patients diagnosed with 
COVID-19 conducted in Curitiba, Paraná, Brazil, Curitiba, between June 
and July 2020. Seventy-seven patients of both sexes who were more 
than 18 years in age with clinical conditions and RT-PCR indicating 
COVID-19 were included in this study. Patients were admitted only after 
seeking the approval of the research ethics committee (number 
31558020.8.0000.0103) and all patients signed the informed consent 
form. Blood samples from patients were collected regularly, and the 
serum was separated to evaluate the oxidative stress parameters. Clin
ical laboratory radiological data, and outcomes were recorded on a 
regular basis. 

2.2. Inclusion and exclusion criteria 

COVID-19 infection was defined using the clinical-radiological pre
sentation along with a nasopharyngeal swab polymerase chain reaction 
(PCR) positive for SARS-CoV-2. In this study, we included only the 
hospitalized patients with moderate or severe COVID-19 infection. Pa
tient with moderate disease was defined as an adult with clinical signs of 
pneumonia (fever, cough, dyspnea, and fast breathing) but no signs of 
severe pneumonia, such as SpO2 ≥ 90% on room air; and that with 
severe disease as an adult with clinical signs of pneumonia (fever, cough, 
dyspnea, fast breathing) along with the presentation of one of the 
following parameters: respiratory rate > 30 breaths/min; severe respi
ratory distress; or SpO2 < 90% on room air. Patients diagnosed with 
other viral infections, such as HIV, HCV, HBV, or other common respi
ratory viruses, were excluded along with those who underwent solid 
organ or hematological transplantation in the past. Patients who used 
tocilizumab were also excluded from this study. 

2.3. Data and blood collection 

Based on the medical records of the patients, data on sex, age, 
coexisting diseases, clinical symptoms, peripheral oxygen saturation, 
medicines for chronic use, and medicines for the treatment of COVID-19, 
length of stay in the hospital ward and ICU were collected. Using the 
data from the laboratory tests, we extracted the data regarding the white 
blood cell count, lymphocyte percentage, and CRP level. Blood samples 
(10 mL) were collected on the first day of hospitalization. Peripheral 
blood was collected in vacutainers without additives containing sepa
rating gel and kept at room temperature for 30 min to coagulate, then 
centrifuged at 1500 rpm for 10 min at 4 ◦C. The tubes then remained at 
rest for 1 h in a vertical position the serum was aliquoted and stored at 
− 70 ◦C until biochemical tests were conducted. Haemolysed serum 
samples were discarded. 

2.4. Oxidative stress assays 

Serum H2O2 levels were measured using the Amplex® Red Hydrogen 
Peroxide/Peroxidase Assay Kit (ThermoFisher Scientific). Around 50 μL 
of serum in a total volume of 100 μL was used for the reaction, and after 
30 min of incubation at room temperature, the reading was taken 
spectrophotometrically at 560 nm upon protecting the samples from 

light. The results were determined using a standard curve and expressed 
in μU H2O2/mL. Glutathione-S-Transferase (GST) activity was assessed 
using the procedure described by Habig et al. [23] and adapted by 
Habdous et al. [24] using 1-chloro-2,4-dinitrobenzene as a substrate. 
Enzyme activity was spectrophotometrically determined through 
continuously monitoring the changes in absorbance at 340 nm for 3 min 
at 25 ◦C. The glutathione total (GSHt) levels were assessed based on the 
reaction of GSH with 5,5-dithio-bis(2-nitrobenzoic acid) (DTNB; Ell
man’s Reagent, Sigma Aldrich Corporation, St. Louis, MO, USA), which 
generates an oxidized glutathione-TNB product that is later reduced by 
glutathione reductase in the presence of NADPH consequently gener
ating GSH. The oxidized GSH (GSSG) was measured using the recycling 
of GSSG through spectrophotometric monitoring of NADPH in the 
presence of 2-vinylpyridine. The GSHt and GSSG concentrations were 
determined through a regression curve plotted using various GSH or 
GSSG standards [24]. The antioxidant equivalent concentrations were 
measured at 570 nm as a function of Trolox concentration according to 
the manufacturer’s instructions. Serum total antioxidant capacity (TAC) 
was measured using the colorimetric assay kit (Sigma Aldrich Corpo
ration, St. Louis, MO, USA). The antioxidant equivalent concentrations 
were measured at 570 nm as a function of Trolox concentration as 
described above. Sulfhydryl groups were measured as described previ
ously [25]. Serum samples (50 μL) were diluted at 1:6 ratio in 0.1 M 
sodium phosphate containing 1 mM EDTA (pH 8.0), and 100 μL of this 
dilution was used to react with 50 μL (4 mg/mL) of DTNB. After an in
cubation period of 15 min at room temperature, sample absorbance was 
measured at 412 nm using a microplate reader (Versamax, Molecular 
Devices, EUA). Concentrations of sulfhydryl groups were determined 
through parallel measurements of an L-cysteine standard curve. Lipid 
peroxidation was determined from malondialdehyde (MDA-TBA) levels 
measured using high-performance liquid chromatography (Agilent 1220 
Infinity LC, EUA) according to Tüközkan et al. [26]. MDA peaks were 
determined based on their retention time and confirmed through spiking 
with an exogenous standard. MDA concentrations were calculated using 
a standard curve prepared from 1,1,3,3-tetraethoxypropane. Protein 
carbonylation was determined through the reaction of 2,4-dinitrophe
nylhydrazine (DNPH) with carbonyl, generating an adduct, which is 
able to absorb light at 366 nm [27]. 

2.5. Statistical analysis 

Categorical variables were expressed as absolute frequencies with 
proportions and analyzed using the chi-squared or Fisher’s exact test. 
Continuous clinical variables were expressed as median values and 
interquartile range (IQR), and oxidative stress markers were expressed 
as mean ± standard deviation. The spearman’s correlation between in
flammatory and oxidative stress markers was determined. The normality 
of continuous variables was previously tested, and the Mann-Whitney U 
test was used to compare the moderate versus severe groups. p-value ≤
0.05 was considered as significant. SPSS v23.0 (IBM, Chicago, IL) and 
GraphPad Prism v7 (GraphPad, San Diego, CA) were used for conducting 
the statistical analyses. 

3. Results 

As presented in Table 1, a total of 77 patients with COVID-19 were 
included in this study, including 53 (69%) males and 24 (31%) females. 
Thirty-three (43%) patients were admitted to the ICU, and 15 patients 
(19%) required orotracheal intubation. Seventeen patients (22%) died 
while hospitalized. Most patients exhibited symptoms, including dys
pnea, cough, and fever. Diarrhea, throat pain, and coryza were observed 
in less than 50% of patients. The most frequent comorbidities were 
systemic arterial hypertension (57%) and diabetes mellitus (29%). Other 
comorbidities observed were less than 20%. Forty patients (52%) pre
sented more than one comorbidity. During admission, corticosteroids, 
antibiotics, and prophylactic heparin were administered for the 
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management of patients. 
The median age of patients was 60 years. There were 44 patients in 

the moderate group and 33 patients were diagnosed with severe COVID- 
19 and required admission in the ICU. Severe patients demonstrated 
higher leukocyte count (8520 cells/mm3 vs. 5540 cells/mm3; p <
0.001), longer duration of stay (12 d vs. 4 d; p < 0.001), higher CRP 
levels (20.6 mg/L vs. 6.3 mg/L), and lower O2 saturation (91% vs. 93%) 
than those in the moderate group. The differences between the other 
parameters were not statistically significant. The median number of days 
of hospitalization was 7 (range, 3–16) (Table 2). 

The oxidative stress parameters are shown in Fig. 1. H2O2 level, TAC, 
GST activity, GSH content, GSSG content, GSH:GSSG ratio, MDA con
tent, carbonyl content, and sulphydryl levels did not show statistical 
differences between the moderate and severe groups. 

As shown in Table 3, patients in moderate clinical condition showed 
a negative correlation between total antioxidant capacity and leukocyte 
levels (r = − 0.360), and GSH:GSSG ration CRP levels (r = − 0.360), 
whereas in severe patients, no correlation was observed. 

4. Discussion 

In previous studies, it has been revealed that ROS production and 
oxidative stress are associated with the replication and subsequent viral 
infection in this disease [11–14,28]. Many evidences also suggest that 
the overproduction of ROS and a deprived antioxidant system play a 
major role in the pathogenesis, progression, and severity of SARS-CoV-2 
[8,15,16,21]. However, this evidence has mainly been supported by 
review manuscripts. There are no reports on the identification of 
oxidative stress markers in COVID-19 infected patients and whether 
there are differences in the moderate and severe redox profiles. In this 
prospective cohort, major symptoms presented in patients admitted to 
hospital facilities with COVID-19 were fever, cough, and dyspnea. Fever 
has been reported to be more common in moderate/severe patients 
(89%) than in mild patients (77%) [29]. However, there is considerable 
heterogeneity in fever symptoms if evaluated in the early phase of 
COVID-19 (32–95%) [29]. Cough and dyspnea vary according to the 
disease progression and severity. The prevalence of cough in moder
ate/severe patients is 63%, and that of dyspnea is 51% in severe patients 
[29]. Comorbidities are highly prevalent in patients who require 
intensive care. Several conditions have been demonstrated to be related 
to disease severity and poor outcomes, such as diabetes, cardiovascular 
diseases, and obesity [30–32]. Additionally, severity is also related to a 
high comorbidity index [33]. In our cohort, fever was the third most 
common symptom (50%), followed by cough (68%) and dyspnea (56%). 
The most common comorbidities were systemic arterial hypertension 
(50%) and diabetes mellitus (28%). Moreover, more than half of the 
patients (52%) presented at least two previous chronic health 
conditions. 

Previous studies have shown that inflammatory parameters, such as 
CRP, procalcitonin, IL-6, and erythrocyte sedimentation rate, are posi
tively correlated with the severity of COVID-19 [34,35]. Our results also 
showed elevated inflammatory markers in patients with severe 
COVID-19. Patients presented higher serum leukocyte cell count (p <
0.001), CRP level (p = 0.01), and length of stay (p < 0.001). Our group 
also demonstrated previously that these patients exhibit elevated levels 
of tumor necrosis factor-alpha, interleukin-4, interleukin-6, and 
interferon-gamma [36]. The inflammatory pattern response is still under 
investigation; however, it seems that the innate immune response con
tributes to the disease severity [35]. 

The inflammatory response has led researchers to believe that there 
might be possible differences in the redox profile of patients with 

Table 1 
Frequency of comorbidities and drugs in patients with COVID-19.  

Data N Frequency 

General data 
Male 53 69% 
Female 24 31% 
Intensive Care Unit admission 33 43% 
Orotracheal intubation 15 19% 
Death 17 22% 
Dyspnea 43 62% 
Cough 54 78% 
Fever 37 54% 
Diarrhea 13 19% 
Throat pain 11 16% 
Coryza 3 4% 

Comorbidity data 
Systemic arterial hypertension 39 57% 
Diabetes mellitus 20 29% 
Chronic heart failure 6 9% 
Chronic coronary syndrome 4 6% 
Previous myocardial infarct 3 4% 
Previous stroke 1 1% 
Peripheral arterial disease 1 1% 
Arrhythmia 5 7% 
Asthma 5 7% 
Chronic obstructive pulmonary disease 8 12% 
Neoplasm 2 3% 
Dementia 1 1% 
Smoking 4 6% 

Drugs data 
Vasoactive drug 20 26% 
Previous use of angiotensin-converting enzyme inhibitors 12 17% 
Previous use of angiotensin receptor blockers 15 22% 
Use of corticoid 26 38% 
Hydroxychloroquine 11 16% 
Low weight heparin 48 71%  

Table 2 
Baseline data and clinical parameters in moderate and severe groups of COVID-19.  

General data Moderate cases (n = 44) Severe cases (n = 33) P value 

Median 25% quartile 75% quartile Median 25% quartile 75% quartile 

Age (years) 59 50 69 67 50 75 0.268 
Symptoms before admission (days) 9.0 6.25 14.8 10.0 6.5 17.0 0.889 
Length of hospital stay 4 1 9 12 6 19 <0.001 
Temperature 36.1 36 36.4 36.0 36 37 0.831 
Systolic arterial pressure (mmHg) 130 120 140 130 120 146 0.293 
Diatolic arterial pressure (mmHg) 80 80 89 80 70 88 0.637 
Heart rate (bpm) 81 75 90 89 77 102 0.072 
Respiratory rate (bpm) 19 16 21 20 18 22 0.361 
O2 saturation (%) 93 92 96 91 87 96 0.027 
Hematocrit (%) 38.6 35.5 42.6 37.9 34.0 42.1 0.675 
Leukocytes (/mm3) 5540 4490 8060 8520 6300 13380 <0.001 
Platelets (/mm3) 195000 161500 240500 183000 134500 243500 0.390 
Creatinine (mg/dL) 0.7 0.6 0.9 0.8 0.6 1.2 0.200 
C-reactive protein (mg/L) 6.3 2.2 16.0 20.6 4.2 28.0 0.010 

Data are expressed as median and interquartiles and analyzed using the student’s t-test or Mann-Whitney U test when appropriate. CRP, C-reactive protein. 
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COVID-19 [8,15,16], and thus, the use of antioxidants as a comple
mentary therapeutic strategy in COVID-19 has been proposed [37–40]. 
Oxidative stress affects the immune system through altering the immune 
cell function and inflammatory response [21]. One of the possible 
mechanisms involved in the production of ROS and oxidative stress in 
COVID-19 is related to the activity of nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase (Nox) [41]. NADPH oxidase complex is 
activated from the chemotaxis of macrophages and neutrophils, which 
leads to ROS production, including superoxide radical anion and 
hydrogen peroxide production [42]. It also plays a potential patholog
ical role during SARS-CoV-2 infection [8]. Therefore, understanding 
oxidative stress molecular mechanisms in COVID-19 progression to se
vere phenotypes is currently required clinically to improve the new 
therapies developed for the treatment of infected patients [21]. 

Several types of viral infections, such as hepatitis C [43], HIV [44], 
Zika [45], H1N1 [46], and influenza [14] have been shown to promote 
an elevated level of oxidative stress, and it has also been linked to the 
severity of disease [13,47]. In a recent study, Anticoli and colleagues 
showed that the induction of oxidative stress through auranofin led to a 
significant increase in the viral RNA titer, suggesting that a pro-oxidant 
state may favor the replication and/or persistence of hepatitis C virus 
[48]. Elevated oxidative stress induced by NOX4 activity with a decrease 
in GSH/GSSG ratio and an increase in oxidative damage has previously 
been described during the acute phase of SARS-Cov [49]. 

Evidence suggests that the overproduction of ROS and a reduced 
antioxidant capacity play a significant role in regulating the severity of 
SARS-CoV infection [15]. Interestingly, our results indicate that patients 
with more severe clinical symptoms exhibit similar oxidant production, 
antioxidant capacity, and oxidative damage compared to those with less 
severe symptoms. The results may be associated with sample collection 
time since both the groups were in the critical phase of infection. 
However, it is noteworthy that both the groups presented a surprisingly 
stable redox balance. The amount of GSH was higher (approximately 
seventeen times) than that of GSSG. Tomin and colleagues [50] suggest 
that serum values can be up to 6 times of those values found in the 
plasma due to the possible hemolysis that occurs during the coagulation 
process. In addition, the detection of other thiols in extracellular fluids 
(e.g., cysteine) may overestimate the concentration of GSH and oxida
tion artificial of GSH during sample deproteination with acids, which 
can lead to marked overestimation of GSSG [51]. 

A decrease in intracellular GSH concentration and/or in the GSH: 
GSSG ratio is often interpreted as evidence of cellular redox imbalance 
[52–54] and have been associated with COVID-19 [55]. For example, 
less availability of GSH will further increase oxidative stress, which fa
vors S protein-ACE2 interaction and enhances the severity of COVID-19 
infection [49]. Additionally, the decreased biosynthesis and/or 
increased depletion of GSH, along with the low GST activity, decreases 
the detoxification capacity, and could be related to ferroptosis, 

Fig. 1. Classification of parameters of oxidative stress in patients with COVID-19 based on the severity of the disease (moderate, n = 33; severe, n = 44). (A) H2O2, 
(B) TAC, (C) GST, (D) GSH, (E) GSSG, (F) GSH:GSSG ratio, (G) MDA, (H) carbonyl, and (I) sulfhydryl. Data are expressed as median (minimum and maximum) ±
standard deviation and analyzed using the student’s t-test or Mann-Whitney U test when appropriate. The differences were considered to be significant at p < 0.05. 
SPSS v23.0 (IBM, Chicago, IL) and GraphPad Prism v7 (GraphPad, San Diego, CA) softwares were used for the statistical analyses. H2O2, hydrogen peroxide; TAC, 
total antioxidant capacity; GST, glutathione S-transferase; GSH, glutathione reduced; GSSG, glutathione dissulfide; MDA, malondealdehyde. 
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lipoperoxidation, and cell death [56]. Therefore, maintaining the redox 
balance is vital for both health and immunity. Unlike our findings, a 
previous publication showed the results of a case study carried out at 
Kursk State Medical University. Four patients with moderate and severe 
COVID-19 symptoms exhibited lower levels of GSH and higher ROS and 
ROS/GSH ratio in plasma than those with mild disease symptoms. The 
author suggested that GSH deficiency and oxidative stress in patients 
with COVID-19 are manifestations of severe infection [55]. However, 
these differences between studies may be related to the methodology 
used to measure GSH and GSSG, and the number of patients investigated 
in the case study. 

The possible interplay of the COVID19 severity and oxidative stress 
parameters was not confirmed in severe patients. However, moderate 
patients showed a negative correlation between TAC and leukocyte 
levels and between GSH:GSSG ratio and CRP levels. Although these data 
are not conclusive, they may indicate that both antioxidant capacity and 
redox balance in serum of moderate patients with COVID-19 may 
depend on the inflammatory state. The correlation between inflamma
tory parameters and oxidative stress should be further investigated in 
future studies, including interleukin analyzes. 

In conclusion, although these preliminary results do not represent all 

the parameters involved in regulating the redox profile in humans, they 
indicate that the disease severity may not be the detrimental factor 
contributing to the changes in the redox profile of the hospitalized pa
tients with COVID-19. 

5. Study limitations 

In this study, there are some limitations that could compromise 
comparisons with other studies and also make it difficult to extrapolate 
results. This limitation is mainly due to the difficulties in collecting data 
during the pandemic of COVID-19 and also to the methodological con
ditions to carry out some experiments in our laboratory during the 
pandemic. 1) At the moment of collection, June and July 2020, we did 
not have all data from the patient’s medical records as the amount of 
hospitalized patients impaired us with some information that was not 
included by health professionals, thus the incomplete medical records. 
2) Our data collection was limited and dependent on the hospital 
routine. The samples obtained for this study were the same used by the 
hospital to monitor their patients, therefore we only had serum samples 
available to perform the analysis. 3) Some medical records had incom
plete clinical information about the patients investigated.4) The MDA 
and GSH assay were conducted using standardized protocols for plasma 
and that can make the analysis of results harder. 5) We had difficulties in 
recruiting a control group. We initially tried patients who were no 
diagnosed with COVID-19, but we could not collect their blood samples. 
6) This study did not verify the correlation of redox parameters ac
cording to gender, age, length of hospital stay, disease outcome and 
comorbidities. 

We believe that these limitations are overshadowed by the benefits 
od the study since our data are very meaningful and contribute to 
elucidate the role of oxidative stress in the pathophysiology of COVID- 
19. 
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and inflammation in COVID-19-associated sepsis: the potential role of anti-oxidant 
therapy in avoiding disease progression, Antioxidants 9 (2020) 936, https://doi. 
org/10.3390/antiox9100936. 

[22] W.H. Habig, W.B. Jakoby, Assays for differentiation of glutathione S-transferases, 
Methods Enzymol. 77 (1981) 398–405, https://doi.org/10.1016/S0076-6879(81) 
77053-8. 

[23] M. Habdous, M. Vincent-Viry, S. Visvikis, G. Siest, Rapid spectrophotometric 
method for serum glutathione S-transferases activity, Clin. Chim. Acta 326 (2002) 
131–142, https://doi.org/10.1016/S0009-8981(02)00329-7. 

[24] I. Rahman, A. Kode, S.K. Biswas, Assay for quantitative determination of 
glutathione and glutathione disulfide levels using enzymatic recycling method, 
Nat. Protoc. 1 (2007) 3159–3165, https://doi.org/10.1038/nprot.2006.378. 

[25] A. Aitken, M. Learmonth, Estimation of disulfide bonds using ellman’s reagent, in: 
Protein Protoc. Handb, Humana Press, 1996, pp. 487–488, https://doi.org/ 
10.1007/978-1-60327-259-9_82. 
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