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Introduction. Antibody mediated rejection (AMR) is a major 
challenge in kidney transplantation and adversely affects allograft 
survival. Oxidative stress (OS) is implicated in AMR pathogenesis by 
triggering inflammation, apoptosis and fibrosis in the graft tissue. 
However, the status of OS and antioxidant defense in AMR patients 
remains unclear. We aimed to evaluate the levels of OS markers and 
antioxidant enzymes in AMR patients. 
Methods. We conducted a case-control study involving 22 biopsy- 
proven AMR patients (test group) and 14 kidney recipients with stable 
graft function (control group). Serum total oxidant status (TOS), total 
antioxidant capacity (TAC), total thiol groups, nitric oxide (NO), 8-
isoprostane (8-IP) were determined and activities of superoxide 
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) 
were measured by spectrophotometric methods. 
Results. Data analysis showed significant increases in TOS, TAC 
and 8-IP levels together with marked reductions in NO and total 
thiol groups in AMR patients. CAT and GPx activities did 
not differ between groups, however SOD activity was 
significantly lower in AMR patients. 
Conclusion. Our study showed increased OS and impaired 
antioxidant defense in AMR patients. NO level may serve as a 
potential biomarker of OS severity and immune response in AMR. 
Further studies are required to elucidate the mechanisms and 
consequences of OS in AMR and to explore the therapeutic potential 
of antioxidants. 
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INTRODUCTION 
Oxidative stress (OS) refers to an imbalance 

between the generation of oxidizing agents and 
the antioxidant defense mechanisms, which could 
result in cellular damages, apoptosis, and cell death.1

Organs with high metabolic activity, such as 
kidneys, are particularly susceptible to OS.2 

The involvement of OS is well-documented in 
various age-related chronic and degenerative 

diseases.3 Research into oxidative stress is a 
burgeoning field, and kidney disorders such as 
chronic kidney disease (CKD) and end-stage kidney 
disease (ESKD) have been identified as conditions 
with heightened oxidative stress levels.4,5 While 
some studies have reported an improvement in 
OS following successful kidney transplantation in 
ESKD patients, 6 there remains a lack of 
consensus on the precise nature of OS in kidney 
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transplantation.7 Several studies have reported 
increased activities of superoxide dismutase (SOD) 
and glutathione peroxidase (GPx) in patients with 
allograft rejection,8,9 while others have observed 
decreased GPx enzyme activities.10,11 

Previous investigations in kidney transplant 
recipients have shown that OS triggers immune 
responses, leading to neutrophil recruitment, 
renal damage, and a reduction in allograft 
survival, ultimately resulting in chronic allograft 
dysfunction.12 Immunosuppressive agents have 
been proposed to reduce the risk of rejection and 
enhance graft survival, although their impact on OS 
status remains a subject of debate.13,14 Therefore, 
it is crucial to elucidate the intricate role of each 
component within the renal oxidative/reductive 
system. 

Antibody-mediated rejection (AMR), a significant 
complication that occurs following kidney 
transplantation and affects approximately 20% of 
patients within the first-year post-transplantation. It 
is responsible for almost 30% of all cases of acute 
rejection.15 Oxidative stress is believed to contribute 
to cell death and allograft dysfunction in AMR. 
This occurs when immunoglobulins bind to the graft 
tissue; activate the complement system and lead to 
the formation of the membrane attack complex 
(MAC). The MAC, in turn, triggers ion flux, elevates 
intracellular calcium ions, and generates reactive 
oxygen species (ROS), resulting in oxidative stress 
and cell death.16 We hypothesized that the imbalance 
in the activity of enzymes involved in the 
oxidation/oxidation system, and the changes in the 
level of the main factors of oxidative stress may play 
a role in tissue damage in AMR. Therefore, 
understanding the changes in OS markers might 
be useful for predicting allograft survival and 
choosing an effective treatment.17,18 Oxidative 
stress plays a pivotal role in the pathogenesis of 
kidney diseases, but there is limited knowledge 
regarding the OS status in patients with acute 
antibody-mediated rejection, a severe form of 
allograft rejection. Although previous research has 
underscored the role of oxidative stress in both 
chronic and acute rejections, no study has 
specifically investigated oxidative stress in AMR 
patients. Given that, the presence of antibodies in 
patients can induce oxidative stress, this study 
aimed to discern the intensity and patterns of 
oxidative stress in AMR patients. 

MATERIALS AND METHODS 
Patients 

This case-control study was conducted in the 
transplant center of Labafinejad hospital, Tehran, 
Iran. The study included all first-time kidney 
transplant recipients aged between 15 to 65 years 
old. The exclusion criteria were multiple organ 
transplantation, HLA-incompatible transplants, 
graft loss during the first three months after 
transplantation, hepatitis, infections and pregnancy. 

All patients were on triple immunosuppressive 
treatment consisting of tacrolimus, mycophenolate 
mofetil, and methylprednisolone. Renal biopsy 
specimens were obtained from patients with 
unexplained graft dysfunction, in the absence of 
obstruction, and with serum creatinine levels 
higher than 25% above baseline in two consecutive 
measurements. Biopsy specimens were analyzed by 
two independent nephropathologists, and 
patients with antibody-mediated rejection (AMR) 
were considered as the patient group according to 
the 2018 Banff classification reference guide.19

Recipients with stable graft function including no 
increase in serum creatinine, no proteinuria and 
no rejection episode for at least 6 months were 
considered as the control group. 

Twenty-two recipients with AMR were identified 
according to Banff criteria (the AMR group), and 14 
recipients with stable graft function in follow- up 
visits were included in the control group. Of these 
individuals, 24 (67%) were males and 12 
(33%) were females. 

Ethical Issues 
All procedures performed in the study were in 

accordance with the version 2013 of Declaration 
of Helsinki (1967) and the study was approved 
(IR.UMSHA.REC.1396.902) by Research Ethics 
Committee of Hamadan University of Medical 
Sciences (Hamadan-Iran) and by the Ethics Board of 
Shahid Beheshti University of Medical Science 
(Tehran-Iran). This retrospective case- control 
study evaluated oxidative status in kidney 
transplant recipients. The nature of the study was 
explained and informed consents were obtained 
from all participants. Demographic characteristics 
and clinical data were collected by using patient 
records. Blood and urine samples were collected 
on the day of biopsy from all transplant patients who 
were candidates for renal biopsy and at follow 
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up visits from stable patients. 

Serum collection and preparation 
Blood samples of fasting participants were 

collected in gel and clot activator tubes, centrifuged 
at 3000 rpm for 8 minutes, and the separated 
serum samples were stored at -80°C for the further 
procedures. 

Urine protein assay 
Bicinchoninic acid protein assay kit (Thermo 

Scientific, USA) was used to measure the 24-hour 
urinary protein level of samples. Purple color formed 
by the reaction of BCA and Cu+1 in alkaline solution 
is detectable. The absorbance was read at 562 nm 
and bovine serum albumin was used as a standard. 

Determination of serum total antioxidant 
capacity (TAC) 

Antioxidant capacity of serum samples was 
measured by the FRAP method, which detects the 
color change of a Fe3+-TPTZ (2,4,6-tripyridyl-S- 
triazine) complex when it is reduced by antioxidants. 
Results expressed as μmol/L Fe2+.20 

Determination of serum total oxidant status 
(TOS) 

Serum TOS was measured by using FOX (ferrous 

Determination of serum total thiol groups 
DTNB (2,2-dithiobisnitrobenzoic acid) assay was 

used to measure the free thiol groups in the sample. 
This assay detects the yellow color of TNB, which is 
produced by the reaction of DTNB and free thiol 
groups.23 The absorbance was read at 412 nm and 
results were expressed the as nmol/ml. 

Determination of serum nitric oxide (NO) 
Serum NO level was measured by the Griess 

assay, which detects the color change of Azo dye 
when it reacts with NO2- in acidic conditions.24

The absorbance was recorded at 560 nm and the 
concentration of NO was determined by using 
nitrate standard curve and expressed as μmol/L. 

Determination of serum antioxidant enzyme 
activities 

Determination of serum catalase (CAT) activity. 
Serum catalase activity was measured by using 
Catalase Activity Kit (Kiazist, Hamadan, Iran) which 
detects the color change of Purpald reagent when it 
reacts with formaldehyde. Formaldehyde is 
produced by the reaction of methanol and H2O2 
with CAT. Activity of CAT was calculated by using 
a standard curve of formaldehyde. The results were 
expressed as mU/ml using the following formula: 

oxidation−xylenol orange) reagent which changes 
color when it reacts with ferric ion and xylenol 
orange. Ferric ion is produced by the oxidation 

CAT activity  mU  = 
  

sample valume 
×12 ×sample dilution

20 

of ferrous ion by hydrogen peroxide in acidic 
conditions.21 Ten μl of serum and 190 μl of FOX 
reagent were used for each measurement. The 
absorbance was read at 560 nm and TOS values were 
calculated by using a standard curve of H2O2 and 
expressed as μmol/L H2O2. 

Determination of serum oxidative stress index 
(OSI) 

Serum OSI was defined as the ratio of TOS/TAC 
with an arbitrary unit (TOS (μM)/ TAC (mM)).22 

Determination of serum 8-isoprostane (8-IP) 
Human 8-Isoprostane ELISA kit (MyBioSource, 

San Diego, CA, USA) was used to measure serum 8-
IP level as manufacturer’s instructions. The 
serum 8-IP concentration was calculated by using a 
standard curve of 8-IP. The results were expressed 
the as pg/ml. 

Determination of serum superoxide dismutase 
(SOD) activity 

Serum SOD activity was assessed by using SOD 
activity Kit (Kiazist, Hamadan, Iran) which detects 
the color change of a chromogen when it reacts with 
xanthine and xanthine oxidoreductase. SOD inhibits 
this reaction by scavenging superoxide radicals. The 
absorbance was read at 560 nm and SOD activity was 
calculated on the basis of the inhibition rate using 
the following formula: 
inhibition rate = 

(B2 absorbance − B1 absorbance) −(sample absorbance – control absorbance ) ×100 
(B2 absorbance − B1 absorbance) 

Determination of serum glutathione peroxidase 
(GPx) activity 

Serum GPx activity was measured by detecting 
the NADPH reduction in a coupled reaction of 
glutathione peroxidase and reductase. GPx 
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Activity kit (Kiazist, Hamadan, Iran) was used. 
The absorbance change was recorded at 340 nm 
over time and calculated GPx activity using the 
following formula: 

GPx activity �𝑚𝑚𝑚𝑚
𝑚𝑚𝑚𝑚
� = ∆340 / 𝑚𝑚𝑚𝑚𝑚𝑚

0.00216 𝑀𝑀
× 110

𝑠𝑠𝑠𝑠𝑚𝑚𝑠𝑠𝑚𝑚𝑠𝑠 𝑣𝑣𝑠𝑠𝑚𝑚𝑣𝑣𝑚𝑚𝑠𝑠
× 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑑𝑑𝑑𝑑𝑠𝑠𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 

 M mean ± SD and significance level was set at P < 
.05. Mann Whitney U test was used to analyze SOD 
data, which was not normally distributed, and 
results were expressed as median and interquartile 
range (IQR). 

RESULTS 
Three hundred and two kidney transplant 

Statistical analysis 
Statistical analysis was performed by using the 

Statistical Package for Social Sciences version 16 
(SPSS Inc., Chicago-USA). Kolmogorov-Smirnov test 
was used to check normality of data. Independent 
-samples t-test was performed to compare mean
values between groups. Values were reported as

recipients underwent renal biopsy during two years 
from 2019 to 2021 in Labbafinejad hospital; Tehran, 
Iran. Twenty-two AMR patients and 14 stable 
patients (control group) were included in our study. 
The AMR group had a shorter duration between 
transplantation and enrollment compared to the 
control group (1 month vs 21 months), 

Table 1. Demographic and clinical data of AMR patients and patients with stable graft function 

Parameters AMR (n = 22) 
Mean ± SD 

Stable (n = 14) P 
Mean ± SD 

Age (year) 41.32 ± 14.61 37.43 ± 13.46 > .05 
Dialysis prior to transplantation (month) 6.6 4 ± 8.67 12.14 ± 15.36 > .05 
Cause of ESRD# 

Diabetes 1 (4.54%) 2 (14.29%) 
HTN 4 (18.18%) 2 (14.29) 
GN 4 (18.18%) 4 (28.57%) 
ADPKD 3 (13.63%) 1 (7.14%) 
Others 10 (45.45%) 5 (35.71%) 

Time from transplantation to enrollment (month)† 1 ± 64 21 ± 62 < .05 
eGFR (ml/min/1.73 m2) 30.36 ± 14.72 77.21 ± 15.21 < .05 
Urine total protein (mg/ml) 14.88 ± 12.48 11.03 ± 15.13 < .05 
Hb (g/dl) 10.72 ± 1.54 14.18 ± 1.04 < .05 
Hct (%) 32.95 ± 4.89 42.44 ± 3.03 < .05 
WBC (×103/µl) 8.51 ± 3.34 6.69 ± 1.61 > .05 
Plt (×103/µl) 206.00 ± 68.33 180.14 ± 34.66 > .05 
FBS (mg/dl) 111.35 ± 36.03 79.35 ± 25.35 > .05 
BUN (mg/dl) 62.75 ± 26.79 22.24 ± 9.45 < .05 
Uric acid (mg/dl) 5.46 ± 1.17 5.8 2 ± 1.39 > .05 
Creatinine (mg/dl) 2.77 ± 1.73 1.14 ± 0.23 < .05 
SGOT (U/L) 25.52 ± 17.00 25.92 ± 12.25 > .05 
SGPT (U/L) 35.63 ± 38.89 24.69 ± 16.83 > .05 
Ca (mg/dl) 8.76 ± 1.01 9.52 ± 0.54 < .05 
P (mg/dl) 4.41 ± 1.04 3.85 ± 1.07 > .05 
Na (mEq/L) 138.00 ± 3.94 138.27 ± 2.57 > .05 
K (mEq/L) 4.41 ± 0.77 4.12 ± 0.36 > .05 
Total Cholesterol (mg/dl) 158.50 ± 56.30 169.00 ± 95.06 > .05 
LDL-C (mg/dl) 82.57 ± 19.48 105.50 ± 37.00 > .05 
HDL-C (mg/dl) 41.50 ± 9.72 44.14 ± 12.72 > .05 
VLDL-C (mg/dl) 26.90 ± 18.10 24.00 ± 14.80 > .05 
TG (mg/dl) 134.50 ± 90.50 120.00 ± 73.75 > .05 
ALP (U/L) 211.44 ± 103.13 231.17 ± 54.34 > .05 

*These data are presented in the form of number of patients and percentage. ADPKD: Autosomal dominant polycystic kidney disease, 
BUN: blood urea nitrogen, eGFR: estimated glomerular filtration rate, ESRD: end-stage renal disease, FBS: fasting blood sugar, GN:
Glomerulonephritis, HN: hypertension, Plt: platelet, SGOT: serum glutamate-oxaloacetate transaminase, SGPT: serum glutamate-pyruvate
transaminase, ALP: alkaline phosphatase.
†These data are presented as median ± interquartile range and resulted from Mann Whitney U test. 
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which means they developed rejection in the 
early months after transplantation. The majority of 
AMR patients (68%) experienced allograft 
rejection within the first year of transplantation, with 
only five cases happened thereafter. Neither group 
had any previous episodes of rejection before the 
trial, as indicated by their medical records. 
Glomerulonephritis and hypertension were the 
main most common causes of kidney failure 
requiring transplantation in both groups, followed 
by other reasons. 

Renal function parameters were significantly 
different between the groups. Renal function of 
participants was evaluated with the estimated 
glomerular filtration rate (eGFR), blood urea 
nitrogen (BUN) and creatinine. The AMR group 
exhibited significantly worse renal function than the 
control group, as shown by lower eGFR (30.36 vs 
77.21 ml/min/1.73 m2), higher BUN (62.75 ± 26.79 
vs 22.24 ± 9.45 mg/dl) and creatinine (2.77 ± 1.73 
vs 1.14 ± 0.23 mg/dl). However, no significant 
difference was observed in urinary protein levels 
between the groups. The AMR group also had lower 
hemoglobin, hematocrit and calcium levels. The 
liver function and lipid profile did not differ 

significantly within the groups (Table 1). 

Markers of oxidative stress in AMR 
The levels of oxidative stress markers were 

compared between patients with acute antibody- 
mediated rejection (AMR) of kidney transplants and 
patients with stable graft function (control group). 
Total oxidant status (TOS), total antioxidant capacity 
(TAC), oxidative stress index (OSI), 8-isoprostane (8-
IP), total thiol groups, nitric oxide (NO), activity of 
catalase (CAT), glutathione peroxidase (GPx) and 
superoxide dismutase (SOD) were measured as 
indicators of oxidative stress. We found that AMR 
group, compared with the control group, had 
higher TOS, TAC and 8-IP levels, lower total thiol 
groups and NO levels, and similar OSI levels (Table 
2). 

GPx, CAT and SOD activities were measured 
as the main enzymes involved in oxidative stress. 
Although CAT and GPx activities were higher 
in AMR patients, analysis showed no significant 
changes in CAT (866.76 ± 509.44 vs 676.20 ± 548.78 
mU/ml, P > .05) and GPx (25.84 ± 5.68 vs  
23.29 ± 4.36 mU/ml, P > .05) activities between 
groups; while, as presented in Figure, median 

Table 2. summarized comparison of oxidant and non-enzymatic antioxidant parameters in study population 

Parameters AMR (n = 22) 
Mean ± SD 

Stable (n = 14) P 
Mean ± SD 

TOS (µM) 55.00 ± 11.91 42.54 ± 14.58 < .05* 
TAC (mM) 0.81 ± 0.31 0.58 ± 0.27 < .05 
OSI 67.86 ± 27.04 69.80 ± 59.91 > .05 
8-Isoprostane (pg/ml) 31.98 ± 0.53 29.77 ± 1.01 < .05 
Total thiol group (nm/ml) 0.2 ± 0.1 0.40 ± 0.94 < .05 
NO (µM) 54.34 ± 13.33 66.79 ± 19.40 < .05 

*Statistical significance was set as < .05 
TOS: total oxidant status, TAC: total antioxidant capacity, OSI: Oxidative stress index, NO: nitric oxide 
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and IQR (interquartile range) of SOD activity 
was markedly lower in AMR group [0.78 (0.11)] 
compared to control group [0.96 (0.22)]. 

DISCUSSION 
In this study, we conducted an assessment of 

various oxidative stress markers and antioxidant 
enzymes in acute AMR patients, comparing them 
with recipients who maintained stable graft function. 
Although we matched the AMR and control groups 
by age, there was a significant difference in allograft 
age, with most AMR patients diagnosed within one 
year of transplantation, while most control group 
participants were included in the study one- year 
post-transplantation to ensure graft stability. Both 
groups had no history of rejection up to the time of 
sampling. As anticipated, the AMR group exhibited 
poor renal function and lower levels of hemoglobin, 
hematocrit, and calcium, which are influenced by 
kidney function. 

We hypothesized that the AMR group would 
show higher oxidative stress levels and lower 
antioxidant capacity compared with the control 
group. We measured levels of nitric oxide (NO), 
8-isoprostane (8-IP), and thiol groups as oxidative
stress markers in AMR and control patients. It
was found that AMR patients had significantly
lower NO levels than the control group. Previous
research has produced conflicting results regarding
NO levels in renal transplantation and rejection,
which may depend on factors such as the timing of
measurement, the type of rejection, and the effects of
immunosuppressive drugs.25-27 The fact that most of
our AMR patients had rejection at a later stage after
transplantation, and that we measured oxidative
stress markers on the day of the biopsy may have
contributed to our results. NO has a complex and
dual role in allograft rejection. On one hand, NO
reacts with ROS to form peroxynitrite, a cytotoxic
agent that damages the allograft, and on the other
hand, NO inhibits leukocyte adhesion and platelet
aggregation, which are involved in allograft
injury.28,29 The balance between these effects may be
influenced by several factors, such as inflammatory
cytokines, NF-ĸB, iNOS, BH4 and superoxide.30-32 

We suggest that the immune and oxidative
responses in AMR patients may lead to lower NO
levels and higher oxidative stress in the allograft.

8-Isoprostane (8-iso-PGF2α) is a stable isomer

of prostaglandin F2 that is formed by lipid 
peroxidation.33 Previous studies have shown that 
patients with end stage kidney disease (ESKD) on 
long-term hemodialysis have elevated levels of 8-
IP compared to the patients with normal kidney 
function.34 However, serum 8-IP levels decrease 
rapidly after transplantation, although they do not 
reach the levels of healthy individuals.35 In contrast, 
urinary F2-isoprostane levels do not change 
significantly after transplantation.36 This study also 
revealed that the AMR patients had higher serum 8-
IP levels than the control group, indicating that 
transplantation does not normalize serum 8-IP levels 
in kidney disease patients and that AMR may 
trigger abnormal lipid oxidation processes. 

Thiol groups are sulfur-containing compounds 
that scavenge free radicals and oxidants. They are 
mainly produced by erythrocytes and are indicative 
of oxidative stress status.37 Previous studies 
have shown that plasma thiol levels are lower in 
dialysis patients and higher in transplant patients, 
compared to healthy individual.38 There is no data 
on thiol levels in acute rejection episodes, although 
chronic kidney rejection has been associated with 
reduced thiol levels9. Thiol groups were lower 
in AMR patients compared to the control group, 
suggesting that they correlate with decreased GFR 
and hematocrit.39,40 This indicates that impaired 
kidney function and erythropoietin production may 
impact thiol availability in erythrocytes in AMR 
patients. 

The activities of antioxidant enzymes were 
assessed, and showed a significant decrease in SOD 
activity and non-significant increases in GPx and 
CAT activities in AMR patients. The reports on 
alterations of antioxidant enzymes in renal 
transplantation are inconsistent . Studies have 
reported increased,8,41 decreased10,17 or unchanged42

activities of these enzymes after transplantation. 
However, there is limited evidence on the activities 
of these enzymes in renal rejection. Fonseca et al., 
demonstrated that SOD activity did not increase after 
kidney transplantation,41 but reduced mitochondrial 
SOD activity was observed in chronic rejection.43 

Our results indicate a significant reduction of both 
mitochondrial and cytosolic SOD activity during 
acute rejection. The reduction in SOD activity is 
unclear but could be related to tyrosine nitration and 
mitochondrial SOD inactivation.43 

Although the mean CAT and GPx activities 
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were slightly higher in AMR group than in 
control patients, the difference was not statistically 
significant. This is consistent with a previous study 
that found similar GPx activity levels in patients 
with acute renal rejection and stable graft function.11 

However, another study reported higher GPx activity 
in chronic rejection compared to stable kidney 
function.9 Although CAT and GPx are responsible 
for degradation of hydrogen peroxide produced 
by SOD, it should be noted that immunoglobulin 
light chains can also generate hydrogen peroxide 
and proinflammatory agents in proximal tubular 
epithelium,44 which could account for the elevated 
CAT and GPx activities in AMR patients. 

Total antioxidant capacity (TAC) and total 
oxidant status (TOS) were both significantly 
higher in AMR patients than the control group, with 
no significant difference in the oxidative stress 
index (OSI). Previous studies have shown that the 
cytochrome P450-mediated metabolism of 
calcineurin inhibitors, which are immunosuppressive 
drugs, generates reactive oxygen species (ROS) and 
disrupts the redox balance.13 However, previous 
studies have indicated that oxidative stress levels 
after transplantation are not significantly affected by 
the type of treatment protocol.45 Both groups of 
patients and controls were on immunosuppressive 
therapy, but the initial dose of the drugs was higher 
in the early months of transplantation. Our AMR 
group, wtih an acute rejection episode shortly after 
transplantation, received an even higher dose of the 
drugs and antioxidant capacity than the other 
transplant recipients did. While previous studies 
have suggested that kidney transplantation improves 
inflammation and antioxidant status (at least six 
months after transplantation)46 and increases 
oxidative stress in acute and chronic rejection,47

Antolini et al. reported that kidney transplant 
patients had higher antioxidant power in the 
rejection groups than in the control groups, which 
was contrary to their expectation. They suggested 
that renal transplantation might induce an increase 
in antioxidant capacity, but this would decline as the 
transplanted kidney function normalized.48

Therefore, an increase in antioxidant capacity does 
not necessarily indicate an improvement in the 
immune system, but it could signal an early stage of 
kidney dysfunction and failure. Thus, TAC might be 
a marker of oxidative stress in the initial phase of 
renal transplantation.49 Furthermore, TAC is a 

comprehensive indicator of antioxidant capacity and 
it could be influenced by not only the improvement 
of renal function but also the reduction of oxidative 
stress after transplantation.18 

This study showed some interesting results, but 
they are preliminary and need further investigations. 
Serum samples were used to measure OS status 
in allograft tissue, because tissue sampling could 
endanger the graft survival. However, other OS 
parameters such as malondialdehyde, carbonyl 
groups, free thiol groups, glutathione, acute phase 
proteins, and myeloperoxidase activity could give 
more reliable information about OS status in AMR 
patients. Urine samples and a larger sample size 
could also help to validate the serum results. 

CONCLUSION 
In conclusion, this study showed that AMR 

patients exhibit higher oxidative stress levels and 
lower antioxidant enzyme activity, suggesting a role 
for oxidative stress in AMR pathogenesis and 
allograft injury. Further research is needed to 
understand the mechanisms of oxidative stress in 
AMR and evaluate the potential benefits of 
antioxidant therapy for allograft survival and 
function. 

ACKNOWLEDGMENT 
Authors are grateful for both Hamadan University 

of Medical Sciences and Shahid Beheshti University 
of Medical Sciences for financial support of the 
project (UMSHA-9612228430). 

CONFLICT OF INTERESTS 
Authors declare no conflict of interest. 

FUNDING 
The study was funded by Vice-chancellor for 

Research and Technology, Hamadan University of 
Medical Sciences, Iran (UMSHA-9612228430). 

ETHICAL APPROVAL 
The study was approved by the Ethics committee 

of Hamadan University of Medical Sciences (IR. 
UMSHA.REC.1396.919) and was conducted in 
accordance with the Declaration of Helsinki. 

INFORMED CONSENT 
Informed written consent was obtained from 

the study participants. 



234 Iranian Journal of Kidney Diseases | Volume 18 | Number 4 | July 2024 

Oxidative Stress and Antioxidant Enzymes in Acute Antibody-Mediated Rejection—Nafar et al 

AUTHORSHIP 
MN and IK were responsible for designing the 

research. S-SH and SS prepared the manuscript. 
S-SH conducted the sample preparation and
laboratory analysis. All authors participated in
reviewing the manuscript.

REFERENCES 
1. Kannan K, Jain SK. Oxidative stress and apoptosis.

Pathophysiology. 2000;7(3):153-63.

2. Czerska M, Mikolajewska K, Zielinski M, Gromadzinska J,
Wasowicz W. Today’s oxidative stress markers. 2015.

3. Liguori I, Russo G, Curcio F, et al. Oxidative stress, aging,
and diseases. Clinical interventions in aging. 2018;13:757.

4. Cottone S, Palermo A, Vaccaro F, et al. In renal
transplanted patients inflammation and oxidative
stress are interrelated. Transplantation proceedings.
2006;38(4):1026-30.

5. Daenen K, Andries A, Mekahli D, et al. Oxidative
stress in chronic kidney disease. Pediatric Nephrology.
2019;34(6):975-91.

6. Štrebl P, Horčička Jr V, Krejči K, et al. Oxidative
stress after kidney transplantation: The role of
immunosuppression. Dialysis & Transplantation.
2010;39(9):391-4.

7. Vural A, Yilmaz MI, Caglar K, et al. Assessment of
oxidative stress in the early posttransplant period:
comparison of cyclosporine A and tacrolimus- 
based regimens. American journal of nephrology.
2005;25(3):250-5.

8. Pérez Fernandez R, Martín Mateo M, De Vega L, et
al. Antioxidant enzyme determination and a study of
lipid peroxidation in renal transplantation. Renal failure.
2002;24(3):353-9.

9. Simic-Ogrizovic S, Simic T, Reljic Z, et al. Markers of
oxidative stress after renal transplantation. Transplant
International. 1998;11(1):S125-S9.

10. Cristol J-P, Vela C, Maggi M-F, Descomps B, Mourad
G. Oxidative Stress and Lipid Abnormalities in Renal
Transplant Recipients with or without Chronic Rejection1.
Transplantation. 1998;65(10):1322-8.

11. Eftekhar E, Hajirahimkhan A, Taghizadeh Afshari A,
Nourooz-Zadeh J. Plasma glutathione peroxidase activity
in kidney recipients with and without adverse outcome.
Renal failure. 2012;34(5):628-33.

12. Raj DS, Lim G, Levi M, Qualls C, Jain SK. Advanced
glycation end products and oxidative stress are increased
in chronic allograft nephropathy. American Journal of
Kidney Diseases. 2004;43(1):154-60.

13. Land WG. Ageing and immunosuppression in kidney
transplantation. Exp Clin Transplant. 2004;2(2):229.

14. Perrea DN, Moulakakis KG, Poulakou MV, et
al. Correlation between oxidative stress and
immunosuppressive therapy in renal transplant recipients
with an uneventful postoperative course and stable
renal function. International urology and nephrology.
2006;38(2):343-8.

15. Lucas JG, Co JP, Nwaogwugwu UT, Dosani I,
Sureshkumar KK. Antibody-mediated rejection in
kidney transplantation: an update. Expert opinion on
pharmacotherapy. 2011;12(4):579-92.

16. Adler S, Baker P, Johnson R, et al. Complement
membrane attack complex stimulates production
of reactive oxygen metabolites by cultured rat
mesangial cells. The Journal of clinical investigation.
1986;77(3):762-7.

17. Nafar M, Sahraei Z, Salamzadeh J, Samavat S, Vaziri
ND. Oxidative stress in kidney transplantation: causes,
consequences, and potential treatment. Iranian journal of
kidney diseases. 2011;5(6):357.

18. Tabriziani H, Lipkowitz MS, Vuong N. Chronic kidney
disease, kidney transplantation and oxidative stress: a
new look to successful kidney transplantation. Clinical
Kidney Journal. 2017.

19. Roufosse C, Simmonds N, Clahsen-van Groningen M,
et al. A 2018 reference guide to the Banff classification
of renal allograft pathology. Transplantation.
2018;102(11):1795-814.

20. Benzie IF, Strain JJ. The ferric reducing ability of plasma
(FRAP) as a measure of “antioxidant power”: the FRAP
assay. Analytical biochemistry. 1996;239(1):70-6.

21. Gay C, Collins J, Gebicki JM. Hydroperoxide assay with
the ferric–xylenol orange complex. Analytical biochemistry.
1999;273(2):149-55.

22. Sánchez-Rodríguez MA, Mendoza-Núñez VM. Oxidative
stress indexes for diagnosis of health or disease in
humans. Oxid Med Cell Longev. 2019;2019.

23. Hu M, Dillard C. Plasma SH and GSH measurement.
Methods Enzymol. 1994;233(385):87.

24. Sun J, Zhang X, Broderick M, Fein H. Measurement of
nitric oxide production in biological systems by using
Griess reaction assay. Sensors. 2003;3(8):276-84.

25. Agarwal A, Kim Y, Matas AJ, Alam J, Nath KA. Gas- 
generating systems in acute renal allograft rejection in
the rat: Co-induction of heme oxygenase and nitric oxide
synthase1, 2. Transplantation. 1996;61(1):93-8.

26. Bellos JK, Perrea DN, Theodoropoulou E, et al. Clinical
correlation of nitric oxide levels with acute rejection
in renal transplantation. International urology and
nephrology. 2011;43(3):883-90.

27. Carrillo-Ibarra S, Cerrillos-Gutiérrez JI, Escalante-Núñez
A, et al. The oxidative and inflammatory state in patients
with acute renal graft dysfunction treated with tacrolimus.
Oxid Med Cell Longev. 2016;2016.

28. Banerjee D, Mazumder S, Sinha AK. Involvement of
nitric oxide on calcium mobilization and arachidonic
acid pathway activation during platelet aggregation with
different aggregating agonists. International journal of
biomedical science: IJBS. 2016;12(1):25.

29. Lucke-Wold B, Logsdon A, Li X, et al. Reduced endothelial
basal nitric oxide induces leukocyte adhesion through
Src-dependent phosphorylation of constitutive intercellular
adhesion molecule-1. The FASEB Journal. 2016;30(1_
supplement):723.11-.11.

30. Vos IH, Joles JA, Rabelink TJ, editors. The role of nitric
oxide in renal transplantation. Seminars in nephrology;
2004: Elsevier.



235 Iranian Journal of Kidney Diseases | Volume 18 | Number 4 | July 2024 

Oxidative Stress and Antioxidant Enzymes in Acute Antibody-Mediated Rejection—Nafar et al 

31. Lubos E, Handy DE, Loscalzo J. Role of oxidative
stress and nitric oxide in atherothrombosis. Frontiers in
bioscience: a journal and virtual library. 2008;13:5323.

32. Pierini D, Bryan NS. Nitric oxide availability as a marker of
oxidative stress. Advanced Protocols in Oxidative Stress
III: Springer; 2015. p. 63-71.

33. Chandra M, Panchatcharam M, Miriyala S. Biomarkers
in ROS and role of isoprostanes in oxidative stress. Free
Radicals and Diseases. 2016:131-48.

34. Ikizler TA, Morrow J, Roberts L, et al. Plasma F2-
isoprostane levels are elevated in chronic hemodialysis
patients. Clinical nephrology. 2002;58(3):190-7.

35. Simmons EM, Langone A, Sezer MT, et al. Effect of
renal transplantation on biomarkers of inflammation and
oxidative stress in end-stage renal disease patients.
Transplantation. 2005;79(8):914-9.

36. Cracowski JL, Souvignet C, Quirin N, et al. Urinary F2-
isoprostanes formation in kidney transplantation. Clinical
transplantation. 2001;15(1):58-62.

37. Campise M, Bamonti F, Novembrino C, et al. Oxidative
stress in kidney transplant patients1. Transplantation.
2003;76(10):1474-8.

38. Soleymanian T, Ranjbar A, Alipour M, Ganji MR, Najafi
I. Impact of kidney transplantation on biomarkers of
oxidative stress and inflammation. Iranian journal of
kidney diseases. 2015;9(5):400-5.

39. Aveles PR, Criminácio CR, Gonçalves S, et al. Association
between biomarkers of carbonyl stress with increased
systemic inflammatory response in different stages of
chronic kidney disease and after renal transplantation.
Nephron Clinical Practice. 2010;116(4):c294-c9.

40. Chrzanowska M, Kamińska J, Głyda M, Duda G,
Makowska E. Antioxidant capacity in renal transplant
patients. Die Pharmazie-An International Journal of
Pharmaceutical Sciences. 2010;65(5):363-6.

41. Fonseca I, Reguengo H, Almeida M, et al. Oxidative stress
in kidney transplantation: malondialdehyde is an early
predictive marker of graft dysfunction. Transplantation.
2014;97(10):1058-65.

42. Vostálová J, Galandáková A, Svobodová AR, et al.
Time-course evaluation of oxidative stress-related
biomarkers after renal transplantation. Renal failure.
2012;34(4):413-9.

43. MacMillan-Crow LA, Cruthirds DL, Ahki KM, Sanders PW,
Thompson JA. Mitochondrial tyrosine nitration precedes
chronic allograft nephropathy. Free Radical Biology and
Medicine. 2001;31(12):1603-8.

44. Wang P-X, Sanders PW. Immunoglobulin light chains
generate hydrogen peroxide. Journal of the American
Society of Nephrology. 2007;18(4):1239-45.

45. Cvetković T, Veličković-Radovanović R, Stojanović
D, et al. Oxidative and nitrosative stress in stable
renal transplant recipients with respect to the
immunosuppression protocol–differences or similarities?
Journal of Medical Biochemistry. 2015;34(3):295.

46. Díaz-De la Cruz EN, Cerrillos-Gutiérrez JI, García-
Sánchez A, et al. The alteration of pro-inflammatory
cytokines and oxidative stress markers at six-month post- 
living kidney donation. Frontiers in medicine. 2020;7:382.

47. Kumar A, Hammad A, Sharma AK, et al. Oxidative
stress in kidney transplant biopsies. Exp Clin Transplant.
2015;13(Suppl 1):207-13.

48. Antolini F, Valente F, Ricciardi D, Fagugli R. Normalization
of oxidative stress parameters after kidney transplant
is secondary to full recovery of renal function. Clinical
nephrology. 2004;62(2):131-7.

49. Sofic E, Rustembegovic A, Kroyer G, Cao G. Serum
antioxidant capacity in neurological, psychiatric, renal
diseases and cardiomyopathy. Journal of neural
transmission. 2002;109(5-6):711-9.

Correspondence to: 
Somaye-Sadat Heidari (Ph.D in clinical biochemistry) 
Department of Clinical Biochemistry, Faculty of Medicine, 
Hamadan University of Medical Sciences, Hamadan, Iran 
Email: somayesadat_heidary@yahoo.com 

Received July 2023 
Revised October 2023 
Accepted November 2023 

mailto:somayesadat_heidary@yahoo.com

	Acute Kidney Injury in Critically Ill Pregnant Women: A Retrospective Study on Risk Factors and Outcomes
	Qifeng Song, Jia Jia, Chen Chen, Guofu Li
	INTRODUCTION
	MATERIALS AND METHODS
	Experimental population
	AKI diagnosis and staging
	Clinical data and epidemiological characteristics
	Data analysis

	RESULTS
	General conditions
	Univariate analysis of AKI risk factors
	Multivariate logistic analysis of AKI risk factors
	Recovery of renal function, prognosis and intervention

	DISCUSSION
	LIMITATIONS
	CONCLUSION
	ABBREVIATIONS
	ACKNOWLEDGEMENT
	DATA AVAILABILITY STATEMENT
	FUNDING
	CONFLICTS OF INTEREST
	REFERENCES


	Comparison of the Safety of Prednisone Plus Dipyridamole Versus Prednisone Plus Valsartan in the Treatment of Children with Primary Nephrotic Syndrome
	Guoqiang Chen, Wenliang Li
	INTRODUCTION
	MATERIALS AND METHODS
	Study participants
	Inclusion and exclusion criteria
	Treatments
	Clinical efficacy evaluation
	Sampling and testing
	Statistical analysis

	RESULTS
	Comparison of clinical efficacy
	Comparison of renal function before and after treatment
	Comparison of coagulation function before and after treatment
	Comparison of inflammatory reaction before and after treatment
	Comparison of immune function before and after treatment
	Comparison of blood lipid function before and after treatment
	Comparison of safety

	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENT
	DECLARATION OF CONFLICTING INTERESTS
	FUNDING
	AVAILABILITY OF DATA AND MATERIALS
	REFERENCES


	Effect of Exchange Systems and Procedure on Long Term Peritonitis in ESKD Patients Undergoing CAPD: A Retrospective Comparative Cohort Study
	Phongsak Dandecha, Atthaphong Phongphithakchai
	INTRODUCTION
	MATERIALS AND METHODS
	Study designs and participants
	Statistical analysis

	RESULTS
	Peritonitis outcome
	Technique survival outcome

	DISCUSSION
	CONCLUSION
	AUTHORS CONTRIBUTION
	DATA AVAILABILITY
	FUNDING
	ETHICAL CONSIDERATIONS
	PATIENT CONSENT FOR PUBLICATION
	CONFLICT OF INTERESTS
	REFERENCES


	Comparison of Anticoagulant Effect of Low-Molecular- Weight Heparin Sodium and Sodium Citrate on Patients with Severe Acute Kidney Injury Treated by Continuous Renal Replacement Therapy
	Yunxia Meng, Chengzhi Xie, Zheng Lin, Yuxiang Xie
	INTRODUCTION
	MATERIALS AND METHODS
	Patient data
	Inclusion and exclusion criteria
	Therapeutic regimen
	Outcome measures
	Statistical analyses

	RESULTS
	Baseline data of patients
	Coagulation function of the two groups
	Inflammatory factors and filter lifespan in the two groups
	Renal function of the two groups
	Adverse reactions in patients

	DISCUSSION
	LIMITATIONS
	ACKNOWLEDGEMENT
	FUNDING
	ETHICAL CONSIDERATIONS
	CONFLICT OF INTERESTS
	REFERENCES


	Novel Insights into Oxidative Stress and Antioxidant Enzymes in Acute Antibody-Mediated Rejection of Renal Allografts
	Mohsen Nafar1, Iraj Khodadadi2, Shiva Kalantari3, Heidar Tayebinia2, Jamshid Karimi2, Shiva Samavat1, Nooshin Dalili1, Somaye-Sadat Heidari1,2*
	INTRODUCTION
	MATERIALS AND METHODS
	Patients
	Ethical Issues
	Serum collection and preparation
	Urine protein assay
	Determination of serum total antioxidant capacity (TAC)
	Determination of serum total oxidant status (TOS)
	Determination of serum total thiol groups
	Determination of serum nitric oxide (NO)
	Determination of serum antioxidant enzyme activities
	Determination of serum oxidative stress index (OSI)
	Determination of serum 8-isoprostane (8-IP)
	Determination of serum superoxide dismutase (SOD) activity
	Determination of serum glutathione peroxidase (GPx) activity

	RESULTS
	Statistical analysis
	Markers of oxidative stress in AMR

	DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENT
	CONFLICT OF INTERESTS
	FUNDING
	ETHICAL APPROVAL
	INFORMED CONSENT
	AUTHORSHIP
	REFERENCES


	A Report of Claudin-19 Mutation Causing Nephrocalcinosis and End-Stage Kidney Disease from Iran
	Shokoufeh Savaj1, Saghar Chehrazi2
	INTRODUCTION
	CASE REPORT
	DISCUSSION
	STATEMENT OF ETHICS
	CONFLICT OF INTEREST
	REFERENCES


	Coexistence of Fabry Disease and Membranous Nephropathy: A Case Report
	Yan Jin, Li Pen, Lei Lan, Jun Jiang
	INTRODUCTION
	CASE PRESENTATION
	DISCUSSION
	ETHICS STATEMENT
	CONSENT FOR PUBLICATION
	CONFLICT OF INTEREST
	ACKNOWLEDGMENTS
	REFERENCES





