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Introduction: Drug induced kidney disorder is a frequent adverse event which contributes to 
morbidity and even incapacitation. The discovery and development of novel biomarkers and local 
(renal) response mechanisms, are needed for effective prevention of drug-induced nephrotoxicity.
Objectives: The main purpose of our study was to investigate the oxidative modifications of proteins 
in blood plasma and erythrocytes of patients with drug-induced nephropathies.
Patients and Methods: Around105 patients were divided into two groups: first group was represented 
by patients with psychotropic drug-induced nephropathy; the second one consisted of patients 
received nonsteroidal anti-inflammatory drugs (NSAIDs). Advanced oxidation protein products 
(AOPPs) were measured by Witko-Sarsat method. Protein reactive carbonyl derivatives (PRCD) 
were assayed in blood plasma and erythrocytes by the Levine method. Neutrophil gelatinase-
associated lipocalin (NGAL) was determined with the use of a commercially available ELISA kit. 
Results: Carbonyl derivatives are significantly higher in red blood cells of the 1st and 2nd group 
patients compared to the control subjects. AOPP statistically increased both in patients with various 
types of drug nephropathy and in patients with chronic kidney disease (CKD) compared with the 
control group. The NGAL was significantly higher in all groups compared to the control subjects.
Conclusion: The patients with drug-induced nephropathy have increased level of oxidative stress 
products and response NGAL reaction. The mechanisms that lead to the development of oxidative 
stress and the production of modified proteins are different in patients treated with different drugs. 
Establishing patterns of cell-molecular interaction permit the drug-induced nephropathy to be 
timely diagnosed and therapeutic programs to be optimized.

ABSTRACT

Implication for health policy/practice/research/medical education:
Establishment of predictors of nephropathy progression in the context of their relationship with the dynamics of molecular-cell patterns will 
make it possible to formulate recommendations for the timely diagnosis of drug-induced nephropathies.
Please cite this paper as: Lee VV, Muravlyova LE, Bakirova RY, Kiziltunc A, Turkhanova ZZ, Ashirbekova BD. Molecular patterns of oxidative 
stress in drug-induced nephropathy. J Nephropathol. 2021;10(3):e31. DOI: 10.34172/jnp.2021.31.

Introduction
In recent years, the number of medicinal lesions of 
the kidneys has become much more frequent in the 
practice of doctors of all specialties (1). The reason is 
the continuous expansion of the medicines arsenal. Any 
drug may have potential nephrotoxicity. For example, the 
role of analgesic injury has significantly increased in the 
structure of causes of the end-stage renal failure, in the 
last 20 years (2). Moreover, a recent large database analysis 

concerned of potential acute kidney injury risk associated 
with antipsychotics (3,4) and cytotoxic effect of tricyclic 
antidepressants (5-8). 

Nephrotoxicity can be defined as any kidneys 
damage caused by drugs. Nephrotoxicity is associated 
most commonly with injury in the tubulointerstitial 
compartment manifested as either acute tubular injury or 
acute interstitial nephritis. A growing number of reports 
have also highlighted the potential for drug-induced 
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glomerular disease, including direct cellular injury and 
immune-mediated injury up to the development of 
nephrotic syndrome (9). Nephropathy can be diagnosed 
by simple blood tests. Nephrotoxicity is usually 
estimated by hydroelectric disturbance, serum creatinine 
concentration, estimated glomerular filtration rate (eGFR) 
and creatinine clearance. However, these assessments of 
nephrotoxicity are only possible when most of kidney 
functions are damaged (10). Therefore, other biomarkers 
have been developed permitting earlier intervention that 
may improve patient’s prognosis. Although qualitative 
studies do not confirm their advantages, here are some 
promising candidates: beta-2-microglobulin, kidney 
injury molecule-1 (KIM), neutrophil gelatinase-associated 
lipocalin (NGAL) (11).

The mechanisms of the drug nephropathy development 
are still poorly understood. It has recently been shown 
that oxidative stress in the kidneys underlies acute 
nephrotoxicity caused by drugs. Proteins could be directly 
modified by reactive oxygen species which leads to amino 
acid oxidation and cross-linking. The formation of 
oxidized modified proteins is accompanied by a loss of the 
protein functional activity, an alteration of conformation, 
the formation of aggregates, or fragmentation (12). 
Carbonyl metabolic products include advanced oxidation 
protein products (AOPPs) (13), protein reactive carbonyl 
derivatives (PRCD) (14). AOPPs have fairly pronounced 
biological properties similar to AGEs (advanced glycation 
end products), and can bind to the receptor for advanced 
glycation end products (RAGE), that leads to chronic 
kidney disease (CKD) development (15).

Thus, the problem of drug-induced nephropathies is of 
increasing importance due to the multifactorial nature of 
damaging agents that tend to grow continuously, as well 
as the lack of knowledge of systemic and local (renal) 
response mechanisms. The main purpose of our study was 
to investigate the oxidative modifications of proteins in 
blood plasma and red blood cells of patients with drug-
induced nephropathies.

Objectives
The main purpose of our study was to investigate the 
oxidative modifications of proteins in blood plasma and red 
blood cells of patients with drug-induced nephropathies.

Patients and Methods
Study design 
The present study was cross-sectional. Around 105 
patients from 22 to 50 years old (64 females, 35 males) 
were divided into two groups depending on the type of the 
drug. The first group (n=30) was represented by patients 
with psychotropic drug-induced nephropathy; the second 
one (n=25) consisted of patients with nephropathy caused 

by nonsteroidal anti-inflammatory drugs (NSAIDs). 
Patients were recruited in the toxicological department of 
the hospital in Karaganda city. All the patients had acute 
intoxication with remedies.

Patients with the age less than 18 and more than 50 years, 
patients with acute pyelonephritis, glomerulonephritis, 
acute surgical pathology, concomitant diseases in the acute 
stage including; heart failure, diabetes, decompensated 
thyroid disease, diffuse connective tissue diseases, 
acquired immunodeficiency syndrome and gestational 
nephropathy were excluded. 

Drug-induced nephropathy was diagnosed by 
nephrologist considering the history of drug intake, 
physical examination, urine parameters (proteinuria, 
macro/microhematuria, cylindruria, and decreased urine 
relative density) and biochemical blood tests consisting 
of elevated serum creatinine, reduced eGFR, electrolyte 
abnormalities (hyperkalemia, hyper/hyponatremia or 
hypocalcemia) according to clinical protocol (16). 

As a comparison group (third group) were recruited 
25 patients with 1 and 2 stage of the CKD. The control 
group consisted of 25 matched persons. 

Blood sampling and biochemical analysis
Blood samples were collected from the cubital vein 
and placed into vacutainer tubes containing heparin. 
Erythrocytes were separated from plasma by centrifugation 
and washed for three times with physiological saline. 
Analysis of blood plasma and red blood cells were 
performed within 1-2 hours after their collection. 
Biochemical measurements were carried out on a PD-
303UV A PEL spectrophotometer (Japan).

AOPP were measured spectrophotometrically as 
described by Witko-Sarsat et al (17). Briefly, 0.35 mL of 
blood plasma and 1.75 mL of sodium/potassium buffer 
solution were placed into spectrophotometric cuvette and 
gently mixed, and then 0.2 mL of glacial acetic acid and 0.1 
mL of potassium iodide were added and measured at 340 
nm. A mixture of buffer solution, glacial acetic acid and 
potassium iodide served as a control. The concentration of 
oxidative products of proteins containing bityrosine cross-
links (AOPP) was expressed in nmol/L.

PRCD were assayed in blood plasma and erythrocytes 
by the method of Stadtman and Levine (18). 0.1 mL of 
blood plasma, 0.5 mL of 20% trichloroacetic acid and 
0.5 mL of dinitrophenylhydrazine were added to the 
centrifuge tube. The reaction mixture is incubated at 
room temperature for 1 hour and centrifuged at 3000 rpm 
for 5-7 minutes. Supernatant discarded. The obtained 
precipitate is resuspended in 0.5 mL of ethyl acetate and 
centrifuged at 3000 rpm for 3 minutes. This procedure is 
repeated 2 times. The resulting precipitate is incubated at 
37ºC for 18 hours. After incubation, 2 mL of urea is added 
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to the precipitate and measured on a spectrophotometer at 
370 nm. Distilled water serves as control.

Serum NGAL was determined with the use of a 
commercially available ELISA kit (Affymetrix eBioscience, 
Vienna, Austria) and presented in pg/ml.

Ethical considerations
This paper was extracted from the general physician thesis 
of Li Valentina at the Karaganda Medical University. The 
study was conducted in accordance with the Helsinki 
Declaration and was approved by the ethics committee 
affiliated with the Karaganda Medical University 
(Refrence #47 from 16/05/2019; Protocol #18). Informed 
consent was obtained from all the patients before their 
inclusion in the study. During the presence of patients in 
the toxicological department all of them received standard 
therapy, corresponding to the poisoning severity and 
developed complications. 

Statistical analysis
Statistical analysis of the obtained data was done using 
the software package SPSS Version 22. All the data were 
expressed as median (interquartile range) ± standard 
deviation.The difference between case and control groups 
was assessed using Kruskal-Wallis test. For all outcomes a 
nominal P value <0.05 was considered significant.

Results
Table 1 shows that carbonyl derivatives are significantly 
higher in red blood cells of the 1st and 2nd group patients 
compared to the control subjects (P < 0.001). In patients 
with CKD of the 1-2 stage the opposite situation is 
noted: the PRCD level in the erythrocytes was in three 
times lower than in the control group. In the plasma, a 
pronounced increase in carbonyl derivatives was detected 
only in the 3rd group (P < 0.003).

AOPP statistically increased both in patients with 
various types of drug nephropathy and in patients with 
CKD when compared with the control group.

As to the serum NGAL, it is significantly higher in all 
three groups compared to the control subjects (P < 0.01). 

No correlations of NGAL with other indicators were 
found.

Discussion
Our data confirm the serum NGAL elevation even at the 
stage of nephropathy formation due to the development of 
acute oxidative stress. The high level of the serum NGAL 
was showed in patients with normal GFR. As NGAL 
expression increases in proximal tubule cells due to drug-
induced nephrotoxicity or ischemia, it may be considered 
as a sensitive biomarker for early diagnosis of acute kidney 
damage. A pronounced increase of carbonyl derivatives, 
advanced oxidative protein products in patients with 
psychotropic drug-induced nephropathy and in patients 
with nephropathy caused by NSAIDs, may underlie 
specific mechanisms.

NSAIDs-induced nephrotoxicity is realized through 
several mechanisms of cell death. It has been established 
that drugs with the properties of acids (nitrosalicylic acid, 
acetylsalicylic acid, diclofenac, naproxen, ibuprofen, 
indomethacin and piroxicam) can inhibit mitochondrial 
oxidative phosphorylation (2). In renal tubules, favorable 
conditions are created for the inhibitory effect of NSAIDs 
on oxidative phosphorylation: a normal, slightly acidic 
urine reaction and the high content of NSAIDs due to the 
concentration and reabsorption of urine.The uncoupling 
of oxidative phosphorylation and the loss of ATP lead to 
the disturbance of cellular ion homeostasis, namely, to the 
decrease of intracellular K+ content and to the increase of 
Na+ content that results in membrane depolarization and 
cell death. The disturbance of energy-dependent calcium 
homeostasis is also associated with the increased content 
of free Ca2+ in cytosol, that plays a critical role in cell 
death (2).

Another nephrotoxicity mechanism of NSAIDs is 
associated with the formation of active metabolites. With 
the participation of cytochrome P-450 (mainly its isoform 
CYP2E1), the electrophilic intermediates are formed 
which, covalently bind to cell macromolecules, disrupting 
mitochondrial and nuclear functions, thereby triggering 
reactive oxygen species (ROS) production, protein 

Table 1. AOPP, PRCD and NGAL level in patients with drug-induced nephropathy compared to CKD patients (Mean ± SD)

Groups
PRCD AOPP NGAL

Blood plasma (nmol/L)  Erythrocytes (nmol/L) Blood plasma (nmol/L)  Blood plasma (pg/mL)

(1st group) Patients with psycho-tropic drug-
induced nephropathy 1.13 ± 0.71 14.8 ± 2.66* 0.312 ±0.086* 332.2± 112*

(2nd group) Patients with NSAID drug-
induced nephropathy 0.79 ± 1.62 15.73 ± 1.01* 0.301 ± 0.09* 324.17 ± 96*

(3d group) Patients with CKD 1-2 2.27 ±0.86* 3.74 ± 1.91* 0.382 ±0.13* 351.27± 107*

Control subjects 0.72 ± 0.16 10.76 ± 1.26 0.192 ± 0.052 80.49 ± 85.13

*In comparison to control subjects (P ≤ 0.05).
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oxidation and PRCD formation in erythrocytes. In patients 
with CKD of the 1-2 stage, the carbonyl derivatives level 
in erythrocytes was in three times lower than in the 
control group. It can be explained by conformation of the 
oxidized proteins and exposure of hydrophobic parts to 
the outside during the excessive PRCD formation, which 
creates conditions for the formation of protein-protein 
conglomerates and insoluble protein aggregates and causes 
the progression of nephropathy (12).

In addition, when taking NSAIDs, an immuno-allergic 
reaction can be developed which is characterized by 
macrophage interstitial infiltration - the main producers 
of reactive oxygen species and nitric oxide (2), whose 
targets are tyrosine residues in proteins, cytochromes 
and myeloperoxidase that is confirmed by the high level 
of AOPP in these patients. Each of the above mediators 
has a direct cytotoxic effect or is able to enhance the 
inflammatory response of tissues to other damaging 
factors.

The safety of psychotropic drugs is nowadays one 
of the most ambiguous research problems. Concerns 
regarding the possible detrimental effect of psychotropic 
medications on kidney function are supported by a 
recent meta-analysis (3,4). Recently, several independent 
researchers have reported that psychotropic remedies 
exhibit cytotoxic effect in human cell cultures, increasing 
oxidative stress. 

Several studies showed that tricyclic antidepressant 
specifically inhibited mitochondrial complex III activity 
due to low mitochondrial membrane potential (5-7). The 
decrease of cytochrome C, citrate synthase and catalase 
activities lead to ROS overproduction. This in turn leads 
to cascade process of protein oxidation and glycoxidation 
resulting in excessive production of carbonyl derivatives, 
AOPP and AGE products. The end glycation products 
are one of the factors of post-translational modification of 
proteins. They can also have effect on the cell at the level 
of gene expression binding to specific cell surface receptors 
that leads to phosphorylation of mitogen-activated 
protein kinases, activation of NF-κB, secretion of pro-
inflammatory cytokines (15). Macrophage-mediated cell 
infiltration initiates AOPP production, exacerbating the 
course of nephropathy.

Conclusion
Thus, the results of the present study permit us to draw 
the following conclusions. The patients with psychotropic 
and NSAIDs drug-induced nephropathy have increased 
level of oxidative stress products and response NGAL 
reaction. The mechanisms that lead to the development of 
oxidative stress and the production of modified proteins 
are different in patients treated with different drugs. 
Establishing patterns of cell-molecular interaction permit 

the drug-induced nephropathy to be timely diagnosed 
and therapeutic programs to be optimized.

Limitations of the study
Several limitations must be noticed in this study. First, 
there was considered only acute intoxication with 
remedies, i.e. chronic drug intoxication (during month or 
years) has not been reviewed here. Second, in this study, 
only two drug groups were included; psychotropic and 
non-steroidal anti-inflammatory drugs. This limitation is 
due to the prevalence of suicidal drugs. Third, there was 
an age limitation to avoid influence of age-related changes.
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