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Abstract: Background: Rosinidin is a flavonoid anthocyanin pigmentation found in shrub flowers
such as Catharanthus roseus and Primula rosea. The molecular docking studies predicted that rosinidin
has adequate structural competency, making it a viable medicinal candidate for the treatment of
a wide range of disorders. The current study intends to assess rosinidin nephroprotective efficacy
against nephrotoxicity induced by cisplatin in rats. Materials and Methods: Oral acute toxicity tests
of rosinidin were conducted to assess potential toxicity in animals, and it was shown to be safe. The
nephroprotective effect of rosinidin 10, and 20 mg/kg were tested in rats for 25 days with concurrent
administration of cisplatin. Several biochemical parameters were measured to support enzymatic and
non-enzymatic oxidative stress such as superoxide dismutase (SOD), malondialdehyde (MDA), and
glutathione peroxidase (GSH). Likewise, changes in several non-protein-nitrogenous components
and blood chemistry parameters were made to support the theory linked with the pathogenesis
of chemical-induced nephrotoxicity. Results: Cisplatin caused significant changes in biochemical,
enzymatic, and blood chemistry, which rosinidin efficiently controlled. Conclusions: The present
investigation linked rosinidin with nephroprotective efficacy in experimental models.

Keywords: nephrotoxicity; cisplatin; rosinidin; oxidative stress; catalase; glutathione

1. Introduction

Chronic kidney disease (CKD) is one of the most serious public health issues in the
world, affecting a large proportion worldwide (8–16%) [1]. The main clinical features of
CKD are the progressive loss of essential functions leading eventually to chronic kidney
failure, which necessitates dialysis or kidney transplants to maintain quality of life [2].
Furthermore, earlier research has shown that acute kidney disease (AKD) connected with
high prevalence of CKD, and individuals with CKD exacerbated by AKD have a higher
mortality rate [3]. With the constantly rising prevalence of AKD in recent years, the death
rate has risen dramatically [4]. Previous research found that several variables, including
drugs, illnesses, eating habits, ischemia, and infection, showed their role in the pathology
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of AKD [5,6]. Previous data also suggests that drug-induced nephrotoxicity, in particular,
is a critical contributor in around 60% of AKD cases in hospital settings [7].

The term nephrotoxicity refers to a condition in which toxic agents and drugs reduce
the excretion of toxic metabolic products in the kidneys. There is considerable evidence
that about 20% of nephrotoxicity is caused or induced by drugs [8]. As life expectancies
increase and people take more medications, the percentage increases. Moreover, the
previous findings postulated that chemotherapeutic agents and anticancer medications
are undergoing major issues as they have the potential for nephrotoxicity and hence their
implications in the treatment are possibly restricted [9].

Earlier findings established that around 20% of adults in the United States are affected
by drug-induced nephrotoxicity, causing an annual impact of over 1.5 million adverse
events [9,10].

However, findings suggested that the treatment cost for kidney ailment is estimated
at several billion, even though most kidney damage is reversible [11]. Multiple path-
ways contribute to drug-induced nephrotoxicity, comprising renal tubular cytotoxicity,
altered glomerular hemodynamics, and inflammation [12–14]. Researchers have conducted
extensive studies on direct nephron-toxic mechanisms in the renal proximal tubule ep-
ithelial cells. There are, however, many transporters expressed by renal tubular epithelial
cells, many of which are unique to each segment of the renal tubule. The result is the
death of specific nephron fractions when drugs with an affinity for these transporters are
administered [15–17].

Conversely, some medications which are reported as renal tubular toxins are reported
to cause severe kidney injury by damaging the tubular epithelium-lining tissues. Moreover,
studies also show that drug penetration can damage the epithelial cells in renal tubules, as
a result of drug-associated ischemic episodes or urolithiasis. Previous data also suggested
that nephropathies were associated with the several diagnostic agents used in the radio-
graphic process such as contrast agents [18]. Another piece of evidence also explored the
nephrotoxic events associated with several drugs that lead to scarring and inflammation of
the renal tubular epithelium, which is known to cause renal fibrosis [19]. Several investiga-
tions have shown that glomerulonephritis is an inflammatory kidney condition induced by
a variety of medications and infectious pathogens that is related to proteinuria [20].

The pieces of evidence of drug-induced toxicity are extensive; diagnostic and thera-
peutic data suggest that cisplatin (CP) causes oxidative stress in the kidneys, which leads
to tubule destruction [21–24]. Earlier research found that reactive species of both oxy-
gen and nitrogen (ROS, RNS) alter membrane functional and structural integrity during
mitochondrial respiration [25,26]. Furthermore, the mechanisms for CP-induced acute
nephropathy were explained through the accumulation of these proteins in kidneys and
lysosomes [26,27]. CP-induced nephropathy can be caused by a variety of processes, such as
inflammation, oxidative stress, apoptosis, and mitochondrial dysregulation. Nevertheless,
the mechanism behind the malfunctioning is not completely known [28].

Evidence suggests that anthocyanin and its sugar-free analog, anthocyanidin, are red–
blue water-soluble flavonoids present in higher plants, flowers, and fruits. Various foods
and pharmaceutical ingredients utilize anthocyanin and anthocyanidin as colorants [29]).
Additionally, various studies are being conducted to evaluate the health implications of
anthocyanin and anthocyanidin. Researchers examined rosinidin, a flavonoid anthocyanins
color found in the flowers of shrubs such as Catharanthus roseus and Primula rosea. Rosinidin
stereochemistry revealed that it is composed of benzopyrylium, which includes hydroxyl
substituents at ring positions three and five, followed by methoxy substituents at position
seven, and a 4-hydroxy-3-methoxyphenyl substitution at position two [29].

The molecular docking investigations hypothesized that rosinidin has acceptable
conformational competence, which could make it a suitable therapeutic contender for the
treatment of various illnesses [30]. An additional line of research suggested that rosinidin
restored the oxidative stress parameters in several diseases, and could be utilized as a
beneficial compound in oxidative stress-mediated pathophysiology [30].
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2. Materials and Methods
2.1. Animals

Male Wistar rats measuring 200–250 g was kept in conventional laboratory circum-
stances with (n = 6 per group) 12/12 h light/dark cycle components, 24 ± 3 ◦C tem-
perature, and 40–50% humidity levels. A normal diet and water were offered to the
animals before the experiment. It was established that rats should be acclimated over
seven days following standard laboratory protocols. Institutional Animal Ethics Committee
(IAEC/TRS/PT/021/0010), Ministry of Environment and Forests, Government of India,
New Delhi gave final approval for the rodent experiments.

2.2. Drugs and Chemicals

For the present study, Sigma Chemical Co. (St. Louis, MO, USA) provided cisplatin.
Rosinidin (isolated compound from Catharanthus roseus) was obtained gift sample from
SRL, India. In addition, other chemicals used in the present investigation were of analytical
grade from authentic source.

2.3. Acute Toxicity Studies

In the present investigation, OECD ANNEX-423 standards were used to assess rosini-
din acute oral toxicity (LD50). As per the previous toxicity studies, rosinidin was adminis-
tered to rats orally and diluted in a sodium CMC solution (0.5 percent w/v) [31].

2.4. Investigational Plan

A slight modification to previous studies has been made for this proposed investiga-
tion [32]. There were 4 groups of 6 rats each, divided randomly. Both the normal (normal)
and the cisplatin (cisplatin) groups (Group I and II) received daily vehicle treatment for
25 days. Animals were in Group III, and IV received rosinidin intraperitoneally at a dose of
10, and 20 mg/kg, respectively. The rats were given 4 injections of cisplatin (3 mg/kg body
weight/day) in saline solution (0.9%) every five days for 25 days to be subject to nephro-
toxicity in rodents. We determined body weights, and then the animals were euthanized
under light ether anesthesia on the last day (25 days) of the study [33,34].

2.5. Biochemical Estimation
2.5.1. Kidney Tissue Homogenate and Biological Sample Preparations

The 25th day was employed for the collection of urine samples from 24-h urine
via metabolic cages. Following light anesthesia, blood was composed and subjected
to centrifugation at 1000 r.p.m for 20 min to separate the serum. A urine and serum
sample was cast-off to evaluate the different biochemical parameters. The kidneys of
the rats were removed and cleaned with regular saline solution after they was sacrificed.
To determine several biochemical parameters including superoxide dismutase (SOD),
malondialdehyde (MDA), and glutathione peroxidase (GSH), 10% w/v tissue homogenates
were organized with 0.1 M Tris–HCl buffer (pH 7.5) followed by centrifugation at 3000
r.p.m for 15 min [28,32].

2.5.2. Assessment of Urea, Uric Acid, Creatinine, and Creatinine Clearance

Employing widely viable diagnostic kits, serum (254 nm) and urine (340 nm) were
spectrophotometrically examined (Hitachi’s Double-Beam UV/Vis Spectrophotometer-U-
2000, Hitachi High-Tech, Haryana, India) to assess urea, uric acid, and creatinine levels.
Creatinine clearance is a marker for glomerular filtration rate that can be calculated by a
well-established methodology and formula.

Creatinine clearance (mL/min):

[Urinary Cr (mg/dL)× 24 h urine volume (mL)]
[Serum Cr (mg/ dL) × 24 × 60 min ]
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2.5.3. Assessment of Blood Urea Nitrogen (BUN), Phospholipid, and Cholesterol

A conventional technique was used to determine the phospholipid content in serum [35].
The determination of serum cholesterol and blood urea nitrogen (BUN) levels was per-
formed using commonly available assays methods (Agapee Diagnostics, Maharashtra, India).

2.5.4. Estimation of Biomarkers of Oxidative Stress

The essays were determined using the method of previous researcher serum GSH [36],
SOD [37], catalase activity (CAT) [38], MDA [39] and GSSG reductase (GR) [40] using
commercial assay kits from Transasia Biomedical Limited, Mumbai, India.

2.6. Statistical Analysis

For the present investigation statistical analysis was carried out by employing Prism
software version 5.02 (Graph Pad Software, San Diego, CA, USA). In this statistical analysis,
results were abridged as mean ± SEM. Similarly, Kruskal–Wallis test has been used for
data analysis, and the values at p < 0.05 will consider as statically significant.

3. Results
3.1. Evaluation of Acute Toxicity

Acute oral toxicity investigations in the current study demonstrated that rats given
a rosinidin with maximum dosage orally were found to be safe. Through 14 days, no
clinically evident symptoms or morbidity were observed. Based on findings from acute
oral toxicity experiments, 10 mg/kg and 20 mg/kg, were chosen for further investigation.

3.2. Estimation of Non-Protein-Nitrogenous Components
Effect of Rosinidin on the Estimation of Non-Protein-Nitrogenous Components against
Cisplatin-Induced Nephrotoxicity in Rats

Figure 1 illustrates the influence of rosinidin on the account of non-protein-nitrogenous
components in rats with cisplatin-induced nephrotoxicity. During the current study, the cis-
platin control group had substantially higher levels of serum urea, uric acid, and creatinine
than the usual treatment group (p < 0.05), which is indicative that there is a significant alter-
ation in the excretion of the above-mentioned parameters in the cisplatin-induced groups.
Similarly, the current investigation concurrently analyses the urine parameters to portray
urine parameters such as urine volume, urea, creatinine, uric acid, and creatinine clearance
to demonstrate the hazardous levels of the above-mentioned elements as a consequence
of cisplatin-induced nephrotoxicity in rats. Hence, in another set of analyses, when com-
pared to the normal-treated group the cisplatin-induced rats showed a significant decrease
in urine volume, urine urea, urine creatinine, urine uric acid, and creatinine clearance
(p < 0.05). Furthermore, a Kruskal—Wallis test revealed that treatment with rosinidin
(20 mg/kg) significantly restored the elevated levels of serum urea (p < 0.01), uric acid
(p < 0.05), and creatinine (p < 0.05). Similarly, remarkable alterations were observed in the
urine parameters such as urine volume (p < 0.05), urine urea (p < 0.05), urine creatinine
(p < 0.05), urine uric acid (p < 0.05), and creatinine clearance (p < 0.05) in rats treated with
a high dose of rosinidin (20 mg/kg) as compared with cisplatin-treated rats. However,
rats treated with a low dose of rosinidin (10 mg/kg) showed less significant modulation
in the serum profiles such as serum urea, uric acid, and creatinine (p < 0.05) as compared
to cisplatin-treated rats. Similarly, while evaluating urine parameters, low-dose rosini-
din (10 mg/kg) exhibits poor modulations in the decreased levels of urine volume, urine
urea, urine creatinine, urine uric acid, and creatinine clearance (p < 0.05), as compared to
cisplatin-treated rats.
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Figure 1. Effect of rosinidin on the estimation of non-protein-nitrogenous components against
cisplatin-induced nephrotoxicity in rats. (A) Serum Urea (B) Serum Uric Acid (C) Serum Creatinine
(D) Creatinine Clearance (E) Urine Creatinine (F) Urine Urea (G) Urine Uric Acid (H) Urine Volume.
Data were presented as mean ± SEM (n = 6). # Indicate significant alteration for normal vs. control,
* indicated modulations observed in rosinidin vs. cisplatin. p value less than 0.05 were considered
statistically significant. The analysis was carried out by employing Kruskal–Wallis test.

3.3. Serum Chemistry
Effect of Rosinidin on BUN, Cholesterol, and Phospholipid Levels against
Cisplatin-Induced Nephrotoxicity in Rats

Figure 2 revealed the effect of rosinidin on the assessment of several serum chemical
profiles in cisplatin-induced nephrotoxicity in rats. In the present study, we observed
that in comparison to normal-treated rats, cisplatin-treated rats had substantially elevated
levels of several serum chemistry parameters such as BUN, cholesterol, and phospholipid
levels (p < 0.05). Similarly, in another set of analyses, a high dose of rosinidin (20 mg/kg)
notably altered the elevated levels of BUN, cholesterol, and phospholipid levels (p < 0.05)
as compared with the cisplatin-induced rat group. Besides that, the Kruskal–Wallis test
revealed that low-dose rosinidin (10 mg/kg) demonstrated remarkable alterations in the
serum chemistry parameters such as BUN (p < 0.05), cholesterol (p < 0.05), and phospholipid
levels (p < 0.05) as compared to the cisplatin-induced rat group.
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Figure 2. Effect of rosinidin on serum chemistry against cisplatin-induced nephrotoxicity in rats.
(A) BUN (B) Cholesterol (C) Phospholipid; Data were presented as mean ± SEM (n = 6). # Indicate
significant alteration for normal vs. control, * indicated modulations observed in rosinidin vs.
cisplatin. p value less than 0.05 were considered statistically significant. The analysis was carried out
by employing the Kruskal–Wallis test.

3.4. Enzymatic and Non-Enzymatic Parameters
Effect of Rosinidin on Levels of Enzymatic and Non-Enzymatic Parameters against
Cisplatin-Induced Nephrotoxicity in Rats

Figure 3 shows the impact of rosinidin on levels of enzymatic and non-enzymatic
parameters in rats against cisplatin-induced nephrotoxicity. In the current analysis, the
cisplatin-induced rats showed significant alterations in several enzymatic activities as well
as levels of several non-enzymatic biomarkers of oxidative stress which is linked with the
nephrotoxic activities in the kidney tissues.

When compared to normal-treated rats, cisplatin-induced rats exhibited a substantial
(p < 0.05) decline in the enzymatic activities such as CAT, GSH, GR, GPx as well as non-
enzymatic biomarker level of SOD in the kidney tissue which is considered a key biomarker
for ROS. In another set of experiments, cisplatin-induced rats exhibited considerably
elevated levels of MDA as an important oxidative biomarker in kidney tissue (p < 0.05).
In addition, the Kruskal–Wallis test discovered that a high dose of rosinidin (20 mg/kg)
resulted in a significantly restores the activities of several enzymatic parameters which is
inhibited in the cisplatin-treated group which CAT (p < 0.05), GSH (p < 0.05), GR (p < 0.01),
GPx (p < 0.05), and non-enzymatic SOD level (p < 0.05). Similarly, a low dose of rosinidin
significantly restores the elevated levels of enzymatic and non-enzymatic parameters in
cisplatin-induced rats such as CAT (p < 0.05), GSH (p < 0.05), GR (p < 0.05), GPx (p < 0.05),
and SOD (p < 0.05) as well as a significant decline in the levels of oxidative stress biomarkers
MDA (p < 0.01), which indicate significant alterations associated with chemical-induced
nephrotoxicity in the experimental animal models.
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Figure 3. Effect of rosinidin on levels of enzymatic and non-enzymatic parameters against cis-
platin-induced nephrotoxicity in rats. (A) CAT (B) GPx (C) GR (D) GSH (E) MDA (F) SOD; Data
were presented as mean ± SEM (n = 6). # Indicate significant alteration for normal vs. control;
** p < 0.01, * p < 0.05 indicated modulations observed in rosinidin vs. cisplatin. p value less than 0.05
were considered statistically significant. The analysis was carried out by employing the Kruskal–
Wallis test.

4. Discussion

The previous line of research demonstrated the effectiveness of cisplatin as an im-
portant chemotherapeutic agent despite its reported adverse events. However, earlier
reports also revealed that cisplatin is known to cause acute kidney injury in the majority of
patients [41,42]. The cellular mechanism in the pathogenesis of kidney injury involves the
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generation of reactive oxygen species (ROS) via inhibition of the mitochondrial respiratory
complex specifically in cells of renal tubules, which resulted in renal organ and tissue
injury [43]. Additionally, clinical hypotheses are made which state that the occurrence of
inflammatory and oxidative stress is linked with structural and functional irregularities
if any are observed with renal tissues. Previously conducted research studies suggested
that several antioxidants have been clinically proven to be effective in the prevention
of cisplatin-induced toxicities [32]. These antioxidant agents mainly include vitamin E
and vitamin C [32,44,45], several phytoconstituents [46], selenium [47], melatonin [48],
along with some nitric oxide modulators that interfere with the metabolic pathways of
cisplatin [49–51]. The present investigation considered possible nephroprotective efficacy
against cisplatin-induced nephrotoxicity in rats. Acute toxicity tests for rosinidin were
performed in the assessment to determine any toxicities associated with rosinidin. We
observed that rosinidin at dosage of 10 and 20 mg/kg was determined to be safe in rats,
with no observed clinical symptoms or conditions.

Previous research has emphasized the neurotoxic potential of the oxidative stress
inducer via mitochondrial toxin cisplatin. In the present investigation, we studied cisplatin-
induced nephrotoxicity in the experimental animal model. Several preclinical investigations
suggested that the administration of several nephrotoxic substances (e.g., cisplatin) in
animals extensively altered the body weight of rodents [52]. Similarly, in our study, we
found that the cisplatin-induced control-treated animals had a substantial decline in mean
body weight when counted at the end of the study. Interestingly, a high dose of rosinidin
remarkably increases the mean body weight.

In the present study, we performed several biochemical parameters to explore the
alterations that are linked with cisplatin-induced experimental models of nephrotoxicity.
The previous investigation suggested that several biomarkers are generated in the pathol-
ogy of chemical-induced nephrotoxicity [45]. Additionally, these biochemical markers
have primarily highlighted the significance of the estimation of non-protein-nitrogenous
components, blood chemistry profiling with activity, and levels of important enzymatic and
non-enzymatic biomarkers. Earlier studies explained the involvement of these oxidative
parameters in the pathogenesis of nephrotoxicity, with the main focus on GSH, GPx, GR,
CAT, SOD, and MDA in the kidney tissues. Furthermore, earlier data also showed that
in cisplatin-induced nephrotoxicity there is a substantial decline in the activity of CAT,
GSH, GR, GPx, and SOD levels in the kidney tissues. However, remarkably elevated levels
of MDA were found while assessing the kidney profiles. In our investigation, we found
that the cisplatin-induced rat group exhibited significant alterations in the activity of CAT,
GSH, GR, GPx, and SOD in the kidney homogenate along with elevated levels of MDA.
Post-treatment with rosinidin for 25 days significantly restored the whole activity as well
levels of biomarkers, which is indicative of the nephroprotective efficacy of rosinidin in the
cisplatin-induced nephrotoxicity in the rats.

Similarly, previous data also postulated the altered levels of non-protein-nitrogenous
components such as serum urea, serum uric acid, serum creatinine, and creatinine clearance
in the blood. Furthermore, levels of urine creatinine, urine urea, urine uric acid, and
urine volume from collected urine samples in experimental animal models were also
shown to be altered [53]. In the present investigation, we considered the levels of non-
protein-nitrogenous components in the kidney homogenate. The injection of cisplatin
intensely altered the levels of the above-mentioned non-protein components in the 25-day
investigational protocol which elaborates the toxic potential of cisplatin against normal
physiological functions. In contrast, rosinidin (10 and 20 mg/kg) treatment pointedly
recovers the levels of all above-mentioned biological components in rats.

There is extensively distributed evidence suggestive of the significance of blood
chemistry in a clinical manifestation of chemical-induced nephrotoxicity [32]. Earlier
data also demonstrated that alterations in normal kidney functions are associated with
significant changes in the levels of several blood biomarkers of nephrotoxicity, namely
BUN, serum cholesterol, and phospholipid levels s [54]. In our study, we revealed that the
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injection of cisplatin considerably affected the serum levels of BUN, serum cholesterol, and
phospholipid. Similarly, in our study, we observed that the administration of several doses
of rosinidin in rats during a 25-day protocol significantly improves the blood chemistry
profiles, which indicated that rosinidin has significant nephroprotective efficacy.

5. Conclusions

The present study evaluated, for the first time, data claiming rosinidin as a potent
nephroprotective efficacy, the ability to improve several biochemical markers of oxida-
tive stress parameters with abnormal enzymatic and non-enzymatic components, and
altered blood chemistry profiles in the cisplatin-induced nephrotoxicity the experimental
animal models. Moreover, the ameliorative efficacy of rosinidin in non-protein-nitrogenous
components showed that rosinidin has nephroprotective properties.

This might lead to the advance of cost-effective phytomedicine possibilities for the
treatment of drug-induced complications with great emphasis on nephrotoxicity. The above
evidence demonstrated that rosinidin has the potential to be a beneficial natural component
in the treatment of drug-associated nephrotoxic complications.

Author Contributions: N.S. performed experimental work and prepared initial draft of manuscript.
I.K. and S.J.G. designed study. M.N.B.-J. and F.A.A.-A. analyzed data. M.S.N., M.M.A. and S.I.A. criti-
cally revised manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This research was is funded by Princess Nourah bint Abdulrahman University Researchers
Supporting Project number (PNURSP2022R108), Princess Nourah bint Abdulrahman University,
Riyadh, Saudi Arabia.

Institutional Review Board Statement: Study was approved by Institutional Animal Ethics Committee,
Ministry of Environment and Forests, Government of India (approval no. (IAEC/TRS/PT/021/0010)).

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: This research project is supported by Princess Nourah bint Abdulrahman Univer-
sity Researchers Supporting Project number (PNURSP2022R108), Princess Nourah bint Abdulrahman
University, Riyadh, Saudi Arabia.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Jha, V.; Garcia-Garcia, G.; Iseki, K.; Li, Z.; Naicker, S.; Plattner, B.; Saran, R.; Wang, A.Y.-M.; Yang, C.-W. Chronic kidney disease:

Global dimension and perspectives. Lancet 2013, 382, 260–272. [CrossRef]
2. Collins, A.J.; Foley, R.N.; Chavers, B.; Gilbertson, D.; Herzog, C.; Johansen, K.; Kasiske, B.; Kutner, N.; Liu, J.; Peter, W.S. US renal

data system 2011 annual data report. Am. J. Kidney Dis. 2012, 59, A7. [CrossRef] [PubMed]
3. Chen, N.; Chen, X.; Ding, X.; Teng, J. Analysis of the high incidence of acute kidney injury associated with acute-on-chronic liver

failure. Hepatol. Int. 2018, 12, 262–268. [CrossRef]
4. Singbartl, K.; Kellum, J.A. AKI in the ICU: Definition, epidemiology, risk stratification, and outcomes. Kidney Int. 2012, 81,

819–825. [CrossRef]
5. Mukherjee, K.; Chio, T.I.; Gu, H.; Sackett, D.L.; Bane, S.L.; Sever, S. A novel fluorogenic assay for the detection of nephrotoxin-

induced oxidative stress in live cells and renal tissue. ACS Sens. 2021, 6, 2523–2528. [CrossRef] [PubMed]
6. Perazella, M.A. Drug use and nephrotoxicity in the intensive care unit. Kidney Int. 2012, 81, 1172–1178. [CrossRef] [PubMed]
7. Rad, A.K.; Mohebbati, R.; Hosseinian, S. Drug-induced nephrotoxicity and medicinal plants. Iran. J. Kidney Dis. 2017, 11, 169.
8. Kim, S.Y.; Moon, A. Drug-induced nephrotoxicity and its biomarkers. Biomol. Ther. 2012, 20, 268–272. [CrossRef]
9. Alkuraishy, H.M.; Al-Gareeb, A.I.; Al-Naimi, M.S. Pomegranate protects renal proximal tubules during gentamicin induced-

nephrotoxicity in rats. J. Contemp. Med. Sci. 2019, 5, 35–40. [CrossRef]
10. Faria, J.; Ahmed, S.; Gerritsen, K.G.; Mihaila, S.M.; Masereeuw, R. Kidney-based in vitro models for drug-induced toxicity testing.

Arch. Toxicol. 2019, 93, 3397–3418. [CrossRef]
11. Davis-Ajami, M.L.; Fink, J.C.; Wu, J. Nephrotoxic medication exposure in US adults with predialysis chronic kidney disease:

Health services utilization and cost outcomes. J. Manag. Care Spec. Pharm. 2016, 22, 959–968. [PubMed]
12. Medina, P.J.; Sipols, J.M.; George, J.N. Drug-associated thrombotic thrombocytopenic purpura-hemolytic uremic syndrome. Curr.

Opin. Hematol. 2001, 8, 286–293. [CrossRef] [PubMed]

http://doi.org/10.1016/S0140-6736(13)60687-X
http://doi.org/10.1053/j.ajkd.2011.11.015
http://www.ncbi.nlm.nih.gov/pubmed/22177944
http://doi.org/10.1007/s12072-018-9866-x
http://doi.org/10.1038/ki.2011.339
http://doi.org/10.1021/acssensors.1c00422
http://www.ncbi.nlm.nih.gov/pubmed/34214393
http://doi.org/10.1038/ki.2010.475
http://www.ncbi.nlm.nih.gov/pubmed/21124300
http://doi.org/10.4062/biomolther.2012.20.3.268
http://doi.org/10.22317/jcms.v5i1.522
http://doi.org/10.1007/s00204-019-02598-0
http://www.ncbi.nlm.nih.gov/pubmed/27459659
http://doi.org/10.1097/00062752-200109000-00004
http://www.ncbi.nlm.nih.gov/pubmed/11604563


Int. J. Environ. Res. Public Health 2022, 19, 9719 10 of 11

13. Pisoni, R.; Ruggenenti, P.; Remuzzi, G. Drug-induced thrombotic microangiopathy. Drug Saf. 2001, 24, 491–501. [CrossRef]
[PubMed]

14. Schetz, M.; Dasta, J.; Goldstein, S.; Golper, T. Drug-induced acute kidney injury. Curr. Opin. Crit. Care 2005, 11, 555–565.
[CrossRef]

15. Kim, J.Y.; Bai, Y.; Jayne, L.A.; Hector, R.D.; Persaud, A.K.; Ong, S.S.; Rojesh, S.; Raj, R.; Feng, M.J.H.H.; Chung, S. A kinome-wide
screen identifies a CDKL5-SOX9 regulatory axis in epithelial cell death and kidney injury. Nat. Commun. 2020, 11, 1924. [CrossRef]
[PubMed]

16. Momper, J.D.; Nigam, S.K. Developmental regulation of kidney and liver solute carrier and ATP-binding cassette drug transporters
and drug metabolizing enzymes: The role of remote organ communication. Expert Opin. Drug Metab. Toxicol. 2018, 14, 561–570.
[CrossRef]

17. Sancho-Martínez, S.M.; López-Novoa, J.M.; López-Hernández, F.J. Pathophysiological role of different tubular epithelial cell
death modes in acute kidney injury. Clin. Kidney J. 2015, 8, 548–559. [CrossRef]

18. Mamoulakis, C.; Tsarouhas, K.; Fragkiadoulaki, I.; Heretis, I.; Wilks, M.F.; Spandidos, D.A.; Tsitsimpikou, C.; Tsatsakis, A.
Contrast-induced nephropathy: Basic concepts, pathophysiological implications and prevention strategies. Pharmacol. Ther. 2017,
180, 99–112. [CrossRef]

19. Naughton, C.A. Drug-induced nephrotoxicity. Am. Fam. Physician 2008, 78, 743–750.
20. Frazier, K.S.; Obert, L.A. Drug-induced glomerulonephritis: The spectre of biotherapeutic and antisense oligonucleotide immune

activation in the kidney. Toxicol. Pathol. 2018, 46, 904–917. [CrossRef]
21. Chtourou, Y.; Aouey, B.; Kebieche, M.; Fetoui, H. Protective role of naringin against cisplatin induced oxidative stress, inflam-

matory response and apoptosis in rat striatum via suppressing ROS-mediated NF-κB and P53 signaling pathways. Chem. Biol.
Interact. 2015, 239, 76–86. [CrossRef] [PubMed]

22. Lin, L.; Zheng, J.; Zhu, W.; Jia, N. Nephroprotective effect of gelsemine against cisplatin-induced toxicity is mediated via
attenuation of oxidative stress. Cell Biochem. Biophys. 2015, 71, 535–541. [CrossRef] [PubMed]

23. Oh, C.J.; Ha, C.-M.; Choi, Y.-K.; Park, S.; Choe, M.S.; Jeoung, N.H.; Huh, Y.H.; Kim, H.-J.; Kweon, H.-S.; Lee, J.-m. Pyruvate
dehydrogenase kinase 4 deficiency attenuates cisplatin-induced acute kidney injury. Kidney Int. 2017, 91, 880–895. [CrossRef]

24. Saral, S.; Ozcelik, E.; Cetin, A.; Saral, O.; Basak, N.; Aydın, M.; Ciftci, O. Protective role of diospyros lotus on cisplatin-induced
changes in sperm characteristics, testicular damage and oxidative stress in rats. Andrologia 2016, 48, 308–317. [CrossRef]

25. Divya, M.K.; Lincy, L.; Raghavamenon, A.C.; Babu, T.D. Ameliorative effect of Apodytes dimidiata on cisplatin-induced
nephrotoxicity in Wistar rats. Pharm. Biol. 2016, 54, 2149–2157. [CrossRef] [PubMed]

26. Pedraza-Chaverrí, J.; Barrera, D.; Maldonado, P.D.; Chirino, Y.I.; Macías-Ruvalcaba, N.A.; Medina-Campos, O.N.; Castro,
L.; Salcedo, M.I.; Hernández-Pando, R. S-allylmercaptocysteine scavenges hydroxyl radical and singlet oxygen in vitro and
attenuates gentamicin-induced oxidative and nitrosative stress and renal damage in vivo. BMC Clin. Pharmacol. 2004, 4, 1–13.
[CrossRef] [PubMed]

27. Romero, F.; Pérez, M.; Chávez, M.; Parra, G.; Durante, P. Effect of uric acid on gentamicin-induced nephrotoxicity in rats–role of
matrix metalloproteinases 2 and 9. Basic Clin. Pharmacol. Toxicol. 2009, 105, 416–424. [CrossRef]

28. Malik, S.; Suchal, K.; Bhatia, J.; Khan, S.I.; Vasisth, S.; Tomar, A.; Goyal, S.; Kumar, R.; Arya, D.S.; Ojha, S.K. Therapeutic potential
and molecular mechanisms of Emblica officinalis Gaertn in countering Nephrotoxicity in rats induced by the chemotherapeutic
agent Cisplatin. Front. Pharmacol. 2016, 7, 350. [CrossRef]

29. Khoo, H.E.; Azlan, A.; Tang, S.T.; Lim, S.M. Anthocyanidins and anthocyanins: Colored pigments as food, pharmaceutical
ingredients, and the potential health benefits. Food Nutr. Res. 2017, 61, 1361779. [CrossRef]

30. Monteiro, A.F.M.; Viana, J.D.O.; Nayarisseri, A.; Zondegoumba, E.N.; Mendonça Junior, F.J.B.; Scotti, M.T.; Scotti, L. Computa-
tional studies applied to flavonoids against Alzheimer’s and Parkinson’s diseases. Oxid. Med. Cell. Longev. 2018, 2018, 7912765.
[CrossRef]

31. Alshehri, S.; Imam, S.S. Rosinidin Attenuates Lipopolysaccharide-Induced Memory Impairment in Rats: Possible Mechanisms of
Action Include Antioxidant and Anti-Inflammatory Effects. Biomolecules 2021, 11, 1747. [CrossRef] [PubMed]

32. Alhoshani, A.R.; Hafez, M.M.; Husain, S.; Al-Sheikh, A.M.; Alotaibi, M.R.; Al Rejaie, S.S.; Alshammari, M.A.; Almutairi, M.M.;
Al-Shabanah, O.A. Protective effect of rutin supplementation against cisplatin-induced Nephrotoxicity in rats. BMC Nephrol.
2017, 18, 1–10. [CrossRef] [PubMed]

33. Khan, S.A.; Priyamvada, S.; Khan, W.; Khan, S.; Farooq, N.; Yusufi, A.N. Studies on the protective effect of green tea against
cisplatin induced nephrotoxicity. Pharmacol. Res. 2009, 60, 382–391. [CrossRef] [PubMed]

34. Sen, S.; Chakraborty, R.; Kalita, P. Dillenia indica fruit prevents cisplatin-induced kidney injury in experimental rats through
modulation of oxidative stress, marker enzyme, and biochemical changes. Nutrire 2018, 43, 1–9. [CrossRef]

35. Khan, A.; Jamwal, S.; Bijjem, K.; Prakash, A.; Kumar, P. Neuroprotective effect of hemeoxygenase-1/glycogen synthase kinase-3β
modulators in 3-nitropropionic acid-induced neurotoxicity in rats. Neuroscience 2015, 287, 66–77. [CrossRef]

36. Ellman, G. Tissue sulfhvdrvl sroups. Arch. Biochem. Biophys. 1959, 82, 72–77. [CrossRef]
37. Misra, H.P.; Fridovich, I. The role of superoxide anion in the autoxidation of epinephrine and a simple assay for superoxide

dismutase. J. Biol. Chem. 1972, 247, 3170–3175. [CrossRef]
38. Aebi, H.; Wyss, S.R.; Scherz, B.; Skvaril, F. Heterogeneity of erythrocyte catalase II: Isolation and characterization of normal and

variant erythrocyte catalase and their subunits. Eur. J. Biochem. 1974, 48, 137–145. [CrossRef]

http://doi.org/10.2165/00002018-200124070-00002
http://www.ncbi.nlm.nih.gov/pubmed/11444722
http://doi.org/10.1097/01.ccx.0000184300.68383.95
http://doi.org/10.1038/s41467-020-15638-6
http://www.ncbi.nlm.nih.gov/pubmed/32317630
http://doi.org/10.1080/17425255.2018.1473376
http://doi.org/10.1093/ckj/sfv069
http://doi.org/10.1016/j.pharmthera.2017.06.009
http://doi.org/10.1177/0192623318789399
http://doi.org/10.1016/j.cbi.2015.06.036
http://www.ncbi.nlm.nih.gov/pubmed/26120027
http://doi.org/10.1007/s12013-014-0231-y
http://www.ncbi.nlm.nih.gov/pubmed/25343941
http://doi.org/10.1016/j.kint.2016.10.011
http://doi.org/10.1111/and.12448
http://doi.org/10.3109/13880209.2016.1149494
http://www.ncbi.nlm.nih.gov/pubmed/26940704
http://doi.org/10.1186/1472-6904-4-5
http://www.ncbi.nlm.nih.gov/pubmed/15119956
http://doi.org/10.1111/j.1742-7843.2009.00466.x
http://doi.org/10.3389/fphar.2016.00350
http://doi.org/10.1080/16546628.2017.1361779
http://doi.org/10.1155/2018/7912765
http://doi.org/10.3390/biom11121747
http://www.ncbi.nlm.nih.gov/pubmed/34944391
http://doi.org/10.1186/s12882-017-0601-y
http://www.ncbi.nlm.nih.gov/pubmed/28619064
http://doi.org/10.1016/j.phrs.2009.07.007
http://www.ncbi.nlm.nih.gov/pubmed/19647078
http://doi.org/10.1186/s41110-018-0074-1
http://doi.org/10.1016/j.neuroscience.2014.12.018
http://doi.org/10.1016/0003-9861(59)90090-6
http://doi.org/10.1016/S0021-9258(19)45228-9
http://doi.org/10.1111/j.1432-1033.1974.tb03751.x


Int. J. Environ. Res. Public Health 2022, 19, 9719 11 of 11

39. Ohkawa, H.; Ohishi, W.; Yagi, K. Colorimetric method for determination of MDA activity. Anal. Biochem. 1979, 95, 351–358.
[CrossRef]

40. Farias, J.G.; Puebla, M.; Acevedo, A.; Tapia, P.J.; Gutierrez, E.; Zepeda, A.; Calaf, G.; Juantok, C.; Reyes, J.G. Oxidative stress in rat
testis and epididymis under intermittent hypobaric hypoxia: Protective role of ascorbate supplementation. J. Androl. 2010, 31,
314–321. [CrossRef]

41. Manohar, S.; Leung, N. Cisplatin nephrotoxicity: A review of the literature. J. Nephrol. 2018, 31, 15–25. [CrossRef] [PubMed]
42. Piccart, M.; Lamb, H.; Vermorken, J.B. Current and future potential roles of the platinum drugs in the treatment of ovarian cancer.

Ann. Oncol. 2001, 12, 1195–1203. [CrossRef] [PubMed]
43. Ortega-Domínguez, B.; Aparicio-Trejo, O.E.; García-Arroyo, F.E.; León-Contreras, J.C.; Tapia, E.; Molina-Jijón, E.; Hernández-

Pando, R.; Sánchez-Lozada, L.G.; Barrera-Oviedo, D.; Pedraza-Chaverri, J. Curcumin prevents cisplatin-induced renal alterations
in mitochondrial bioenergetics and dynamic. Food Chem. Toxicol. 2017, 107, 373–385. [CrossRef]

44. Al-Eitan, L.N.; Alzoubi, K.H.; Al-Smadi, L.I.; Khabour, O.F. Vitamin E protects against cisplatin-induced genotoxicity in human
lymphocytes. Toxicol. Vitr. 2020, 62, 104672. [CrossRef]

45. Ridzuan, N.R.; Rashid, N.A.; Othman, F.; Budin, S.B.; Hussan, F.; Teoh, S.L. Protective role of natural products in cisplatin-induced
nephrotoxicity. Mini Rev. Med. Chem. 2019, 19, 1134–1143. [CrossRef] [PubMed]

46. Hooshyar, N.; Sedighi, M.; Hooshmand, M.; Valizadeh, R.; Ebrahimi, S.; Khosravifarsani, M.; Ghasemi, B.; Nowrouzi, N.; Nasri, P.
Mechanistic impact of medicinal plants affecting cisplatin-induced nephrotoxicity; an overview. Immunopathol. Persa 2019, 5, e07.
[CrossRef]

47. Saif-Elnasr, M.; Abdel-Aziz, N.; El-Batal, A.I. Ameliorative effect of selenium nanoparticles and fish oil on cisplatin and gamma
irradiation-induced nephrotoxicity in male albino rats. Drug Chem. Toxicol. 2019, 42, 94–103. [CrossRef]

48. Barberino, R.S.; Menezes, V.G.; Ribeiro, A.E.; Palheta Jr, R.C.; Jiang, X.; Smitz, J.E.; Matos, M.H.T. Melatonin protects against
cisplatin-induced ovarian damage in mice via the MT1 receptor and antioxidant activity. Biol. Reprod. 2017, 96, 1244–1255.
[CrossRef]

49. Ali, B.H.; Al Moundhri, M.S. Agents ameliorating or augmenting the nephrotoxicity of cisplatin and other platinum compounds:
A review of some recent research. Food Chem. Toxicol. 2006, 44, 1173–1183. [CrossRef]

50. Habib, S.A.; Abdelrahman, R.S.; Abdel Rahim, M.; Suddek, G.M. Anti-apoptotic effect of vinpocetine on cisplatin-induced
hepatotoxicity in mice: The role of Annexin-V, Caspase-3, and Bax. J. Biochem. Mol. Toxicol. 2020, 34, e22555. [CrossRef]

51. Said, R.S.; Mantawy, E.M.; El-Demerdash, E. Mechanistic perspective of protective effects of resveratrol against cisplatin-induced
ovarian injury in rats: Emphasis on anti-inflammatory and anti-apoptotic effects. Naunyn. Schmiedebergs. Arch. Pharmacol. 2019,
392, 1225–1238. [CrossRef] [PubMed]

52. Bernal-Barquero, C.E.; Vázquez-Zapién, G.J.; Mata-Miranda, M.M. Revisión de las alteraciones en la expresión génica y vías
apoptóticas provocadas en la nefrotoxicidad inducida por cisplatino. Nefrologia 2019, 39, 362–371. [CrossRef] [PubMed]

53. Saatkamp, C.J.; de Almeida, M.L.; Bispo, J.A.M.; Pinheiro, A.L.B.; Fernandes, A.B.; Silveira Jr, L. Quantifying creatinine and urea
in human urine through Raman spectroscopy aiming at diagnosis of kidney disease. J. Biomed. Opt. 2016, 21, 037001. [CrossRef]
[PubMed]

54. Rivadeneyra-Domínguez, E.; Becerra-Contreras, Y.; Vázquez-Luna, A.; Díaz-Sobac, R.; Rodríguez-Landa, J.F. Alterations of blood
chemistry, hepatic and renal function, and blood cytometry in acrylamide-treated rats. Toxicol. Rep. 2018, 5, 1124–1128. [CrossRef]
[PubMed]

http://doi.org/10.1016/0003-2697(79)90738-3
http://doi.org/10.2164/jandrol.108.007054
http://doi.org/10.1007/s40620-017-0392-z
http://www.ncbi.nlm.nih.gov/pubmed/28382507
http://doi.org/10.1023/A:1012259625746
http://www.ncbi.nlm.nih.gov/pubmed/11697824
http://doi.org/10.1016/j.fct.2017.07.018
http://doi.org/10.1016/j.tiv.2019.104672
http://doi.org/10.2174/1389557519666190320124438
http://www.ncbi.nlm.nih.gov/pubmed/30894108
http://doi.org/10.15171/ipp.2019.07
http://doi.org/10.1080/01480545.2018.1497050
http://doi.org/10.1093/biolre/iox053
http://doi.org/10.1016/j.fct.2006.01.013
http://doi.org/10.1002/jbt.22555
http://doi.org/10.1007/s00210-019-01662-x
http://www.ncbi.nlm.nih.gov/pubmed/31129703
http://doi.org/10.1016/j.nefro.2018.11.012
http://www.ncbi.nlm.nih.gov/pubmed/30910229
http://doi.org/10.1117/1.JBO.21.3.037001
http://www.ncbi.nlm.nih.gov/pubmed/26933826
http://doi.org/10.1016/j.toxrep.2018.11.006
http://www.ncbi.nlm.nih.gov/pubmed/30510905

	Introduction 
	Materials and Methods 
	Animals 
	Drugs and Chemicals 
	Acute Toxicity Studies 
	Investigational Plan 
	Biochemical Estimation 
	Kidney Tissue Homogenate and Biological Sample Preparations 
	Assessment of Urea, Uric Acid, Creatinine, and Creatinine Clearance 
	Assessment of Blood Urea Nitrogen (BUN), Phospholipid, and Cholesterol 
	Estimation of Biomarkers of Oxidative Stress 

	Statistical Analysis 

	Results 
	Evaluation of Acute Toxicity 
	Estimation of Non-Protein-Nitrogenous Components 
	Serum Chemistry 
	Enzymatic and Non-Enzymatic Parameters 

	Discussion 
	Conclusions 
	References

