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ABSTRACT
Objectives: Cisplatin is a widely used chemotherapeutic agent used in various cancers, but its 
clinical use is limited due to its dose-dependent toxicity, especially nephrotoxicity. Flavonoids 
are a class of natural compounds that often show kidney-protecting function. The current 
study aimed to investigate the probable mechanism of morin, a flavonoid in cisplatin-induced 
nephrotoxicity and the involvement of Nrf2 pathways in managing the stress induced in HEK 293 
cells. Materials and Methods: Cytotoxicity and nephroprotection of morin in cisplatin-treated 
HEK 293 cells were evaluated by the Alamar Blue assay. DCFDA analysis evaluated the morin 
efficacy in suppressing ROS generated with cisplatin treatment. Molecular docking tools were 
used to predict the affinity of morin for the Nrf2 binding site on the Keap1 protein. Later, real-time 
PCR was used to estimate gene expression levels related to oxidative pathways, especially 
Nrf2 and HMOX1 gene expression. Results: The results showed that Morin has minimum or 
no cytotoxicity in the HEK 293 cells up to 100 µg/mL, establishing its safety profile for further 
analysis. There was significant nephroprotection by morin, even at lower doses, with reduced 
ROS levels and protection from cellular damage. Molecular docking studies revealed a strong 
affinity of morin for the Nrf2 binding site on the Keap1 protein, with a docking score of -7.7 
kcal/mol. This indicates its potential to disrupt Keap1-Nrf2 interaction. Subsequent real-time PCR 
analysis confirmed upregulation of Nrf2 and HMOX1 gene expression, suggesting activation 
of antioxidant pathways.Conclusion: These findings highlight morin as a promising candidate 
for mitigating cisplatin-induced nephrotoxicity via the Nrf2/HMMOX-1 axis, warranting further 
preclinical and clinical investigations.
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INTRODUCTION

Nephrotoxicity is defined as any injury to kidneys caused by drug 
administration leading to acute kidney injury or chronic kidney 
disease, tubulopathies, and glomerulopathies. It is a common 
characteristic associated with chemotherapy treatment. Among 
the various chemotherapeutic agents, cisplatin, a platinum-based 
agent, is most implicated in nephrotoxicity.1 Despite its efficacy 
in treating multiple types of cancers, such as pancreatic cancer, 
lung cancer, bladder cancer, cervical cancer, etc., the therapeutic 
efficacy of cisplatin is often limited due to the nephrotoxicity 
it causes.2 It is observed that just about 20-30% of patients 
receiving cisplatin therapy develop acute renal injury, which 

affects the quality of life of the patient.3 The first sign of toxicity 
after cisplatin administration is visible after 10 days in clinical 
practice, manifested as a reduction in glomerular filtration rate, 
elevated serum creatinine, and hyperkalemia. The mechanism by 
which it exerts the side effects is studied well. Cisplatin-induced 
nephrotoxicity usually happens due to proximal tubular damage, 
oxidative stress, and inflammatory responses.4 Since the toxicity 
of cisplatin still exists and it is an effective drug of choice, there 
needs to be more studies to invent molecules to protect against 
the toxicity exerted by these drugs.

Natural products have consistently gained attention due to their 
potential as a starting point for drug discovery and as an excellent 
choice to mitigate the harmful effects of existing drugs. Flavonoids, 
a class of secondary metabolites with variable phenolic structures, 
have been discovered as a prominent group of natural products.5 
They are available in many fruits, leaves, bark, roots, stems, and 
other different parts of the plants. Apart from their medicinal 
value, they are also used as cosmetics and nutraceuticals.6 They 
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are identified for their antioxidant, anti-inflammatory, and 
cytoprotective effects, which makes them an ideal candidate 
for mitigating drug-induced system toxicities. Flavonoids are 
famous for their anti-cholinesterase activity, anti-inflammatory 
activity, xanthine oxidase modulators, countering antibiotic 
resistance, etc.7,8 Morin, 3,5,7,2′,4′-pentahydroxyflavone, is 
a flavanol isolated from different plants, mostly available in 
plants with the Moraceae family.9 Morin exhibits a variety 
of pharmacological activities, including anti-inflammatory, 
antioxidant, anticancer, and protective effects against kidney 
injury, among others. Earlier studies have shown the capacity of 
morin to reduce cisplatin-induced nephrotoxicity.10 However, the 
precise mechanism involving the gene that regulates it remains 
incompletely understood.

An antioxidant is a common mechanism by which the plant 
product protects against the toxicities in the biological system. 
The reason behind this is the fact that most of the toxicities are 
produced due to the excess production of free radicals, which 
can be effectively prevented by using antioxidant compounds.11 
In normal physiological conditions, there will be a well-balanced 
redox state, which means equilibrium between pro-oxidants and 
antioxidants. However, if there is an increase in redox status, the 
excessive production of free radicals induces injury to the target 
organ.12,13 It is well established that free radicals are key factors in 
the generation of nephrotoxicity. The excessive generation of free 
radicals leads to mitochondrial dysfunction and an energy crisis 
that forms nephrotoxicity.14 A major mechanism responsible 
for the cellular defence against the excessive production of free 
radicals is the activation of Nrf2, an antioxidant response, by 
the induction of various transcriptional factors in the nucleolus, 
which includes Heme Oxygenase-1 (HMOX1).15 Morin has been 
shown to induce the effect by Keap1/Nrf2 pathways.16 There is 
no clear evidence regarding the role of the Nrf2/HMOX-1 stress 
response mechanism in protecting against cisplatin-induced 
nephrotoxicity.10 Hence, this study aims to evaluate the effect of 
Morin in inducing the nephroprotective effect and the probability 
of involvement of the Nrf2/HO-1 mechanism.

MATERIALS AND METHODS

Chemicals and materials

Morin, with >98% purity, was procured from Sigma Aldrich, 
USA. All other chemicals were purchased from commercial 
suppliers. Cell culture media DMEM, fetal bovine serum, DMSO, 
and antibiotics were purchased from Themo Fisher Scientific 
USA.

Cell culture and maintenance

HEK 293 (human embryonic kidney) cells were purchased from 
ATCC. They were cultured in T25 flasks at 37ºC in a humidified 
5% CO2 incubator (NBS Eppendorf, Germany) using the 
DMEM media supplemented with FBS and 1% antibiotics. Upon 

completion of the formation of the monolayer, cells were used for 
further experiments.

Cytotoxicity analysis

Since the study aimed to find the nephroprotective effect of 
the compounds, we conducted cytotoxicity to find out the sub 
cytotoxic concentration of morin. Hence, the confluent cells 
were trypsinized and plated into 96-well plates (5×103 cells/
well) and allowed to grow for 24 hr. Then, the plates were added 
with morin at different concentrations, decreasing the order of 
concentration starting at 100 to 6.5 µg/mL. The plates were kept 
in the incubator for 24 hr, and then the plates were observed 
under an inverted microscope to capture images and further 
analysis. Cell cytotoxicity-associated morphology changes such 
as cell shrinking, blebbing, detachment and vacuole formation 
in the cytoplasm were carefully monitored. Each well was added 
with Alamar reagent to the treated and control wells.17 The plates 
were then kept again in the CO2 incubator for 4 hr. Then, the 
fluorescence generated was measured with a fluorimeter at 
530-560 nm excitation and emission at 590 nm. The values were 
measured arbitrarily. The percentage of cell death was calculated 
using the following formula:

Nephroprotective assay

The earlier cytotoxic studies proved no cytotoxicity to the 
selected cell line until 100 µg/mL. Hence, the nephroprotective 
studies were carried out till the max dose of 12.5 µg/mL. Briefly, 
the confluent cells were trypsinized and plated into 96-well plates 
(5×103 cells/well) and allowed to grow for 24 hr. After attaining 
sufficient growth, cisplatin (25 µM) was added to induce toxicity 
and incubated for 1 hr. After incubation, the freshly prepared 
morin was added at concentrations of 12.5, 6.25, 3.1, 1.5, and 0.75 
µg/mL. The plates were kept in the CO2 incubator for 24 hr, and 
then the plates were observed under a microscope, and images 
were captured to analyze any changes in cell morphology. Each 
well was added with Alamar reagent to the treated and control 
wells. The plates were then kept again in the CO2 incubator for 
4 hr. Then, a fluorimeter was used to quantify the fluorescence 
generated at 530-560 nm excitation and emission at 590 nm. 
The percentage of cell death was calculated using the following 
formula discussed above.

ROS analysis

Confluent cells were transferred to the T25 flask at a concentration 
of 1 x 106 cells/flask. The flasks were kept for 24 hr in an incubator 
to adhere the cells to the flasks. Then the flasks were treated 
with cisplatin (25 µM) and incubated for 1 hr to induce the cell 
toxicity, and then 12.5 µg/mL of morin was added to the test 
flask while keeping the untreated control and cisplatin-treated 
positive control. After 24 hr, the flasks were washed with PBS 
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2 times and 50 µL of DCFDA was added and incubated for 30 
min in the dark.18 After incubation, the excess dye was removed 
by PBS washing, and the cells were captured using a fluorescent 
microscope. Simultaneously, the excitation was quantified at 470 
nm, and the emission was 635 nm.

Molecular docking
Missing hydrogen atoms and restrained electrostatic potential 
charges19 were added to Keap1 protein (PDBID: 7K2L)20 using the 
leap module of AmberTools202321 software using amberff99SB22 
force field. Keap1 monomer (chain A of crystal structure) was 
selected for the docking studies. Morin was optimized using 6-31G* 
basis set using Gaussian 03 software.23 The restrained electrostatic 
potential on atoms were generated using antechamber module of 
AmberTools.21 The restrained electrostatic charges on each atom 
were preserved during docking using AutoDock Vina.24 The grid 
box (box dimensions 40, 40, 24 on x, y, and z directions and with 
a grid centre 23.73, 29.48, and -25.18 on x, y and z directions was 
generated on the active site of the protein containing the amino 
acid residues TYR-9, ARG-55, ASN-57, ARG-89, ARG-90, 
ARG-158, SER-183, GLY-184, TYR-200, GLN-205, ALA-231, 
TYR-247, PHE-252, SER-277 and GLY-2782. The grid spacing 
used for docking was 1.0.

Real-Time PCR
HEK 293 cell line was cultured as per the standard procedure 
mentioned earlier. The cultured cells were placed in a T25 flask for 
overnight incubation, and the next day, the cells were pretreated 
with Ciplstain (25 µM) and incubated for 1 hr to induce the cell 
toxicity, then 12.5 µg/mL of Morin was added to the test flask 
while keeping the untreated control and cisplatin-treated positive 
control. After 24 hr, the cells were removed from the flask and 
proceeded with RNA isolation. The RNA isolation has been 
proceeded by us using RNA isolation reagent produced from 
(Invitrogen-product code 10296010). Briefly, 1 mL of TRIzol 
reagent was added to the flask and incubated for 5 min. Then, 
the cell contents were transferred to a fresh, sterile Eppendorf 
tube, and 200 µL of chloroform was added at room temperature, 
and the contents were centrifuged at 14000 rpm at 40ºC for 15 
min. The aqueous layer was collected from the centrifuge content 
into a fresh tube and added with 500 µL of 100% isopropanol. 
This mixture was again incubated at room temperature and then 
centrifuged at 14000 rpm at 40ºC  for 15 min. The supernatant 
was discarded, and the pellets were collected and washed with 
200 µL of ethyl alcohol. This was again centrifuged at 14000 rpm 
at 40ºC for 15 min in a refrigerated centrifuge. The RNA pellets 
were dried and suspended in TE buffer for the cDNA synthesis.

Prior to the cDNA synthesis, the purity and integrity of the RNA 
that had been obtained were analyzed. Template cDNA was 
prepared using a cDNA kit (G BIOSCIENCES, MO, USA). Briefly, 
2 µL of RNA template (0.5 µg of total RNA), 5 µL of RT easy mix, 
and 0.5 µL of oligo dT were added in an RNAse-free PCR tube. 

Sterile distilled water was used to make up the volume of the 
reaction mixture to 10 µL, and the mixture was mixed gently up 
and down without the formation of bubbles. The thermal cycler 
(Eppendorf Master Cycler) was performed to synthesize the 
cDNA at a cycling condition of cDNA synthesis at 42ºC  for 20 
min and one cycle. Inactivation was performed at 850ºC  for 5 
min in one cycle. 

The expression levels of genes representing the HMOX and 
Nrf2 in control and treatments were evaluated using real-time 
qRT-PCR using SYBR Green Master Mix (G BIOSCIENCES, 
MO, USA) and LightCycler 96 (Roche). All reactions were 
performed in triplicates, and the data were analyzed as per the 
ΔΔCt method. The PCR reaction was carried out as follows: 
an initial activation step for 2 min at 95ºC; 3-step cycling of 
denaturation for 10 sec at 950ºC, annealing for 1 min at 560ºC, 
and extension for 1 min/kb at 72ºC, all for 40 cycles. The end 
of PCR cycling was kept at 40ºC  for an indefinite time period. 
The primers used for the experiments are HMOX (sense 
primer: 5′-CTCAAACCTCCAAAAGCC-3′; antisense primer: 
5′-TCAAAAACCACCCCAACCC-3′), Nrf2 (sense primer: 
5′-CACATCCAGTCAGAAACCAGTGG-3′; antisense primer: 
5′-GGAATGTCTGCGCCAAAAGCTG-3′), and GAPDH 
(sense primer: 5′-ACTCAGAAGACTGTGGATGG-3′; antisense 
primer: 5′-GTCATCATACTTGGCAGGTT-3′). The finished 
PCR product was also run in an electrophoresis tank, and the gel 
was visualized.

Statistical analysis
All the experiments were performed in triplicate. The statistical 
analysis was run using GraphPad Prism software, version 6.0. 
Significance was measured using one-way ANOVA and Duncan's 
multiple-range test. The statistical significance was set at *p < 0.1 
compared to the control group.

RESULTS

Morin exerts nephrotoxicity protection without 
causing cytotoxicity
The study's first aim was to rule out any chances of cellular toxicity 
from morin to the selected cell lines. Hence, we have conducted 
cytotoxicity studies. As shown in Figure 1, there is no sign of 
toxicity to the cells, even at higher concentrations. There was still 
75% of cells live at 100 µg/mL. This showed that the compound 
morin is safer to study nephroprotective less than this dose 
concentrations. The viable cells were quantified and presented 
in the Figure 1G. All experiments were carried out in triplicates. 
Results were presented as Mean±SE. ***p<0.001 compared to the 
control group, *p<0.1 compared to control group.

The viable cells were quantified and presented in the Figure 2. All 
experiments were carried out in triplicates. Results were presented 
as Mean±SE. ***p<0.001 compared to the control group, *p<0.1 
compared to control group
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Morin-induced antioxidant effect via protecting the 
ROS generation

In order to evaluate if Morin can protect the cell from toxicity 
induced by ROS generation, a DCFDA assay was performed. 
As shown in Figure 3, cisplatin has significantly induced the 
excess production of ROS, which was effectively and significantly 
protected by the morin. The results 3D showed that 12.5 µg/
mL Morin has significantly protected the oxidative damage at 
*p<0.05.

Morin induced nephroprotective effect through 
modulating Nrf2/HMOX-1 mechanism

Many studies have shown that Nrf2/HMOX-1 pathways are 
the most important endogenous mechanism of antioxidant 
protection. In the event of oxidative stress, Nrf2 will be activated 
and translocated from the cytoplasm to the nucleus, and there, it 
will initiate the translational upregulation of HMOX-1. Hence, we 
evaluated the involvement with docking studies at the beginning. 
Docking is a powerful tool that accelerates drug discovery. As 
per the results, the complex of Keap1 with the Nrf2 domain 
shows that the key amino acids involved in the binding process 
are TYR-9, ASN-57, ARG-89, ARG-90, ARG-158, SER-183, 
GLY-184, TYR-200, GLN-205, ALA-231, TYR-247, PHE-252, 
SER277 and GLY-2782. So, for docking, grid was generated on 
this site to know the affinity of Morin towards the Nrf2 binding 
sites of Keap1 protein. The docking score of Morin in the active 

site of Keap1 is -7.7 kcal/mol which shows good affinity of Morin 
towards the Nrf2 binding site. The best docked structure is shown 
in Figure 4. In Figure 4A, the Nrf2 domain is also aligned to 
understand whether Morin binds to the binding site with similar 
orientation as that of the Nrf2 domain. Morin binds to the active 
site with a favourable binding affinity and also binds to active site 
with similar orientation as that of Nrf2 domain of Keap1 protein. 
Figure 4B shows the key amino acid residues which interact with 
Morin. This includes TYR-9, SER-13, SER-277, ARG-55, ASN-57, 
ASN-89, ARG-90, TYR-200, GLN-205, ALA-231 and TYR-247. 
The amino acids TYR-9, ARG-55, ASN-89, ARG-90. GLN-205, 
ALA-231 and TYR-247 are shared by both Morin and the 
domain of Nrf2. Figure 4C shows the ligand interaction with the 
surrounding amino acids of the enzyme. Here, SER-277, ARG-55 
and SER-230 form hydrogen bond interactions with the hydroxyl 
groups of Morin. Also, TYR-247 forms pi-pi stacking interaction 
with the aromatic ring of Morin. These observations suggest 
that Morin could be potential lead molecule as Keap1 inhibitor. 
Gene expression research was carried out following the positive 
results we got from docking studies (Figure 5). In this study, 
the expression of Nrf2 and HMOX has been evaluated using 
real-time RT-PCR. The results showed a significant elevation in 
the mRNA expression of both Nrf2 (1.99 folds) and HMOX (1.85 
folds). At the same time, a negative regulation was observed in 
the cisplatin-alone group. This suggests that the nephroprotective 
effect of Morin has been largely activated through Nrf2/HMOX-1 
pathways. 

Figure 1: HEK 293 cells were treated with Morin, and the cytotoxicity was tested using Alamar 
blue staining. (A) Control group, (B-F) morin treatment 6.25, 12.5, 25, 50 and 100 µg/mL 

respectively.
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Figure 2: HEK 293 cells were treated with cisplatin and morin, and the cytotoxicity was tested using Alamar blue 
staining. (A) Untreated control group, (B) cisplatin-treated cells, (C-F) Morin treatment 0.75, 1.5, 3.1 6.25 and 12.5 

µg/mL, respectively.

Figure 3: Determination of ROS generation by DCFDA staining. (A) Control, (B) Cisplatin 25 µM alone, (C) cisplatin 25 µM 
and morin 12.5 µg/mL and (D) quantitative analysis of data. All experiments were done in triplicates and results were 
represented as Mean±SE. One-way ANOVA was performed to analyse data. *p<0.05 compared to the control group.
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DISCUSSION

In the current study, we have attempted to analyse the 
effectiveness of morin to protect against the nephrotoxicity 
induced by the chemotherapeutic drug cisplatin in human 
kidney cells in vitro. Cisplatin is a metal coordination compound, 
an effective and well-used drug in chemotherapy, either alone 
or in combination with other drugs. Cisplatin works in cancer 
by forming DNA adducts to distort DNA by acting on both 
intrastrand and interstrand crosslinks and subsequently inducing 
apoptosis in cancer cells.25 But the dose-related toxicity, especially 
nephrotoxicity, limits its use. There have been many attempts 
made in the past to incorporate natural products in preclinical 
studies to overcome these issues. But there need to be many more 
good attempts to find better choices. Even though many studies 
have been conducted in order to establish the mechanism behind 
cisplatin-induced nephrotoxicity, the major findings in this area 
clearly indicate that there is a decrease in antioxidant defence 
systems due to ROS generation and stress, which includes the role 
of enzymatic and non-enzymatic molecules and reduced GSH.26 
Hence, finding an antioxidant to protect against the toxicity, 
especially from natural sources, would be the ideal choice. 

Morin is a polyphenolic compound that belongs to the flavanol 
class of flavonoids. This compound has been found in many edible 
plants, such as figs, chestnuts, jackfruit, coffee, apples, etc.27 This 
compound has a shorter half-life and delay in absorption while 
administered orally. Since it is a medically active compound, it 
has been shown to induce anti-inflammatory, anticancer, and 
gastroprotective effects.28 Therefore, it is proven to be a potential 
resource to mitigate multiple disease conditions. In addition, 
Morin's safety features are in a highly acceptable range, according 
to earlier studies.29 In the current research, we were first interested 
in knowing whether the compound induces any kind of cellular 
toxicity in the chosen cell line. It is because we have considered the 
fact that some compounds, while exerting beneficial effects in the 

cellular system, also cause potential traits to some extent, which is 
not an acceptable model. In our work, we have shown that up to 
100 µg/mL doses of morin have excellent safety potential. Hence, 
all other studies, including the nephrotoxic studies we have 
carried out, have used much lower doses than that, which has 
improved the significance of this compound to this study plan.

The nephroprotective role was initially accessed by cytotoxicity 
screening, in which we used cisplatin initiation and additional 
morin application. As we can see from the results, cisplatin directly 
induces cellular toxicity. Morin protects the induced toxicity from 
7.5 to 12.5 µg/mL. It is to be noted that even lower doses of morin 
could protect the cell from injury, which shows the significance 
of using morin at lower doses, probably in clinical trials later. This 
could be due to the general protective functions of flavonoids in 
general.30 Earlier studies done on many similar compounds from 
flavonoids showed very good activity in nephroprotection. For 
instance, apigenin, flavone glycosidase, catechin, quercetin, etc., 
are some of those examples.31,32 All these compounds have been 
exhibited to have either an antioxidant effect, an anti-apoptotic 
effect, or an anti-inflammatory effect in order to protect the cells. 
Compared to other phytochemicals, flavonoids have a higher 
potential in exerting these actions, maybe due to their ability to 
modify cellular enzymes along with antioxidant activity.

ROS has always been an interesting area of research, as it plays a 
bimodal role in cellular homeostasis maintenance. The favourable 
nature of ROS belongs to their action on redox potential and in 
cell signaling, while it has much more adverse events resulting 
from excess production of free radicals or inadequate functioning 
of endogenous antioxidants.33 ROS plays a significant role 
in nephrotoxicity. Either by environmental pollutants or by 
cisplatin-kind chemotherapeutic agents, ROS levels are increased, 
leading to increased lipid peroxidation, DNA damage, protein 
modification, and depletion of ATP, etc. Since ROS has the ability 
to trigger apoptosis, there are many drugs designed to kill cancer 
drugs through ROS.34 In the case of cisplatin, the administered 

Figure 4:  A) Docked complex of Keap1 with Morin in the Nrf2 binding site. Keap1 is shown as green cartoon representation and purple 
colour represents the Nrf2 domain. Morin is represented by the sticks with cyan colour. The Nrf2 domain is also shown to visualize that 

Morin also binds to the Nrf2 binding site of Keap1. B) The complex of Keap1 with Morin showing the key amino acids responsible for 
binding. The orange-coloured sticks represent the amino acids within 4.0 Å from Morin. C) Keap1-Morin interactions depicting various 

kinds of non-covalent interactions between them. 
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cisplatin enters the renal epithelial cells either through OCT2 
or Crt1 transporters, damages the DNA, and produces ROS. 
Morin is a well-known natural product that induces protection 
against mitochondrial ROS and direct cellular ROS generation.35 
Our results show that cisplatin significantly reduced the ROS 
produced by cisplatin through the DCFDA assay. The results are 
in agreement with previous studies in which morin has displayed 
ROS scavenging activity in many cell-based assays.

Nrf2 pathways are one of the major pathways related to 
oxidative stress and redox potential. Under normal physiological 
conditions, Keap1 holds Nrf2 in the cytoplasm and promotes 
ubiquitination. However, in pathological conditions, Nrf2 gets 
detached from the bond and translocates to the nucleolus, 
where it accelerates the transcriptional gene activation for 
the antioxidant action.36 This pathway is a potential target for 
cytoprotective agents because stress is the main functional agent 
for toxicity generation. Novel phytochemicals that can act as 
antagonists in the binding site, where Nrf2 binds with Keap1, 
could be the fundamental behind the theory. We have observed 
that in the docking studies, Morin has a good affinity towards the 
Nrf2 binding site, with a docking score of -7.7 kcal/mol. Later in 
the mRNA gene expression studies, support for this finding was 
seen, where we have seen increased expression of Nrf2 and their 
downstream target HMOX, which is an enzyme that protects the 
cells from oxidative stress.37 Studies have earlier shown that when 
cells are exposed to stress-inducing cisplatin-like drugs, Nrf2/
HMOX-1 helps alleviate damage. Hence, we can clearly suggest 
that cisplatin-induced nephrotoxicity-based oxidative stress 
damage can be significantly prevented by using morin.

CONCLUSION

To conclude, our results suggest that morin is a potential 
compound that can be the best candidate to develop for clinical 
trials to use together with cisplatin chemotherapy. Our study made 
the mechanism of Morin in nephroprotection, which was through 
protecting the cells from harmful free radical stresses. The study 

also suggests that there is a clear evasion that the anti-oxidation 
of morin is through Nrf2/Hmox pathway regulation. We have 
shown this interaction through molecular docking and mRNA 
studies. Further animal-based and clinical-based studies are thus 
strongly warranted with a special focus on more anti oxidative 
gene expressions.
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Figure 5:  Graphical representation depicting the expression pattern of (A) HMOX and (B) NRF2.
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SUMMARY

Cisplatin-induced nephrotoxicity remains a major struggle in 
chemotherapy. It happens majorly due to free radical-mediated 
cell damage. This manuscript investigated the protective effect 
of morin, a flavonoid, in combating the side effects exerted by 
cisplatin using HEK 293 cells as an in vitro model. The study 
established morin's safety at sub-cytotoxic concentrations 
and highlighted its efficacy in mitigating oxidative damage. 
The protective mechanism was established through the Nrf2/
HMOX-1 antioxidant pathway, supported by molecular docking 
and real-time PCR. These findings not only advance our 
understanding of morin's nephroprotective potential but also 
highlight the therapeutic possibilities of natural products in 
addressing drug-induced toxicities.
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