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ABSTRACT 
 

Cisplatin (Cis) is one of the most widely used cytotoxic therapeutic agents for the treatment of cancer. 

Overdose of the drug resulted in various side effects of genotoxicity and nephrotoxicity. The toxicity of 

the drug has been attributed to the generation of oxidative free radicals. The current study aims to 

explore the effect of Ferulic acid (FA) in ameliorating Cis-induced renal toxicity in tumor bearing Swiss 

albino mice. Nephrotoxicity was induced in tumor bearing mice by a single dose of Cis (12mg/kg, i.p). 

Post administration of FA was carried out (100 mg/kg p.o and 200 mg/kg p.o) one hour after Cis 

administration.  Toxicity was measured by analyzing the amount of serum urea, creatinine, and 

antioxidant status of renal and tumor tissues. Treatment of cisplatin-administered tumor animals with the 

FA could prevent the drug-induced oxidative damage as evidenced by the decreased levels of lipid 

peroxidation and enhanced activities of the antioxidants in the renal tissues.  The treatment also 

protected the renal tissues from the toxic effects of Cis by reducing the levels of serum urea and 

creatinine. FA protected the renal tissues, whereas it enhanced the anticancer efficacy of Cis in tumor 

tissues. The histopathological observations support that ferulic acid has a protective effect against 

Cisplatin-induced nephrotoxicity and can be used to improve the chemotherapeutic index of Cisplatin 

for cancer treatment. 
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1 Introduction  

Nephrotoxicity arises as a result of direct exposure to drugs and 

environmental chemicals to renal tissue (Sales & Foresto, 2020). 

Many therapeutic agents such as oxaliplatin, cisplatin, paclitaxel, 

carboplatin, doclitaxel, vinorelbine, topotecan, etc. are responsible 

for the induction of nephrotoxicity. These agents are used as 

chemotherapeutic drugs against different forms of human cancers 

(Jagieła et al., 2021). To control neoplastic disorders and distant 

metastases, these agents are administered systemically, which 

adversely affects normal cells, resulting in cytotoxicity 

(Janakiraman & Jayaprakash, 2015).  

Cis-Diamminedi chloroplatinum II (Cisplatin or CP or Cis) is one of 

the foremost effective cancer therapeutic agents, used in the 

treatment of several solid tumors and refractory non-Hodgkin’s 

lymphomas (Giaccone, 2000). The therapeutic efficacy of cisplatin is 

usually related to nephrotoxicity (George & Anushree, 2014). The 

nephrotoxicity by cisplatin is associated with cellular necrosis, 

alterations within the number and size of the lysosomes, 

morphological damage of intracellular organelles, mitochondrial 

vacuolization, loss of microvilli, and functional changes as inhibition 

of protein synthesis, lipid peroxidation, mitochondrial damage, and 

GSH depletion (Awdishu & Mehta, 2017).  Several natural agents 

like vitamins and/or dietary supplements have the potential to 

diminish the physiological side effects of those drugs (Ali & 

AlMoundhri, 2006; Rad et al., 2017). Such antioxidants protect 

normal tissues against the deleterious effects of the drug and may be 

safely manipulated without toxic manifestations (Ojha et al., 2016). 

The present study envisages the effect of ferulic acid (FA) on CP-

induced nephrotoxicity in tumor bearing Swiss albino mice.  

Phenolics are widely distributed in the plant kingdom and are an 

integral part of the human diet as an antioxidant, ferulic acid (FA) 

or 4-Hydroxy-3-Methoxycinnamic Acid (Figure 1) play a key role 

within the body's defense against carcinogenesis by inhibiting the 

formation of N-nitroso compounds (Batista, 2014).  Moreover, FA 

could be a strong scavenger of free radicals and approved in 

certain countries as an additive to stop lipid peroxidation 

(Sreenivasan et al., 2007; Panche et al., 2016). FA possesses 

radioprotective abilities and reduces ionizing radiation-induced 

damages to DNA and membranes in biological systems (Kumar & 

Goel, 2019). 

2 Materials and Methods 

2.1 Animals 

Female Swiss albino mice (8 - 10 weeks old) weighing 22 - 25 g, 

obtained from the Small Animal Breeding Section (SABS), 

Mannuthy, Thrissur, Kerala were used for the study. These 

experimental animals were kept under standard conditions of 

temperature and humidity within the Centre’s Animal House 

Facility. The animals got standard mouse chow (Sai Durga Feeds 

and Foods, Bangalore, India) and water ad-libitum. All animal 

experiments during this study were carried out with the prior 

approval of the Institutional Animal Ethics Committee (IAEC) 

by strictly adhering to the rules of the Committee for the aim of 

Control and Supervision of Experiments on Animals (CPCSEA) 

governed by the Animal Welfare Division of Government of 

India.  

2.2 Chemicals 

Ferulic acid (FA), riboflavin, reduced glutathione (GSH), 

Nitroblue tetrazolium (NBT),  5-5' dithiobis-2- nitro benzoic acid 

(DTNB) were bought from Sigma Chemical Company Inc., St. 

Louis, MO, USA. Hydrogen peroxide (H2O2) was purchased from 

Merck India Ltd., Mumbai, India. Thiobarbituric acid (TBA) was 

from Hi-media Laboratories, Mumbai, India.  All chemicals and 

reagents utilized in this study were of AR grade from reputed 

Indian manufacturers. 

2.3 Drug administration to tumor induced mice 

Cisplatin (12mg/kg i.p) was administered as a single dose to tumor 

animals.  

2.4 Solid tumor in Animals 

 A solid tumor was induced in the hind limbs of mice by 

transferring Dalton’s Lymphoma Ascites (DLA) cells (1 × 10
6
 

cells/animal) through subcutaneous injection.  The treatments are 

started when the tumor size reached about 1.0 cm
3
 on the 13

th
 day 

of transplantation of DLA cells.  The animals were randomly 

divided into 4 groups of five animals each and treated as Group – I 

animals were kept as the untreated control group, provided with 

0.1 ml saline i.p and 0.1 ml distilled water p.o; Group – II served 

as Cisplatin control group administered with cisplatin 12 mg/kg 

b.w (in 0.1 ml saline i.p as a single dose); Group – III animals were 

given  Cisplatin (12 mg/kg b.w in 0.1 ml saline)  i.p as a single 

dose with  Ferulic acid 100 mg/kg b.w (in 0.1 ml distilled water 

p.o); and Group – IV animals were provided with Cisplatin (12 

mg/kg b.w in 0.1 ml saline)  i.p as a single dose with Ferulic acid 

200 mg/kg b.w (in 0.1 ml distilled water p.o). FA was administered 

to groups III and IV, one hour after Cisplatin  (12 mg/kg b.w) 

administration 
 

Figure 1 Ferulic acid (FA) 
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2.5 Assessment of nephrotoxicity 

Serum creatinine was determined by the alkaline picric acid 

method (Allen et al., 1982) using a diagnostic kit (Agappe 

Diagnostic Pvt. Ltd; Ernakulam, Kerala, India).  Serum urea was 

determined by diacetylmonoxime (DAM) reagent using the 

Agappe diagnostic kit (Kassirer, 1971). In the case of cisplatin-

treated animals, seventy-two hours after cisplatin treatment (12 

mg/kg as an intraperitoneal injection) animals were sacrificed 

using ether anesthesia, blood was collected directly from the heart, 

serum separated for urea and creatinine analysis.  Kidneys and 

tumors were excised for analyzing the antioxidant status and for 

histopathological examinations (Divakaran & Nair, 2012). 

Reduced glutathione (GSH) level was measured colorimetrically 

using DTNB as the substrate.  The concentrations of 

malondialdehyde (MDA) as indices of lipid peroxidation were 

assessed according to the method of Buege & Aust (1978).  

Superoxide dismutase activity was determined by the nitroblue 

tetrazolium reduction method of Mc Cord & Fridovich (1969).  

GPx activity was determined by the method of Hafemann et al. 

(1974), based on the degradation of H2O2 in the presence of GSH. 

Tissue protein was studied according to the method of Lowry et al. 

(1951) using bovine serum albumin as standard. 

2.6 Histopathological studies 

Histopathological examinations of kidney and tumors from all the 

treated groups were evaluated using light microscopy. The tissues 

were fixed in 10% formalin, embedded in paraffin, sectioned at 5 

μm, and stained with hematoxylin-eosin. The histopathological 

studies were done at Sudharma Metrapolis Pathological 

Laboratory, Thrissur, Kerala, India.  

2.7 Statistical Analysis  

The statistical results are represented as the Mean ± SD of the 

studied group. All the analyses were subjected to ANOVA with 

Tukey- Kramer multiple comparisons test.   

3 Results 

3.1 Serum Enzyme Levels 

Administration of cisplatin to mice is found to induce a marked 

renal failure, characterized by a significant increase in serum urea 

and creatinine levels. As shown in table 1, the levels of serum 

creatinine and urea concentrations were significantly increased 

within the cisplatin-treated group when compared with the normal 

untreated group. Further, the concentrations of serum creatinine 

and urea in the mice treated by FA (200 mg/kg body weight) 

shows drastic reduction up to 60 % and 65.27 %, respectively, 

concerning the cisplatin-treated group. 

3.2 Biochemical Measurements and Antioxidant Status 

MDA (Malondialdehyde) was measured as a marker of lipid 

peroxidation and an indicator of oxidative injury. The MDA levels 

in nephro tissue were increased significantly within the cisplatin-

treated group compared with the untreated control group. The 

increase in MDA by cispaltin was significantly attenuated by the 

administration of FA (Figure 2). Different antioxidant enzymes 

were examined in the kidney tissue from all the groups. The Cis-

treated mice showed a significant decrease in SOD, GPX, and 

GSH activities compared with the untreated control (Table 2). The 

decrease in activities of SOD, GPX, and GSH due to cisplatin was 

suppressed by the treatment of FA. 

In tumor tissues, the MDA levels were increased significantly 

within the Cis treated group compared with the untreated control 

group. The post administration of FA together with Cis effectively 

potentiated the formation of MDA in an exceedingly significant 

manner (Figure 3). The antioxidant enzymes such as GPx, SOD, 

and GSH activities in the tumor tissues were significantly reduced 

within the Cis and ferulic acid treated group compared to the 

respective control (Table 3). 

Table 1 Effect of the FA treatment on the serum urea and 

creatinine levels in mice treated with cisplatin 

Treatments Urea (mg/dL) Creatinine (mg/dL) 

Normal (Untreated) 44.33±4.04 0.53±0.11 

Cisplatin 151.66±7.63 2.5±0.45 

Cis+FA 100 mg/Kg 120.33±4.50a 1.76±0.15a 

Cis+FA 200 mg/Kg 99±3.60a 1.5±0.14a 

Values given in the table are the mean of five replicates and are 

expressed as mean ±SD, ‘a’ represents p< 0.001 vs Cis control 

 
Figure 2 Effect of ferulic acid administration on Cisplatin-induced 

lipid peroxidation (MDA formation) in kidney tissues of mice.  

(* indicate p<0.05 and *** indicate p<0.001 when compared with 

the Cis alone treated group) 
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3.3 Morphological Study 

Histopathological analysis of cisplatin-treated mice kidney showed 

a decreased cellularity of the glomeruli, and edema of the epithelial 

cells lining in the renal tubules as compared to control (Figure 4A), 

and also the interstitial tissue as evident from figure 4B. The renal 

tissues of cisplatin treated mice administered with FA showed 

normal glomerular, renal tubules, and interstitial tissue appearance. 

In tumor bearing mice treated with FA and Cis, shows a significant 

reduction in the severity of renal degeneration was observed 

(Figure 4 C and D). 

The histopathological examination of tumor tissues is detailed in 

figure 5. Tumor tissues of control animals showed a compact 

arrangement of carcinomatous cells having clear cytoplasm and 

hyperchromatic nuclei. Whereas the Cis-treated animals showed 

many degenerating cells, stroma showed extensive areas of 

necrosis and hemorrhage. Tumor bearing animals administered 

with FA and Cis showed a significant increase in the number of 

degenerating cells. Stroma showed extensive areas of necrosis, 

cellular integrity was lost in many regions. The results showed that 

FA potentiates the cytotoxic action of cisplatin in tumor cells 

(Figure 5 C and D). 

 
Figure 3 Effect of Ferulic acid administration on cisplatin- induced lipid peroxidation (MDA formation) in tumor tissues of mice.  

(*** indicate p<0.001 vs Cis control, ** indicate p< 0.01 vs Cis control) 
 

 

Table 2 Effect of p.o. administration of FA on cisplatin-induced damages to renal antioxidant enzymes 

Treatments GPx (U/mg protein) GSH (n moles/ mg protein) SOD (unit/mg protein) 

Normal (Untreated) 26.9±1.34 30.08±4.77 14.22±2.07 

Cisplatin 12.61±2.14 10.41±1.67 3.96±0.19 

Cis+FA 100 mg/Kg 13.39±1.08ns 13.6±0.33ns 5.36±0.52ns 

Cis+FA 200 mg/Kg 17.75±1.35a 16.08±0.49b 7.6±1.54a 

Values given in the table are the mean of five replicates and are expressed as mean ±SD, ‘a’ represent p< 0.001 vs Cis control;  

‘b’ represent p< 0.01 vs Cis control, ‘ns’ represent p>0.05 vs Cis control 

 
 

Table 3 Effect of ferulic acid (p.o) administration on the Cisplatin induced depletion of antioxidant levels in tumor tissues of mice 

Treatments GPx (U/mg protein) GSH (n moles/ mg protein) SOD (unit/mg protein) 

Normal (Untreated) 28.06±2.32 27.89±2.59 10.68±1.25 

Cisplatin 18.60±0.88 16.08±0.77 6.36±0.51 

Cis+FA 100 mg/Kg 15.26±2.66b 12.4±0.28b 5.25±0.57c 

Cis+FA 200 mg/Kg 10.71±1.70a 9.06±1.40a 4.7±0.26b 

Values are expressed as mean ± SD (n = 5). ‘a’ represent p< 0.001 vs Cis control ; ‘b’ represent p< 0.01 vs Cis control ; ‘c’represent p< 0.05 

vs Cis control 
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4 Discussion 

Cisplatin is the most widely used anti-cancer agent, best against 

many solid organ tumors.  The major side-effect of cisplatin is 

nephrotoxicity and its dose is the main limiting factor for its 

clinical use (Rana et al., 2016). Results of previous studies have 

shown that a minimum dose of cisplatin (5 mg/kg body weight, i.p) 

was sufficient to induce nephrotoxicity in rats (Boogaard et al., 

1991). The highly reactive platinum complexes of Cisplatin binds 

with nucleophilic DNA via inter and intra-strand crosslinking with 

guanine nucleotide (Holditch et al., 2019). These events end up in 

denaturation of DNA and cell cycle arrest. Cisplatin via 

cytochrome P450 (CYP) in microsome and mitochondrial 

dysfunctioning creates reactive oxygen species (ROS) and 

damages the renal tissue (Nematbakhsh et al., 2017). 

One of the foremost important mechanisms observed in cisplatin 

toxicity is oxidative stress (Mohamed & Shenouda, 2021). Under 

 
Figure 4 Histopathology study of the representative sections of kidney tissue of tumor bearing mice (A) untreated (B) Cisplatin 12 mg/kg  

(C) Cis+FA 100 mg/kg and (D) Cis+FA 200 mg/kg 

 

 
Figure 5 Histopathology study of the representative sections of tumor tissue of tumor bearing mice (A) untreated (B) Cisplatin 12 mg/kg  

(C) Cis+FA 100 mg/kg and (D) Cis+FA 200 mg/kg 
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normal physiological conditions, production and removal of 

reactive oxygen species (ROS) in cells are controlled by the 

endogenous scavenging system including catalase, superoxide 

dismutase, and reduced glutathione (Pabla, &  Dong, 2008). Under 

oxidative stress conditions, ROS levels are elevated, and many 

cellular structures (proteins, lipids, DNA) can be damaged. 

Increased oxidative stress can make cellular injury and necrosis in 

the kidney and other tissues. Previous studies (Kim et al., 2012; 

Saisruthi & Sreedevi, 2017) suggested the key role of lipid 

peroxidation and antioxidant enzymes like SOD and CAT in free 

radical metabolisms. These antioxidants enzymes scavenge free 

radicals or convert them into non-toxic end products and are 

measured as a first-line cellular defense mechanism against 

oxidative damage. The second line of antioxidant defense consists 

of the non-enzymatic scavengers such as GSH, which scavenge 

remaining free radicals escaping from the primary line of 

antioxidant enzymes defense (Mody et al., 2020).  

Administration of cisplatin shows a significant increase in blood 

creatinine and serum urea concentrations compared to normal, 

which indicates the intrinsic acute renal failure (Joy & Nair, 2008; 

Wu & Huang, 2018). The results of the current study showed that 

cisplatin administration to tumor bearing mice significantly raised 

the levels of lipid peroxidation and caused depletion of GSH, SOD, 

and GPx in renal tissues. The declined antioxidant status partially 

explains the mechanism of nephrotoxicity induced by cisplatin. 

The renal accumulation of platinum, covalent binding of renal 

protein also play a crucial role in nephrotoxicity (Hanigan & 

Devarajan, 2003). The decreased concentration of GSH increases 

the sensitivity of organs to oxidative and chemical injury.  

Treatment of FA (100 & 200 mg/kg body weight, p.o) together 

with cisplatin could significantly prevent the depletion of these 

renal antioxidant systems.  Treatment with FA rendered protection 

because of the increase in GSH concentration could keep the renal 

cells from oxidants attack.  Moreover, the protection of GSH is 

additionally by forming the substrate for the GPx activity that may 

react directly with various aldehydes produced from the 

peroxidation of membrane lipids.  Treatment with FA and cisplatin 

enhances the activity of Se-GPx (selenium-dependent GPx) 

compared to the cisplatin alone-treated animals. Thus the improved 

GPx activity partially explained the role in nephro protection. The 

decreased activity of SOD and GPx in renal tissues enhanced the 

lipid peroxidation in cisplatin treated group (Jia et al., 2011; 

Moreno-Gordaliza et al., 2018). Treatment with FA prevented lipid 

peroxidation by enhancing the renal SOD and GPx activities. 

The main prerequisite for any compound to be used as a 

nephroprotective agent during the treatment of cancer is that it 

should not interfere with the antitumor activity of the 

chemotherapy (Fang et al., 2021). Various studies in animals and 

humans confirmed that FA could demonstrate anticancer properties 

(Divakaran & Nair, 2012). Ferulic acid is effective in protecting 

against oxidative damage in tissues, and also suppresses the 

formation of carcinogens like nitrosamines.  The MDA levels of 

tumor tissues in FA and Cis-treated animals showed an increase in 

the level when compared to the untreated control animals. The 

antioxidant levels in tumor tissues were also found to be 

significantly reduced by the administration of cisplatin and ferulic 

acid. The results significantly showed the antitumor potential of 

the combination treatment (Humanes et al., 2012). Moreover, the 

histopathological reports suggest that post-treatment of FA greatly 

inhibited the Cis-induced changes in kidney tissue supporting the 

protective action of FA against Cis-induced nephrotoxicity and 

offer maximum destruction to tumor tissues (Zhao & Dai, 2020).  

Conclusion 

The results of this study can be concluded that ferulic acid (100 

&200 mg/kg body weight) rendered significant protection against 

cisplatin-induced oxidative renal damage. FA offers renal 

protection by preventing the cisplatin-induced decline of renal 

antioxidant status. The protective effect may result to direct 

scavenging of the electrophilic free radicals by antioxidant FA. 

Thus, the present study indicates the potential antitumor use of FA 

in preventing cisplatin-induced renal toxicity in clinical practice. 

The combination treatment of ferulic acid and cisplatin in tumor 

bearing mice restored all the biochemical parameters altered by the 

cytotoxic drug nearer to normal levels in renal tissues. FA 

protected the kidney tissues from Cis-induced renal toxicity by 

enhancing the endogenous antioxidant levels, lowering the serum 

urea and creatinine levels. Thus prevents the damages of renal 

tissues. The combined strategy showed high antitumor activity as 

evident from MDA formation, antioxidant enzyme levels, and 

histopathological examination. The strategy ensures a secure and 

efficient anticancer treatment modality. Thus, the combination 

treatment improves the chemotherapeutic index of cytotoxic 

anticancer drug, Cisplatin.  
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