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ARTICLE INFO ABSTRACT 

Keywords 

 
  Cisplatin is one of the most frequently used drugs for cancer treatment. However, its use 

declined due to its dangerous side effects including nephrotoxicity. The aim of this study is to 
examine the garlic and/or ginger ameliorative impact on cisplatin-caused nephrotoxicity in 

rats. Seven groups of rats (n=10) were used. Group I was administered 0.5 ml normal saline, 

group II was administered garlic (200 mg /kg), and Group III was administered ginger (310 
mg/kg) orally once time per day for 21 consecutive days. Group IV was administered 0.5 ml 

normal saline orally once daily and injected cisplatin on 16th day (10 mg/kg, intraperitoneal). 

Group V was received garlic plus cisplatin, group VI was administered ginger plus cisplatin, 
and group VII was received garlic and ginger plus cisplatin. Twenty-four hours following the 

last dose, the blood and tissue samples were collected for the biochemical, antioxidant, and 

histopathological examinations. Administration of cisplatin significantly increased serum 

urea level, creatinine level, and uric acid concentration. Furthermore, cisplatin significantly 

increased MDA level and induced a significant decrease in CAT, GSH, and SOD levels in 

renal tissue. Histologically, cisplatin induced marked degeneration of the renal tubular 
epithelium with lymphocytic cellular infiltration of the renal parenchyma. Treatment with 

ginger and/or garlic restores the levels of renal biochemical markers towards normalcy, 

improves oxidative stress and histological picture. 
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1. INTRODUCTION 

 
Cisplatin is one of the efficient chemotherapeutic drugs 

involved in the treatment of different types of tumors such 

as breast cancer, head and neck cancer, testicular cancer, 

and lung cancer (El komy et al., 2020). Cisplatin induced 

nephrotoxicity by several mechanisms including release of 

Mitochondrial ROS, mutation of DNA, release of 

inflammation factor, mitochondrial dysfunction, and 

through direct cytotoxicity to the renal tubular epithelial 

cells (McSweeney et. al., 2021). Cisplatin-induced 

nephrotoxicity can be alleviated by diuretics and pre-

hydration of patients. However, the rate of cisplatin 

nephrotoxicity is still high, and patients do not respond to 

this management (Oh et al., 2014). 

Uses of herbal medicinal products and supplements has 

increased greatly over the past years. There were a lot of 

previous studies discussing the importance of these plants 

and they have become the attention of many researchers. 

Medicinal plants possess several active constituents that are 

responsible for their pharmacological action which are used 

in fungal infection, bacterial infection, rheumatic arthritis, 

hypertension, diabetes, cancer chemotherapy, and in 

traditional medicines (Nasr and Saleh, 2014 and Martinsb 

et al., 2016). 

Garlic (Allium sativum L.) is one of the most aromatic 

herbaceous annual spices that have been used from the 

oldest years as traditional medicine against several common 

diseases such as stomach disorders, whooping cough, cold, 

and hypertension (Abdel-Daim et al., 2020). The main 

active components of garlic include organosulfur 

compounds, volatile oil containing sulfur compounds, and 

flavonoids (Abd Elghaffar et al., 2015).  

Ginger (Zingiber officinale) is one of the safest herbal 

plants and is usually used as a food spice and in traditional 

medicine. Ginger contained numerous constituents such as 

zingerone, gingerdiol, gingerols, shogoals, and zingiberene 

which are responsible for its antioxidant action as they 

reduce the generation of free radicals )Al-Rekabi et al., 

2019). Ginger is reported to have therapeutic effects such as 

antimicrobial, gastroprotective, antidiabetic, anti-

hypertensive, cardioprotective, anticancer and anti-

inflammatory effects (Kandemir et al., 2019). 

The present study aimed to illustrate the protective effect of 

garlic and ginger against cisplatin induced nephrotoxicity 

through evaluation of serum renal biomarkers, 

histopathological examination, and oxidative stress 

estimation. 
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2. MATERIAL AND METHODS 
Chemicals: 

Cisplatin was purchased from EIMC United 

Pharmaceuticals (Cairo, Egypt) as Unistin® vial (50 mg/50 

ml). Garlic in this study was obtained from ATOS Pharma 

(Cairo, Egypt) as Tomex plus tablets (300 mg of dried 

garlic powder). Ginger was obtained from MEPACO 

Company (Sharquia, Egypt) as Ginger tablets (400 mg of 

ginger rhizome powder). All kits for biochemical analysis 

were purchased from Bio Diagnostics Company (Giza, 

Egypt). 

 

Experimental animals: 

Seventy Wister male albino rats, weighing between 160-

200 gm were purchased from the Center of Laboratory 

Animals, Faculty of Veterinary Medicine, Benha 

University, Egypt and were kept in metal cages at a 

temperature of 36°C ± 2°C. Rats were given a commercial 

diet and and water ad libitum. They were left 14 days for 

acclimation before beginning the experiment. The study 

was approved by the Ethics Committee, Faculty of 

Veterinary Medicine, Benha University' with approval 

number (BUFVTM 04-01-23).   

 

Experimental design:  

Seventy adult male rats were randomly divided into seven 

groups of 10 animals each as follows. Group I (control) 

received normal saline; Group II received garlic (200 

mg/kg body weight according to Arafat et. al., (2021) and 

Group III received ginger (310 mg/kg body weight 

according to Mohamed et. al., (2018) orally, daily for 21 

days. Group IV received normal saline daily, orally for 21 

days, and on 16th day, rats were injected intraperitoneally 

with cisplatin (10 mg/kg body weight according to Abo El-

Magd et. al., (2021) Group V received garlic orally for 21 

days plus cisplatin (I.P on 16th day). Group VI received 

ginger for orally 21 days plus cisplatin (I.P on 16th day) and 

group VII received garlic and ginger orally for 21 days plus 

cisplatin (I.P on 16th day). 

Serum collection and tissue sampling: 

Twenty-four hours following the last dose, blood samples 

were collected from the medial canthus of the eye. The 

blood sample was drawn without anticoagulants in 

sterilized tubes and the sera were separated and kept at -

80°C until used for the bioassays. The rats of all groups 

were euthanized then the kidney was immediately removed 

then washed. The first section of the kidney was used in 

biochemical analysis to estimate the concentration of 

catalase (CAT), reduced glutathione (GSH), superoxide 

dismutase (SOD) and malondialdehyde (MDA) as 

oxidative stress markers. The second part of the kidney was 

then taken for histological investigations. 

 

Serum biochemical analysis: 

Assessment of renal biomarkers: 

The concentration of serum urea level, creatinine level, and 

uric acid level were measured according to methods of 

Coulombe and Favreau (1963), Bartels et al., (1972), and 

Walker (1990) respectively. The previous biochemical tests 

were evaluated in accordance with data protocol provided 

by using commercial kits (Bio-Diagnostic Company, Giza, 

Egypt). 

 

Assessment of inflammation markers: 

Serum Interleukin-1β (IL-1β) and TNF- α concentrations 

were measured using rat-specific enzyme-linked 

immunosorbent assay (ELISA). Analyses were performed 

according to the manufacturers’ instructions by using Rat 

Interleukin 1b Kit and Rat Tumor Necrosis Factor- α 

ELISA kit. Briefly, monoclonal antibody specific for rat 

TNF-α and IL-1β were coated onto the wells of the micro 

plates. The tissue homogenate, standards, and biotinylated 

monoclonal antibody specific and streptavidin-HRP were 

pipetted into these wells and then incubated at 37oC for 60 

min. After washing, chromogen reagent A and chromogen 

reagent B were added, acting upon the bound enzyme to 

produce a color. It was incubated at 37oC for 10 min. Then 

a stop solution was added. The intensity of this colored 

product is directly proportional to the concentration of rat 

TNF-α and IL-1β present in the original specimen. At the 

end of the course, the well plates were read at 450 nm. The 

absorbance of the samples was calculated with formulas 

using standard graphics.  

 

Tissue homogenate preparation for oxidative stress and 

antioxidant status evaluation: 

The tissue was dissected and rinsed by a PBS solution 

(phosphate-buffered saline) consisting of 0.16 mg/ml 

heparin to separate any RBCs and curd. Tissues were 

homogenized by sonicator homogenizer using 5 ml of 5-10 

ml buffer (i.e., 50 mM potassium phosphate, pH 7.5 1 mM 

EDTA) added each gram of tissue. Tissue homogenates 

aliquots were centrifuged in a cooling centrifuge (4000 rpm 

for 20 min) and then kept at -80oC. Next, oxidative status 

was done by determination of reduced-glutathione (GSH) 

(Sedlak and Lindsay, 1968), catalase (CAT) activity (Aebi, 

1984), superoxide dismutase (SOD) according to the 

Procedures of Nishikimi et al., (1972) and malondialdehyde 

(MDA) according to Ohkawa et al., (1979) utilizing 

specific diagnostic kits get from the Laboratory Bio-

Diagnostic Company Giza, Egypt. 

 

Histopathological analysis: 

Small tissue specimens were collected from the kidney of 

rats in all groups and immediately fixed in 10 % formalin. 

The tissue was dehydrated using gradual concentrations of 

ethanol, cleared with xylene, and embedded in paraffin. 

The blocks were cut at a thickness of 5–7 μm. These 

sections were stained with hematoxylin and eosin (H&E) 

(Bancroft et al., 2013) and examined for histopathological 

changes.  

 

Statistical analysis: 

The statistical analysis was performed by the SPSS 

(Version 20; SPSS Inc., Chicago, USA). Statistical analysis 

was conducted after the application of the Shapiro-Willk 

test for the determination of the normal distribution of the 

data. Comparing between groups was performed by one-

way ANOVA and followed by Duncan’s multiple range 

test. (Duncan, 1955) A p-value less than or equal to 0.05 

was considered significant.  

 

3. RESULTS 
 

Cisplatin toxicity significantly (P ≤ 0.05) increases the 

levels of serum urea, creatinine, and uric acid in 

comparison to their normal level in the control group. 

Cisplatin-intoxicated rats and pretreated with garlic or 

ginger showed a significant (P<0.05) decrease in serum 

urea, creatinine, and uric acid levels in comparison to 

cisplatin-intoxicated group. The combination of garlic and 

ginger with cisplatin-intoxicated group showed a a 

significant (P<0.05) decrease in serum urea, creatinine, and 

uric acid levels in comparison to cisplatin-intoxicated 
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group and revealed best results than garlic and ginger 

independently by restoring these parameters towards 

normal levels, Fig. (1).  

Cisplatin induced a significant (P<0.05) decrease in the 

level of renal CAT, GSH, and SOD, while cisplatin 

significantly (P<0.05) increased renal MDA in comparison 

to their normal level in the control group. Pretreatment with 

garlic or ginger in cisplatin-intoxicated rats induced a 

significant (P<0.05) increase of serum CAT, GSH, and 

SOD levels,while pretreatment with garlic or ginger in 

cisplatin-intoxicated rats induced a significant (P<0.05) 

decreas in MDA level as compared with cisplatin-

intoxicated rats. The administration of garlic and ginger in 

cisplatin -treated rats revealed a significant increase of 

serum CAT, GSH, and SOD levels towards normal levels 

in control group and improve lipid peroxidation by 

significant (P<0.05) decrease of MDA level towards 

normal level as in control group. Moreover, pretreatment of 

garlic and ginger with cisplatin-intoxicated group was more 

efficient than garlic and ginger alone in ameliorating 

oxidative stress, Fig. (2). 

 
Fig (1) showing effects of garlic or/and ginger on creatinine, uric acid, and 

blood urea in the rat model of cisplatin induced nephrotoxicity. The mean± 

standard error of the mean was used to represent the values. 

 

 
Fig. (2) showing effects of garlic or/and ginger on MDA, CAT, GSH and 

SOD levels in the rat model of cisplatin induced nephrotoxicity. The mean± 

standard error of the mean was used to represent the values. 

Cisplatin induced a significant (P<0.05) increase in serum 

levels of inflammatory marker (IL-1β and TNF-α) in 

comparison to their normal level in the control group. Rats 

treated with garlic or ginger before administration of 

cisplatin showed a significant (P<0.05) decrease in IL-1β   

and TNF-α levels as compared with cisplatin-intoxicated 

group. The administration of garlic and ginger together 

with cisplatin induced marked decrease in IL-1β   and 

TNF-α levels towards normal level as in control group and 

more efficient than garlic and ginger independently, Fig. 

(3).  

The microscopic examination of the kidneys of rats in 

control, garlic and ginger rats showed normal 

histoarchitecture of glomeruli and renal tubules with 

unremarkable changes (Fig.4 A, B, C). In contrast, the 

examined kidneys of rats intoxicated with cisplatin 

revealed degeneration of lining epithelium of renal tubules, 

and lymphocytic cellular infiltration (Fig 4D and E).  

 

 

Meanwhile pretreatment with garlic before induction of 

cisplatin toxicity was partially improved the microscopic 

pictures of the examined kidneys where focal tubular 

atrophy with the presence of hyaline casts in the lumens of 

some renal tubules were recorded (Fig. 4F). Also, 

pretreatment with ginger reduced the renal cellular damage 

induced by cisplatin toxicity where only focal mononuclear 

inflammatory cellular infiltration with degeneration of the 

renal tubular epithelium with debris in the lumens of some 

tubules were detected (Fig4G). Moreover, pretreatment 

with both garlic and ginger was greatly enhanced the 

microscopic picture of the renal parenchyma where most of 

the renal tubules were more of less normal and only focal 

areas of cloudy swelling and widening of glomerular 

spaces of some glomeruli were found (Fig. 4H). 

 
Fig. (3) showing effects of garlic or/and ginger on IL1B and TNF-α levels in 

the rat model of cisplatin- induced nephrotoxicity. The mean± standard error 

of the mean was used to represent the values. 

 
Figure (4) Photomicrographs presented histopathological changes in kidney 

sections between examined groups. (A): Control group (H&E x100), (B): 

Garlic(H&Ex200) and (C): Ginger (H&E x200) showing a normal 

architecture of kidney tissue. (D): Cisplatin (H&E x100) and (E): cisplatin 

(H&Ex200) showing degenerative renal cell and mononuclear inflammatory 

cellular aggregation in the interstitial tissue (F): Garlic + Cisplatin (H&E 

x100) and (G): ginger +cisplatin (H&Ex200) showing focal mononuclear 

inflammatory cellular infiltration with degeneration of the renal tubular 

epithelium with debris in the lumens of some tubules. (H):  garlic +ginger 

+cisplatin (H&Ex200) showing near normal appearing renal tubules with 

focal cloudy swelling. 
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4. DISCUSSION 

 
Cisplatin causes mitochondrial DNA damage and 

production of reactive oxygen species that lead to 

activation of both mitochondrial and non-mitochondrial 

pathways of apoptosis and necrosis. Mitochondrial energy 

is also disrupted by cisplatin and may contribute to 

nephrotoxicity (Miller et al., 2010 and Hajian et al., 2014) 

In this study cisplatin induced a significant elevation in the 

levels of urea, creatinine, and uric acid indicating impaired 

renal functions which confirmed by Salem and Salem 

(2016) and Sadeghi et al., (2020). Moreover, cisplatin 

showed a significant elevation in MDA level and a 

significant reduction of SOD, CAT activities and GSH 

levels. These results were consistent with Oh et al., (2014) 

and Eslamifar et al., (2021) who reported that the 

generation of mitochondrial reactive oxygen species (ROS) 

in cisplatin-treated rats caused oxidative stress which is 

responsible for the alteration of these parameters. The 

histopathological examination of rats intoxicated with 

cisplatin revealed degeneration of the renal tubular 

epithelium with lymphocytic cellular infiltration of the 

interstitial tissues. These lesions were also reported by 

Ibrahim et al., (2018) and Kandemir et al., (2019). 

Cytokines are defined as a large group of peptides, 

extracellular soluble proteins, or glycoproteins that are 

secreted by the immune system and are known as a class of 

signaling molecules that mediate and regulate immunity, 

inflammation, and hematopoiesis (Duque and Descoteaux, 

2014). Inflammatory cytokines including TNF-α play a 

central role in the inflammatory response and stimulate the 

production of other inflammatory chemokines and 

cytokines (Volarevic et al., 2019). In the present study, 

cisplatin toxicity induced a significant increase in serum 

TNF-α and IL-1β levels. These data agreed with Li et al., 

(2015) and Yousef and Hussien (2015).  

In the current study, pre-treatment with garlic produced a 

significant reduction in urea, creatinine, and uric acid levels 

these results were in agreement with Anusuya et al., 

(2013), Abdel-Daim et al., (2020) and Farzaneg et al., 

(2020) who reported the action of garlic in improvement 

the renal function via its organosulfur compounds which 

could elevate its antioxidant effect. Garlic administration 

improve the renal function through a significant decrease in 

MDA level and a significant increase in SOD level, CAT 

level, and GSH level of the kidney tissues which caused an 

improvement in the histopathological changes in cisplatin- 

intoxicated rats (Nasr and Saleh 2014 and Fang et al., 

2021). The treatment with garlic reduced serum levels of 

IL-1β, and TNF-α compared with the cisplatin-treated 

group. These data were consistent with El-Sebaey et al., 

(2019) who reported that the beneficial effect of garlic 

could be attributed to the powerful antioxidant activity of 

garlic and its ability to inhibit the production of 

proinflammatory cytokines. 

Ginger administration decreases urea, creatinine, and uric 

acid levels and returns them to nearly normal levels. These 

results are consistent with a previous study that the zingiber 

contains a high concentration of alkaloids and flavonoids 

that acts as an antioxidant and/or free radical scavenging 

activity (Mani et al., 2016 and Ali et al., 2020). 

Furthermore, pretreatment administration of ginger was 

associated with a significant reduction in MDA level and a 

significant elevation of SOD, CAT activities, and GSH 

levels of the renal tissues which resulted significant 

reduction of cell damage in the kidneys of cisplatin- 

intoxicated rats. These results were in agreement with 

Sheriff et al., (2017) and Beagloo et al., (2019) and 

explained by Kandemir et al., (2019) who revealed that 

zingerone significantly decreased oxidative stress, 

inflammation, apoptosis, and histopathological alterations 

while elevated Aquaporin1 (AQP1) levels in the renal 

tissue. In addition, Ginger administration showed a 

significant reduction in the serum level of IL-1β and TNF-α 

which were consistent with Gholampour et al., (2017) and 

Ali et al., (2020).    

 

5. CONCLUSION 
Cisplatin induced severe alteration of renal biomarkers, 

lipid peroxidation biomarkers (MDA), antioxidant enzymes 

(CAT, SOD, and GSH), inflammatory biomarkers (IL-1β, 

TNF-α), and renal parenchyma. However, the pre-treatment 

of garlic and/or ginger provided a beneficial role to such 

prior changes in cisplatin- intoxicated groups through their 

free radical scavenging and antioxidant activities. 

Therefore, this study suggests garlic and ginger as useful 

dietary supplementary compounds for cancer patients under 

cisplatin treatment.  
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