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 Background: Nephrotoxicity was reported in the initial clinical 

trials of contrast media. Aim of study: Our study was designed to 

evaluate the protective effect of ginger extract against 

nephrotoxicity induced by contrast agent. Material & Methods: 

Animals were divided into 5 groups as follow:  Group1 (Control): 

They were not received any treatment during experiment period.  

Group2 (Ginger): Animals were deprived from water for 72 hours , 

then orally administrated with 400 mg/Kg/day of ginger extract for 

72 hours.  Group3 (protective): Animals were pre administrated 

orally with ginger extract with 400 mg/Kg for one week, then rats 

were deprived of water for 72 hours, then urografin was induced 

by a single (I.V.) at dose of 10mL per kg after that animals were 

orally administrated with 400 mg/Kg/day of ginger extract for 3 

consecutive days.  Group 4 (positive)(contrast media): Animals 

were induced by a single intravenous (I.V.) of urografin at dose of 

10mL per kg after deprivation of water for 72 hours.  Group 

5(therapeutic): Animals rats were deprived of water for 72 hours, 

then Contrast-induced nephrotoxicity was induced (as group 4) 

, after that animals were post administrated with ginger extract 

400 mg/Kg (for 3 days). Results: Administration contrast media 

caused significant elevation in serum urea, creatinine concentration, 

kidney tissue levels of MDA and NO. Also it caused significant 

increase in Cystain C , NGAL and TNFα  levels. Also it 

significantly decreased SOD activity and GSH level. Treatment 

with Ginger extract restored the elevation of concentration of urea 

and creatinine, also oxidative stress markers in groups 3 and 5 and 

decreased Cystain C , NGAL and TNFα levels.  Histopathological 

analysis confirmed that.  Conclusion: ginger extract have a 

protective role in contrast media induced nephrotoxicity. 
© 2018 Publisher All rights reserved.  

 

INTRODUCTION 

Contrast-induced nephrotoxicity (CIN) is a 

vital complication resulting from 

interventional therapy and diagnostic 

radiographic imaging. It follows 

administration of intravascular iodinated 

contrast media (CM) and the third most 

common cause of hospital-acquired acute 

kidney failure at present. CIN is correlated 

with increased morbidity, prolonged 

hospitalization, and higher mortality 
(1)

 .   
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The pathophysiology of contrast media 

induced nephrotoxicity depends on three 

separate but interacting mechanisms: 

reactive oxygen species (ROS) formation, 

toxicity of direct tubular cell and 

medullary ischemia 
(2)

. The nephrotoxicity 

of contrast media is shown by an elevation 

in serum creatinine level 
(3)

. 

Iodinated contrast media (iodinated CM) 

have elevated the ability of absorbing x-

rays and visualizing structures that 

normally are difficult to detect in a 

radiological examination. The utilization 

of iodinated contrast media may destroy 

renal function, commonly known as 

contrast-induced nephropathy (CIN), 

which can cause acute renal failure 

(ARF)
(4)

. Diatrizoate (Urografin) induces 

kidney injury through a combination of 

direct toxic effect and renal ischemia on 

renal tubular cells
(5).

 Diatrizoate exposure 

leads to excess production of oxygen free 

radicals and decrease of antioxidant en-

zyme activity in the rat kidney kidney
(6).

 

Ginger (Zingiber officinale), a member of 

the Zingiberaceae family, is a spice 

utilized in the daily diet in many Asian 

countries
(7)

.
.
 It was showed that ginger also 

possessed anti-cancer, anticlotting, anti-

inflammatory, and analgesic activities 
(8) 

. 

Extracts of the ginger are rich in shagaols 

and gingerols which exhibit anti-

inflammatory, anti-oxidant and anti-

carcinogenic proprieties under „„in vitro‟‟ 

and „„in vivo‟‟systems 
(9) 

. 

 

2.Materials and Methods.  
 

Material :  

 Urografin: was purchased from Bayer 

Co.( New Zealand ). 

Each mL provides 660 mg diatrizoate 

meglumine and 100 mg diatrizoate 

sodium. 

Iodine concentration (mg/ml) : 370 

Osmolality (osm/kg H2O) : 2.10 

 

Animal management 

Adult female albino  rats, weighing  

205.0±12.9 g, were obtained  from the 

Experimental Animal Care Center in Cairo 

and were housed in metabolic cages under 

controlled environmental conditions (25°C  

and  a 12 h  light/dark cycle) one week 

before starting the experiment as 

acclimatization period. The animals were 

fed with libtium and provided with 

drinking water. 

 

Ginger extration 

The Z. officinale rhizome (ginger) was 

obtained from local commercial sources in 

Egypt.  The plant material was dried at 

oven before being pulverized with an 

electric grinder. The powdered ginger was 

extracted with ethanol utilizing Soxhlet 

apparatus for 48 h. The extract was 

concentrated to dryness with rotary 

evaporator to yield ethanolic ginger extract 

(EGE)
(10)

.  
 

Experimental design : 

After the acclimatization period, a total of 

50 adult female albino rats were divided 

into five groups with 10 animals in each 

group. 

Group 1(control): They were not received 

any treatment during experiment period.  

Group 2 (ginger extract):  After the 

acclimatization period, Rats were not 

received any treatment during the first 

week of experiment. Rats were deprived of 

water for 72 hours, and then ginger was 

administrated orally to the rats at a dose of 

400 mg/kg once daily for 3 consecutive 

days. 

Group 3 (protective): After the 

acclimatization period, Rats were pre 

administrated orally with ginger extract at 

dose 400 mg/kg for one week, then rats 

were deprived of water for 72 hours, on 

the day 11, they received urografin at dose 

of 10 ml/kg by a single (I.V.) . After that 

rats post administrated orally with ginger 

extract at dose 400 mg/kg for 3 days. 

Group 4 (positive) (contrast media): 
After the acclimatization period, Rats were 

not received any treatment during the first 

week of experiment.  Then rats were 

deprived of water for 72 hours. After that 
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contrast-induced nephrotoxicity was 

induced by a single intravenous (I.V.) of 

high-osmolar contrast media diatrizoate 

(Urografin 76%) at dose of 10mL per kg, 

into the tail vein under ether anesthesia at 

day 11. 

 Group 5 (Therapeutic): After the 

acclimatization period, Rats were not 

received any treatment during the first 

week of experiment. Then rats were 

deprived of water for 72 hours. Contrast-

induced nephrotoxicity was induced (as 

group 4) by a single (I.V.) of urografin, 

then animals were post administrated 

with ginger extract at dose 400 mg/kg 

(for 3 days). 

 

Collection and sampling of blood: 

At the end of experimental period  )14 

day) , the animals were fasted for 12 

hours, anesthetized with ether, then a 

capillary  tube was inserted into the medial 

canthus of the eye (30 degree angle to the 

nose). The serum was prepared by 

collection of blood in anticoagulant –free 

tube, then left for 10minutes in water bath 

at 37 until clot, then centrifuged at 2000 

rpm for 10 minutes for separation of serum 

which was transferred into eppendorff  

tubes and kept frozen at -20 until analysis 

 

Tissue processing for oxidative, 

inflammatory parameters and 

histopathological examination 

After blood collection kidney was removed, 

rinsed with ice-cold phosphate-buffered saline 

(pH 7.4). The homogenates were centrifuged and 

the supernatants obtained were transferred into 

eppendorf tubes for lipid peroxidation (MDA), 

nitric oxide levels, super oxide dismutase, 

glutathione, cystain C, Neutrophil Gelatinase 

Associated Lipocalin and tumor necrosis factor α 

concentration. Another part of kidney was fixed in 

10% buffered formalin for histopathological 

examination. Three μm-thick paraffin sections 

were stained with hematoxylin and eosin (H and 

E) for light microscope examination using 

conventional protocol.  Histopathological studies 

were performed under a light microscope.  
 

Estimation of Biochemical Studies 

Estimation of serum urea and creatinine 

were performed by colorimetric method 

according to 
(11),(12)

respectively.  

Level of kidney tissue homogenate NO, 

MDA, GSH and SOD activity were 

determined according to
(13),(14),(15),(16) using 

colorimetric kit purchased from 

Biodiagnostic Company (Biodiagnostic, 

Egypt)  respectively. 

Rat Cystain C, Neutrophil Gelatinase 

Associated Lipocalin (NGAL) and Tumor 

Necrosis Factor α (TNF-α) parameters 

were determined by ELISA according to 

Catalogue No. CSB-E08385r, E-EL-

R0714 and 201-11-0765 kits respectively.   

 

Statistical Analysis 

All results were analyzed by SPSS 

software (version 14). Data were 

expressed as mean ± SD. Comparison of 

mean values of studied variables among 

different groups was done using ANOVA 

test. P<0.05 was considered to be 

significant 
(17)

. 
 

RESULTS 

 

Effect of deprivation of water on body 

weight. 

Results presented in table (1), figure(1) 

showed that weight loss of approximately 

10:15% occurred after a 72 h interval of 

water deprivation in all groups.  

 

Kidney function tests in all studied 

groups. 

Contrast media caused significant increase 

in serum urea and creatinine levels (P < 

0.05). Administration of ginger extract 

before and along with contrast agent 

reduced the elevation in their levels 

compared to contrast media group 

(P>0.05) (Table2), (Figures2&3). 

 

Effect of ginger extracts on oxidative 

stress markers and antioxidant levels. 

Results presented in table(3) showed that 

the mean level of NO concentration was 

found to be ( 16.57±2.07  µ mol /L) in 
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control group, this value showed 

statistically non-significant elevation in 

ginger group (17.1±1.94 µmol/L) and 

protective group (20.72±1.3 µmol/L)which 

amounted to 3.2 and 25.05% respectively 

(P>0.05). While the mean level of NO 

concentration showed significant increase 

in therapeutic group (23.82±1.51  µ mol/L) 

(P<0.05) and positive group (contrast 

media) (28.34±4.1  µ mol/L) (P<0.0001) 

which amounted to 43.75 and 71.03 % 

respectively compared to control group 

Figrue(4).  

Also the mean level of MDA 

concentration was found to be (10.55±.96 

nmol/g) in control group, this value 

showed statistically non-significant 

decrease in ginger group (9.85±.572 

nmol/g) which amounted to 6.64% 

(P>0.05). While the mean level of NO 

concentration showed significant increase 

in therapeutic group (13.59±1.2  n mol/g) 

(P<0.05) and positive group (contrast 

media) (15.84±1.55 nmol/g) (P<0.0001) 

which amounted to 28.81 and 50.14 % 

respectively and non-significant increase 

in protective group (12.36±.97 nmol/g) 

which amounted to 17.16% (P >0.05) 

compared to control group Figrue(5). 

The mean value of GSH level was found 

to be (1.19±.108 mg/g) in control group, 

this value showed statistically non-

significant increase in ginger group 

(1.25±.128 mg/g) which amounted to 

5.04% (P>0.05). While the mean value of 

GSH level showed significant decrease in 

therapeutic group (.81±.18 mg/g) (P<0.05) 

and positive group (contrast media) 

(.48±.18 mg/g) (P<0.0001) which 

amounted to 31.93 and 59.66 % 

respectively and non-significant decrease 

in protective group (.97±.128 mg/g) which 

amounted to 18.49% (P >0.05) compared 

to control group Figrue(6). 

The mean value of SOD activity  was 

found to be (19.02±1.16 U/g) in control 

group, this value showed statistically non-

significant decrease  in ginger group 

(18.8±.64 U/g) and protective group 

(16.26±.98 U/g)which amounted to 1.16 

and 14.51% respectively (P>0.05). While 

the mean level of SOD activity showed 

significant decrease in therapeutic group 

(13.06±2.47 U/g) and positive group 

(contrast media) (.48±1.8 U/g) (P<0.0001) 

which amounted to 31.33 and 43.43 % 

respectively compared to control group 

Figrue(7). 

 

Effect of ginger extract on Cys- C , 

NGAL and TNF- α markers. 

The mean levels of Cys- C , NGAL and 

TNF- α showed statistically non-significant 

increase in ginger only treated group 

compared to control group (p>0.05).  

In group 4 positive group (contrast media) 

administration of contrast media caused 

significant elevation in Cys- C , NGAL and 

TNF- α levels in kidney tissue compared to 

control group (p<0.0001). Treatment with 

ginger extract before and along with 

contrast media significantly reduced the 

elevation in Cys- C , N-GAL and TNF- α 

level in group 3 (protective)  (P<0.05), 

while showed non-significant decrease in 

group 5 (therapeutic)  (P>0.05) compared 

to contrast media group .(Table4), 

(Figure8,9&10). 

 

Histopathological examination of kidney 

tissue 

Histological examinations of tissue sections 

from the kidney showed vacuolated 

glomeruli and degenerated of some renal 

tubules with luminal renal cast were 

observed in the group 4 (positive) (contrast 

media). While in group 5(therapeutic) 

showed regenerative changes in the renal 

tubules and in group 3 (protective) the 

kidney tissues were protected against 

contrast media-induced damage and 

showed normal glomeruli and renal tubules 

with no pathological changes when 

compared with the control kidney tissue 

slide (Figure 11). 

 

DISCUSSION 

Many models of experiment have been 

helped in the studies of contrast media 

induced nephrotoxicity 
(18),(19)

. It has been 
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reported that dehydration potentiates the 

contrast media vasoconstrictive effects 
(20)

  

 . Also, the high-dose and high-osmolar-

ionic contrast media use, such as 

diatrizoate, are important risk factors for 

developing CIN 
(21) . 

Therefore,
 

a 

prolonged dehydration period was used 

before the
 

administration of high-dose 

diatrizoate. Severe medullary congestion, 

severe protein
 
cast and moderate tubular

 

necrosis were predicted. 

Our results showed that all rats of all 

groups lost approximately 10:15% of their 

baseline body weight after 3 days of 

dehydration period (Table1) . These results 

are in agreement with  
(22)

.  Also 
(23)

 

reported that After 3 days of dehydration, 

in all groups, water intake was increased 

almost 2.5-fold; all rats developed anuria, 

and they lost approximately 15% of their 

baseline body weight. 

It is considered that Serum creatinine and 

urea levels were considered the main 

parameters that determine kidney 

functions 
(24)

. The elevation in the serum 

levels of these renal biomarkers might be 

cause of the impaired renal functions, 

tubular obstruction, and/or the back-

leakage of the renal tubules 
(25)

. 

 Renal function can also be determined by 

analyzing the serum urea level. During the 

metabolism of protein in the body, the 

liver produces ammonia which is 

transformed into a byproduct called urea. 

However, due to renal dysfunction, urea is 

released into the bloodstream as serum 

urea. Therefore, higher serum urea level is 

directly proportional to harshness of renal 

damage 
(26)

. 

Our results showed that the mean level of 

urea concentration showed to be 

statistically non-significant increase 

(P>0.05) and slight decrease in creatinine 

concentration (P>0.05) in ginger group 

which amounted to 1.5 and 2.39 % 

respectively compared to control group. 

In positive (contrast media) group the 

mean level of urea and creatinine 

concentration (P < 0.05) showed 

significant increase which amounted to 

10.92 and 22.62 %respectively compared 

to control group which indicate 

impairment of kidney function (Table 2 ) . 

The elevation in the serum levels of these 

renal biomarkers might be due to contrast 

agents reduce renal function through a 

combination of renal vasoconstriction with 

consequent hypoxia, and direct toxicity on 

tubular epithelial cells 
(27),(28)

. 

These results are in line with
(29),(30)

 who 

stated that contrast media nephrotoxicity 

occurs after intravascular administration of 

iodinated radiographic contrast medium. 

An increase in urea and creatinine 

concentrations correlates to contrast media 

nephrotoxicity.   

Also our results of kidney functions levels 

were found to be elevated by contrast 

media in agreement with findings of 
(31)

 

who reported that contrast media-induced 

nephrotoxicity was evident by increase in 

serum urea and creatinine levels in the 

rats.                                                         

Treatment with ginger in both preventive 

and therapeutic groups  non significantly 

reduced the elevation in urea and 

creatinine concentration  which amounted 

to 7.79 and 16.51 % respectively in 

protective group and 3.16 and 10 % 

respectively in therapeutic group 

compared to positive group (P > 0.05)  

suggesting that ginger possess a preventive 

more than a curative property against 

contrast media nephrotoxicity. Our results 

in agreement with 
(32)

 who revealed that 

treatment with ginger extract ameliorated 

kidney function parameters ( creatinine 

and urea ) and 
(33)

 who stated that the 

combination treatment (both chromate and 

ginger) could partially protect the 

elevation of serum urea, uric acid and 

creatinine. Thus showing the ability of 

ginger extract to protect against chromate 

induced kidney damage.   

Oxidative stress increase is one of the 

main underlying mechanisms in 

pathogenesis of contrast induced 

nephrotocity
(34)

. Impairment in the 

antioxidant  defense mechanism also has 

been revealed, including increased  lipid 
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peroxidation and inactivated antioxidant 

enzyme 
(35),(36)

.The mechanisms of cellular 

antioxidant defense consist of enzymatic 

antioxidant components such as 

glutathione peroxidase and superoxide 

dismutase, catalase and of non-enzymatic 

antioxidant components such as vitamin E, 

vitamin C and glutathione. 

Research in the field of pathophysiology 

of CIN suggests that this condition is 

caused by oxidative injury, renal 

ischaemia and direct tubular epithelial 

cells toxicity 
(37)

. After contrast media 

administration, reactive oxygen species 

cause lipid peroxidation and cytotoxic 

damage, suggesting that oxidative injury is 

a main factor in the CIN pathogenesis. 

After the injection of contrast media, free 

radicals react with nitric oxide producing 

peroxynitrite, an oxidative and very 

reactive nitrosative species capable of 

decreasing the bioavailability of nitric 

oxide, thereby increasing tissue damage 

.This reactive species utilizes its oxidative 

effects on the sulphydrylic groups and 

aromatic rings of proteins, cellular 

membrane lipids and nucleic acids 
(38)

. 

Our results found that the mean level of 

NO concentration showed statistically non 

significant elevation and statistically non 

significant decrease in MDA level in 

ginger group which amounted to 3.2 and 

6.64 %  compared to control group (P > 

0.05). 

 In positive (contrast media) group the 

mean level of NO and MDA 

concentrations showed statistically 

significant elevation which amounted to 

71.03 and 50.14 % respectively compared 

to control group (P< 0.001). While the 

mean level of GSH and SOD activity 

showed significant decrease which 

amounted to 59.66 and 43.43 % 

respectively compared to control group 

(P< 0.001) (Table3). These data are in 

agreement with  
(29),(39)

 who indicated 

iodine-containing contrast agents can 

provide iodine atoms, which are directly 

involved in the generation of oxygen 

radicals  . 

Also our results are in line with 
(40)

 who 

reported increased MDA level and 

decreased SOD activity in serum and renal 

tissues exposed to CM suggests that they 

were consumed due to increased oxidative 

stress. Moreover, the elevated MDA and 

reduced SOD in rat plasma that exposed to 

CM reflect an increase in lipid 

peroxidation and decrease antioxidation in 

the systemic response. 

NO can give rise to lipid peroxidation 

resulting in the formation of reactive 

nitrogen products in excessive quantities. 

It can directly lead to DNA damage, 

mitochondrial membrane damage, or 

apoptosis through the p53 tumor 

suppressor gene stabilization pathway and 

damage in intracellular proteins and 

enzymes  
(41),(42)

. A rise in NO can lead to 

apoptotic or necrotic injury in tubular 

epithelial cells 
(43)

. 

Our results are in line with 
(44)

 who 

declaired that CIN significantly increased 

denudation of tubular cells and intratubular 

obstruction by granular casts following 

increased MDA and total NO levels.     

 Also our results are in line with 
(45)

 who 

reported that contrast media reduced SOD 

and GSH levels compared to control 

group. 
(46) 

reported a reduction in (GSH) and 

(SOD) activities in rat kidney after 

contrast media treatment which may be 

due to free radicals generation as a 

reaction to  contrast agent (diatrizoate). 

This proliferation damages red blood cells 

(RBCs) and organ tissues, primarily renal 

also. One possible explanation for the 

observed activities of these biochemical 

markers can be attached to induction, 

where free radicals are converted into less 

harmful or harmless metabolites. Another 

explanation is that diatrizoate promotes 

direct stimulatory or inhibitory pathways 

of the activity. For example, GSH controls 

redox status as a reducing agent or a major 

antioxidant within the cells. 

Our results revealed that in protective 

group, ginger caused significant reduced 

the  elevation in the mean NO and MDA 
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levels which amounted to 26.86 and 21.97 

% compared to positive (contrast media) 

group (P<0.0001) and increase the  level 

of GSH and SOD activity which amounted 

to 102 and 51.11 % compared to positive 

(contrast media) group (P <0.0001). 

Our results showed that in therapeutic 

group, the mean level of NO and MDA 

showed reduced elevation which amounted 

to 15.95 and 14.21% respectively (P 

<0.05) and (P>0.05  ) respectively 

compared to positive (contrast media) 

group. The mean value of GSH level and 

SOD activity showed increase which 

amounted to 68.75 and 21.38% 

respectively (P<0.0001) and (P > 0.05)  

respectively compared to positive (contrast 

media) group. 

These results agreed with
(47)

 who  suggest 

that its inhibitory effect is similar to that 

attributed to [6]-gingerol, as it inhibited 

production of NO in lipopolysaccharide 

(LPS)-activated macrophages and reduced 

iNOS protein levels in these cells 
(48)

. 
(49) 

reported that young rhizome of Z. 

officinale had higher content of flavonoids 

and high antioxidant activity. Results of 

this study described that, ginger extract 

ameliorated metalaxyl induced 

nephrotoxicity. This effect is mediated by 

either its direct free radicals scavenging 

activity or by preventing metalaxyl-

induced decline of renal antioxidant 

defense system.  

Also our results are in line with 
(50)

 who 

reported that level of GSH and SOD 

activity were elevated in rats dosed with 

ginger extract alone and also in ginger plus 

alcohol treated rats. This increase may be 

due to the presence of antioxidant bioactive 

compounds in ginger. The antioxidant 

compounds, like gingerols, shogals, ketone 

compounds and the phenolic compounds of 

ginger were responsible for scavenging the 

superoxide anion radicals. 

Moreover it was observed that ginger 

significantly decreased levels of NO and 

MDA (P<.0001). This is in agreement with 
(51)

 who reported that administration of 

ginger extract cause increased level of 

catalase while decreased levels MDA and 

NO.   

In addition , ginger treatment significantly 

restored  GSH and SOD level  (P<.0001) 

in line with 
(32)

 who reported that, high 

levels of flavonoid and polyphenolic 

compounds with high antioxidant activity 

for ginger. The presence of flavonoids and 

polyphenols  in the ginger extract might be 

responsible for the antioxidant and 

nephroprotective activities. 

Cys-C (a 13 kDa) a non-glycosylated 

protein that is a cysteine protease inhibitor 

which is produced in all nucleated cells, 

cystatin C belongs to the subgroup of 

cysteine proteases. Its concentration in 

blood remains a more sensitive biomarker 

of AKI than SCr 
(52)

. 

It is filtered by glomeruli and then 

metabolized in proximal renal tubule cells 

following Megalin-mediated endocytosis 
(53)

. Unlike creatinine, Cys-C is not 

secreted in the urine by renal tubules. 

Our results found that the mean level of 

cystain c showed statistically non 

significant elevation in ginger group which 

amounted to 2.45%  compared to control 

group (P > 0.05). 

Our results demonstrated that treatment 

with contrast media in positive (contrast 

media) group showed significant increase 

on the mean level of cystain c which 

amounted to 104.59%  (P< 0.001) 

compared to control group. 

This finding was in agreement with those 

obtained by
(54),(55)

 reported the potential 

association between the increase of Cys C 

and the occurrence of CIN. A certain rise 

of the concentration of Cys C is sensitive 

and specific for the prediction of CIN after 

contrast medium exposure . 

Meta-analysis indicates the high predictive 

power of serum cystatin C assessed within 

24 h after renal injury for all-cause AKI 
(56)

. This was supported for the contrast-

induced nephrotoxicity in the largest study 

so far by Briguori et al. 
(57)

. 

When acute kidney injury occurs, the 

decreased GFR will cause an increase in 

serum Cys-C, taking place much earlier 
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than the increase in serum creatinine. In 

contrast media induced acute kidney 

failure, serum Cystain C has been revealed 

to peak as early as 24 hours after 

radiocontrast administration, thereby 

allowing detection of even small changes 

in GFR.
(58), (59),(60)

. 
(61)

 concluded that 

serum Cys-C is a useful marker of AKI 

and may detect AKI 1–2 days earlier than 

serum creatinine. 

Human NGAL, a member of the lipocalin 

superfamily, was initially defined as a 25-

kDa protein which bound covalently to 

gelatinase in neutrophils and appeared at 

low concentrations in, stomach, colon  , 

trachea, lungs and normal kidney
(62)

. 

NGAL is filtered by glomeruli and then 

reabsorbed by proximal tubules where it is 

partly degraded by megalin and partly 

excreted in the urine. Following renal 

tubular cell damage, NGAL is released 

into the plasma and the urine; this causes a 

rise in its plasma and urine concentration, 

much earlier than the increase in serum 

concentration of creatinine
(63)

. 

Our results found that the mean level of 

NGAL showed statistically non-significant 

elevation in ginger group which amounted 

to 4.88%  compared to control group (P > 

0.05). 

Our results demonstrated that treatment 

with contrast media in positive (contrast 

media) group showed significant increase 

on the mean level of NGAL which 

amounted to  31.5%  (P< 0.001) compared 

to control group ( Table4 )  that was in 

harmony with 
(64)

 who stated that 

Neutrophil Gelatinase-Associated 

Lipocalin as an Early Marker of Contrast-

Induced Nephrotoxicity After Elective 

Invasive Cardiac Procedures. 

The inflammatory process is factor 

occurring in the pathogenesis of 

nephrotoxicity. In this process, 

macrophages released because of 

inflammation increase the production of 

proinflammatory  cytokines in addition to 

oxidant release 
65),(66)

. Previous studies 

revealed that contrast media administration 

led to increased levels of proinflammatory 

cytokines in the kidneys. Although 

increasing TNF-α is also observed during 

oxidative stress, an increase in ROS is also 

a messenger for increasing TNF-α 
(67),(68)

. 

TNF-α is associated with CIN severity. 

TNF-α is a proinflammatory cytokine that 

furtherrecruits numerous mediators 

associated with tissue damage. In  the 

animal model of nephrotoxicity, TNF-α 

has a big importance in the activation of 

inflammatory response 
(69)

. 

 

Our results found that the mean level of 

TNF-α showed statistically non significant 

elevation in ginger group which amounted 

to 5.54%  compared to control group (P > 

0.05). 

Our results demonstrated that treatment 

with contrast media in positive (contrast 

media) group showed significant increase 

on the mean level of TNF-α which 

amounted to  32.43%  (P< 0.001) 

 compared to control group ( table 4) are in 

agreement with 
(70),(71)

  who reported  that  

TNF-α concentration increased 

significantly in rats that had nephrotoxicity  

, increasing TNF-α is also observed during 

oxidative stress and increases and 

decreases in IL-1β and TNF-α were 

parallel among renal injury-induced 

groups . 

Our results revealed that Treatment with 

ginger in therapeutic group showed non 

significant decrease the elevation in the 

mean level of cystain c, NGAL and  TNF-

α which amounted to 13.41 , 8.51 and 

6.42% (P>0.05) compared to positive 

(contrast media) group. Meanwhile 

treatment with ginger in protective group 

showed significant decrease the elevation 

in the mean level of cystain c, NGAL and  

TNF-α which amounted to 41.92 , 14.42 

and 14.82 %  (P<0.05)compared to 

positive (contrast media) group. These 

data are in agreement with
(72)

  revealed 

that ginger has anti-inflammatory effects 

and suppresses the expression of pro-

inflammatory cytokines . Also our results 

are in line with 
(73)

 who reported that 

cystain c level  remained unchanged in the 
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ginger + Ischemia/Reperfusion 

Injury  group compared to the 

Ischemia/Reperfusion Injury  group. 

In support to biochemical findings, our 

histopathological studies revealed the 

positive group (contrast media) showed 

necrosis of renal tubules, vacuolation of 

glomerular epithelium and congested 

blood vessels. These results are in 

consistent with 
(74)

 who revealed 

that  tubular detachment, foamy 

degeneration, haemorrhagic casts and 

necrosis were observed in group was 

treated by contrast media and
(75)

  who 

reported that epithelial injury and Tubular 

necrosis areas were in renal outer medulla 

of contrast-induced nephropathy (CIN) 

group . 

 While in therapeutic group showed  

regenerative changes in renal tubules with 

less vacuolation and in protective group 

showed regenerative changes  lead to 

nearly normal renal tubules and renal 

glomerular and these results agreed with
(76)

 

who reported that The corrective 

histopathological findings after treatment 

with ginger extracts give an additional 

support that ginger mops up free radicals 

generation by cadmium and induces 

healthy state of renal cells, suggesting its 

role as renal protective agent .Also our 

results are in line with 
(77) 

who revealed 

that improvement  of kidney tissues were 

markedly ameliorated pretreatment with 

ginger as shown in (Fig 11)     
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Table (1): Effect of water deprivation on body weight in all studied groups. 

 

 

Table(2): Effect of ginger extract on kidney function tests in all studied groups 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
P*&P** in compared to control and positive group respectively, value considered significant at P<0.05. Also, 

%* & %** percent change in compared to control and positive (contrast media) groups respectively. 
 

          Group   Weight before deprivation 

(gm) 

Weight after 

deprivation (gm) 

          Control  Mean  ± SD  225.5  ± 4.37 201.8 ±  5.87 

          Ginger  Mean  ±  SD  194.2  ±16.19            134.17  ± 66.67 

         Protective  Mean  ±  SD 205.3  ± 15.35            180.83 ±18.86. 

Positive (contrast    

media) 

Mean ±  SD 198.16 ± 16.54 173  ± 17.5 

      Therapeutic  Mean ±  SD 200.33 ±  9.97 177.66  ±8.06 

       Group 

 
Blood urea 

(mg/dl) 

Creatinine 

(mg/dl) 

           

        Control  
Mean ±  SD 

71  ±3.82 .84  ±.047 

 

Ginger 

Mean ±  SD 
 

    72.06 ± 3.16 

 

     .82 ± .07 

% * 1.5 -2.39 

P * .991 .998 

Protective 

Mean ± SD 
72.61 ±  3.72 .86  ± .06 

% * 2.27 2.38 

P * .958 .999 

% ** -7.79 -16.51 

P ** .091 .082 

Positive 

(contrast media) 

Mean ± SD 
78.75  ± 1.58 1.03 ± .16 

% * 10.92 22.62 

P * .019 .047 

Therapeutic 

Mean ± SD 
76.26 ±  4.61 .927 ±  .063 

% *  7.41 10.36 

P * .188 .683 

% ** -3.16 -10 

P ** .827 .512 
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Table (3): Effect of ginger extract on oxidant and antioxidant levels in all studied group   

 

P*&P** in compared to control and positive group respectively, value considered significant at P<0.05. Also, 

%* & %** percent change in compared to control and positive (contrast media) groups respectively. 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

       Group 

 

  NO(µmol/L)      MDA 

(nmol/g) 
 GSH(mg/g) SOD (U/g) 

          Control  
Mean ±  SD 

      16.57 ±  2.07     10.55   ± .96   1.19   ± .108     19.02  ± 1.16 

Ginger 

Mean ±  SD         17.1  ± 1.94      9.85  ± .572      1.25   ± .128      18.80 ±  .64 

% *              3.2 -6.64 5.04 -1.16 

P * .995 .872 .979 .999 

Protective 

Mean ± SD 
      20.72 ±  1.30     12.36   ± .97         .97 ± .128     16.26 ±  .98 

% * 25.05             17.16 -18.49 -14.51 

P * .093 .122 .183 .078 

% ** -26.89 -21.97 102 51.11 

P ** <.0001 <.0001 <.0001 <.0001 

Positive 

(contrast media) 

Mean ± SD 
       28.34  ±4.1      15.84  ± 1.55 .48  ±.18      10.76 ± 1.76 

% * 71.03 50.14 -59.66 -43.43 

P * <.0001 <.0001 <.0001 <.0001 

Therapeutic 

Mean ± SD 
      23.82 ±  1.51        13.59   ±1.2 .81±  .18     13.06  ± 2.47 

% *           43.75          28.81 -31.93            -31.33 

P * .01 .002 .005 <.0001 

% ** -15.95 -14.21 68.75 21.38 

P ** 
.056 .031 .016 .195 
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Table (4): effect of ginger extract on inflammatory markers in all studied groups 

 

P*&P** in compared to control and positive group respectively, value considered significant at P<0.05. Also, 

%* & %** percent change in compared to control and positive (contrast media) groups respectively. 

  

 

 

 

 

 

 

 

 

 

 

     Group 

 

  

 Cystain-C 

 (ng/ ml) 

  

 N-GAL  

(pg/ ml) 

  

 TNF- α (ng/ l) 

          Control  
Mean ±  SD 

      61.33 ± 16.72  212.43 ±   22.25

  

  224.77  ± 22.77 

Ginger 

Mean ±  SD 
  62.83 ±  17.92   222.81 ±  16.92 237.22  ± 30.46 

% *             2.45 4.88 5.54 

P * .911 .911 .911 

Protective 

Mean ± SD 
     72.88 ±  15.72 239.16  ± 3.25    253.55 ± 16.81    

% *         18.83           12.58          12.8 

P * .298 .2 .298 

% ** -41.92 -14.42 -14.82 

P ** 
.036 .017 .036 

Positive 

(contrast media) 

Mean ± SD 
   125.48 ±  53.19 279.46  ±  21.42    297.66 ±  22.03 

% *        104.59         31.55 32.43 

P ** 
<.0001 <.0001 <.0001 

Therapeutic 

Mean ± SD 
 108.65  ±   44.99  255.68  ±  20.07   278.55  ±  13.41 

% * 77.16         20.36 23.93 

P * .007 .009 .007 

% ** -13.41 -8.51 -6.42 

P ** 
.685 .304 .685 
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Fig  1 : Mean groups of body weight in all studied groups 

 

 

Fig2: Mean level of Urea concentration in                 Fig3: Mean level of creatinine 

concentration                    all studied groups                                                                in all studied 

groups                                                             
 

 
 

 Fig4: Mean level of NO concentration in                    Fig5: Mean level of MDA 

concentration                    all studied groups                                                                in all studied 

groups                                                             
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Fig6: Mean level of SOD activity in                    Fig7: Mean level of GSH concentration                    

all studied groups                                                                in all studied groups                                                             

                                                                                    

 
Fig8: Mean level of cystain C concentration                Fig9: Mean level of NGAL concentration   

in all studied groups                                                                in all studied groups  

                                

  
 
 

 

Fig10: Mean level of TNFα concentration in                                                                                              

all studied groups 
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    (A)                                                                                              (B) 

 
             ( D )                                                                              

(C) 

 
             ( E) 

 
 

Fig11: Histological architecture of rat kidney tissue (A): normal renal tubules, and 

renal glomeruli (B): ginger treated group showed normal renal tubules, and renal 

glomeruli (C): protective group showed quite normal renal tubules, and renal glomeruli 

(D): positive group showed Vacuolation of glomerular epithelium and necrosis of renal 

tubules (E): therapeutic group showed regenerative changes in the renal tubules (H&E 

X 400). 

 

 

 


