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ABSTRACT 

Cisplatin (CISP) is a potent chemotherapy antineoplastic drug. Severe adverse effects are the major hampered for 

prescribed CISP. This study aims to evaluate the modulatory effect of Echinacea purpurea root extract (EPRE) in 

CISP-induced renal toxicity, with underline the mechanisms. This research conducted on forty male rats that classified 

into four equal groups. Rats received orally EPRE (500 mg/kg) either separately or in combination with single 

intraperitoneal (IP) injected of CISP (7.5 mg/kg-1). Rats were sacrificed after 7 days from CISP injection. Renal toxic 

pretreated (EPRE+CISP)group received orally EPRE for three weeks, on the day 21th receives a single IP injection of 

CISP. After 28 days, administration EPRE (500 mg/kg) did not alter renal function markers, while had antioxidant and 

anti-inflammatory effects, thus conformed its safe usage. However, EPRE (500 mg/kg) combined with CISP had a 

significant protective role against the damage in renal as evidenced by significantly decreased CISP-induced elevates 

in serum renal function markers and changes in an ionic electrolyte (Na+ and K+). Additionally, it significantly 

restored renal antioxidant status and significantly decreased serum inflammatory cytokines. Rat’s renal in EPRE (500 

mg/kg) combined with CISP showed no injury compared with the CISP group. In conclusion, EPRE has protected and 

ameliorated the nephrotoxicity induced by CISP, thus provides an encouraging way for cancer patients receiving CISP 

to overcome some of its undesirable side effects. 
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INTRODUCTION 

Cisplatin is widely used for the treatment of solid tumors 

as bladder, ovarian, testicular, and other cancer types [1, 

2]. However, low concentrations of CISP induced 

genotoxicity, inhibits DNA synthesis, myelosuppression; 

bone marrow suppression, anaphylaxis, renal toxicity, 

neurotoxicity, hepatotoxicity, immunosuppression, and 

hearing loss [3-6]. Overproduction of free radicals, 

inflammation,  and depletion in antioxidant enzymes are 

the main causes of CISP-toxicity [7, 8]. Approximately 

one-third of the patients receive CISP therapy to develop 

renal toxicity after a single dose (50-100 mg/m2) [9]. The 

low molecular weight of CISP allows it's free unbound to 

be filtered by the glomerulus, thus trapping CISP in the 

renal cortex, which explained the renal toxicity [10, 11].  

Due to the presence of several bioactive compounds [12], 

medicinal plants have been proved to be a notable source 

of drugs [13]. 

Recently, herbal therapy used as an alternative form of 

health care to decrease medicine resistance [14]. 

Alternative medicine which contains antioxidants 

compounds offers protection against these deleterious 

effects of CSP. Echinacea purpurea root extract common 

known as purple coneflower contains several medically 

bioactive compounds as alkylamides, polyphenols, 
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polysaccharides caffeic acid, glycoproteins, 

polyacetylenes, phenolic compounds, flavonoids, and 

others, that have a vital role in its therapeutic effects [15, 

16]. The EPRE has immune activation [17, 18], anti-

inflammatory [19], and antioxidant properties [20]. 

However, CISP is the commonly used chemotherapy in 

many platinum-based therapy regimens [21]. Therefore it 

is essential to prevent and reduce CISP-nephrotoxicity to 

increase patient survival [22]. The focus of this research is 

to evaluate whether EPRE (500 mg/kg) can alleviate 

CISP-induced renal toxicity in rats, with underline 

antioxidant and anti-inflammatory pathways. 

MATERIAL AND METHODS 

Drug, Plant, and Chemicals 

Cisplatin ® (CISP)supplied as vials (cis-

diamminedichloroplatnum) (CISP), (50 mg/50 ml), Merck 

Com. Pharma. Germany. E. purpurea root extract ( USA) 

in a liquid form was purchased from iHerb, HEARB 

PHARM, Saudi Arabia. All chemicals were purchased 

from Al-Saggaf Trading Est., Jeddah, KSA.  

Induction of Renal Toxicity 

Renal toxicity was induced through intraperitoneal (IP) 

injected with a single dose of  CISP (7.5 mg/kg-1), then 

rats were sacrificed after 7 days [23]. 

Experiment Protocol 

Male rats Sprague Dawley 180-210g were purchased from 

the Animal unit of King Fahd Medical Research Center. 

Forty rats were acclimatized under standard laboratory 

conditions for one week before experimentation. Rats 

were separated into four groups (10 each). Control (CON) 

group; rats received no treatment. Renal toxic (CISP) 

group; rats received a single IP injection of CISP. E. 

purpurea root extract (EPRE) group; rats received orally 

EPRE with 500 mg/kg/day for four weeks [24]. Renal 

toxic pretreated (EPRE+CISP) group; rats received orally 

EPRE with 500 mg/kg/day for four weeks, on the day 21th 

received a single IP injection of CISP.  

Biochemical Measurements 

Seven days after CISP injection, renal and blood samples 

were collected. Serum samples were kept at -80°C until 

used for measurements of renal function levels (creatinine 

(Cr), blood urea (BUN) and uric acid (UA)). Ionic sodium 

and potassium concentrations were determined using 

colorimetric kits, purchased from Abcam, USA, following 

the manufactures’ procedure. 

Estimation of renal oxidative status markers and 

enzymatic antioxidants 

The levels of nitric oxide (NO), thiobarbituric acid 

reactive substances (TBARS), catalase (CAT) and 

glutathione peroxidase (GPx) were measured in the renal 

homogenates using ELISA kits (Abcam, USA) according 

to the instructions of the manufacturer. 

Estimation of renal inflammatory markers 

The renal levels of tumor necrosis factor-alpha (TNF-α), 

and interleukin-10 (IL-10) were determined using ELISA 

kits from Abcam, USA. 

Histopathological hematoxylin and eosin staining 

examination 

Stained renal sections were examined and photographed 

using a light microscope. 

Statistical  

All data were expressed as mean ± SE. Differences were 

done using one-way analysis of variance, post hoc test, 

LSD test, by SPSS, ver. 24, p< 0.05 considered 

significant.     

RESULTS 

Serum renal function markers (Cr, BUN, and UA) 

Rats treated with CISP revealed appreciably significant 

(p<0.001) renal damage, which noticed through elevates 

in renal function markers (Cr, BUN, and UA) as compared 

with CON. Oral given EPRE (500mg/kg) to rats did not 

induce changes in renal function markers as compared 

with CON, thus means the safe usage of EPRE. However, 

before and simultaneous administration of  EPRE (500 

mg/kg) with CISP showed a protective effect against CISP 

in rats in the form of significant (p<0.001) decreased in 

renal function markers (Cr, BUN, and UA) as compared 

CISP group Figure (1).  

Serum ionic electrolyte levels (Na+ and K+) 

Figure (2) shown the levels of serum ionic electrolyte in 

different groups. Rats treated with CISP revealed 

noticeably significant (p<0.001) decrease in ionic K+ level 

with a significant increase in ionic Na+ level as compared 

with CON. Oral given EPRE (500mg/kg) to rats did not 

induce changes in ionic electrolyte levels as compared 

with CON. However, the group EPRE (500mg/kg) with 

CISP showed a significant (p<0.001) increase in ionic 

Na+ level with significant (p<0.001) decreased in ionic K+ 

level as compared CISP group.   
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Figure 1: Levels of serum kidney functions (a)  Cr , (b) BUN, 

and (c) UA measured in control (CON), Renal toxic Cisplatin 

(CISP), E. Purpurea root extract (EPRE) (500 mg/kg), and E. 

Purpurea root extract (EPRE) (500 mg/kg)+ Cisplatin (EPRE 

500mg/kg + CISP). Results are represented as mean ± SE of 

10 rats/ group. & significant compared with CON, and ^ 

significant compared with the CISP group (p< 0.05). 

 
Figure 2: Levels of serum ionic electrolyte (a)  Na+ , and (b) 

K+measured in control (CON), Renal toxic Cisplatin (CISP), 

E. purpurearoot extract (EPRE) (500 mg/kg), and E. 

purpurearoot extract (EPRE) (500 mg/kg)+ Cisplatin (EPRE 

500mg/kg + CISP). Results are represented as mean ± SE of 

10 rats/ group. & significant compared with CON and ^ 

significant compared with CISP group (p< 0.05). 

Renal Oxidative Status Markers and Enzymatic 

Antioxidants 

Rats treated with CISP revealed appreciably significant 

renal oxidative stress, which observed through significant 

(p<0.001) elevate in renal TBARS, with significant 

(p<0.001) decline in renal NO, CAT, and GPx as 

compared with CON group. Oral given EPRE (500 mg/kg) 

to rats showed a slight improvement in antioxidant status 

as compared with CON, thus indicated the antioxidant 

effect of EPRE. However, before and simultaneous 

administration of  EPRE (500 mg/kg) with CISP showed 

protective effect against CISP in rats in the form of 

significant (p<0.001) decreased in renal TBARS, with 

significant (p<0.001) increased in renal NO, CAT, and 

GPxas compared CISP group Figure (3).   

Renal inflammatory cytokine markers 

Table (1) shown the levels of serum inflammatory 

cytokines (TNF-α and IL-10) in different groups. Rats 

treated with CISP revealed noticeably significant 

(p<0.001) increased in TNF-α and significant (p<0.001) 

decreased in IL-10 as compared with CON. However, the 

group EPRE (500 mg/kg) with CISP showed a significant 

(p<0.001) decrease in TNF-α and a significant (p<0.001) 

increased in IL-10 as compared CISP group. Thus 

indicated the curative effect of EPRE against CISP 

nephrotoxicity through the anti-inflammatory role of  

EPRE. 

 

 
Figure 3: Levels of renal oxidative status markers and 

enzymatic antioxidants (a) NO ,(b)  TBARS, (c) CAT, and (d) 

(GPx) measured in control (CON), Renal toxic Cisplatin 

(CISP), E. purpurea root extract (EPRE) (500 mg/kg), and E. 

purpurea root extract (EPRE) (500 mg/kg)+ Cisplatin (EPRE 

500 mg/kg + CISP). Results are represented as mean ± SE of 

10 rats/ group. & significant compared with CON and ^ 

significant compared with CISP group (p< 0.05). 
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Table 1: Levels of serum inflammatory markers 

(tumor necrosis factor alpha (TNF-α), and interleukin-

10 (IL-10)) measured in control (CON), renal toxic 

Cisplatin (CISP), E. purpurearoot extract (EPRE) (500 

mg/kg), and E. purpurearoot extract (EPRE) (500 

mg/kg)+ Cisplatin (EPRE 500mg/kg + CISP). 

Groups TNF-α(Pg/g) IL-10(pg/g) 

Con 403.9 ± 3.73 918.2 ± 6.98 

CISP 903.0 ± 8.72a 537.1 ± 7.53a 

EPRE(500 mg/kg) 399.7 ± 4.49 917.2 ± 7.01 

EPRE 

(500 mg/kg)+ CISP 
501.6 ±7.31 b 801.6± 17.79b 

Results are represented as mean ± SE of 10 rats/ group. a significant 

compared with CON and b significant compared with the CISP group 

(p< 0.05). 

Histological Results 

Renal section of rats from control (CON) and  E. 

Purpurea root extract (EPRE) (500 mg/kg) groups 

showing the normal histological structure of renal 

parenchyma (Fig. 4.A. and Fig. 4. B). Renal sections from 

renal toxic Cisplatin (CISP) showing interstitial nephritis 

(Fig. 4.C), thickening of renal capsule and necrosis of 

subscapular renal tubules (Fig. 4.D), and coagulative 

necrosis of epithelial lining renal tubules and focal 

interstitial nephritis (Fig. 5.A). Renal sections from EPRE 

(500mg/kg) +CISP showing near the normal histological 

structure of renal parenchyma, expect slight congestion of 

glomerular tuft and renal blood vessels (Fig. 5.B and Fig. 

5.C).  

 

 
Figure 4: A photomicrograph of a renal section from control (CON) and E. Purpurea root extract (EPRE) (500 

mg/kg) groups showing the normal histological structure of renal glomerulus (G),  narrow Bowman’s capsular 

(arrows) normal proximal (P) convoluted tubules with distal (D) tubule has many cubical cell lining with apical 

nuclei (Fig. 4.A. and Fig. 4. B). Renal section from toxic Cisplatin (CISP)group showing interstitial nephritis 

(large arrows), widespread of the dilated tubules, swelling and hydropic of the degenerated cytoplasmic (small 

arrows) (Fig. 4.C), thickening of renal capsule (arrowhead), widespread of the dilated tubules (small arrows), and 

necrosis of subscapular renal tubules (large arrows) (Fig. 4.D). 
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Figure 5: A photomicrograph of a renal section from the CISP group showing coagulative necrosis of epithelial 

lining renal tubules (small arrows), and focal interstitial nephritis (large arrows) (Fig. 5.A). Renal section from 

EPRE (500mg/kg) +CISP showing near control structure appearance of renal parenchyma, expect mild 

congestion of glomeruli (G) and renal blood vessel (Fig. 5.B and Fig. 5.C). 

 

DISCUSSION 

Cisplatin used to treat many types of cancer and 

autoimmune diseases. However, the usage of CISP is 

restricted due to its renal toxicity [25]. Natural traditional 

medicine products, which contain bioactive antioxidant 

compounds, used as an alternative form of health care to 

decline drug resistance and prevent its side effects [14]. 

The current research assessed the potential pathways 

responsible for the renal-protective effects of EPRE in 

CISP-induced renal toxicity in rats. 

Rats injected CISP revealed appreciably renal damage as 

detected through significant elevations in serum renal 

function markers (Cr, BUN, and UA), ionic K+ with a 

significant reduction in serum ionic Na+ level. The CISP 

group revealed noticeably inflammation detected through 

a significant increase in renal TNF-α and a significant 

decrease in renal IL-10, as well as renal oxidative stress 

which observed through a significant elevation in renal 

TBARS, with a significant decline in renal NO, CAT, and 

GPx as compared with CON group. The biochemical 

results confirmed with histopathological results which 

showed many damage changes including interstitial 

nephritis, thickening of renal capsule, and necrosis of 

subscapular renal tubules in the CISP group. 

Following our results, other researchers found an increase 

in kidney function parameters in CISP treated group [25-

27]. Ozkok and Edelstein [22] reported that CISP induced 

severe renal toxicity evidenced by the increase of serum 

BUN and Cr, as well as decrease of creatinine clearance 

value along with noticeable histopathological changes. 

Administration of CISP resulted in an up-regulation of 

free radicals, thus induced destruction of cellular 

structures [28, 29]. The elevation of renal oxidative stress 

as reported in the present study could be explained 

through the reduction of antioxidants in renal tissue [30].  

Oxidative stress, cytokine activity, and inflammation have 

been concerned in the pathogenesis of CISP-induced renal 

toxicity [31-33]. CISP is converted metabolically to 

potent toxin-induced DNA damage, oxidative damage, 

apoptotic activation, and pro-inflammatory cytokines 

elevation, thus could be explained through elevation of 
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myeloperoxidase and transcription factor-kappa B cells 

(NF-B) [34-36]. Furthermore, activation of caspase-3-

induced tubular epithelial cell apoptosis is an important 

mechanism that explained renal injury [37, 38]. 

The TNF-α and IL-10 have a role in explaining the CISP 

renal toxicity through linking three mechanisms; 

inflammation, oxidative stress and apoptosis [39, 40]. 

Several investigations revealed that CISP induced 

remarkable inflammatory reactions, which evidenced by 

increased TNF-α and decreased IL-10 levels [39, 41]. The 

increase of renal TNF-α level explained through 

inflammatory cytokines activation and elevating the 

chemotaxis of the immune cells [42], while a decrease of 

renal IL-10 level explained through the downregulation of 

antigen and pro-inflammatory liberation [43].  

Oral given EPRE (500 mg/kg) to rats did not induce 

changes in renal functions and ionic electrolyte levels, 

while it improves antioxidant status compared with CON, 

thus means the safe usage of EPRE. However, before and 

simultaneous administration of  EPRE (500 mg/kg) with 

CISP showed protective against CISP renal damage in 

rats in the form of significant decreased in serum renal 

function markers (Cr, BUN, and UA), ionic K+, renal 

anti-inflammatory cytokines (decreased in TNF-α and 

increased in IL-10) with significant increase renal 

antioxidant status, as well as resulted in normalize the 

histological structure of renal parenchyma as compared 

CISP group. Thus indicated the curative effect of EPRE 

against CISP nephrotoxicity via the anti-inflammatory, 

antioxidant and inhibition apoptosis. 

Several studies on the anti-inflammatory and antioxidant 

of EPRE were done [44, 45]. The restoration of 

antioxidant, inhibition of inflammation, and apoptosis are 

the key to renal protective caused by EPRE. This 

protective effect was concurrent with other 

researchersHuntimeret al. [46] and Sullivan et al. [47],  

they confirmed the antioxidant of EPRE through free 

radicals scavenger and protect cellular macromolecules, 

thus attributed to its potent antioxidant and anti-

inflammatory compounds such as polysaccharides, 

phenolic acids, alkylamides, phenolic diterpenes 

polyacetylene, glycoproteins,  tannins, inulin, flavonoids, 

and isohytylamides [44, 48-52]. Polysaccharides and 

alkamides in EPRE have anti-inflammatory and immune-

modulatory effects [53]. Polyphenolic compounds in the 

EPRE resulted in a decline of renal dysfunction and 

improve antioxidant status in renal tissue [54]. Cichoric 

acid in Echinacea root decreases apoptosis and has free 

radicals scavenging properties [55, 56]. Bayramoglu et al. 

[57] found that EPE induced a decrease in hepatotoxicity 

and nephrotoxicity in ischemia/reperfusion injury in rats. 

Angouti and Mashayekhi [58] revealed that E. purpurea 

extracts declined significantly nephrotoxicity induced by 

gentamicin, and protect against its side effects on renal 

function. 

 

CONCLUSION 
 
The results of the present study revealed that EPRE has a 

protective effect against CISP exert renal toxicity, 

evidenced by improving in renal dysfunction, declining 

renal inflammation and increasing renal antioxidant status 

with a noticeable improvement in the histopathological 

results. Thus suggests EPRE act as potent renal protective 

agents, the mechanisms by which EPRE could prevent 

against CISP-nephrotoxicity through antioxidant, and 

anti-inflammatory properties. 
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