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ABSTRACT

Objective: The aim of this study is to inspect the ameliorative effect of avenanthramides (AVA) on
CP nephrotoxicity in Sprague-Dawley rats.

Materials and Methods: Blood samples were collected for the determination of hematological
parameters. Creatinine, blood urea nitrogen (BUN), and tumor necrosis factor-a (TNF-a) were
measured in serum. Specimens from both kidneys were taken for histopathological examinations.
Results: Administration of AVA resulted in significant decrease in the level of creatinine and TNF-a
when compared with CP group. Histopathologically, CP-induced vacuolar degeneration and necro-
sis of the kidney tubules. Administration of AVA ameliorates the histopathological alterations
induced by CP.

Conclusion: AVA can be considered as a protective agent for kidneys during administration of CP.
The protective effect of AVA may be related to the reduction of TNF-a which implicated in the
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pathogenesis of CP nephrotoxicity.

Introduction

Cisplatin (CP) is an anti-tumor drug used as chemo-
therapy [1]. It is effective against various types of
cancers. CP-induced nephrotoxicity, hepatotoxicity, oto-
toxicity, hypersensitivity, gastrointestinal tract toxicity,
ocular toxicity, and cardiotoxicity [2-7]. Kidney injury
with increased risk of renal failure was demonstrated in
many studies [8,9]. Morphologically, administration of
CP-induced degeneration of renal tubules, vacuolization,
and hyaline cast formation [10,11]. Acute kidney injury
develop in 25%-30% of patients following single injection
of CP [12]. The damage in renal tubular epithelium was
associated with elevation in serum creatinine and blood
urea nitrogen (BUN) levels with proteinuria, glucosuria,
and phosphaturia [13].

CP forms covalent adduct with purine DNA bases
[14]. It accumulates in kidney more than other organs.
CP concentration in the renal tubular epithelium is about
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five times the concentration in the serum [15]. It was
demonstrated that CP increased lipid peroxidation and
decreased the antioxidant enzymes [13]. It was also found
that tumor necrosis factor-a (TNF-a) is responsible for CP
nephrotoxicity [16].

Avena sativa in Latin means “wild oats”. Avena sativa
contains vitamins, minerals, essential fatty acids, fibers,
phytochemicals, and avenanthramides (AVAs) [17].
AVAs are a group of phenolic alkaloids [18]. It is known
that AVAs have both antioxidant and anti-inflammatory
effects [19]. Treatment of cells with AVA-induced inhibi-
tion of TNF-a and a decrease of interleukin-8 (IL-8) [20].
Hassanein and El-Amir [21] found that AVAs significantly
decreased DNA damage. AVAs can also decrease the oxi-
dative stress and improve the hisopathological changes
induced by CP in testes [22]. This study was performed to
investigate the ameliorative effect of AVA on CP nephro-
toxicity in rats.
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Materials and Methods
Ethical approval

All experimental procedures were ethically approved by
Standing Committee for Scientific Research Ethics, Jazan
University, Jazan, KSA (REC40/1-045).

Experimental animals

Twenty male adult Sprague Dawley rats (200-250 gm)
were purchased from animal house, Medical Research
Center, Jazan University, KSA.

Chemicals

CP (0.5 mg/ml) was obtained from EBEWE Pharma GmbH.
Nfg. KG, A-4866 Unterach, Australia. The AVA-enriched
extract of oats was obtained from Shannix, China.

Experimental design

Twenty adult male Sprague Dawley were divided ran-
domly and equally into four groups with five rats in each
group (Fig. 1). The first group is used as control group,
rats administered 1% saline daily by oral gavage for one
week followed by injection of saline. The second group (CP
group) was received intraperitoneal injection of CP (7 mg/
kg b.wt.). The third group (CP+AVA group) was adminis-
tered AVA (20 mg/kg b.wt.) daily for one week followed
by injection of CP (7 mg/kg b.wt.). The fourth group (AVA
group) was administered only AVA (20 mg/kg b.wt.) daily
for the whole experimental period. After 72 h of CP inocu-
lation, the body weights of all rats were measured, and then
they were euthanized by anesthesia. Blood samples were

collected from the descending aorta. The relative weight of
kidneys was evaluated using the following formula:

Relative weight of kidneys = Weightofkidneys(gm)/weight
of the body (gm) x100

Hematological parameters

Blood samples with anticoagulant were collected for the
estimation of erythrocyte count, hemoglobin level, plate-
lets count, and total and differential leucocytic count by
Full Auto Hematology Analyzer device.

Measurement of serum creatinine and BUN

Blood samples without anticoagulant were centrifuged at
2,000 rpm for 10 min for serum separation. The levels of
BUN and creatinine were estimated using fully automated
chemistry analyzer (Humastar 200, Human Gmbh, Max-
Planck-Ring 2, 65205 Wiesbaden, Germany).

Estimation of serum TNF-a

The levels of TNF-a were estimated using vitrog enzyme-
linked immunosorbent assay kits (catalog number
KRC3014; Invitrogen, Carlsbad, CA).

Histopathological technique

Kidney specimens were fixed in neutral buffered formalin,
followed by dehydration, clearing, and paraffin impregna-
tion. The paraffin blocks were sectioned at 5 um and then
were stained with hematoxylene and eosin (H&E) accord-
ing to Bancroft et al. [23].

v Rats were divided randomly and equally into 4 groups (n=5 per group).
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Figure 1. Summary of the experimental design.
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Statistical analysis

Data were expressed as the mean * SE. The analysis of data
was done using program of GraphPad Prism data analysis.
A one-way analysis of variance test was done, followed by
post hoc Tukey’s multiple comparison test. p < 0.05 was
considered as statistically significant.

Results

Effect on body weight, kidney weight, and relative weight
of kidneys

No significant effect on body weight and kidney weight
was observed in groups that received CP or AVA compared
to control animals. There was a significant increase in the
relative weight of kidneys in the CP group and CP + AVA
group comparing with the control group (Table 1).

Effect on serum level of creatinine, BUN, and TNF-a

CP induced a significant increase in serum level of creatinine
and TNF-a in CP and CP+AVA when compared to control
groups. AVA administration resulted in a significant decrease
in the level of creatinine and TNF-a when compared with the
CP group. No significant effect of CP on the level of BUN was
observed when compared to the control group (Table 2).

Effect on blood parameter

The effect of CP on the blood parameter was presented
in Table 3. Administration of CP significantly decreased

Table 1. Effect of CP and AVA treatment on body weight, kidney
weight, and relative weight of kidney of rats.

Relai‘:ive weight of Kidney weight  Body weight Groups
kidneys (%) (gm) (gm)
0.39+0.017 0.92 + 006 234.6 £8.26  Control group
0.83 +0.05° 0.98 + 007 229.6 +5.92  CP group
0.85 + 0.046° 0.97 £ 006 225.8+3.14 CP + AVA group
0.45+0.028 1.03 £ 007 217.6+£5.45 AVA

Values are presented as mean + SE.
aStatistical significance when compared with the control group (p < 005).

Table 2. Effect of CP and AVA treatment on creatinine, BUN, and
TNF-a.

Groups Creatinine (mg/dl) BUN (mg/dl) TNF-a (pg/ml)
Control group 0.36+0.02 50.3+0.0.3 74.60£1.72
CP group 1.69 +0.35° 51.2+0.5 256.67 +8.82°
CP+AVA group 0.76 + 0.064>° 50.1+0.4 166.6 + 12.01%*
AVA group 0.33+0.01 47.8+1.6 77.83+1.36

Values are presented as mean + SE.
aStatistical significance when compared with the control group (p < 05).
PIndicates statistical significance when compared with the CP group (p < 005).
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the number of white blood cells (WBCs), lymphocytes,
and granulocytes when compared to the control group.
However, AVA could not reverse the effect of CP on these
parameters.

Histopathological results

Lesions score was summarized in Table 4. The lesions were
in the form of congestion, hemorrhage, edema, vacuolation of
renaltubular epithelium, coagulative necrosis,and hyaline casts
formation. These changes were prominent in the CP group. All
these changeswerereducedinthe CP + AVA group. Examination
of the control kidney revealed normal renal corpuscles and
renal tubules (Fig. 2A). Administration of CP-induced vascular
and cellular alterations in kidneys. The vascular changes were
in the form of congestion and hemorrhage (Fig. 2B-C). The
cellular changes the alteration manifested by vacuolar degen-
eration and coagulative necrosis of the renal tubular epithe-
lium. The coagulative necrosis characterized by increased
eosinophilia of cytoplasm and pyknosis of the nucleus
(Fig. 2D). Some renal tubules contain only cellular debris
(Fig. 2E). Hyaline casts were also constant manifesta-
tions (Fig. 2F). Administration of AVA reduced the histo-
pathological change, and the changes were in the form of

Table 3. Effect of CP and AVA treatment on body weight, kidney
weight, and relative weight of kidney (in gm) of rats.

Blood Control CP group CP +AVA AVA
parameters group group

WBCs (10°/l) 11764002 237#04°  265+0.4°  11.06%03
Lymphocytes + +00° +0.02 +
1o 82+03  16%09 11£02°  7.6%0.16
Granulocyte 5374005 04:002 0.69:028 21402
(10°/1)

RBCs (10%/1) 819+03  64%13  745%015  7.7+01
Hb (g/dl) 1734004 13920  144%027 172019
PLT (10°/1) 4344180 1915%675 291748847 394.5%285

Values are presented as mean + SE.
aStatistical significance when compared with the control group (p < 005).
WBCs = white blood cells; RBC = red blood cells; HB = hemoglobin, PLT = platelets.

Table 4. Summary of lesions score.

Control CcP CP+AVA

Lesions AVA group
group group group

Vascular changes:
Congestion - +++ + -
Hemorrhage - +++ + -
Edema ++ ++
Vacuolation of renal

: . - +++ + -
tubular epithelium
Coagulative necrosis - +++ + -
Hyaline casts - +++ + -

- (Orat), + (1-2 rats), ++ (3—4 rats), +++ (5 rats)
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Figure 2. Kidneys of control and CP groups. (A) Control kidney showing normal renal corpuscles

and renal tubules. (B)-(F) CP treated group B Congestion C Hemorrhage (arrows). (D) Vacuolation of
renal tubular epithelium (arrow) and coagulative necrosis of epithelium in which there is increased
eosinophilia of cytoplasm and pyknosis of nucleus (arrow heads). (E) Necrosis of renal tubules with
debris in the lumen (arrows). (F) Hyaline casts (arrows). Hematoxylin and Eosin (H&E) stain.

vacuolar degeneration of some renal tubular epithelium
(Fig. 3A). No histopathological lesion can be detected in the
AVA-treated group (Fig. 3B).

Discussion

CP is useful in the treatment of many neoplasms, but it
induced many side effects including nephrotoxicity. In this

http://bdvets.org/javar/

study, CP increased relative kidney weight. The increase in
relative kidney weight referred to the damage of kidneys in
CP-treated rats. CP induced severe histopathological alter-
ations in kidneys, including congestion, hemorrhage, coag-
ulative necrosis, and hyaline casts formation. These results
were in agreement with the previous investigations [24,25].
The administration of CP also increased the level of blood
creatinine. It is well known that CP accumulated in renal
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Figure 3. Kidneys of CP + AVA and AVA treated groups. (A) CP + AVA group.Vacuolation of some renal
tubules and necrobiotic changes in renal tubular epithelium. (B) AVA group. Normal kidney architecture.

Hematoxylin and Eosin (H&E) stain.

parenchymal cells increases the concentration of CP in the
kidney than that in the blood [26]. The extensive renal dam-
age leads to the failure of creatinine clearance resulting in
the accumulation of creatinine in the blood [27].

It was suggested that the inflammatory mechanisms
may be involved in CP nephrotoxicity. CP administra-
tion resulted in an increased level of TNF-a when com-
pared to the control group. This is in agreement with the
previous investigations [28-30]. Ma et al. [11] found that
the administration of CP produced a significant increase
in TNF-a and IL-6. TNF-a stimulates cytokine expression
in the kidney [31]. TNF-a directly induced necrosis of
the renal tubular epithelium through TNF receptor type
1 [32]. It was also found that mice deficient TNF-a were
not susceptible to CP nephrotoxicity and also treatment
with TNF-a inhibitor ameliorate CP-induced renal damage
[33]. Sanchez-Gonzalez et al. [34] concluded that Reactive
Oxygen Species (ROS) induced by CP activated the tran-
script factor NF-kB, which induced the release of TNF-a.

In this study, CP administration significantly decreased
the number of WBCs, lymphocytes, and granulocytes.
These results were in agreement with previous investi-
gations [35]. It was found that CP-induced depression of
bone marrow [36].

Recently, Oats (Avena sativa L.) are concerned about
their health benefits [37]. AVA is a nitrogen-containing
phenolic compound found in oats. It has antioxidative and
anti-inflammatory effects [21]. In this study, AVA atten-
uated the histopathological alterations in kidneys and
significantly decreased the level of blood creatinine and
TNF-a when compared to the CP group. A previous inves-
tigation found that treatment of cells with AVA induced

http://bdvets.org/javar/

a significant inhibition of TNF-a and a decrease of inter-
leukin-8 (IL-8) [20]. A recent study also found that AVA
reduced the level of TNF-a in rats treated with titanium
dioxide nanoparticles (TiO2 NPs) [21]. The inhibition of
TNF-a improved CP-induced renal damage [28,31]). The
inhibition of inflammation induced by CP could be due
to its inhibitory effect on the toll-like receptor 4/NF-«kB
signaling pathway [11]. These observations suggest that
the ameliorating effect of AVA may be due to the reduc-
tion of TNF-a which implicated in the pathogenesis of CP
nephrotoxicity.

Conclusion

This study demonstrated the histopathological changes
in kidneys induced by CP. AVAs improved the alterations
of the kidneys induced by CP. AVAs can be considered as
a protecting agent for kidneys during CP administration.
The ameliorating effect of AVA may be due to the reduc-
tion of TNF-a which implicated in the pathogenesis of CP
nephrotoxicity.

Acknowledgment

The authors would like to thank the Deanship of Scientific
Research, Jazan University, KSA for funding the research
project in the sixth future researcher program (FR6-
105). Our thanks also extend to the Medical Laboratory
Technology Department for assistance and help.

Conflict of interest

The authors declare that they have no conflict of interest.

El Amir et al./ J. Adv. Vet. Anim. Res., 6(4): 521-527, December 2019 525



Authors’ contribution

This study was accomplished in participation between
all authors. Yasmin O. El Amir designed the study. Amani
Y. Khabrani, Amani E. Jahfali, Shahd M. Alhakami, Nada M.
Dobab conducted the experiment, collected the samples
and analyzed the hematological and biochemical parame-
ters. Wisam Omar prepared the histopathological sections.
Yasmin O. El Amir examined the histopathological sections
and wrote the article. The manuscript was approved by the
authors.

References

(1]

(2]

[10]

[11]

[12]

[13]

http://bdvets.org/javar/

Rosenberg B, Vancamp L, Krigas T. Inhibition of cell division in
Escherichia coli by electrolysis products from a platinum electrode.
Nature 1965; 13:698-9; https://doi.org/10.1038/205698a0
Schaeppi U, Heyman IA, Fleischman RW, Rosenkrantz H, Ilievski V,
Phelan R. cis-Dichlorodiammineplatinum (II) (NSC-119 875): preclin-
ical toxicologic evaluation of intravenous injection in dogs, monkeys
and mice. Toxicol Appl Pharmacol 1973; 25:230-41; https://doi.
org/10.1016/S0041-008X(73)80009-2

Shlebak AA, Clark PI, Green JA. Hypersensitivity and cross-reactiv-
ity to cisplatin and analogues. Cancer Chemother Pharmacol 1995;
35:349-51; https://doi.org/10.1007 /BF00689458

Kosmas C, Tsavaris NB, Malamos NA, Vadiakam M, Koufos C. Phase
II study of paclitaxel, ifosfamide, and cisplatin as second-line treat-
ment in relapsed small-cell lung cancer. J Clin Oncol 2001; 19:119-26;
https://doi.org/10.1200/JC0.2001.19.1.119

de Jongh FE, van Veen RN, Veltman SJ, de Wit R, van der Burg
ME, van den Bent MJ, et al. Weekly high-dose cisplatin is a feasi-
ble treatment option: analysis on prognostic factors for toxicity in 400
patients. Br J Cancer 2003; 88:1199-206; https://doi.org/10.1038/
sj.bjc.6600884

Al-Majed AA. Carnitine deficiency provokes cisplatin-induced hep-
atotoxicity in rats. Basic Clin Pharmacol Toxicol 2007; 100:145-50;
https://doi.org/10.1111/j.1742-7843.2006.00024.x

Ferroni P, Della-Morte D, Palmirotta R, McClendon M, Testa G,
Abete P, et al. Platinum-based compounds and risk for cardiovascular
toxicity in the elderly: role of the antioxidants in chemoprevention.
Rejuvenation Res 2011; 14:293-308; https://doi.org/10.1089/
rej.2010.1141

Khan SA, Priyamvada S, Khan W, Khan S, Farooq N, Yusufi ANK.
Studies on the protective effect of green tea extract against cisplatin
induced nephrotoxicity. Pharm Res 2009; 60:382-91; https://doi.
org/10.1016/j.phrs.2009.07.007

Nagshbandi A, Khan MW, Rizwan S, Rehman S, Khan F. Studies on
the protective effect of dietary fish oil on cisplatin induced nephro-
toxicity in rats. Food Chem Toxicol 2012; 50(2):265-73; https://doi.
org/10.1016/j.fct.2011.10.039

Ii¢ S, Stojiljkoviec N, Veljkovi¢ AM, Veljkovi¢ S, Stojanovi¢ G.
Protective effect of quercetin on cisplatin-induced nephrotoxicity in
rats. Med Biol 2014; 16(2):71-5.

Ma X, Yan L, Zhu Q, Shao F. Puerarin attenuates cisplatin-induced rat
nephrotoxicity: The involvement of TLR4/NF«B signaling pathway.
Pub Libr Sci One 2017; 12(2):e0171612; https://doi.org/10.1371/
journal.pone.0171612

Han X, Yue J, Chesney RW. Functional TauT protects against acute
kidney injury. J American Soc Nephrol 2009; 20:1323-32; https://
doi.org/10.1681/ASN.2008050465

Farooqui Z, Ahmed F, Rizwana S, Shahid F, Khanb AA, Khana F.
Protective effect of Nigella sativa oil on cisplatin induced nephrotox-
icity and oxidative damage in rat kidney. Biomed Pharmacother 2017;
85:7-15; https://doi.org/10.1016/j.biopha.2016.11.110

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

El Amir et al./ J. Adv. Vet. Anim. Res., 6(4): 521-527, December 2019

Yousef MI, Saad AA, El-Shennawy LK. Protective effect of grape
seed proanthocyanidin extract against oxidative stress induced by
cisplatin in rats. Food Chem Toxicol 2009; 47:1176-83; https://doi.
org/10.1016/j.fct.2009.02.007

Kuhlmann MK, Burkhardt G, Kohler H. Insights into potential cel-
lular mechanisms of cisplatin nephrotoxicity and their clinical appli-
cation. Nephrol Dial Transplant 1997; 12:2478-80; https://doi.
org/10.1093/ndt/12.12.2478

Zhang B, Ramesh G, Norbury CC, Reeves WB. Cisplatin-induced
nephrotoxicity is mediated by tumor necrosis factor-alpha produced by
renal parenchymal cells. Kidney Int 2007; 72(1):37-44; https://doi.
org/10.1038/sj.ki.5002242

Collins FW, Mullin WJ. High-performance liquid chromatographic
determination of avenanthramides, N-aroylanthranilic acid alka-
loids from oats. J Chromatogr A 1988; 45:363-70; https://doi.
org/10.1016/S0021-9673(01)84548-9

Chu Y-F, Wise ML, Gulvady AA, Chang T. In vitro antioxidantcapacity
and anti-inflammatory activity of seven common oats. Food Chem 2013;
139:426-31; https://doi.org/10.1016/j.foodchem.2013.01.104
Koenig RT, Dickman JR, Wise ML, Ji LL. Avenanthramides are bio-
available and accumulate in hepatic, cardiac, and skeletal muscle tissue
following oral gavage in rats. J Agric Food Chem 2011; 59:6438-43;
https://doi.org/10.1021/jf2002427

Sur R, Nigam A, Grote D, Liebel F, Southall MD. Avenanthramides,
polyphenols from oats, exhibit anti-inflammatory and anti-itch activ-
ity. Arch Dermatol Res 2008; 300:569-74; https://doi.org/10.1007/
s00403-008-0858-x

Hassanein KMA, El-Amir YA. Protective effects of thymoquinone and
avenanthramides on titanium dioxide nanoparticles induced toxicity in
Sprague-Dawley rats. Pathol Res Pract 2017; 213:13-22; https://doi.
org/10.1016/j.prp.2016.08.002

El-Amir YO, Yahia D, Yousef MS. Protective Effect of avenanthra-
mides against cisplatin induced testicular degeneration in rats. J Adv
Vet Res 2019; 9:14-22.

Bancroft TD, Stevens A, Turner DR. In: Theory and practice of histo-
logical technique, 4th Edition, Churchill Livingstone, New York, NY,
pp 113-39, 1996.

Cetin R, Devrim E, Kilicoglu B, Avci A, Candir O, Durak 1. Cisplatin
impairs antioxidant system and causes oxidation in rat kidney tissues:
possible protective roles of natural antioxidant foods. J Appl Toxicol
2006; 26:42-6; https://doi.org/10.1002/jat.1103

Abdelrahman AM, Suleimani YA, Shalaby A, Ashique M, Manoj P,
Al-Saadi H, et al. Effect of levosimendan, a calcium sensitizer, on
cisplatin-induced nephrotoxicity in rats. Toxicol Rep 2019; 6:232-8;
https://doi.org/10.1016/j.toxrep.2019.02.006

Townsend DM, Tew KD, He L, King JB, Hanigan MH. Role of
glutathione S-transferase Pi in cisplatin-induced nephrotoxicity.
Biomed Pharmacother 2009; 63:79-85; https://doi.org/10.1016/j.
biopha.2008.08.004

Van Acker T, Van Malderen SJM, Van Heerden M, McDuffie JE,
Cuyckens F, Vanhaecke F. High-resolution laser ablation-inductively
coupled plasma-mass spectrometry imaging of cisplatin-induced neph-
rotoxic side effects. Anal Chim Act 2016; 945:23-30; https://doi.
org/10.1016/j.aca.2016.10.014

Kumar P, Sulakhiya K, Barua CC, Mundhe N. TNF-q, IL-6 and IL-10
expressions, responsible for disparity in action of curcumin against
cisplatin-induced nephrotoxicity in rats. Mol Cell Biochem 2017;
431(1-2):113-22; https://doi.org/10.1007/s11010-017-2981-5
Zhu X, Jiang X, Li A, Zhao Z, Li S. S-Allylmercaptocysteine atten-
uates cisplatin-induced nephrotoxicity through suppression of apop-
tosis, oxidative stress, and inflammation. Nutrients 2017; 9(2):166;
https://doi.org/10.3390/nu9020166

Behiry S, Rabie A, Kora M, Ismail W, Sabry D, Zahran A. Effect of
combination sildenafil and gemfibrozil on cisplatininduced neph-
rotoxicity; role of hemeoxygenase-1. Renal Fail 2018; 40(1):371-8;
https://doi.org/10.1080/0886022X.2018.1455596

526


https://doi.org/10.1038/205698a0
https://doi.org/10.1016/S0041-008X(73)80009-2 
https://doi.org/10.1016/S0041-008X(73)80009-2 
https://doi.org/10.1007/BF00689458 
https://doi.org/10.1200/JCO.2001.19.1.119 
https://doi.org/10.1038/sj.bjc.6600884 
https://doi.org/10.1038/sj.bjc.6600884 
https://doi.org/10.1111/j.1742-7843.2006.00024.x 
https://doi.org/10.1089/rej.2010.1141 
https://doi.org/10.1089/rej.2010.1141 
https://doi.org/10.1016/j.phrs.2009.07.007 
https://doi.org/10.1016/j.phrs.2009.07.007 
https://doi.org/10.1016/j.fct.2011.10.039 
https://doi.org/10.1016/j.fct.2011.10.039 
https://doi.org/10.1371/journal.pone.0171612 
https://doi.org/10.1371/journal.pone.0171612 
https://doi.org/10.1681/ASN.2008050465 
https://doi.org/10.1681/ASN.2008050465 
https://doi.org/10.1016/j.biopha.2016.11.110 
https://doi.org/10.1016/j.fct.2009.02.007 
https://doi.org/10.1016/j.fct.2009.02.007 
https://doi.org/10.1093/ndt/12.12.2478 
https://doi.org/10.1093/ndt/12.12.2478 
https://doi.org/10.1038/sj.ki.5002242 
https://doi.org/10.1038/sj.ki.5002242 
https://doi.org/10.1016/S0021-9673(01)84548-9 
https://doi.org/10.1016/S0021-9673(01)84548-9 
https://doi.org/10.1016/j.foodchem.2013.01.104 
https://doi.org/10.1021/jf2002427 
https://doi.org/10.1007/s00403-008-0858-x 
https://doi.org/10.1007/s00403-008-0858-x 
https://doi.org/10.1016/j.prp.2016.08.002 
https://doi.org/10.1016/j.prp.2016.08.002 
https://doi.org/10.1002/jat.1103
https://doi.org/10.1016/j.toxrep.2019.02.006 
https://doi.org/10.1016/j.biopha.2008.08.004 
https://doi.org/10.1016/j.biopha.2008.08.004 
https://doi.org/10.1016/j.aca.2016.10.014 
https://doi.org/10.1016/j.aca.2016.10.014 
https://doi.org/10.1007/s11010-017-2981-5 
https://doi.org/10.3390/nu9020166 
https://doi.org/10.1080/0886022X.2018.1455596 

[31]

[32]

[33]

[34]

http://bdvets.org/javar/

Ramesh G, Reeves WB. Salicylate reduces cisplatin nephrotoxicity
by inhibition of tumor necrosis factor-a. Kidney Int 2004; 65:490-8;
https://doi.org/10.1111/j.1523-1755.2004.00413.x

Peres LA, da Cunha AD. Acute nephrotoxicity of cisplatin:
Molecular mechanisms. J Bras Nefrol 2013; 35:332-40. https://doi.
org/10.5935/0101-2800.20130052

Ramesh G, Reeves WB. TNF-alpha mediates chemokine and cytokine
expression and renal injury in cisplatin nephrotoxicity. J Clin Invest
2002; 110:835-42; https://doi.org/10.1172/]C1200215606
Sanchez-Gonzalez PD, Lopez-Hernandez FJ, Lopez-Novoa JM,
Morales Al An integrative viewof the pathophysiological events

[35]

[36]

[37]

El Amir et al./ J. Adv. Vet. Anim. Res., 6(4): 521-527, December 2019

leading to cisplatin nephrotoxicity. Crit Rev Toxicol 2011; 41:803-21;
https://doi.org/10.3109/10408444.2011.602662

Lin MT, Ko J-L, Liu T-C, Chao P-T, Ou C-C. Protective effect of
D-methionine on body weight loss, anorexia, and nephrotoxicity in
cisplatin-induced chronic toxicity in rats. Integr Cancer Ther 2018;
17:813-24; https://doi.org/10.1177/1534735417753543

Asna N, Lewy H, Ashkenazi IE. Time dependent protectionofamifos-
tine from renal and hematopoietic cisplatininduced toxicity. Life Sci
2005; 76:1825-34; https://doi.org/10.1016/j1fs.2004.09.028

Xu C, Lv J, You S, Zhao Q, Chen X, Hu X. Supplementation with
oat protein ameliorates exercise-induced fatigue in mice. Food Funct
2013; 4:303-9; https://doi.org/10.1039/C2F030255A

527


https://doi.org/10.1111/j.1523-1755.2004.00413.x 
https://doi.org/10.5935/0101-2800.20130052 
https://doi.org/10.5935/0101-2800.20130052 
https://doi.org/10.1172/JCI200215606
https://doi.org/10.3109/10408444.2011.602662 
https://doi.org/10.1177/1534735417753543
https://doi.org/10.1016/j.lfs.2004.09.028 
https://doi.org/10.1039/C2FO30255A 

