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induced by Cis was evidenced by significant eleratiin renal
Malondialdehyde (MDA) level acompanied by signifitadecrease in
Superoxide Dismutase (SOD) and Glutathione Persgid&Px) in kidney
tissues. Moreover, Cis produced significant incee&s kidney Tumor
Necrosis Factot: (TNF-o) and Interleukin-6 (IL-6), the proinflammatory
cytokines and significant decrease in Interleukn-{1L-10), the anti-
inflammatory cytokine. However, administration ather FEN or NAM
attenuated cisplatin-induced increased oxidatix@sstand inflammation in
the kidney of rats, associated with improvementttad impaired renal
function and histopathological changes, but themiination was found to
be more effective in protection against cisplatidticed renal damage than
each drug alone. In conclusion, FEN and NAM comtimaprotected the
kidney tissue against cisplatin-induced nephroiokicthrough their
antioxidant and anti-inflammatory activities.
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Introduction Although several strategies have been suggested to

Nephrotoxicity is associate adverse effect of the prevent this adverse effect, no speC|_f|c treatmemts_
anticancer drugs for solid and hematologic maligies ~ currently recommended, except for vigorous hydratio
(Kintzel, 2001). Cisplatin, cisplatinum or cis- With normal saline (Launay-Vacheet al., 2008).
diamminedichloroplatinum (1), a platinum-based giru  Therefore, new and effective therapeutic strategies
is one of the most frequently used anti-neoplasgients. needed for prevention of cisplatin-induced nephiiotty.

It has a potent anti-tumor action against wide eanfj ~ The precise mechanisms underlying this toxicity raoe
malignancies, including testicular, ovarian, ceajic fully elucidated. However, the production of nefthric
bladder and lung cancers as well as solid tumaistent ~ Metabolites, vascular injury, inflammation, generatof

to other treatment regimens (Hanigan and Devarajanfree radicals and apoptotic pathways seem to play a
2003). The kidney is not only responsible for the crucial role (Pablat al., 2009; Milleret al., 2010).

excretion of cisplatin, but is also the primanesiff its Peroxisome Proliferator-Activated Receptor-alpha
accumulation (Milleret al., 2010). (PPAR«) is one of the members of nuclear receptor
’7/ Science © 2014 Omaima M. Abd Allah, Abeer A.l. Sharaf ElrDand Fouad El Debakey. This open access articlistisbuted

4 Publications under a Creative Commons Attribution (CC-BY) 3d&lise.



Omaima M. Abd Allatet al. / American Journal of Pharmacology and Toxicol@gy4, 9 (4): 206.222

DOI: 10.3844/ajptsp.2014.206.222

PPAR family and is a modulator of inflammation
(Daynes and Jones, 2002). Fenofibrate, a seldef\AR-

a activator, has been primarily developed to treahdn
dyslipidemia (Willsonet al., 2000). It also improves
insulin sensitivity and protects against microvéeceavents
in patients with diabetes (Hahehal., 2010). Furthermore,
fenofibrate exerts an antioxidant, anti-inflammgtend
anti-ischemic protective effects on the heart (Muel.,
2003), intestine (Cuzzocrenal., 2004), brain (Ched al.,
2007) and kidney (Bhalod& al., 2010).

Nicotinamide is the amide form of vitamin B3 (niagi
which is synthesized from nicotinic acid and isabied
through synthesis in the body or as a dietary soarw
supplement (DiPalma and Thayer, 1991). It is ayvset
for the coenzyme (3-Nicotinamide Adenine Dinuclemtid
(NAD™), which serves as an essential nutrient for @ellul
growth and participates in the regulation of migtigellular
functions including apoptosis (Klaidmaet al., 1996;

oral route through an orogastric catheter. FEN and
NAM solutions were freshly prepared for each use.
Cisplatin (Cis) (10 mg/10 mL), product of Aventis
Pharma, in the form of solution diluted with saline
All other chemicals and reagents used in the prtesen
study were of analytical grade.

Experimental Design

The rats were arbitrarily divided into seven grqups
each group containing eight rats as follows: Cdntro
group, rats received 1 mL of water containing 0.5%
carboxymethyl cellulose daily for eight days (thady
period) with single i.p. injection of 1 mL saline aday
five; FEN group, received FEN 100 mg/kg/day orally
(Camara-Lemarroyt al., 2009) for eight days; NAM
group, received NAM 200 mg/kg/day orally (Jo&tral.,
2012) for eight days. Cis group, received singfe i.
dose of Cis (7 mg/kg b.w.), the dose of Cis was
selected according to previous work that demoredrat

Mukherjeeet al., 1997). Nicotinamide has been reported t0 significant damage in renal parameters of rats
exert a number of physiological and pharmacological (Atessahinet al., 2006); FEN + Cis group, received

effects including prevention of ATP depletion, toition of

FEN 100 mg/kg/day orally for eight days with single

poly ADP- Ribose Polymerase (PARP), prevention of i.p. dose of Cis (7 mg/kg b.w.) on day five of ttedy

apoptosis and suppression of lipid peroxidationaf@gt
al., 2002; Klaidmaret al., 2003). Also, it has been shown
that nicotinamide exerts the anti-inflammatory gmies
both in-vitro and in-vivo (Fernandesal., 2011).

In light of the foregoing data, the current studgisw
designed to evaluate the possible prophylacticctffef
fenofibrate, nicotinamide and their combination on
oxidative stress and inflammatory cytokines asdedia
with cisplatin-induced nephrotoxicity.

Materials and Methods
Animals

Adult male Sprague- Dawley rats weighing 180- 200
g were purchased from Helwan farm (VACSERA),
Egypt. The animals were housed (4 per cage),
animal facility of Faculty of Medicine, Benha
University, Egypt, for one week before the onsethsf
experiment for acclimatization. Rats were kept urile
standard laboratory conditions (12 h light/darklegcat
25+2°C) with free access to standard balanced adidt
fresh-water supply. All animal experiments were
approved by the ethical committee (Faculty of Madic
Benha University, Egypt).

Drugs

Fenofibrate (FEN) and Nicotinamide (NAM) were
purchased from Sigma Chemical Co. (St Louis,
Missouri, USA). FEN was dissolved in water
containing 0.5% carboxymethyl cellulose while NAM
was dissolved in water, so that 1 mL of the vehicle

period; NAM + Cis group, received NAM 200
mg/kg/day orally for eight days with single i.p.s#oof
Cis (7 mg/kg b.w.) on day five; FEN + NAM + Cis
group received FEN 100 mg/kg/day p.o. and NAM 200
mg/kg/day p.o. for eight days with single i.p. daxfe
Cis (7 mg/kg b.w.) on day five of the study period.

Samples Preparation

At the end of the study period (72 h after Cisdtiga),
rats were individually housed in metabolic cagesmals
were fasted and allowed free access to water 24 h
urine collection. The volume of the urine samplesren
measured and recorded. Creatinine concentratiol, (Cr
protein and urinary N-Acetyl-3-Glucosaminidase (NAG
were estimated. The following day, rats were Saedf
under ether anesthesia, a midline abdominal incisias

in theperformed and blood was collected from the abddmina

aorta. Samples were collected in clean and dryrifieye
tubes, which were left for 15 min to clot and then
centrifuged at 3000 rpm for 15 min to separatestram.
They were used for biochemical analysis. At theestime,
kidneys were removed, washed with physiologicaheal
Part of kidney was homogenized in ice cold 100 mM
phosphate buffer (pH 7.4). Homogenates were cegéif
and the resulting supernatant was used for bioctami
analysis. The other part was preserved in 10% forrfa
histopathological examination.

Biochemical Analysis

Serum urea and Cr were determined colorimetrically
as described by (Fawcett and Scott, 1960; Fabird/ an
Ertingshausen, 1971) respectively, additionally altot

contained the desired dose. Drugs were given by theprotein contents in 24 h urine samples were detesthi
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according to the method of Nishi and Elin (1985hgs parameters between FEN-or NAM-treated groups
commercially available diagnostic kits from Biodiagtic compared with the control group (p>0.05).

Company, Giza, Egypt. NAG activity was assayed in .
urine using a colorimetric assay according to thethaod Effect on Urine Volume

of Wellwood et al. (1976) using commercially available As illustrated in Fig. 1, single dose of cisplatin
diagnostic kits from the Egyptian American Compémy  glicited a significant (p<0.001) increase in urir@ume
Laboratory Services, Egypt. Urine Cr was also deiteed a5 compared to control rats. Treatment with FEN or
colorimetrically as described by Fabiny and Ertivgssen  NAM plus Cis was able to reduce this increase (@S).
(1971) for calculation of creatinine clearance (Cusing  compared to Cis group. Also, combination of FEN and

the standard Equation: NAM plus Cis significantly (p<0.001) decreased the
my creatinine/100ml urinexm urine / 24nrs . volume of the urine collected 24 h when compare@iso
Crel = ml /- min group. Administration of FEN and NAM in combination

creatinine/100ml serumx 1440 . R . .
m plus Cis resulted in significant (p<0.05) decreiasarine

Renal lipid peroxidation product, Malondialdehyde Volume when compared to FEN plus Cis group and
(MDA) was measured in renal tissue homogenates byNAM plus Cis group.
the method described by Ellman (1959), Superoxide : ;
Dismutase (SOD) activity was estimated according to Effect on Urinary Protein and NAG
Beauchamp and Fridovich (1971) and Glutathione  The data presented in Table 1, revealed that the
Peroxidase (GPx) activity was measured according tourinary protein level and NAG were significantly

Flohé and Gunzler (1984) using commercially avé#lab jncreased (p<0.0001) in the Cis-treated group coetpa
diagnostic kits from Biodiagnostic Company, Gizgyft. to the control group. Compared to Cis group, protgid

Levels of interleukin (IL)-6, IL-10 and Tumor . : L
Necrosis Factor-alpha (TN& in supernatants from NAG levels in FEN plus Cis group were S|gn|f|cantlly
kidney tissue homogenates were quantitated by Eezym (p<0.0001, 0'00.1) _r(_educed. Similarly, NAM plus Cis
Linked Immunosorbent Assay (ELISA) using 9'OUP showed significant _(p<0.0001,. 0.05) dgcr_ease
Quantikine rat specific kits; R and D Systems Inc., their levels. At the same tlme,_combmed adrr_nni_s_tra
Minneapolis, Minnesota, USA, which were obtained ©f FEN and NAM plus Cis showed significant
from Clinilab Company, Cairo, Egypt, according to (P<0.0001) decrease in urinary protein and NAG leve
manufacturer’s directions. The rats pretreated with FEN and NAM plus Cis shibwe
. . . . a significant decrease in urinary protein (p<0.0amyl
Histopathological Evaluation of the Kidney urinary NAG (p<0.05) when compared with rats

Kidneys were fixed in paraformaldehyde (4%) and pretreated with FEN plus Cis. Also, FEN and NAMslu
embedded in paraffin. Tissue sections (4 pm) wereCis group showed a significant decrease in urimgefn
placed on slides, stained with Hematoxylin and E¢ksi (p<0.0001) and urinary NAG (p<0.001) when compared
and E) and the morphology was analyzed under lightwith NAM plus Cis group.
microscopy. Tubular injury was assessed using semi-
quantitative scale (Ramesh and Reeves, 2004). Scoré=ffect onUrea, Cr and Crcl
was assigned according to the percentage of cbrtica
tubules having epithelial necrosis as follows: @;QL,
<10%; 2, 10%-25; 3, 26%-75; or 4, >75%. Ten figlds
kidney under high-power magnification were assesse
and then assigned as necrosis severity scores.

Cis-induced nephrotoxicity was reflected by the
significant increase in serum urea level (p<0.0001)
Oand serum Cr (p<0.01) compared to control rats. The
concentrations of serum urea and Cr in the FEN plus
Cis-treated group were significantly (p<0.01, 0.05)
Satistical Analysis reduced with respect to Cis-treated group. The same

Data are expressed as mean * S.D Statisticafesuns were observed in NAM plus Cis-treated group

comparison between different groups was conductedVith significant decrease in conqentrations_of seru
using one-way analysis of variance (ANOVA) followed urea (p<0.05) and Cr (p<0.05) in comparison with
by a student'test to judge the difference among values Cis-treated group. Administration of FEN and NAM
of individual parameters using the Statistical Pangof  Plus Cis produced significant reduction in urea
Social Sciences (SPSS) for windows (version 16;SSPS (p<0.0001) and Cr (p<0.01) when compared to Cis-
Chicago, IL, USA). Significance was accepted at.p50 treated rats. Combination of FEN and NAM plus Cis
resulted in significant decrease in urea (p<0.04d a
Results Cr (p<0.05) when compared to FEN plus Cis group.
At the same time, combined administration of FEN
and NAM resulted in significant decrease in urea
At the end of experiment, there were no statidgical (p<0.001) and Cr (p<0.01) when compared to NAM
significant changes in all measured biochemical plus Cis group (Table 1).

Biochemical Results
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Fig. 1. Effect of administration of Fenofibrate (R Nicotinamide (NAM) alone or in combination omine volume in Cisplatin
(Cis)-induced nephrotoxicity in adult albino ratsalMes represent (Mean + SE), n = 8 rats/grouSBignificantly different as
compared to the control group; b: Significantifeti&nt as compared to Cis group; c: Significantffedént as compared to
FEN + Cis group; d: Significantly different as cormgzhto NAM + Cis group

Table 1. Effect of fenofibrate (FEN) and nicotindmi(NAM) alone or in combination on serum ureaatirene (Cr), urinary N-
Acetyl-B-Glucosaminidase (NAG) and total protein in cisplé€is)-induced nephrotoxicity in adult albino rats

Urine Serum

Groups NAG (U/mL) Protein (mg/24 h) Urea (mg/dL) (@rg/dL)
Control 8.57+0.96 25.3+1.24 28.8+1.6 0.86+0.21
FEN 9.26+0.87 23.9+0.74 29.4+1.8 0.85+0.32
NAM 9.04+1.10 25.6+0.99 26.9+1.5 0.92+0.18
Cis 43.6+2.8 75.2+1.78 70.9+4.F 3.94+0.88
FEN+ Cis 31.3+18° 54.1+1.36° 54.2+3 2P 1.87+0.34°
NAM+ Cis 36.2+1.8° 58.8+1.27P°¢ 59.1+2.§° 2.01+0.28°
FEN+NAM+ Cis 24.4+2 3bcd 46.9+1.26:"c4 42.6+2.8Pcd 1.05+0.17¢¢

Values represent (Mean + SE), n = 8 rats/grouBignificantly different as compared to the controbup; b: Significantly
different as compared to Cis group; c: Significardlfferent as compared to FEN + Cis group; d: Sigantly different as
compared to NAM + Cis group

Crcl is used to estimate the glomerular filtratrame Effect on Lipid Peroxidation and Antioxidant
as it compares the level of Cr in urine with thel&rel Enzymes
in the blood. Cis-induced nephrotoxicity was
manifested by marked reduction in Crcl (p<0.0001) MDA level, as a marker of free radical mediated
compared to control rats. Significant (p<0.001) lipid peroxidation injury, was significantly (p<(01)
elevation of Crcl in FEN plus Cis-treated group was elevated in the kidney homogenate of Cis-treated
noticed with respect to Cis-treated group. The sameyroup compared with that of the normal control grou
results were recorded in NAM plus Cis-treated group tpg agministrations of FEN and NAM alone or in
\évc')t:] asrilggglcvavir:a é?;(t)rg:t)e dmcrz)euaseCcl)%bircm:gt:ilonmof combination before Cis administration resulted in
P group. significant (p<0.0001) decrease in MDA level as

FEN and NAM plus Cis resulted in significant incsea . L
in Crcl (p<0.0001) when compared to Cis group, compared to Cis group. Combination of FEN and

(p<0.05) when compared to FEN plus Cis group NAM plus Cis resulted in significant decrease in
(p<0.05) and significant increase in Crcl (p<0.08)en ~ MDA level when compared to FEN plus Cis group
compared to NAM plus Cis group (Fig. 2). (p<0.01) and NAM plus Cis group (p<0.05) (Table 2).
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Fig. 2.Effect of administration of Fenofibrate (RE Nicotinamide (NAM) alone or in combination omeatinine clearance in
Cisplatin (Cis)-induced nephrotoxicity in adult albirats; Values represent (Mean + SE), n = 8 raigfgra: Significantly
different as compared to the control group; b: nBicantly different as compared to Cis group; cgrificantly different as
compared to FEN + Cis group; d: Significantly differas compared to NAM + Cis group

Table 2. Effect of fenofibrate (FEN) and nicotindmi(NAM) alone or in combination on malondialdehyiDA), Superoxide
Dismutase (SOD) and Glutathione Peroxidase (GPgisplatin (Cis)-induced nephrotoxicity in adult iakb rats

Groups MDA (nmol/mg protein) SOD (U/mg) GPx (IU/G)
Control 0.48+0.03 22.6+0.97 29.7+0.87
FEN 0.46+0.01 22.3+1.2 29.4+1.1
NAM 0.49+0.01 24.8+1.1 28.9+0.96
Cis 2.03+0.07 10.7+0.63 16.7+0.66
FEN+ Cis 0.86+0.0%° 13.9+0.86° 20.5+0.85°
NAM+ Cis 0.73+0.03%¢ 17.2+0.84°¢ 23.1+0.74P¢
FEN+NAM+ Cis 0.62+0.0&P<¢ 20.6+1.3°¢4 26.3+1.20Pcd

Values represent (Mean + SE), n = 8 rats/grouBignificantly different as compared to the controdup; b: Significantly
different as compared to Cis group; c: Significardlfferent as compared to FEN + Cis group; d: Sigantly different as
compared to NAM + Cis group

Compared to the control group, there were Cis resulted in significant increase (p<0.0001) pared
statistically significant (p<0.0001) decrease ire th to Cis-treated group. At the same time, combinatibn
SOD activity in the Cis-treated rats. However, SOD FEN and NAM plus Cis showed a significant increase
activity was significantly increased in FEN plussCi (p<0.01) in GPx activity when compared to FEN plus
(p<0.01), NAM plus Cis- (p<0.0001) and FEN and Cis group and a significant increase (p<0.05) when
NAM and Cis in combination (p<0.0001) compared compared to NAM plus Cis group.
with the Cis-treated rats. Renal SOD activity was
increased  significantly in rats administered Effect on TNF-a, IL-6 and IL-10
combination of FEN and NAM plus Cis as compared  Cis induced significant (p<0.0001) increase in fena
to rats administered FEN plus Cis (p<0.001) or NAM TNF-u compared to control rats. Administration of either
plus Cis (p<0.05) (Table 2). FEN or NAM to rats treated with Cis resulted in

Table 2 shows the changes of GPx in all groups. Cissignificant (p<0.001, 0.01) decrease in tissue BNF-
produced a significant (p<0.0001) reduction in teBiax compared to Cis treated group.Combined administrati
activity compared with that in the control groupileh  of FEN and NAM plus Cis resulted in significant
treatment with FEN or NAM plus Cis significantly decrease in TNk- compared to Cis-treated rats
increased (p<0.01, 0.0001) its level when compaced (p<0.0001), FEN plus Cis-treated rats (p<0.001) and
Cis-treated group. Combination of FEN and NAM plus NAM-treated rats (p<0.0001) (Fig. 3).
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Cis significantly (p<0.0001) increased renal IL-6 of epithelial cells from the basement membrane,
compared to control group. A significant decreast_i intratubular cast formation and luminal congestigith
6 level was observed in the rats treated with FEN p extensive loss of the brush border. Moreover, étitél
Cis (p<0.001) and NAM plus Cis (p<0.05) and combdine hemorrhage, inflammatory cellular infiltration and
FEN and NAM plus Cis (p<0.0001) compared with the pyknotic nuclei were detected (Fig. 7 to 10). A thig
Cis group. Combined administration of FEN and NAM microscopic damage score of Cis-treated rats (8.813}
plus Cis resulted in significant decrease in IL-Gew  was determined in the histological sections when
compared to FEN plus Cis (p<0.0001) or NAM plus-Cis compared to control group (0.11+0.03) with a sigaifit
treated group (p<0.0001) (Fig. 4). difference (p<0.0001).

Conversely, Cis significantly (p<0.0001) decreased Kidney specimens from rats pretreated with FEN plus
renal IL-10 compared to control group. FEN or NAM Cis revealed significant improvement of some renal
alone or in combination plus Cis significantly (0801,  tubules in the form of mild tubular dilatation withore or
0.05) increased its level compared to Cis group.less normal cells and presence of interstitial henage
Combined administration of FEN and NAM plus Cis compared with the Cis-treated group (Fig. 11).dati®ns
resulted in significant increase in IL-10 when camg®l  of NAM plus Cis-treated rats, there was mild proaim
to FEN plus Cis (p<0.0001) or NAM plus Cis- treated tpylar necrosis with luminal dilatation and monclear
group (p<0.001) (Fig. 5). cellular infiltration were seen (Fig. 12). The naiscopic
Histopathological Results score of FEN plus Cis and NAM plus Cis groups were

found to be significantly reduced (2.13+0.08 and

Kidneys of control rats showed normal architecofe 2 43+0.09, respectively) when compared to the Cis
renal tissue, being composed of a numbe_r of gldine_ru group (3.81+0.11) (p<0.0001).
embedded among a great number of proximal andl dista™  jgney sections of the rats pretreated with contiina
convoluted tubules. Proximal convoluted tubules lized of FEN and NAM plus Cis revealed preservation bitar

by pyramidal cells with narrow lumen and distal\eanted . : : .
tubules are lined with cubical cells with narrownken (Fig. h|§tology. The. h|sto.patho!og|cal rena}l damage ieduoy
Cis was minimal in animals received FEN or NAM

6). No lesions were observed in the sections of -Fatid . - .
treatment alone or with combination (Fig. 13).

NAM-treated rats. The histological appearance @s¢h ; ) )
In FEN and NAM plus Cis group: The histopatholotica

groups was similar to that of the control groupe (aot 1> J
shown). By contrast, Cis-treated rats showed @mpatif ~ Score (0.23+0.05) was significantly (p<0.0001) el

extensive acute tubular necrosis, which includedWhen compared to Cis group (3.81%0.11). This rednct
widespread degeneration of the tubular architectupailar ~ Was significant when compared to FEN plus Cis group
dilatation, vacuolar degeneration, detachment Emgjsing ~ (9<0.0001) and NAM+ Cis group (p<0.0001) (Fig. 14).

1500 =
0
=
2 1000
2 500+
0 T . T
Control FEN NAM Cis FEN NAM FEN+NAM

Cis Cis Cis

Fig. 3. Effect of administration of Fenofibrate (FE Nicotinamide (NAM) alone or in combination cenal Tumor Necrosis Factor-
a (TNF-u) in Cisplatin (Cis)-induced nephrotoxicity in adalbino rats; Values represent (Mean + SE), n =t§/geoup; a:
Significantly different as compared to the contnaugp; b: Significantly different as compared to Qisup; c: Significantly
different as compared to FEN + Cis group; d: Sigaiitly different as compared to NAM + Cis group
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Fig. 4. Effect of administration of Fenofibrate (FE Nicotinamide (NAM) alone or in combination oenal Interleukin-6 (IL-6) in
Cisplatin (Cis) -induced nephrotoxicity in adult abirats; Values represent (Mean * SE), n = 8 natgfy a: Significantly
different as compared to the control group; b: Bicgntly different as compared to Cis group; c: $Higantly different as

compared to FEN + Cis group; d: Significantly differas compared to NAM + Cis group
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Fig. 5. Effect of administration of Fenofibrate (R Nicotinamide (NAM) alone or in combination oenal Interleukin-10 (IL-10)
Cisplatin (Cis)- induced nephrotoxicity in adult albirats; Values represent (Mean + SE), n = 8 naisfy a: Significantly
different as compared to the control group; b: Bicemtly different as compared to Cis group; c: Higantly different as
compared to FEN + Cis group; d: Significantly differas compared to NAM + Cis group.
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Fig. 7. A photomicrograph of kidney of cisplatiretited rats showing acute tubular necrosis wittainbular Cast formation
(C) (H and E x400)

Fig. 8. A photomicrograph of kidney of cisplatiredited rats showing acute tubular necrosis charzetieby dilatation of tubules,
epithelial flattening, brush border loss and Slaoglof cells in some of them (S) and complete datiod of others with
complete obstruction of the lumen (arrow) (H ang4B0)
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Fig. 9. A photomicrograph of kidney of cisplatiredated rats showing acute tubular necrosis chaizeteby severe tubular
Dilatation (D) with flattening of epithelial cell§/acuolar degeneration (V) and Pyknotic nuclei (F)and E x400)

Fig. 10. A photomicrograph of kidney of cisplatiedted rats showing acute tubular necrosis, iitietsHemorrhage (Hg) and
inflammatory cellular infiltration (ii) (H and E *%0)

Fig. 11. A photomicrograph of kidney of fenofibrgius cisplatin-treated rats showing mild Dilatatiof some tubules (D) and
slight interstitial Hemorrhage (Hg) (H and E x400)
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Fig. 12. A photomicrograph of kidney of nicotinamiglus cisplatin-treated rats showing moderate lawbDilatation (D). Lining
epithelium of some tubules were Vacuolated (V) atieérs are normal (H and E x400)

Fig. 13. A photomicrograph of kidney of fenofibraiad nicotinamide plus cisplatin-treated rats shownarked improvement of
histological appearance with almost normal histaalgstructure (H and E x400)

5 -

Renal tubular damage score

Control FEN NAM Cis FEN NAM FEN+NAM
i + +
Cis Cis Cis

Fig. 14. Renal tubular damage score in control, ferate (FEN), Nicotinamide (NAM), Cisplatin (Cis)EN plus Cis, NAM plus
Cis-, combined FEN and NAM plus Cis-treated rats;uéalrepresent (Mean + SE), n = 8 rats/group; aifgignt when
compared to the control group; b: Significant whempared to Cis group; c: Significant when compare&Edl + Cis
group; d: Significant when compared to NAM + Cis grou
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Discussion kidney dysfunction and nephropathy. Inflammationyma
further amplify oxidative/nitrative stress and thes
In the present study, we have evaluated thejnterrelated processes eventually culminate in more
prophylactic effects of FEN, NAM and their concerted renal tubular and endothelial cell death.
combination on oxidative stress and inflammatory  concerning oxidative stress, our results showetl tha
cytokines associated with Cis-induced renal damageygministration of Cis resulted in a marked decrease
and consequent kidney dysfunction in rats. Inductb  activity of antioxidative enzymes: SOD and GPx with
nephrotoxicity by Cis is a rapid process involving concomitant significant increase in MDA level imes
reaction with proteins in the renal tubules (Howe/®  isgue homogenate. This finding is in agreemenh wit
and Lippard, 1980). Because this renal damage eccurpeyious reports demonstrating that Cis induces
in the first hour after administration, it is impant that . .qative stress in renal tissue as evidenced by

the protective agent is present at sufficient j o easing MDA level and decreasing SOD and GPx
concentrations in renal tissue before the damagarsc  _ivities (Leeet al., 2013a; Pandir and Kara, 2013).

(Elferink et al., 1986). This is the rationale behind the Both FEN and NAM reduced oxidative stress caused by
prophylactic treatment. Cis in renal tissue. However, their combination was

The results of the current study revealed thatfound to be more effective than each drug alone.
treatment of rats either with FEN or NAM before Cis FEN, a PPAR: activator, is a drug of the fibrate

administration  attenuated  Cis-induced mcreasedclas& used to treat dyslipidemia. PPARslays an

OX|dat_|ve jtres_shand |nflammat|0nf|n the kldn_eyr;nts, Iimportant role in the physiological and pathologica
associated with improvement of compromised rena responses involving oxidative stress and antioxidan

function and histopathological changes. Howevee th o,y mes (Schrader and Fahimi, 2006). PPAR- aaivati
comb!natlon_of FEN and_ NAM was found o bed mor; using pharmacological ligands has been shown toceed
effective  in  protection — against  Cis-induced |scnemja/Reperfusion (I/R) injury in the liver akidney

nephrptoxicity than each dru_g alon_e: . . in experimental models (Sivarajahal., 2002; Xuet al.,
This study showed that single injection of C|s_amsr 2008). Studies suggest that similar to ischemia-
resulted in deterioration of renal function as ewvided reperfusion, Cis injury can cause endothelial cell

by significant elevation in serum urea, Cr, urindiG, dysfunction and neutrophil infiltration, which thésads

urinary protein and significant decrease in C_rc_thwi to the release of cytokines/chemokines (Bonventre,
increase in urine output. These results are camigtith 2004; Friedewald and Rabb, 2004).

the previous studies on Cis-induced nephrotoxiaity In this study, FEN treatment was associated with a

experimental animals (Sinfea al., 2013, _Klmotogt _al_, .__preservation of serum antioxidant capacity and cgédo
2013). It has been r_eported that Cis <’;1dm|n|strat|onin MDA level. This suggests that FEN acts also tigio
causes a decrease in renal blood flow by renalynii gyidant pathways. This result is supportedthe
vasoconstriction as well as ischemic damage in theﬁnding of Houet al. (2010) who concluded that FEN
proximal tubules and distorts its ability to reattswater treatment markedly reduced oxidative  stress
and cause polyuria, which can also lead to poli@lips accompanied by reduced activity of renal NAD (P) H
(Wong et al., 1993). Recent studies reported that Cis gxigase and increased activity of SOD in the kidoéy
administration leads to increase urine output @\Ilal_., spontaneously hypertensive rats, consequently,ait c
2008; Abdelrahmanet al., 2010). The pathological protect against hypertensive renal injury by intiriigj
findings i.e., the tubular necrosis in kidney o @ieated  inflammation and fibrosis via suppression of oxidat
animals are giving further evidence to the renah@ige  stress. In addition, Kadiaet al. (2013) suggested a
caused by Cis. protective effect of low-dose FEN pretreatment agfi
Several studies have demonstrated the importa@t rol hiochemical (raised serum Cr level, blood ureaogin
of oxidative stress (Davist al., 2001), inflammation and microalbuminuria) and histological changes
(Faubelet al., 2007) and cytokine activity (Ramesh and (glomerular capsular wall distortion, mesangial
Reeves, 2002; Zhargj al., 2007) in the pathogenesis of expansion and tubular damage) of diabetic nephngpat
Cis-induced nephrotoxicity. It has been suggested t in streptozocin-induced diabetic rats. Several istid
Cis-induced oxidative stress via its binding to theal demonstrated that oxidative stress in diabetic éysn
base transport system resulted in peroxidation ofcan be decreased by FEN (Chen and Quilley, 2008;
membrane lipids and subsequently generation ofHiukkaet al., 2010; Bishnoét al., 2012).
Reactive Oxygen Species (ROS) (Baatkal., 2003). NAM has been shown to have antioxidant activity.
Mukhopadhyayet al. (2011) reported that Cis triggers Besides inhibiting protein oxidation and lipid
oxidative stress in the mitochondria of kidney pnoad peroxidation, it also inhibits ROS-induced apoposi
tubular and endothelial cells, which is followed RPS (Cuzzocrea et al., 2001). The findings of many
generation, deterioration of mitochondrial struetand researches confirmed the antioxidant effect of NAM.
function, an intense inflammatory response, celitde  study by Aylaet al. (2011) revealed that pretreatment
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with NAM protected renal tissue against doxorubicin nephrotoxicity and significantly inhibited Cis-incled
induced nephrotoxicity via its antioxidant actioa & increased expression of many cytokines including--bN
increased the activities of glutathione, catal@&®x and  and IL-6. Furthermore, Nagothat al. (2005) reported
protein oxidation levels in renal tissue. Also, NAM that bezafibrate treatment inhibits Cis mediated
prevented the histopathological changes occurredtalu  tubular injury by preventing the activation of vaus
doxorubicin toxicity in rat kidney. Piret al. (2002) and  cellular mechanisms that lead to proximal tubul# ce
recently Leeet al. (2013b) concluded that NAM was death. These findings support previous observations
able to diminish beta cell apoptosis and suggeitatl by Li et al. (2004) who suggested that the use of
protective effect of NAM on beta cell glucolipotoity fibrates represents a novel strategy to amelioGise

is attributed to its antioxidant activity. induced acute renal failure by preventing proximal
Previous studies have shown increased tissue dontertubule cell apoptosis and necrosis.

of inflammatory mediators together with inflammator In addition, observations of decreased leucocytes

cell infiltration, suggesting that inflammation ptaan adherence to mesangial cells imply anti-inflammgator

important role in Cis-induced renal injury (Fauleehl., effects of FEN on kidney (Let al., 2010). In this

2007; Luet al., 2008). Cis induced marked up-regulation context, increased expression of inflammatory
of TNF-o and IL-13 mRNA in the kidney (Ramesh and mediators in diabetic kidneys was inhibited by FEN
Reeves, 2002; Zhang al., 2007). Zhangt al. (2007) vivo (Chenet al., 2008). Gelosat al. (2010) found that
demonstrated that local production of TMH3y renal FEN delayed the onset of proteinuria and prevented
parenchymal cells likely promotes the elaboratidn o morphological renal alterations in salt-loaded
chemokines and an influx of inflammatory cells ftéag spontaneously hypertensive stroke-prone rats, an
in functional and structural damage. animal model that develops a complex pathology

Although the precise inflammatory mechanisms are characterized by systemic inflammation, hypertemsio
unknown, marked attenuation of Cis-induced renaland proteinuria and leads to end-organ injury, FEN
damage by inhibition of TNF:- indicates that it has a treatment decreased the renal expression of plL-1
central role in mediating Cis induced inflammatecepal Transforming Growth Factor-beta (TGF-) and
injury (Ramesh and Reeves, 2003). TiFeduces renal Monocyte Chemoattractant Protein-1(MCP-1). It also
blood flow and glomerular filtration rate by actiag a  prevented the plasma and urine accumulation ofeacut
vasoconstrictor and can cause natriuresis by itihipi phase and oxidized proteins, suggesting that the
renal epithelial sodium channel activity (Shaletdal., protection induced by FEN was at least partiallyseu
2010; Majid, 2011). by its anti-inflammatory and antioxidative propesdi

The results of the present study also showed tisat C ~ Similar findings have been described in clinical
enhance tissue inflammation with increase in vagiou trials in  which FEN-treated patients with
inflammatory mediators. We observed that the levelsatherosclerosis and cardiovascular diseases had
of TNF-o and IL-6 are markedly increased in Cis- reduced plasma levels of cytokines, C-reactiveeinot
treated kidneys. In contrast to proinflammatory and fibrinogen (Krysialet al., 2011; Minet al., 2012).
mediators, the IL-10 level decreased markedly mate  FEN has also been proven to reduce plasma levalslief
tissues of Cis-treated rats. IL-10 is a well-knoanti- a, among other inflammatory markers in human meiebol
inflammatory cytokine that has been known to syndrome studies (Rosensenal., 2009). On the other
suppress proinflammatory cytokines and chemokineshand, NAM can regulate cellular inflammation. NAM
(Rossateet al., 2012), so these findings suggested thatblocks pro-inflammatory cytokines, such as IL-126] IL-
decreased endogenous IL-10 release might contributg and TNFe (Reddyet al., 2001; Ungerstedt al., 2003)
to enhanced inflammation and subsequent tissueas well as TGFp2, IL-1 B, TNF« and macrophage
injury by Cis. Pretreatment of rats with either FEN  chemotactic protein-1 in hepatic cells (Traisgral.,
NAM significantly improved endogenous IL-10 2005). Moreover, Shit al. (2012) found that NAM
release with simultaneous suppression of T&N&nd  induced a significant reduction in the plasma Isved
IL-6 in renal tissues. However, their combinatioasw  pro-inflammatory cytokines TNE; interferony and IL-
found to be more effective than each drug alone ing and suggested that NAM possesses protectiveteffec
restoring the balance between proinflammatory andon acetaminophen-induced liver injury, which may
anti-inflammatory cytokines. _ involve the anti-inflammatory action.

FEN has potent anti-inflammatory effect via  Fyrthermore, NAM modulates TN&-in vascular
activation of PPARy in animal experiments and clinical cells (Fukuzawaet al., 1997). NAM also may control
studies (Duezt al., 2002; Okopieret al., 2006). The  inflammatory mechanisms that lead to arthritis, hsuc
findings of this study are in line with those ofpious  as the inhibition of collagen Il expression (Krogesl.,
experimental studies, let al. (2005) demonstrated that 1999) as well as contact hypersensitivity reactions
pretreatment with PPAR-ligand WY, a fibrate class of (Bryniarski et al., 2008). A recent study by
PPARo ligand, afforded protection from Cis Monfrecola et al. (2013) reported that NAM
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significantly downregulated IL-6, MCP-1 and TNF- Ali, B.H., M. AL-Moundhri, M. Tageldin, I.S. AL
MmRNA expression in Ultraviolet (UV)-irradiated Husseini and M.O. Tanirat al., 2008. Ontogenic
keratinocytes, so NAM can be used as a possibiajtie aspects of cisplatin-induced nephrotoxicity in rats
to improve or prevent conditions induced by (UV) Food Chem. Toxicol., 46: 3355-3359.

radiation which has profound effects on human skin, DOI: 10.1016/j.fct.2008.07.030

causing inflammation, cellular-tissue injury andlce Atessahin, A., A.O. Ceribasi, A. Yuce, O. Bulmusian

death. However, the role of NAM during G. Cikim, 2006. Role of Ellagic acid against
inflammation is not entirely clear, since some cisplatin-induced nephrotoxicity and oxidative sge
investigations that examined the ability of oral MA of rats. Basic Clin. Pharmcol. Toxicol., 100: 121-

administration to reduce cytokine production 126. PMID: 17244261.
following endotoxin challenge in healthy volunteers Ayla, S., I. Seckin, G. Tanriverdi, M. Cengiz, Msé&
did not demonstrate a significant effect upon serum and G. Oktenet al., 2011. Doxorubicin Induced

cytokine levels (Soopt al., 2004). Nephrotoxicity: Protective Effect of
Nicotinamide. Int. J. Cell Biol., 2011: 9-9.
Conclusion DOI: 10.1155/2011/390238

o _ Baek, S.M., C.H. Kwon, J.H. Kim, J.S. Woo and Y .K.
The beneficial prophylactic effects of FEN and Kim et al., 2003. Differential roles of hydrogen

NAM against Cis-induced nephrotoxicity observed in peroxide and hydroxyl radical in cisplatin-
this study were attributable to the anti-oxidantdan induced cell death in renal proximal tubular
anti-inflammatory action of each of them. Also, the epithelial cells. J. Lab. Clin. Med., 142: 178-186.
extracted data justified that combined administrati DOI: 10.1016/S0022-2143(03)00111-2

of FEN and NAM has more potential ameliorative Beauchamp, C. and |. Fridovich, 1971. Superoxide
effects on Cis-induced nephrotoxicity compared to  dismutase: Improved assays and an assay applicable

their individual effect; hence the combined therapy  to acrylamide gels. Anal. Biochem., 44: 276-287.
could be more effective. DOI: 101016/0003'2697(71)90370'8
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