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ABSTRACT

Aim: Cisplatin causes oxidative damage in the kidney. Sesamol is
one of the water-soluble and antioxidant compounds of sesame
oil. We investigated the effect of sesamol on experimental cisplatin
nephrotoxicity and lipid peroxidation.

Material and Method: Twenty-eight male Wistar rats were used in
4 groups (n=7): control, sesamol (8 mg/kg/day), cisplatin (7 mg/kg
i.p., single dose), and cisplatin + sesamol. Specimens were evalu-
ated with biochemical, molecular and histopathologic methods.
SPSS package programme was used for statistical analyses.

Results: Urea and creatinine levels were significantly higher
in the cisplatin group compared to the control group and were
significantly decreased in the cisplatin+sesamol group (p<0.05).
Cisplatin-treated rats showed a significant increase in malondi-
aldehyde (MDA) levels (p<0.05). Sesamol significantly decreased
MDA (p<0.05). Nuclear factor kappa B (NF-kB) levels increased in
the cisplatin group compared to the control group and decreased
significantly in the cisplatin+sesamol group (p<0.001). Nuclear
factor erythroid 2-related factor 2 (Nrf2) and heme oxygenase-1
(HO-1) levels were decreased in the cisplatin group compared
to the control group (p<0.001) and increased significantly in the
cisplatin+sesamol group (p<0.01). Histopathological changes with
cisplatin decreased with sesamol.

Conclusion: We determined that sesamol decreases lipid peroxi-

dation and NF-kB levels and shows antioxidant effect by increas-
ing Nrf2 and HO-1 levels on cisplatin induced nephropathy.

Key words: cisplatin; nephrotoxicity; sesamol; nuclear factor kappa B; nuclear
factor erythroid 2-related factor 2; heme oxygenase-1

OZET

Amac: Sisplatin bébrekte oksidatif hasara neden olmaktadir.
Sesamol, susam yaginin suda ¢éziiniir ve antioksidan bilesenlerin-
den biridir. Sesamoliin, deneysel sisplatin nefrotoksisitesi ve lipid
peroksidasyonu Uzerindeki etkisini arastirdik.

Materyal ve Metot: Yirmi sekiz erkek, Wistar albino rat dért gruba
aynldi (n=7): konrol, sesamol (8 mg/kg/giin), sisplatin (7 mg/kg i.p.,
tek doz), ve sisplatin + sesamol. Ornekler biyokimyasal, molekiiler ve
histopatolojik olarak dederlendirildi. Istatistiksel analiz icin SPSS pa-
ket program kullanildl.

Bulgular: Ure ve kreatinin diizeyleri sisplatin grubunda kont-
rol grubuna gére istatistiksel olarak anlamli yliksek bulunurken,
sisplatin+sesamol grubunda ise anlamli diisis gérildi (p<0,05).
Sisplatin verilen ratlarda malondialdehid (MDA) dlizeylerinde an-
lamli artis saptandi (p<0,05). Sesamol, MDA dlizeylerini anlamli
dlclide azaltti (p<0,05). Niikleer faktér kappa B (NF-kB) dizeyleri
sisplatin grubunda kontrol grubuna gére istatistiksel olarak anlamli
ylksek bulunurken, sisplatin+sesamol grubunda ise anlamli dlisiis
gorildi (p<0,05). Nikleer faktér eritroid 2-iliskili faktdr 2 (Nrf2) ve
hem oksijenaz-1 (HO-1) dlizeyleri sisplatin grubunda kontrol gru-
buna gére istatistiksel olarak anlamli dlisik (p<0,001) bulunur-
ken, sisplatin+sesamol grubunda ise anlamli yikselme gérildi
(p<0,01). Sisplatinin neden oldugu histopatolojik degisikliklerin,
sesamol uygulamasiyla azaldigi gérdld(.

Sonug: Sesamollin, sisplatin nedenli nefropatide lipid peroksidas-

yonu ve NF-kB dlizeylerini azalttigini ve antioksidan etki géstererek
Nrf2 ve HO-1 dlizeylerini artirdigini saptadik.

Anahtar kelimeler: sisplatin; nefrotoksisite; sesamol; niikleer faktér kappa B;
niikleer faktor eritroid 2-iliskili faktor 2; hem oksijenaz-1
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Introduction

Cisplatin (cis-diamminedichloroplatinum II) is an
important cytotoxic agent, generally used as an ef-
fective antineoplastic in many solid tumors, such
as cancers of the head, neck, lung, testis, ovary
and kidney. It may cause ototoxicity, gastrotox-
icity, myelosuppression and allergic reactions'~.
Nephrotoxicity is the primary side effect that causes
the dose limitation of cisplatin®.

Multiple factors play a role in the etiology of cis-
platin nephrotoxicity. These factors include reduc-
tion in renal blood flow, increased renal vascular
resistance, oxidant stress, decreased enzyme activ-
ity against peroxidation and changes in the renin-
angiotensin-aldosterone system. Renal blood flow
decreases in the first 3 hours following cisplatin
administration. After 48 to 72 hours, proximal tu-
bular dysfunction and renal vascular resistance in-
creases occur. After 72 to 96 hours, GFR decreases.
Reversible acute kidney injury is observed in 25%
of patients within 1-2 weeks after cisplatin treat-
ment*. Recent studies have shown that inflamma-
tion plays an important role in cisplatin-induced
kidney damage. Cisplatin increases renal expres-
sion of TNF-a. TNF-a plays a central role in re-
nal injury; TNF-a induces apoptosis, contributes to
the production of reactive oxygen species (ROS)
and coordinates the activation of many chemokines
and cytokines in the kidney. Studies have shown
that TNF-a inhibitors improve cisplatin-induced
renal dysfunction by 50%, and reduce structural
damage*. A large proportion of TNF-a knock-out
mice were observed to be protected from cisplatin
nephrotoxicity’.

Sesamol is a vegetable oil with effects against dis-
eases such as atherosclerosis and hypertension, and
has anti-aging properties®. Sesamol (5-hydroxy-1.3-
benzodioxol or 3.4-methylenedioxyphenol) is one
of the most important compounds of sesame oil
with water-soluble and antioxidant properties’®.
Nuclear factor erythroid 2- related factor 2 (Nrf2) is
a key factor in cellular stress response. It has been
suggested that Nrf2 has a potential role in cisplatin
cytotoxicity and resistance to this drug®!°.

Oxygen is an unstable element, found in nature
as dioxygen. This unstable structure is formed
from oxygen radicals by using two electrons in
the outer orbit of another oxygen atom!!. The ini-
tial cause of disorders caused by free radicals is
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lipid peroxidation (LPO) of the cellular mem-
branes. LPO is defined as a chemical phenomenon
initiated by free radicals and causes the oxidation
of unsaturated fatty acids in the structure of mem-
branes'>. Malondialdehyde (MDA), the leading
product of LPO, occurs in the peroxidation of fatty
acids containing three or more double bonds!*!4.

Many defence mechanisms have been developed in
the body to limit the levels of ROS and their dam-
ages. These mechanisms are known as antioxidant
defence systems or antioxidants. Antioxidants sup-
press lipid peroxidation by inhibiting peroxidation
chain reaction and collecting ROS'!6, Tt is known
that heme oxygenase (HO) enzyme acts as a protec-
tive factor on the endothelium against ROS'’. HO-
1, the isoform of HO, is severely induced due to
oxidative stress (OS) and demonstrates that this en-
zyme protects the cell against oxidative damage'®.

In this study, we aimed to investigate the protective
effects of sesamol, an antioxidant and anti-inflam-
matory molecule, on cisplatin nephrotoxicity.

Material and Method

In this study, 28 male Winstar albino, 10-week-old-
rats weighing 200-250 g were obtained from Firat
University Experimental Research Centre. Rats were
randomly grouped as follows:

1. Control group (n=7): On the fourth day, isotonic
saline solution (1 ml/kg/day) were administered
intraperitoneal (i. p.) and fed with a basal diet.

2. Sesamol group (n=7): Eight mg/kg of sesamol was
administered for 10 days in total.

3. CDDP (cisplatin) group (n=7): On the fourth
day, CDDP (CDDP; Sigma Chemical Co., USA)
dissolved in 0.9% saline (1 ml/100 g/kg) was ap-
plied i. p. with 7 mg/kg dose. Nephrotoxicity was
induced by one-time i. p. CDDP injection.

4. Sesamol+CDDP group (n=7): Rats with both
CDDP and sesamol administrations were treated
as described above.

Sesamol, dissolved in physiological saline
(Sesamol 98% Sigma Aldrich, Germany), was ad-
ministered by gavage as an 8 mg/kg/day dose, 3
days before the beginning of CDDP and contin-
ued for a total of 10 days. Six days after the ad-
ministration of cisplatin, the rats were decapitated
under anaesthesia; tissue samples were taken for
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histopathology and western blot and stored at
80°C until analysis. The kidneys were removed
for histological examination by perfusion via
aorta in phosphate buffered solution (PBS; 0.15
MNaCl and 0.01 M sodium phosphate buffer, pH
7.4). Blood samples were taken for serum urea ni-
trogen and creatinine measurements.

Blood samples were centrifuged at 300 G for 10
minutes, and their sera were separated. Serum
urea nitrogen and creatinine were measured with
a biochemical analyser (Olympus AU-660, Japan).
Tissue MDA levels were analysed by high pressure
liquid chromatography (HPLC, Shimadzu, Tokyo,
Japan), modified from Karatepe'.

Kidney tissues were buffered in 1:10 (w/v) [10 mM
Tris-HCI, pH 7.4, 0.1 mM NacCl, 0.1 mM phenyl-
methylsulfonyl fluoride (PMSF), as trypsin inhibi-
tor, 5 uM soybean (solute powder); St. Louis, MO,
USA)] solution. Tissue homogenates were centri-
fuged at 15.000 x g for 30 min at 4°C. Supernatants
were taken into new tubes. The primary antibod-
ies (Anti-Nrf2 antibody, Anti-NF-kB p65 antibody
and Anti Heme Oxygenase 1 antibody; Abcam,
Cambridge, UK) was diluted in the same buf-
fer containing 0.05% Tween-20 at a 1:1000 rate.
Protein concentration was measured using the pro-
tein measurement kit (Sigma, St. Luis, MO, USA),
according to the Lowry procedure.

The left kidney of each rat was fixed with 20%
neutral buffered formalin solution for histological
examination. It was then dehydrated slowly and
embedded in paraffin. Paraffin blocks were cut into
5 mcM sections in accordance with standard proce-
dures and stained with haematoxylin-eosin dye*.

Minimun 10 area for each renal slide was exam-
ined. A pathologist who was not aware of the treat-
ment groups semiquantitatively evaluated vacuole
degeneration, tubular atrophy and dilatation, tubu-
lar necrosis, interstitial edema and inflammation.

The Statistical Package for the Social Sciences
(IBM-SPSS 22, Chicago, IL, USA) was used for
statistical analysis. Quantitative data are presented
as mean = standard deviation. Statistical differences
between the main groups were determined by one-
way analysis of variance (ANOVA) followed by
the Duncan Post Hoc test. Statistical significance
was accepted as p<0.05.

Results

In terms of urea levels, no significant difference was
observed between the control and sesamol groups.
However, urea levels in the cisplatint+sesamol
group decreased significantly compared to the cis-
platin group (p<0.05) (Table 1).

No significant difference was observed between the
control and sesamol groups in terms of creatinine
values. Creatinine levels in the cisplatin+sesamol
group decreased significantly compared to the cis-
platin group (p<0.05) (Table 1).

There was a significant increase of tissue MDA lev-
elsin the cisplatin group compared to the control
group (p<0.05). Also, the cisplatin+sesamol group
was found to be significantly increased (p<0.05),
but a statistically significant decrease was observed
compared to the cisplatin group (p<0.05) (Table 1).

NF-kB levels in kidney samples were analysed by
Western blot. There was no statistically significant

Table 1. Effects of sesamol supplementation on serum parameters in rats with cisplatin nephrotoxicity (n= 7)

Groups

Parameters Control Sesamol Cisplatin Cisplatin + Sesamol
Urea (mg/dL) 49.43+1.94¢ 44 43+1.54¢ 327.00+48.96° 220.71+40.40°
Creatinine (mg/dL ) 0.280+0.015° 0.281+0.014¢ 3.517+0.739° 1.830+0.509°
MDA (umol/L) 0.337+0.028° 0.302+0.015° 1.938+0.203¢ 1.319+0.094°
NF-kB 100+10.96¢ 103.13+13.74¢ 223.66x11.132 168.18+4.4°
Nrf2 100+5.90° 96.93+5.432 34.45+3.40° 54.45+5.07°
HO-1 100+0.43¢ 97.63+2.722 69.50+2.94¢ 83.82+2.56°

MDA: malondialdehyde, NF-kB: nuclear factor kappa B, Nrf2: nuclear factor erythroid 2-related factor 2, H0-1:heme oxygenase-1.

Values are presented as mean and standard error.
NF-kB, Nrf2, HO-1 indicated as % of control group.
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NF-kB: nuclear factor kappa B
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Figure 1. a, b. Effect of sesamol on serum NF-kB (a) and Nif2 (b) level in rats treated with cisplatin nephrotoxicity.

difference between the control and sesamol groups
in terms of NF-kB levels (p>0.05). When the cis-
platin and control groups were compared, a sta-
tistically significant increase was observed in the
cisplatin group (p<0.001). In the cisplatin + sesa-
mol group, a significant increase was observed
compared to the control group (p<0.001), but a
statistically significant decrease was observed
when compared tothe cisplatin group (p<0.001)
(Figure 1).

There was no statistically significant difference
between the control and sesamol groups (p>0.05).
When the cisplatin and control groups were com-
pared, a statistically significant decrease was ob-
served in the cisplatin group (p<0.001). Although
Nrf2 expression of the cisplatin+sesamol group de-
creased significantly in comparison with the con-
trol group (p<0.001), but increased significantly
when compared with the cisplatin group (p<0.01).

There was no statistically significant differ-
ence between the control and sesamol group-
sin terms of HO-1 (p>0.05). In the cispla-
tin and cisplatin+sesamol groups, there was a

significant decrease in comparison with the con-
trol group (p<0.001). On the other hand, in the
cisplatintsesamol group, HO-1 levels increased
significantly compared to the cisplatin group
(p<0.001).

Mild interstitial oedema was observed in the kidneys
taken from the control and sesamol groups. In the cis-
platin group, mild vacuolization, interstitial oedema,
interstitial inflammation, moderate tubular atrophy
and tubular necrosis were observed. Tubal necrosis, tu-
bular atrophy, vacuolization, and interstitial inflamma-
tion decreased in the cisplatin+ sesamol group.

Discussion

The use of antineoplastic drugs with nephrotoxic
properties in the treatment of tumours has begun
to cause chronic kidney disease development more
often due to chemotherapy?®'. Cisplatin is an anti-
neoplastic agent with high antitumoral activity and
has a wide range of use. However, the dose-depen-
dent nephrotoxic effect limits its use. The cellular
mechanism of cisplatin nephrotoxicity is not fully
known. Therefore, to understand the mechanism of
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toxicity, the effect of cisplatin has been studied in
various animal models®.

Oxidative stress plays an active role in cisplatin-
induced acute kidney injury. ROS may be produced
by xanthine-xanthine oxidase, mitochondria and
nicotinamide adenine dinucleotide phosphate oxi-
dase (NADPH oxidase) in the cells in OS states.

Cisplatin activates all these pathways. These oxi-
dant molecules act directly on cell components,
such as lipids, proteins and DNA and disrupt their
structures. MDA, a product of lipid peroxidation,
has been shown to increase in renal tissue as a re-
sult of OS%.

In our study, as in many cisplatin model studies,
it was observed that nephrotoxicity successfully
developed in cisplatin-treated rats. Serum urea and
creatinine levels were significantly increased in
cisplatin-treated rats compared to the control and
sesamol groups. Histopathological examination
revealed significant renal injury in the cisplatin
group. Also in the cisplatin group, MDA and tran-
scriptional factor NF-kB levels were significantly
increased while a significant decrease was observed
in Nrf2 and HO-1 levels.

Kuhad et al.* investigated the protective effects
of sesamol treatment in an experimental diabetes
model. They observed that sesamol supplemen-
tation, in addition to streptozocin, significantly
decreased serum urea and creatinine values com-
pared to streptozocin alone. Also, sesamol has been
shown to reduce OS due to sepsis and to prevent
organ damage. Similarly, Gupta et al.* showed
the protective effect of sesamol on ferric nitrilotri-
acetate-induced nephrotoxicity in an experimental
study. Hsu et al.?® also investigated the protective
effect of sesamol against ferric nitrilotriacetate-
induced acute renal insufficiency, and shown that
serum urea and creatinine levels were significant-
ly lower in patients who received sesamol with
cisplatin. In our study, despite the elevation of
serum urea and creatinine levels in the cisplatin
group, sesamol significantly decreased nephrotox-
ic effect. We found a significant decrease in tissue
MDA levels in the cisplatin+sesamol group com-
pared to cisplatin group. In a similar study, Chu
et al.?” investigated the effects of sesamol on OS
in serulein-induced acute pancreatitis and found
a significant decrease in lipid peroxidation in the
sesamol+ serulein treated group compared to the

Kafkas J Med Sci 2020; 10(3):180-187

serulein-alone group. Kuhad et al.?® investigated
the protective effects of sesamol on cognitive de-
cline in diabetic mice. They found a significant
decrease in MDA levels in the brain tissue group
in the sesamol+streptozocin group compared to
the streptozocin-receiving rats. The data obtained
in our study is compatible with the data in the lit-
erature. It has been determined that the inhibition
of lipid peroxidation plays an important role in
the protective effect of sesamol against cisplatin
nephrotoxicity. The role of oxidative damage in
cisplatin nephrotoxicity has been reported in vari-
ous studies.

Previous studies have shown that cisplatin increases
the formation of ROS, reduces antioxidant enzyme
levels and induces apoptosis. One study reported
that ROS due to cisplatin caused an increase in NF-
kB formation®. In our study, we found a significant
increase in NF-kB level in the cisplatin group com-
pared to the control and sesamol groups. However,
we found a significant decrease in tissue NF-kB
level in the sesamol+ cisplatin group compared to
the cisplatin group. Similar results have been ob-
tained in many studies where the relationship be-
tween sesamol, and NF-kB was investigated. As
mentioned above, Kuhad et al.>* studied the protec-
tive effect of sesamol in an experimental diabetic
nephropathy model and reported that sesamol sig-
nificantly decreased NF-kB levels and found a pre-
ventive action against nephropathy. In their experi-
mental cardiometabolic syndrome model, Sharma
et al.** found a significant decrease in NF-kB levels
in the hepatic tissue ofrats receiving a sesamol+fat
rich diet compared to a group that received only fat.
In another study, Chang et al.’! reported that sesa-
mol inhibited the NF-«B signal pathway in platelet
activation.

Nuclear factor kappa B provides expression of
many genes involved in inflammation, embryonic
development, lymphoid differentiation, oncogen-
esis and apoptosis, whereas Nrf2 is a transcription
factor that regulates the transcription of antioxi-
dant enzymes, such as HO-1, NAD (P) H: quinine
oxidoreductase-1, c-glutamylcysteine sentase and
glutathione S-transferase. Nrf2 increases the pro-
duction of antioxidant enzymes, such as HO-1, and
protects cells against oxidative stress®?>. Many stud-
ies have shown an inverse relationship between
NF-kB and Nrf2.
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Figure 2. Effect of sesamol administration in cisplatin nephrotoxicity on morphological changes in rat kidney tissue, as described above.

In an experimental study, Kili¢ et al.’* reported
the protective effect of melatonin against cispla-
tin nephrotoxicity by increasing Nrf2/HO-1 and
decreasing NF-kB levels. In our study, we found
asignificant decrease inHO-1 and Nfr2 levels in the
rats receiving cisplatin. Compared to the cisplatin
group, Nrf2 and HO-1 levels were significantly in-
creased in the sesamol+cisplatin group. To the best
of our knowledge, no other study of the relation-
ship has addressed the relationship between sesa-
mol and Nrf2/HO-1.

The study by Parlakpinar et al.**, reported di-
lated tubules, damaged glomeruli, interstitial
oedema and focal inflammation in the kidney
damage induced by the cisplatin model. Ozyurt
et al.** reported tubular epithelial vacuolisation,
cellular swelling and spillage due to cisplatin’s
effects. In our study, we observed tubular vacu-
olisation, interstitial inflammation, interstitial

oedema, tubular atrophy and tubular necrosis due
to cisplatin, and noted significant healing in the
sesamol+cisplatintreated rats.

In their experimental study, Liu Z et al.*®, demon-
strated that sesamol alleviated systemic inflamma-
tion-induced amyloidogenesis and cognitive deficits
by preventing neuron damage, suppressing glia acti-
vation, and down-regulating inflammatory respons-
es with anti-neuroinflammatory effects of sesamol
via blocking translocation and DNA binding activity
of NFkB and, they presented sesamol as a treatment
option for amyloidogenesis and neuroinflammation.

Sesamol was also observed to attenuate systemic
lipopolysaccharide-induced lung inflammation by
inhibiting the alveolar macrophage inflammatory
response in rat model*’-*,

In conclusion, we determined that sesamol decreas-
es lipid peroxidation and proinflammatory NF-«kB

Kafkas J Med Sci 2020; 10(3):180-187
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levels andincreases antioxidant Nrf2 and HO-1 lev-
els. Sesamol has a protective effect against cispla-
tin nephrotoxicity by reducing OS and inflamma-
tion in kidney tissue.
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