Iranian Journal of Basic Medical Sciences
ijbms.mums.ac.ir

The investigation of the effect of fraxin on hepatotoxicity induced
by cisplatin in rats
Fazile Nur Ekinci̇-Akdemi̇r 1*, Çiğdem Bi̇ngöl 2, Serkan Yıldırım 3, Fatih Mehmet Kandemi̇r 4, Sefa
Küçükler 4, Yavuz Selim Sağlam 3
Department of Nutrition and Dietetics, High School of Health, Ağrı İbrahim Çeçen University, Ağrı, Turkey
Department of First and Emergency Aid, Health Services Vocational High School, Ağrı İbrahim Çeçen University, Ağrı, Turkey
3
Department of Pathology, Faculty of Veterinary, Atatürk University, Erzurum, Turkey
4
Department of Biochemistry, Faculty of Veterinary, Atatürk University, Erzurum, Turkey
1
2

ARTICLE INFO

ABSTRACT
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Objective(s): This study was designed to assess the effect of fraxin which has various biological
properties against liver injury induced by cisplatin.
Materials and Methods: In our study, 24 Wistar albino rats were randomly assigned to control, fraxin,
cisplatin, and fraxin+cisplatin groups. Cisplatin 12 mg/kg IP and fraxin 40 mg/kg orally were applied.
When the experiment ended, the rats were sacrificed and the liver tissues were taken rapidly. Liver
tissue specimens were maintained under appropriate conditions. Later, biochemical, histopathological,
and immunohistochemical evaluations were performed.
Results: According to our biochemical findings, oxidant parameters increased while antioxidant
parameters decreased in cisplatin group compared with control group. Antioxidant parameters
increased but oxidant parameters decreased in fraxin + cisplatin group compared with the cisplatin
group. Immunohistochemical evaluations showed that the expressions of TNF-α and Caspase-3
were negative in control and fraxin groups, whereas severe levels were found in the cisplatin group.
However, it was determined that the expressions of TNF-α and Caspase-3 were in mild levels in fraxin +
cisplatin treatment group. In addition, it was observed that the increase of pathological markers such
as coagulation necrosis, hydropic degeneration, dilatation in sinusoid, and hyperemia in the cisplatin
group were compatible with our biochemical and immunohistochemical findings.
Conclusion: Biochemical, immunohistochemical, and histopathological results revealed that fraxin
was effective in relieving cisplatin-induced liver damage.
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Introduction

The prominence of cancer is getting more and
more attention as a consequence of various external
parameters like exposure to radiation and excessive use
of technological tools. Chemotherapy is currently one of
the main procedures preferred in the treatment of cancers
and is an effective treatment method used together with
radiotherapy and surgery (1). Antineoplastic drugs,
which are used in the treatment of cancers and have
high reliability, may lead to damage to healty cells due
to undesirable effects while destroying the target cancer
cells (2). Cisplatin (cis-diamminedichloroplatinum
II) is an organic platinum derivative and commonly
used as an antineoplastic therapeutic agent frequently
preferred in clinical practice due to its wide range of
use and antitumoral properties (3, 4). Among the toxic
effects arising from the usage dose; hepatotoxicity,
nephrotoxicity, neurotoxicity, testicular toxicity, and
gastrointestinal damage limit the use of cisplatin (5, 6).
Oxidative stress takes an important role in cisplatininduced liver damage. Lipid peroxidation of biologic
molecules originating from free oxygen radicals
(ROS) leads to oxidative stress, which plays a role in
the pathogenesis of cancer, heart diseases, toxic cell

damage, and many other diseases (7). Enzymatic and
non-enzymatic anti-oxidants in the cell are responsible
for the cell protection against the deleterious effects of
oxidative damage caused by ROSs (8). Numerous studies
have been conducted to alleviate cisplatin toxicity with
the combined use of many anti-oxidant treatments
against the toxicity caused by cisplatin (9, 10).
Fraxin is a powerful anti-oxidant which has a simple
hydroxyl containing coumarin glycoside and shows a
strong radical scavenging property (11). Fraxin has
a strong anti-oxidant property as well as the ability
to have anti-inflammatory, anti-hyperuricemia, antimetastatic, anti-carcinogenic, neuroprotective, and antithrombotic effects (12-15).
Detailed literature search found no studies done with
fraxin in order to alleviate the toxic effect of cisplatin on
the liver. In this respect, it is aimed to contribute to the
scientific literature and to determine the effect of fraxin,
which has wide biological activities in reducing liver
damage due to cisplatin administration.

Materials and Methods

Ethical approval and laboratory conditions
This study was performed with the consent of
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the Atatürk University Experimental Animals Local
Ethics Committee (dated 26.10.2017 and numbered
149). Animal experiments were carried out at Atatürk
University Experimental Animal Research Center.
Experimental animals were maintained at 24±1 °C with
an average humidity of 55%, and 12-hr light/dark cycle.
Rats had access to food and water ad libitum, placed
3 per cage. Fraxin was purchased from Sigma Aldrich
(Sigma Aldrich, USA). Cisplatin (50 mg/100 ml) was
obtained from Koçak pharmaceutical company (Koçak
Farma, Istanbul, Turkey). Ketamine (50 mg Vial 1)
was obtained from Pfizer Inc. (Pfizer Ltd. Şti., Istanbul,
Turkey), and Xylazine HCl (ınjection Alphazilyn 2%)
was purchased from Ege Hayvancılık (San. ve Tic. Ltd.
Sti. Izmir, Turkey).
Animals and groups
Twenty-four Wistar albino male rats were used
in this study. Rats were randomized into four groups
(n=6). The groups were planned as control (no
medication was given to the rats in this group), fraxin
(fraxin was orally administered at 40 mg/kg/day dose
for one week), cisplatin (cisplatin was administered at
the dose of 12 mg/kg intraperitoneally (IP) and the rats
in this group were sacrificed by applying a high dose
anaesthetic agent 72 hr after cisplatin administration)
and fraxin+cisplatin (as in fraxin and cisplatin groups,
fraxin and cisplatin were applied) groups. The dose and
duration of treatment of the fraxin used in this study
was determined according to the previous studies (11,
16). At the end of the experiment, the liver tissues
were rapidly removed and a part of them was stored
at -80 °C until washing in normal saline. The rest of
the liver tissue was fixed in 10% formalin solution and
stored for histopathological and immunohistochemical
evaluations.
Biochemical evaluation
The level of malondialdehyde (MDA) (nmol/g tissue)
was determined according to the method defined by
Placer et al. (17). The activity of superoxide dismutase
(SOD) was assessed using a method specified in
literature (18). Catalase (CAT) (catal/g protein) activity
was studied based on a known method (19). Glutathione
(GSH) (nmol/g tissue) level was calculated using the
method developed by Sedlak and Lindsay (20). The
activity of glutathione peroxidase (GPx) (U/g protein)
was measured according to another known method (21).
The Lowry et al. method was preferred for evaluation of
the protein content of the supernatant (22).

Histopathological
and
immunohistochemical
evaluation
Tissue samples taken for histopathological evaluation
were fixed in 10% formalin solution for 48 hr. Standard
procedures for tissue tracking were placed in the resulting
paraffin blocks. Cross sections were chosen from each
block with 4 µm thickness. Hematoxylin-Eosin (HE)
staining and light microscopy examination were applied
to samples for histopathological evaluation. Adhesive
(poly-L-Lysine) slides were preferred for taking sections
and a dehydration procedure was applied via passing
through xylol and alcohol series for immunoperoxidase
evaluation lasting 5 min, distilled water was used for
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washing. In order to prevent antigen masking in the
core, sections were microwaved four times in an antigen
retrieval (citrate buffer, pH 6.1) solution for 5 min and
then, they were moved away from the microwave and
cooled to room temperature for 30 min. After, washing
with distilled water, the periphery of the tissue was
drawn with a hydrophobic pencil were applied. During
10 min endogenous peroxidase was exposed to 3% H2O2
via washing with phosphate buffered solution (PBS, pH
7.2) for inactivation. After the washing stage, incubation
was applied for 5 min to avoid nonspecific ground
staining. When the incubation ended, primary antibody
was distilled without washing and allowed to stand at
room temperature for 1 hr. Then washing twice with PBS
for 5 min and incubating biotinidase antibody for 10–30
min at room temperature were performed. Afterward,
washing with PBS was repeated, then the sections
were immersed in streptavidin-peroxidase for 10–30
min, and they were washed with PBS again. Mayer’s
hematoxylin was applied for 1–2 min, and washing with
tap water was performed. Following this process, slides
were closed by dipping in 80% ethanol, 96% ethanol,
100% ethanol and xylolite for 3 min. Due to their
immunoreactivity, sections were determined as no (-),
mild (+), moderate (++), or severe (+++). Histological
and immunohistochemical evaluations were performed
according to the histological and immunohistochemical
methods used in our previous study (23).
Statistical evaluation
One-Way ANOVA variance analysis test was applied
to the biochemical parameters obtained in our study.
They were then analyzed using Tukey’s HSD test for
intergroup comparison. All results were presented as
Mean±SEM with minimum and maximum values. In
the histopathological examination, Kruskal-Wallis and
Mann-Whitney U tests were used for the analysis of
differences among the groups of semi quantitatively
obtained data. P<0.05 was accepted as statistically
significant.

Results

Biochemical results
Figure 1 shows that MDA levels were significantly
higher in the cisplatin group compared with the control
group and especially it decreased in the fraxin + cisplatin
group compared with the cisplatin group, but was only
close to the control group in the fraxin-administered
group. GSH levels were also at the lowest level in the
cisplatin group compared with the control group,
especially while they were elevated in fraxin+cisplatin
group compared with cisplatin group and it was at the
highest level in the fraxin group. In addition, SOD enzyme
activity, which is one of the enzymatic anti-oxidants
inhibits lipid peroxidation and constitutes the first
defense system against ROS, was detected at the lowest
levels in the cisplatin group compared with control group
while it increased in the fraxin+cisplatin group compared
with cisplatin group and it was at the highest level in the
fraxin group. CAT and GPx activities were observed only
at the lowest levels in the groups treated with cisplatin,
whereas they were found to be moderate in the group
treated with fraxin + cisplatin and at the highest level
only in the group treated with fraxin.
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Figure 1. A: CAT (katal/g protein), B: GPx (U/g protein), C: SOD (U/g
protein), D: GSH (nmol / g tissue) and E: MDA (nmol / g tissue) results
from all group of rats. a: Between control with cisplatin (P<0.0001) and
fraxin + cisplatin group (P<0.0001) b: Between fraxin with cisplatin
(P<0.0001) and fraxin + cisplatin group (P<0.0001). c: Statistically
significant correlation between cisplatin and fraxin + cisplatin group
(P<0.0001)

Histopathologic results
In the wake of the examination of the liver tissues of the
control and fraxin groups, normal histological appearance
was observed (Table 1 and Figures 2A, B). When the liver
tissues of the cisplatin group were evaluated, hydropic
degeneration in hepatocytes, coagulation necrosis and
dilatation and hyperemia in the sinusoids, especially
in the acinar and midzomal regions, were determined

Figure 2. A: The normal histological appearance of the liver tissue
of the control group of rats, B: Normal histological appearance of the
liver tissue in the fraxin group, C: Hydropic degeneration (arrows)
in hepatocytes in acinar and midzomal regions, coagulation necrosis
(arrowheads), dilatation and hyperemia in sinusoids (star), in liver
tissue of cisplatin group, D: Hydropic degeneration (arrows) in
hepatocytes in acinar and midzomal regions, coagulation necrosis
(arrowheads) in a few hepatocytes, hyperemia in vessels (star) in liver
tissue in fraxin+cisplatin group H & E, Bar: 20 μm

(Figure 2C). Mild hydropic degeneration in hepatocytes
in the acinar region, very slight coagulation necrosis
and mild degree of dilatation in the sinusoids, and less
hyperemia were observed in fraxin+ cisplatin group liver
tissues. (Table 1 and Figure 2D).
Immunohistochemical results
The expressions of caspase-3 and TNF-α were
negative in immunohistochemical analyzes of control
and fraxin group liver tissues (Figures 3A, B and 4A,
B). During immunohistochemical examination of
cisplatin group liver tissues, severe TNF-α expression
was detected in the sinusoidal wall and portal areas.

Table 1. Histopathological and immunohistochemical evaluation of hydropic degeneration, coagulation necrosis, sinusoidal dilatation, and
hyperemia. Tumor necrosis factor- alpha (TNF-α) and caspase-3 in liver tissue were summarized
Tnf-α

Caspase-3

Hydropic
degeneration
hepatocytes

Fraxin group

Cisplatin group

Fraxin+Cisplatin group

-

-

+++

+

-

in

-

+++

++

-

-

+++

++

Coagulation necrosis

-

-

+++

+

Hyperemia

-

-

+++

Sinusoidal dilatation
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Control group

-

-

+++

++
++
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Figure 3. A: In liver tissue of the control group of rats, TNF-α expression
negative, B: In liver tissue of fraxin group, TNF-α expression negative, C:
In liver tissue of cisplatin group, severe TNF-α expression in sinusoidal
and central venous wall, D: Liver tissue in fraxin+cisplatin group, slight
TNF-α expression in the wall of some sinusoids IP, Bar: 20 μm

Expression of intracytoplasmic caspase-3 was detected
as severe in hepatocytes especially in the acinar
region (Figures 3C and 4C). In immunohistochemical
examinations of liver tissues in the fraxin+cisplatin
groups, TNF-α expression was detected at a mild level in
the sinusoidal walls and portal areas. In addition, mild
levels of intracytoplasmic caspase-3 expression were
observed in hepatocytes in the acinar region (Figures
3D and 4D). Also, immunohistochemical scorings were
summarized in Table 1.

Discussion

Antineoplastic drugs, which are cytotoxic agents used
during cancer treatment, often cause deterioration of
physiological homeostasis in many organs. Cisplatin can
often cause unwanted side effects like hepatotoxicity,
nephrotoxicity, testicular toxicity, ototoxicity, and
neurotoxicity (3, 24-28). Hepatotoxicity is a condition
which affects patients’ morbidity negatively. It is
important to develop new drugs in order to minimize
the negative consequences of toxicity. Oxidative stress, a
significant agent in liver injury, is known to be a result of
increased free radical production and reduction in antioxidant defenses. For this reason, it has been proposed
that as biomarkers, oxidative stress evaluation may
be possible by investigating anti-oxidant depletion
and examining the decline in enzyme activities or the
rise in metabolites (29). A study has demonstrated
that oxidative stress has a part in cisplatin-induced
hepatotoxicity (30). Cisplatin causes an increase in
Iran J Basic Med Sci, Vol. 23, No. 11, Nov 2020
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Figure 4. A: In the control group of rats, caspase-3 expression of liver
tissue was negative, B: In fraxin group, caspase-3 expression of liver
tissue was negative, C: Liver tissue in cisplatin group, severe caspase-3
expression in hepatocytes of acinar and midzomal region, D: Liver
tissue in the fraxin+cisplatin group, liver tissue in the fraxin+cisplatin
group, mild caspase-3 expression in hepatocytes in the asinar acinar
area IP, Bar: 20 μm

the formation of reactive oxygen species (ROS) like
superoxide and hydroxyl radical (31, 32). ROS are cleared
by nonenzymatic anti-oxidants such as transferrin,
vitamin C, ceruloplasmin, GSH, and alpha-tocopherol,
as well as SOD, GPx, and CAT present in mitochondria
and cytoplasm in living cells (33). Briefly, enzymes like
SOD, GSH, CAT, and GPx and GSH play an important
role in the basic defense system versus oxidative stress
(34). Therefore, in our study, assessment of GPx, SOD,
CAT activities and GSH levels in liver tissue exposed
to cisplatin-induced oxidative stress is also important.
Increasing ROS with oxidative stress can also cause
DNA damage and lipid peroxidation in membranes.
Numerous studies have shown that cisplatin causes
radical formation. The measurement of secondary
products such as MDA was indirectly assessed as a lipid
peroxidation indicator. There are a number of studies
showing that MDA increased and anti-oxidant activity
decreased due to the use of cisplatin (3, 26, 33). Both
SOD and CAT reduce oxidative damage by breaking down
H2O2 as the most effective way of protecting the cell from
damage (34, 35). In addition, the GPx enzyme catalyzes
H2O2 conversion to H2O and O2 via GSH to protect the
tissues against oxidative damage. In addition, literature
reviews have shown that anti-oxidants SOD, CAT, GSH
and GPx enzyme activities reduced cisplatin-induced
toxicity in various tissues such as brain, liver, and
kidney (3, 9, 26). In our biochemical evaluations, when
compared with the control group, MDA levels were
significantly increased in the cicplatin group, whereas
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Ei̇nci̇-Akdemi̇r et al.

GSH, GPx, SOD, and CAT activities were remarkably
decreased. However, fraxin therapy alleviated oxidative
liver damage by supporting the anti-oxidant system and
reducing MDA formation.
Apoptosis begins when the oxidative stress state
continues, ROS formation increases and removing ROS
from the environment is unavailable. Apoptosis plays a
role in the pathogenesis of many diseases. Unlike what
is known, apoptosis is useful for removing damaged,
infected cells, but pathological diseases can occur if this
condition is exacerbated. Normal cells are programmed
for death if they encounter drugs used to prevent cancer,
and they are exposed to apoptosis (36). In a study, genes
involved in the initiation of apoptosis were reported to be
Bax, Apaf-1, and caspases. In a great number of different
studies, it has been shown that caspase-3 activity, which
causes apoptosis, is over-stimulated (37-40). It has
been claimed that inflammation, in which TNF-α has a
significant part, plays an important role in cisplatininduced organ toxicity (41, 42). TNF-α initiates various
inflammatory responses and leads to the formation of
other cytokines. As a result of this, materials which have
anti-oxidant and anti-inflammatory features have been
the focus of interest. In our research, expression of TNFα was increased in the cisplatin group compared with
the control group. Whereas, in fraxin+cisplatin group, it
was in mild levels compared with the cisplatin group.
Cisplatin administration causes various damages
that can be observed both microscopically and
macroscopically in the liver. In the histopathologic
analysis of liver tissue exposed to cisplatin,
hepatocellular vacuolizations and sinusoidal dilatations
have been reported especially in the central veins around
the cells. In the studies performed in the histological
analysis of liver tissue, cytoplasmic alterations were
reported particularly hepatocellular vacuolization and
sinusoidal enlargements around the central vein and
cells (3, 43, 44). In line with the results of the research in
the literature, our study also showed histopathological
findings such as coagulation necrosis, hydropic
degeneration, sinusoidal dilatation, and hyperemia in
liver toxicity caused by cisplatin. But the severity of
this histopathological injury has been alleviated due to
treatment by fraxin.

Conclusion

Cisplatin, which we use in our studies in the light of all
these scientific studies, has shown marked biochemical,
histopathologic, and immunohistochemical changes in
the liver tissue as shown in the current literature. In
the context of findings of our study, it can be suggested
that fraxin is effective in alleviating oxidative stress,
inflammatory response and apoptosis against toxic
effects of cisplatin on liver tissue by showing antioxidant, anti-inflammatory, and antiapoptotic effects.

Acknowledgment

This work was produced from a Master’s thesis
(Bingöl Ç. The investigation of the effect of fraxin in the
liver damage induced by cisplatin in rats. Ağrı İbrahim
Çeçen University, Institute of Science, Department of
Chemistry. 2018).

Funding

This study was not funded.

1386

An antioxidant in hepatotoxicity induced by cisplatin

Availability of Data and Materials

In case of a reasonable request, the datasets used
and/or analyzed in this research can be procured from
the corresponding author.

Ethical Approval

This study was fulfilled with the approval of the
Experimental Animals Local Ethics Committee of
Atatürk University (dated 26.10.2017 and numbered
149).

Coflicts of Interest

All authors declare that there are no conflicts of
interest.

References

1. Gilman A. The initial clinical trial of nitrogen mustard. Am J
Surg 1963; 105:574-578.
2. Kintzel PE. Anticancer drug-induced kidney disorders. Drug
Saf 2001; 24:19-38.
3. Ekinci Akdemir FN, Albayrak M, Calik M, Bayir Y, Gulcin I.
The protective effects of p-coumaric acid on acute liver and
kidney damages induced by cisplatin. Biomedicines 2017; 5:
18-28.
4. Hu MH, Wang LW, Lu HJ, Chu PY, Tai SK, Lee TL, et al.
Cisplatin-based chemotherapy versus cetuximab in concurrent
chemoradiotherapy for locally advanced head and neck cancer
treatment. Biomed Res Int 2014; 2014:1-7.
5. Atessahin A, Karahan I, Turk G, Gur S, Yilmaz S, Ceribasi AO.
Protective role of lycopene on cisplatin-induced changes in
sperm characteristics, testicular damage and oxidative stress
in rats. Reprod Toxicol 2006; 21:42-47.
6. Gomez-Sierra T, Eugenio-Perez D, Sanchez-Chinchillas A,
Pedraza-Chaverri J. Role of food-derived anti-oxidants against
cisplatin induced-nephrotoxicity. Food Chem Toxicol 2018;
120:230-242.
7. Halliwell B, Chirico S. Lipid peroxidation: its mechanism,
measurement, and significance. Am J Clin Nutr 1993; 57:715-724.
8. Guemouri L, Artur Y, Herbeth B, Jeandel C, Cuny G, Siest
G. Biological variability of superoxide-dismutase, glutathioneperoxidase, and atalase in blood. Clin Chem 1991; 37:1932-1937.
9. Bentli R, Parlakpinar H, Polat A, Samdanci E, Sarihan
ME, Sagir M. Molsidomine prevents cisplatin-induced
hepatotoxicity. Arch Med Res 2013; 44:521-528.
10. Yadav YC. Hepatoprotective effect of ficus religiosa latex on
cisplatin induced liver injury in Wistar rats. Rev Bras FarmacoBraz J Pharmacog 2015; 25:278-283.
11. Chang BY, Jung YS, Yoon CS, Oh JS, Hong JH, Kim YC, et al.
Fraxin prevents chemically induced hepatotoxicity by reducing
oxidative stress. Molecules 2017; 22: 587-599.
12. Kimura Y, Sumiyoshi M. Antitumor and antimetastatic
actions of dihydroxycoumarins (esculetin or fraxetin) through
the inhibition of M2 macrophage differentiation in tumorassociated macrophages and/or G(1) arrest in tumor cells. Eur
J Pharmacol 2015; 746:115-125.
13. Li JM, Zhang X, Wang X, Xie YC, Kong LD. Protective
effects of cortex fraxini coumarines against oxonate-induced
hyperuricemia and renal dysfunction in mice. Eur J Pharmacol
2011; 666:196-204.
14. Medina ME, Iuga C, Alvarez-Idaboy JR. Anti-oxidant activity
of fraxetin and its regeneration in aqueous media. A density
functional theory study. Rsc Advances 2014;4:52920-52932.
15. Molina-Jimenez MF, Sanchez-Reus MI, Andres D, Cascales
M, Benedi J. Neuroprotective effect of fraxetin and myricetin
against rotenone-induced apoptosis in neuroblastoma cells.
Brain Res 2004; 1009:9-16.
Iran J Basic Med Sci, Vol. 23, No. 11, Nov 2020

An antioxidant in hepatotoxicity induced by cisplatin

16. Niu X, Liu F, Li W, Zhi W, Yao Q, Zhao J, et al. Hepatoprotective
effect of fraxin against carbon tetrachloride-induced
hepatotoxicity in vitro and in vivo through regulating hepatic
anti-oxidant, inflammation response and the MAPK-NF-κB
signaling pathway. Biomed Pharmacother 2017; 95:1091-1102.
17. Placer ZA, Cushman LL, Johnson BC. Estimation of product
of lipid peroxidation (malonyl dialdehyde) in biochemical
systems. Anal Biochem 1966; 16:359-364.
18. Sun Y, Oberley LW, Li Y. A Simple method for clinical assay
of superoxide-dismutase. Clin Chem 1988; 34:497-500.
19. Aebi H. Catalase in vitro. Methods Enzymol 1984; 105:121126.
20. Sedlak J, Lindsay RH. Estimation of total, protein-bound,
and nonprotein sulfhydryl groups in tissue with Ellman’s
reagent. Anal Biochem 1968; 25:192-205.
21. Lawrence RA, Burk RF. Glutathione peroxidase activity in
selenium-deficient rat liver. Biochem Biophys Res Communi
2012; 425:503-509.
22. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with the folin phenol reagent. J Biol Chem 1951;
193:265-275.
23. Ekinci-Akdemir FN, Yildirim S, Kandemir FM, Gulcin
I, Kucukler S, Saglam YS, et al. The effects of casticin and
myricetin on liver damage induced by methotrexate in rats.
Iran J Basic Med Sci 2018; 21:1281-1288.
24. Boroja T, Katanic J, Rosic G, Selakovic D, Joksimovic J,
Misic D, et al. Summer savory (Satureja hortensis L.) extract:
Phytochemical profile and modulation of cisplatin-induced
liver, renal and testicular toxicity. Food Chem Toxicol 2018;
118:252-263.
25. Bunel V, Antoine MH, Nortier J, Duez P, Stevigny C.
Nephroprotective effects of ferulic acid, Z-ligustilide and
E-ligustilide isolated from Angelica sinensis against cisplatin
toxicity in vitro. Toxicol in Vitro 2015; 29:458-467.
26. Ekinci-Akdemir FN, Gulcin I, Gursul C, Alwasel SH, Bayir
Y. Effect of P-coumaric acid against oxidative stress induced
by cisplatin in brain tissue of rats. J Animal Plant Sci 2017;
27:1560-1564.
27. Kilic K, Sakat MS, Akdemir FNE, Yildirim S, Saglam YS,
Askin S. Protective effect of gallic acid against cisplatininduced ototoxicity in rats. Braz J Otorhinolaryngol 2019; 85:
267-274.
28. Sherif IO, Abdel-Aziz A, Sarhan OM. Cisplatin-induced
testicular toxicity in rats: the protective effect of arjunolic acid.
J Biochem Mol Toxicol 2014; 28:515-521.
29. Blumberg J. Use of biomarkers of oxidative stress in
research studies. J Nutr 2004; 134:3188-3189.
30. Martins NM, Santos NAG, Curti C, Bianchi MLP, Santos AC.
Cisplatin induces mitochondrial oxidative stress with resultant

Iran J Basic Med Sci, Vol. 23, No. 11, Nov 2020

Ei̇nci̇-Akdemi̇r et al.

energetic metabolism impairment, membrane rigidification
and apoptosis in rat liver. J App Toxicol 2008; 28:337-344.
31. Masuda H, Tanaka T, Takahama U. Cisplatin generates
superoxide anion by interaction with DNA in a cell-free system.
Biochem Biophys Res Communi 1994; 203:1175-1180.
32. Matsushima H, Yonemura K, Ohishi K, Hishida A. The role
of oxygen free radicals in cisplatin-induced acute renal failure
in rats. J Lab Clin Med 1998; 131:518-526.
33. Valko M, Rhodes CJ, Moncol J, Izakovic M, Mazur M. Free
radicals, metals and anti-oxidants in oxidative stress-induced
cancer. Chem Biol Interact 2006; 160:1-40.
34. Gulcin I. Anti-oxidant activity of food constituents: an
overview. Archi Toxicol 2012; 86:345-391.
35. Nagi MN, Almakki HA. Thymoquinone supplementation
induces quinone reductase and glutathione transferase in mice
liver: possible role in protection against chemical carcinogenesis
and toxicity. Phytother Res 2009; 23:1295-1298.
36. Miyashita T, Reed JC. Tumor-suppressor P53 is a direct
transcriptional activator of the human bax gene. Cell 1995;
80:293-299.
37. Huang HB, Shen ZH, Geng QQ, Wu ZH, Shi PY, Miao XQ.
Protective effect of Schisandra chinensis bee pollen extract on
liver and kidney injury induced by cisplatin in rats. Biomed
Pharmacother 2017; 95:1765-1776.
38. Kruszewski M. Labile iron pool: the main determinant
of cellular response to oxidative stress. Mut Res Fund Mol M
2003; 531:81-92.
39. Springer JE, Azbill RD, Nottingham SA, Kennedy SE.
Calcineurin-mediated BAD dephosphorylation activates the
caspase-3 apoptotic cascade in traumatic spinal cord injury. J
Neurosci 2000; 20:7246-7251.
40. Yakovlev AG, Knoblach SM, Fan L, Fox GB, Goodnight R,
Faden AI. Activation of CPP32-Like caspases contributes
to neuronal apoptosis and neurological dysfunction after
traumatic brain injury. J Neurosci 1997; 17:7415-7424.
41. Alibakhshi T, Khodayar MJ, Khorsandi L, Rashno M,
Zeidooni L. Protective effects of zingerone on oxidative stress
and inflammation in cisplatin-induced rat nephrotoxicity.
Biomed Pharmacother 2018; 105:225-232.
42. Ueki M, Ueno M, Morishita J, Maekawa N. Curcumin
ameliorates cisplatin-induced nephrotoxicity by inhibiting
renal inflammation in mice. J Biosci Bioeng 2013; 115:547-551.
43. Iseri S, Ercan F, Gedik N, Yuksel M, Alican I. Simvastatin
attenuates cisplatin-induced kidney and liver damage in rats.
Toxicol 2007; 230:256-264.
44. Koc A, Duru M, Ciralik H, Akcan R, Sogut S. Protective agent,
erdosteine, against cisplatin-induced hepatic oxidant injury in
rats. Mol Cell Biochem 2005; 278:79-84.

1387

