Research Article

ISSN:2476-2377

International Journal of Cancer Research & Therapy

Antioxidant and Genoprotective Effects of Amifostine against Irinotecan Toxicity

in Human Hepatoma Cells

Mohammad Shokrzadeh and Nasrin Ghassemi-Barghi*

Faculty of pharmacy, Department of Pharmacology and
Toxicology, Student research committee, Mazandaran University
of Medical Sciences, Sari, Iran

Abstract

‘Corresponding author

Nasrin Ghassemi barghi, Faculty of pharmacy, Department of Pharmacology
and Toxicology, Student research committee, Mazandaran University of Medical
Sciences, Sari, Iran, Tel: 00989146191720; E-mail: Ngeternal67@yahoo.com

Submitted: 17 Feb 2018; Accepted: 24 Feb 2018; Published: 13 Mar 2018

Irinotecan (CPT-11) is a topoisomerase inhibitor anticancer drug effective against many human malignancies. Several
mechanisms have been proposed for the antitumor effects of irinotecan, such as DNA synthesis inhibition, DNA
crosslinking, inhibition of topoisomerase I, free radical generation and lipid peroxidation. Amifostine, is a cytoprotective
adjuvant used in cancer chemotherapy, involving DNA-binding chemotherapeutic agents. The aim of this study was
to explore whether amifostine protects against irinotecan-induced genotoxicity in HepG?2 cells. For this purpose, we
measured the DNA damage level with comet assay in HepG?2 cells treated with irinotecan and amifostine in different
condition. We also measured the intracellular ROS generation and GSH levels in cells treated with irinotecan and
amifostine in pre-treatment condition. Our results showed that irinotecan induced a noticeable genotoxic effect in HepG2
cells. Amifostine reduced the effects of irinotecan significantly (p<0.0001) by reduction of the level of DNA damage via
blocking ROS generation, and enhancement of intracellular glutathione levels.
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Introduction

Irinotecan (CPT-11) is a semisynthetic, water-soluble derivative
of camptothecinwith antineoplastic effect [1]. Irinotecan, as a
topoisomerase [ (TOP1) inhibitor, is used in the treatment of various
types of cancers such asmetastatic colorectal and ovarian carcinoma [2].
Side effects of treatment include myelosuppression, neutropenia, nausea,
vomiting and induction of secondary tumor [3-5]. Binding of irinotecan
to topoisomerase II results in cleavable complexes that generate DNA
strand breaks, inhibits DNA replication and RNA transcription in
a cell cycle nonspecific manner [6,7]. Irinotecan cause apoptosis,
mitochondrial dysfunction, and free radical generation in normal cells
as well as tumorous cells [8-10]. The ability to induce DNA damage
in normal cells and the induction of secondary malignancies may be
considered as the most critical side effects of anticancer drugs [5,11].
The genotoxic effects of irinotecan have been proven by chromosomal
aberration tests, micronucleus assay and Comet assay in various studies
[11-13]. Thus, a thorough assessment aimed to its side effects, like
genotoxicity which leads to secondary malignancy is required.

Amifostine, is a cytoprotective agent used in cancer chemotherapy
and radiotherapy involving DNA-binding chemotherapeutic agents
[14]. Amifostine is an inactive prodrug that cannot protect cells until
dephosphorylated to the active metabolite, WR-1065, by alkaline
phosphatase in the plasma [15]. According to the different studies,
inside the cell, amifostine’s protective effects appear to be mediated

by scavenging free radicals, hydrogen donation, induction of cellular
hypoxia, the release of endogenous nonprotein sulthydryl’s (mainly
glutathione) from their bond with cell proteins and formation of
mixed disulphides to protect normal cells [16]. Amifostine has shown
significant radio- and chemoprotective effects in several in vitro and in
vivo studies. It is presently accepted for clinical use as a protective agent
against renal toxicity induced by cisplatin in patients being treated for
ovarian cancer and against xerostomia induced by ionizing radiation
in patients with head and neck cancer [17-20]. Preclinical studies have
shown that administration of amifostine before irradiation protected
against radiation clastogenesis, mutagenesis and carcinogenesis
[21,22]. Amifostine is able to inactivate electrophilic substances and
scavenge free radicals [23]. In addition numerous studies has been
showed that amifostine attenuate cardiotoxicity, nephrotoxicity and
genotoxicity result from chemotherapy agents [18,24-26].

Single cell gel electrophoresis (comet assay) is considered as some
sensitive methods for analyzing genotoxic or genoprotective potential
of compounds is normally used in genotoxicity testing. Applications
of this test include genotoxicity testing, human biomonitoring and
molecular epidemiology, ecogenotoxicology, as well as primary
research in DNA damage and repair [27,28]. The purpose of
present study was to explore the protective effect amifostine against
irinotecan induced genotoxicity. For this purpose, we measured the
DNA damage level with comet assay in HepG2 cells treated with
irinotecan and amifostine in co and pre-treatment conditions. We
also investigated the generation of ROS and intracellular glutathione
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levels as possible genotoxic mechanisms.

Materials and Methods

Chemicals

irinotecan was purchased from Sigma-Aldrich, France. Amifostine,
EDTA, H202, NaCl, NaOH, Na2CO3, NaH2PO4, Tris, and Triton
X-100 were acquired from Merck Co. (Germany). Low melting
point agarose (LMA), Na2HPO4, KCI and ethidium bromide were
from Sigma Co. (USA). Normal melting point agarose (NMA) was
supplied by Cinnagen Co (Germany). The RPMI 1640 medium, fetal
bovine serum (FBS) and the antibiotic were purchased from biosera
(France). DCFH-DA probe and mBCI were from sigma Aldrich
(USA) And, HepG2 cells came from Pasture Institute (Iran). All
other chemicals used were of analytical grade.

Cell culture

Human hepatoma (HepG2) cells were obtained from Pasture Institute
of Iran were grown as monolayer culture in RPMI 1640 medium
supplemented with 10% FBS, 1% of mixture of penicillin (100 IU/
ml) and streptomycin (100pg/ml) incubated at 37°C in an atmosphere
of 5% C0O2-95% air mixture. Amifostine was dissolved in the
cell culture medium. We have chosen untreated cells as a control.
Cells were seeded in 24-well culture plates at 25x10 4 cells/well,
after overnight growth, cells treated with studied concentrations of
amifostine (1,5 and 10 mg/ml) 24 h prior and Simultaneously to
irinotecan treatment (100uM) for 1 h at 37 -C [28].

Single-cell gel electrophoresis (SCGE, the comet assay)

The comet assay procedure has been described in our previous studies
[29-32]. Briefly, incubated cell suspensions (1 % 106 cells/ml) were
mixed with 1% LMP agarose at 37°C, were placed on the precoated
slides (1% NMP agarose), and covered by cover glasses for 5 min at
2-8 °C. The slides were incubated with lysis solution (pH=10.0) for 40
min and rinsed with distilled water to remove the excess lysis solution.
In the next step, slides were incubated with electrophoresis buffer
(pH> 13.0) for 40 min. Electrophoresis was conducted for 40 min at
25 V with an electricity current adjusted to 300 mA. After this stage,
the slides were rinsed with distilled water to remove excess alkaline
buffer and were placed in the neutralization solution (pH=7.5) for 10
min. The slides were covered by sufficient dye solution (20 pg/ml
ethidium bromide) for 5 min and washed with distilled water. Finally,
comets were visualized under x 400 magnification using fluorescence
microscope with an excitation filter of 510-560 nm and the barrier
filter of 590 nm [23]. All stages of comet assay were performed in
dark conditions and all solutions were prepared freshly and used cool.

Measurement of Oxidative Stress
Approximately 4 x 10* cells per well were cultured for 24 h in

96-well plates (black-wall/clear-bottom). Thereafter, the medium
was aspirated, and the cells were washed twice with HBSS. The
cells were then treated with studied concentrations of amifostine
(1, 5 and 10 mg/ml) 24 h prior irinotecan treatment (100uM) for
1 h at 37 oC. After the treatment, cells were washed twice with
HBSS and incubated in 2 ml of fresh culture medium without FBS.
2 , 7 Dichlorodihydrofluorescein diacetate was added at a final
concentration of 10uM and incubated for 20 min. The cells were then
washed twice with PBS and maintained in 1 ml of culture medium.
Assess ROS by immediately analyzing cells by fluorescence plate
reader using the 488 nm for excitation and detected at 535 nm. We
have chosen untreated cells as a negative control and cells treated
with 0.1 mM H202 as a positive control [28].

Measurement of intracellular GSH levels

HepG2 cells were plated in a 96-well plate at 50,000 cells/well.
After overnight growth, they were treated with test vehicles and
then incubated with monochlorobimane (mBCI, 40 uM) in a
staining solution (SmMglucose, 1 mM CaCl2, 0.5mMMgSO04, 5
mg/ml BSA) for 30 min at 37°C in the dark. Although mBCI is
a nonfluorescent probe, it forms a stable fluorescent adduct with
GSH in a reaction catalyzed by the GSH S-transferases. The mean
fluorescent intensity of the fluorescent GSH-bimane adduct was
measured using a Spectra fluorescent plate reader at Aex=380 nm and
Aem=460 nm to detect GSH. The assay was performed for amifostine
for studied concentration (1,5 and 10 mg/ml) and irinotecan (100puM)
in pretreatment condition [28].

Statistical analysis

Tail moment (percentage of DNA in the tail Xtail length), tail
length (the length of the comet tail), and percent of DNA in the tail
(percentage of colored spots in tail) are the most frequently used
factors in the evaluation of DNA damages in the comet assay method.
We used these factors for statistical analysis in this investigation.
One-way analysis of variance (ANOVA) followed by Tukey’s
multiple comparison post hoc tests was used to compare the results
of all assays. Value of p < 0.05 was considered to be significant.

Results

Study the effect of amifostine on irinotecan-induced DNA damage
The anti-genotoxic effect of amifostine was investigated through the
alkaline comet assay. Results of the visual scoring and percentage
of total DNA damage induced by irinotecan and prevented by
amifostine were shown in Table 1. We observed that irinotecan
treatment at 100uM induced a significant (p < 0.001) increase in
DNA damage as compared to the control group. Amifostine in the
different treatment conditions decreased significantly (p < 0.0001)
the level of DNA fragmentation as compared to the control group.

Treatment Tail length (Pixels) (Mean %DNA in Tail Tail moment
+SEM) (Mean+SEM) (Mean+SEM)
Control (CPT11 100uM) 143.1+£2.673 7+2.750. 3+1.76
Amifostine (1mg/ml) 81.11+2.4 63.2+1.3 46.3£1.3
Pre-treatment
Amifostine (Smg/ml) 29.42+1.1 * 14.4+0.6* 12.1£1.6*
Amifostine (10mg/ml) 18.24+1.33*# 5.1+0.6* 1.24+.037*
Control (CPT11 100uM) 143.14+2.673 7+2.750. 3+1.76
Amifostine (1mg/ml) 90.5+1.266 37£1.1 41.45+1.2
Co-treatment
Anmifostine (5mg/ml) 31.6+1.6% 19+0.57* 7.2+41.2%
Amifostine (10mg/ml) 21.43£1.7* 8.3+£0.5 * 1.9+.02%
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Table 1: The genoprotective effect of Amifostine compared with
control groups on tail length (pixels), percentage of DNA in tail, and
tail moment (pixels) that are represented as mean+ SEM. The sign (*)
show significantly (p<0.0001) decreased compared to the irinotecan
group. (one-way ANOVA followed by tukeys post hoc test).

Study the effect of amifostine on ROS generation in irinotecan-
treated cells

To investigate the role of oxidative stress in irinotecan -induced
genotoxicity, we used DCFH-DA, a cell-permeable fluorescent dye, to
examine the ROS generation in HepG2 cells in response to irinotecan
stimulation. Incubation with irinotecan for 1 h showed a considerable
increase in oxidant-induced 2, 7_-dichlorofluorescein fluorescence
in HepG2 cells (Fig. 1). H202-mediated DCF fluorescence occurred
after 1h incubation with irinotecan (100uM) in HepG2 cells. This
suggests that irinotecan, induce intracellular oxidative stress, involved
in its genotoxicity. After that cells were treated with amifostine in
pre-treatment condition and subsequently examined. Amifostine was
significantly (p<0.0001) reduced ROS generation as compared to the
irinotecan group. Untreated cells served as control.
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Figure 1: Study the effect of amifostine on irinotecan-induced ROS
generation. (****) show significantly increased results (respectively
p<0.0001) as compared to the control group. The sign (#) show
significantly (p<0.0001) decreased compared to the irinotecan group.

Study the effect of irinotecan on intracellular levels of GSH
We first examined the effect of irinotecan on the intracellular levels
of GSH using mBCI which readily enters cells to form a fluorescent
GSH-bimane adduct that can be measured fluorometrically. As
shown in fig.2, within lh after irinotecan (100uM) treatment, the
intracellular levels of GSH were reduced (p<0.0001). This finding
was subsequently confirmed by an enzymatic assay using glutathione
reductase and 2-vinylpyridine. Next, we measured the intracellular
levels of GSH in cells after treatment with amifostine and irinotecan
in pre- treatment condition. As shown in fig.2 amifostine were
significantly (p<0.0001) increased GSH levels as compared to the
irinotecan group.
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Figure 2:The effect of amifostine on the levels of intracellular
GSH were determined. ANOVA analysis revealed that amifostine,

significantly inhibited the effects of irinotecan on the levels of
GSH. Sign (****) and (*) show significantly decreased results
(respectively p<0.0001and p<0.05) as compared to the control
group. Sign # show significantly (p<0.0001) increased as compared
to the irinotecan group.

Discussion

In cancer treatment, irinotecan is a commonly used drug against
several human malignancies such as colorectal and ovarian
carcinoma [2]. Genotoxic drugs affect both normal and cancer
cells, but the selectivity associated with sensitivity of rapidly
dividing cells such as cancer cells [29]. The importance of cancer
cell-specific mechanism intended agents such as inhibitors of DNA
topoisomerases which are the major class of anticancer drugs is
increasing. Topoisomerase inhibitors act by transiently trapping
the enzymes in these intermediate complexes, often preventing the
nicks from re-ligating and leading to DNA strand breaks [30,31].
Therefore, our study had three general aims. Firstly, we tried to assess
the ability of irinotecan to damage DNA in human hepatoma cells.
Secondly, we explored the protective effect of amifostine against
DNA-damaging effects evoked by irinotecan. Thirdly, we attempted
to evaluate the protective potential of amifostine against generation
of ROS and depletion of intracellular glutathione levels as the
probable genotoxic mechanism. Our experimental data indicate that
irinotecan can generate damage to DNA in HepG?2 cells (p<0.0001).
It is likely, that the damage is caused by oxygen radicals generated
by irinotecan; DNA methylation by the drug can also contribute to
the damage.

Amifostine, is the most effective radio protector known and the
only one accepted for clinical use in cancer radiotherapy [32]. This
ant genotoxic effect was explained by assuming a high affinity of
amifostine for DNA, thereby stabilizing the DNA molecule and
facilitating the activity of DNA repair enzymes [33]. Previous studies
using mammal cells have shown that amifostine enhances DNA
repair and thus improves cell survival. Amifostine phosphorylated
aminothiol, also is an antioxidant clinically prescribed to prevent
the neutropenia-associated events in patients receiving alkylating
agents [34]. In experimental animals, Yuhas and Storer showed
that treatment with AMF effectively protects normal tissue from
the toxicity of therapeutic radiation, without protecting tumor [35].
Nagy et al. subsequently showed that AMF showed the protective
effect against the mutagenicity of cisplatin, evaluated by the mutation
rate of HPRT in V79 Chinese hamster cells [36]. Other reports
documented that amifostine protects normal tissue against radiation-
induced damage by increasing intracellular SOD2 activity. Once
dephosphorylated by the membrane-bound alkaline phosphatase
(ALP), AMF is activated to a free thiol form (WR-1065), which is
preferentially up taken by normal cells, since ALP is more active
and efficiently expressed in normal rather than neoplastic tissue
[37]. Moreover, in another study found that WR1065, the active
free thiol form of amifostine, induces antioxidative ability against
radiation via SOD2 in vitro [38,39]. Other studies have been shown
the role of SOD2 in amifostine-induced protective effects, SOD2
mediated amifostine-induced antioxidative actions in PC12 cells
exposed to glutamate. As SOD2 protein is mainly expressed in
mitochondria which have been identified as a major source of ROS,
we infer that high level of SOD2 protein may protect mitochondria
by consuming ROS generated in oxidative injury. In addition,
SOD2 mediated amifostine-induced effects on intracellular ROS,
CAT, and GSH levels, indicating SOD2 may be the key target
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of amifostine in maintaining the balance of intracellular oxidants
and antioxidants in PC12 cells. In our investigation we quantified
the DNA-damage level, to elucidate the possible anti-genotoxic
mechanism of amifostine against irinotecan -induced toxicity in
HepG2 cell line. Our results showed that irinotecan alone caused
a significant increase in DNA fragmentation as compared to the
untreated cells. However, treatment of HepG?2 cells with amifostine
24 h before irinotecan administration induced a noticeable decrease
in DNA fragmentation as compared to the irinotecan -treated group.
Measurement of ROS generation showed that irinotecan induced
ROS generation. Amifostine is a potent cytoprotective agent that can
inhibit oxidative stress by scavenging ROS and replenishing GSH.

Conclusion

In conclusion, we have demonstrated that amifostine protected
Hepg?2 cells against irinotecan-induced DNA damage and oxidative
injury. Furthermore, we showed that irinotecan increased intracellular
ROS generation and decreased intracellular GSH levels. Amifostine
ameliorated the balance of intracellular antioxidants and oxidants,
decreased ROS generation and enhanced the intracellular level of
GSH.

References

1. Westover D, Ling X, Lam H, Welch J, Jin C, et al. (2015)
FL118, a novel camptothecin derivative, is insensitive to
ABCGQG?2 expression and shows improved efficacy in comparison
with irinotecan in colon and lung cancer models with ABCG2-
induced resistance. Molecular cancer. 14: 92.

2. Abrouk N, Reid TR, Fisher GA, Carter CA, Thambi PM,
et al. (2016) Statistical analysis of episensitization using
transition probability functions and PFS2 for “ROCKET”, a
two stage phase I study of RRx-001, a multi-epigenetic agent,
investigating resensitization to irinotecan in colorectal cancer.
American Society of Clinical Oncology.

3. Huisman SA, Bruijn P, Ghobadi Moghaddam, Helmantel IM,
[Jzermans JN, Wiemer EA, et al. (2016) Fasting protects against
the side effects of irinotecan treatment but does not affect anti
tumour activity in mice. British journal of pharmacology 173:
804-814.

4. Alencar NMN, Silveira Bitencourt F, Figueiredo IST, Luz
PB, Lima Junior RCP, et al. (2017) Side Effects of Irinotecan
(CPT 11), the Clinically Used Drug for Colon Cancer Therapy,
Are Eliminated in Experimental Animals Treated with Latex
Proteins from Calotropis procera (Apocynaceae). Phytotherapy
Research 31: 312-320.

5. Scheithauer W, Prager G, Greil R, Mlineritsch B, Schaberl-
Moser R, et al. (2016) Secondary resectability rates observed
in a multicenter randomized phase II study of modified
capecitabine/irinotecan (mXELIRI) plus bevacizumab (bev)
followed by capecitabine/oxaliplatin (XELOX) plus bev or the
reverse sequence in patients with metastatic colorectal cancer
(mCRC). European Society for Medical Oncology.

6. LuY-M, Chien T-M, Lin C-H, Chai C-Y, Huang C-N (2016)
Epidermal growth factor receptor inhibitor with fluorouracil,
leucovorin, and irinotecan as an alternative treatment for
advanced upper tract urothelial carcinoma: a case report. Journal
of medical case reports 10: 98.

7. Signore M, Buccarelli M, Pilozzi E, De Luca G, Cappellari
M, et al. (2016) UCN-01 enhances cytotoxicity of irinotecan
in colorectal cancer stem-like cells by impairing DNA damage
response. Oncotarget 7: 44113.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Monchusi B, Ntwasa M (2017) Methyl pyruvate protects a
normal lung fibroblast cell line from irinotecan-induced cell
death: Potential use as adjunctive to chemotherapy. PloS one
12: e0182789.

Zhang X, Fryknds M, Hernlund E, Fayad W, De Milito A, et
al. (2014) Induction of mitochondrial dysfunction as a strategy
for targeting tumour cells in metabolically compromised
microenvironments. Nature communications 5: 3295.
Islamian JP, Mehrali H (2015) Lycopene as a carotenoid
provides radioprotectant and antioxidant effects by quenching
radiation-induced free radical singlet oxygen: an overview. Cell
Journal (Yakhteh) 16: 386.

Wood JP, Smith AJ, Bowman KJ, Thomas AL, Jones GD
(2015) Comet assay measures of DNA damage as biomarkers
of irinotecan response in colorectal cancer in vitro and in vivo.
Cancer medicine 4: 1309-1321.

Horibata K, Ukai A, Ishikawa S, Sugano A, Honma M (2016)
Monitoring genotoxicity in patients receiving chemotherapy
for cancer: application of the PIG-A assay. Mutation Research/
Genetic Toxicology and Environmental Mutagenesis 808: 20-
26.

Kiimler I, Balslev E, Poulsen TS, Nielsen SL, Nygard SB, et
al. (2015) Topoisomerase 1 gene copy aberrations are frequent
in patients with breast cancer. International journal of cancer
137: 2000-2006.

Kanat O, Evrensel T, Baran I, Coskun H, Zarifoglu M, et
al. (2003) Protective effect of amifostine against toxicity of
paclitaxel and carboplatin in non-small cell lung cancer. Medical
Oncology 20: 237-245.

Stankiewicz A, Skrzydlewska E, Makiela M (2002) Effects of
amifostine on liver oxidative stress caused by cyclophosphamide
administration to rats. Drug metabolism and drug interactions
19: 67-82.

Torres VM, Simic VD (2012) Doxorubicin-Induced Oxidative
Injury of Cardiomyocytes-Do We Have Right Strategies for
Prevention?: INTECH Open Access Publisher.

Arany I, Safirstein RL (2003) editors. Cisplatin nephrotoxicity.
Seminars in nephrology.

Hartmann JT, Knop S, Fels LM, van Vangerow A, Stolte H, et
al. (2000) The use of reduced doses of amifostine to ameliorate
nephrotoxicity of cisplatin/ifosfamide-based chemotherapy in
patients with solid tumors. Anti-cancer drugs 11: 1-6.
Antonadou D, Pepelassi M, Synodinou M, Puglisi M,
Throuvalas N (2002) Prophylactic use of amifostine to prevent
radiochemotherapy-induced mucositis and xerostomia in head-
and-neck cancer. International Journal of Radiation Oncology*
Biology* Physics 52: 739-747.

Santini V, Giles FJ (1999) The potential of amifostine: from
cytoprotectant to therapeutic agent. Haematologica 84: 1035-
1042.

Sanderson B, Morley A (1986) Exposure of human lymphocytes
to ionizing radiation reduces mutagenesis by subsequent ionizing
radiation. Mutation Research/Environmental Mutagenesis and
Related Subjects 164: 347-351.

Damron TA, Spadaro JA, Tamurian RM, Damron LA (2000)
Sparing of radiation-induced damage to the physis: fractionation
alone compared to amifostine pretreatment. International Journal
of Radiation Oncology* Biology* Physics 47: 1067-1071.
Marzatico F, Porta C, Moroni M, Bertorelli L, Borasio E, et al.
(2000) In vitro antioxidant properties of amifostine (WR-2721,
Ethyol). Cancer chemotherapy and pharmacology 45: 172-176.

Int J Cancer Res Ther, 2018

Volume 3 | Issue 1 |4 of 5



24.

25.

26.

27.

28.

29.

30.

31.

Dragojevic-Simic VM, Dobric SL, Bokonjic DR, Vucinic
ZM, Sinovec SM, et al. (2004) Amifostine protection against
doxorubicin cardiotoxicity in rats. Anti-cancer drugs 15: 169-
178.

Buschini A, Alessandrini C, Martino A, Pasini L, Rizzoli V, et
al. (2002) Bleomycin genotoxicity and amifostine (WR-2721)
cell protection in normal leukocytes vs. K562 tumoral cells.
Biochemical pharmacology 63: 967-975.

Gloc E, Warszawski M, Mlynarski W, Stolarska Mg, Hoser G,
etal. (2002) TEL/JAK2 tyrosine kinase inhibits DNA repair in
the presence of amifostine. ACTA BIOCHIMICA POLONICA-
ENGLISH EDITION 49: 121-128.

Hartley JM, Spanswick VJ, Hartley JA (2011) Measurement
of DNA damage in individual cells using the Single Cell Gel
Electrophoresis (Comet) assay. Methods in molecular biology
(Clifton, NJ) 731: 309-320.

Ghassemi-Barghi N, Varshosaz J, Etebari M, Dehkordi AJ
(2016) Role of recombinant human erythropoietin loading
chitosan-tripolyphosphate nanoparticles in busulfan-induced
genotoxicity: Analysis of DNA fragmentation via comet assay
in cultured HepG2 cells. Toxicology in Vitro 36: 46-52.

Roos WP, Thomas AD, Kaina B (2016) DNA damage and the
balance between survival and death in cancer biology. Nature
Reviews Cancer 16: 20.

Hooper DC, Jacoby GA (2016) Topoisomerase inhibitors:
fluoroquinolone mechanisms of action and resistance. Cold
Spring Harbor perspectives in medicine a025320.

Murai J, Pommier Y (2015) Classification of PARP Inhibitors
Based on PARP Trapping and Catalytic Inhibition, and
Rationale for Combinations with Topoisomerase I Inhibitors
and Alkylating Agents. PARP inhibitors for cancer therapy:

32.

33.

34.

35.

36.

37.

38.

39.

Springer 261-274.

Rades D, Fehlauer F, Bajrovic A, Mahlmann B, Richter E, et al.
(2004) Serious adverse effects of amifostine during radiotherapy
in head and neck cancer patients. Radiotherapy and Oncology
70: 261-264.

Majsterek I, Gloc E, Blasiak J, Reiter RJ (2005) A comparison
of the action of amifostine and melatonin on DNA damaging
effects and apoptosis induced by idarubicin in normal and cancer
cells. Journal of pineal research 38: 254-263.

Lorusso D, Ferrandina G, Greggi S, Gadducci A, Pignata S, et
al. (2003) Phase III multicenter randomized trial of amifostine
as cytoprotectant in first-line chemotherapy in ovarian cancer
patients. Annals of oncology 14: 1086-1093.

Ben-Josef E, Han S, Tobi M, Vargas BJ, Stamos B, et al. (2002)
editors. Intrarectal application of amifostine for the prevention of
radiation-induced rectal injury. Seminars in radiation oncology.
Camelo RM, Kehdy FS, Salas CE, Lopes MT (2008) Amifostine
protection against mitomycin-induced chromosomal breakage
in fanconi anaemia lymphocytes. Molecules 13: 1759-1772.
Dziegielewski J, Baulch JE, Goetz W, Coleman MC, Spitz DR,
et al. (2008) WR-1065, the active metabolite of amifostine,
mitigates radiation-induced delayed genomic instability. Free
Radical Biology and Medicine 45: 1674-168]1.

Khodarev NN, Kataoka Y, Murley JS, Weichselbaum RR, Grdina
DJ (2004) Interaction of amifostine and ionizing radiation on
transcriptional patterns of apoptotic genes expressed in human
microvascular endothelial cells (HMEC). International Journal
of Radiation Oncology* Biology* Physics 60: 553-563.

Jia J, Zhang L, Shi X, Wu M, Zhou X, et al. (2016) SOD2
Mediates Amifostine-Induced Protection against Glutamate in
PC12 Cells. Oxidative medicine and cellular longevity.

Copyright: ©2018 Nasrin Ghassemi barghi. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Int J Cancer Res Ther, 2018

Volume 3 | Issue 1| 5 of 5



