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ABSTRACT

In this study, we aimed to investigate the protective role of bromelain against nickel sulfate genotoxication. 
Twenty-four healthy adult male Sprague Dawley rats with an average weight of 200 ± 20 g were used in the 
study. These were divided randomly into four groups (n = 6), including one control and three experimental 
groups: Group 1 (control), Group 2 (nickel sulfate 20 mg/kg, intraperitoneal [IP]), Group 3 (Bromelain 20 mg/kg, 
oral gavage ), Group 4 (nickel sulfate 20 mg/kg IP + bromelain 20 mg/kg oral gavage ). After the ten-day experi-
mental period, the animals were euthanized on the 11th day. Femoral bones were taken from animals dissected 
on day 11, and micronucleus protocol was applied. At the end of the protocol, micronucleated polychromat-
ic erythrocytes (MNPCE) and polychromatic erythrocytes (PCE) were counted. The statistical results of the 
counted values were determined. The groups were compared only according to MNCPE, the level of which was 
statistically significant in the group with bromelain than in the group with nickel sulfate alone (P < .05). The 
data obtained suggested that bromelain at the administered dose (20 mg/kg) is not potentially preventive to 
the genotoxic effects of nickel sulfate at the administered dose (20 mg/kg).
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ÖZ

Bu çalışmanın amacı, nikel sülfat genotoksikasyonuna bromelainin karşı koruyucu rolünü araştırmaktır. Ça-
lışmada, ortalama 200 ± 20 gr ağırlığında yirmi dört sağlıklı yetişkin erkek Sprague dawley sıçan kullanıldı. 
Rastgele olacak şekilde dört grup (n = 6) oluşturuldu.  Sıçanlar bir kontrol ve üç deney grubu: Grup 1 (Kontrol), 
Grup 2 (Nikel sülfat 20 mg/kg, ip), Grup 3 (Bromelain 20 mg/kg, oral gavaj), Grup 4 (Nikel sülfat, 20 mg/kg, ip + 
bromelain, 20 mg/kg, oral gavaj). On günlük deney periyodundan sonra hayvanlar on birinci gün ötenazi edildi. 
11. günde ötenazi edilen hayvanlardan femur kemikleri alındı ve mikronükleus protokolü uygulandı. Protokolün 
sonunda MNPCE (mikronükleuslu polikromatik eritrositler) ve PCE (polikromatik eritrositler) sayıldı. Sayılan 
değerlerin istatistiksel sonuçları belirlendi. Tüm gruplar sadece MNCPE parametresine göre karşılaştırıldı. MN-
CPE seviyesi, bromelainli grupta, sadece nikel sülfatlı grubuna kıyasla istatistiksel olarak anlamlıydı (P < ,05). 
Elde edilen veriler, bromelainin 20 mg/kg dozunda uygulanması, 20 mg/kg dozunda uygulanan nikelsülfatin 
oluşturduğu genotoksik etkilerini potansiyel olarak önleyici olmadığını göstermiştir. 

Anahtar Kelimeler: Bromelain, genotoksisite, nikel sülfat, rat.
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INTRODUCTION

Excessive or long-term intake of metals found in 
nature, which are needed in small amounts for 
the regulation of normal vital functions, gives 
rise to multiple health problems. Nickel, a car-
cinogenic, genotoxic, teratogenic, and immuno-
toxic heavy metal, is an environmental pollutant 
that is not necessary for vital functions. Peo-
ple are particularly exposed to nickel through 
nickel-contaminated vegetables, spinach, le-
gumes, nuts, and tobacco containing nickel. It 
has been stated that there is a high amount of 
nickel, especially in products containing cocoa 
powder and baking powder.1-3 In addition, nick-
el causes food contamination through hydro-
genation of vegetable oils and some processes 
applied to foods with tools and equipment and 
environmental pollution through processes us-
ing nickel in intensive steel and battery produc-
tion and releasing it to the atmosphere during 
mining, smelting, and refining. Humans and 

animals intake nickel through respiration, food, 
and skin absorption resulting in tissue and or-
gan damage from nickel accumulation.4 Nickel 
binds tightly to bases in DNA and RNA in living 
organisms; phosphate groups; nucleotides such 
as ATP and thiamine pyrophosphate; amino ac-
ids such as methionine, cysteine, histidine, and 
pyrroline; proteins; peptides; and phospholip-
ids; and substances such as acetyl coenzyme A, 
dihydrolipoic acid, pyridoxal and pyridoxamine 
and blocks various enzymes (such as aspartase, 
alkaline phosphatase, and ATPase) and makes 
iodine unavailable to the thyroid gland.5 Multiple 
studies have determined that nickel increas-
es lipid peroxidation in various tissues such as 
blood, liver, muscle, and kidney and causes ox-
idative stress.6,7

In recent years, interest in the use of various an-
tioxidant substances as food supplements has 
been increasing rapidly to prevent the harmful ef-
fects of xenobiotics.8 Bromelain is a natural pro-
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tein decomposer found in pineapple, which has antimetastatic, 
immunomodulatory, anti-edema, anti-inflammatory, antithrom-
botic,9 antioxidant,10,11 tissue regeneration enhancing, and pain 
reliever effects.12 

Previous studies have reported that bromelain and fresh pineap-
ple juice have DNA protective potential, reduce cytotoxity, and 
have antigenotoxic and antimutagenic effects.13-17

In this study, we aimed to evaluate the effects of bromelain on 
genotoxicity against intraperitoneal nickel sulfate administration 
in rats.

MATERIAL AND METHODS 

All the experimental protocols in this study were carried out in 
the Experimental Research Center of Harran University. Ethical 
approval permission was given by the Harran University Animal 
Experiments local ethics committee (Date: April 5, 2017, No: 
12541).

Animals
In our experiments, adult male rats (n = 24, Sprague-Dawley, 6 
weeks old weighing 200 ± 20 g) were obtained from an experi-
mental research unit at Firat University. In classic laboratory con-
ditions (12 h light and 12 h dark, 23 ± 2°C, 60%–65% humidity), the 
animals were fed with a routine diet. Food and water were provid-
ed ad libitum. 

Experimental Design 
A total of 24 Sprague-Dawley rats, six in each group, were used. 
The study was planned as follows: Group 1 control (normal saline 
intraperitoneal injection [IP] ); Group 2 with nickel sulfate (Acros 
Organics nickel sulfate heptahydrate, Code: 270552500, Lot: 
A0371683) 20 mg/kg IP6,18; Group 3 with bromelain (Sigma B4882 
List 647-014-00-9 Cas No 37189-34-7) 20 mg/kg oral gavage19,20; 
Group 4 with nickel sulfate (20 mg/kg, IP) + bromelain (20 mg/kg 
oral gavage). After 10 days of administration, tissue samples were 
taken after euthanasia on the 11th day. 

In the study, bone marrow was used for micronucleus detection. 
The removed femur bone was cut from both ends and transferred 
to a centrifuge tube containing 3 mL of calf serum with the help of 
a bone marrow injector. Tubes containing bone marrow samples 
were centrifuged at 2000 rpm for five minutes, and supernatants 
were discarded. It was suspended by placing a drop of calf serum 
on the part remaining in the tube. A drop of sample from it was 
spread on clean slides. After the spreading process, the slides 
were air-dried and fixed in methyl alcohol for 10 minutes. Bone 
marrow preparations were prepared by a method that was first 
developed by Schmid21 and adapted to this laboratory and work-
ing conditions.

Staining Method
The fixed preparations were first stained with 0.25% May Grun-
wald dye for five minutes and washed with distilled water. It was 
then stained with 0.125% May Grunwald dye for five minutes and 
washed in distilled water. Finally, it was stained with 20% Giem-
sa dye for 30 minutes, washed, and left to dry. The preparations 
were examined through an Olympus CX21 light microscope at 
1000x magnification, and 2000 polychromatic erythrocytes 
(PCEs) were counted randomly from each preparation. Among 
these, the numbers of micronucleated polychromatic erythro-
cytes (MNPCEs) were determined, and their percentages were 
calculated.

Statistical Analysis
The Kolmogorov-Smirnov test of normality was used to deter-
mine whether the data were suitable for normal distribution. 
Statistical analysis of the data obtained from the study were 
performed using the IBM Statistical Package for the Social Sci-
ences version 22 (IBM SPSS Corp., Armonk, NY, USA) statistical 
program. One-way analysis of variance (ANOVA) was used to de-
termine whether there was a difference between the means of the 
experimental group or not; and if there was a difference between 
the means of the experimental groups, the “ANOVA-Duncan” test 
was applied to the group averages to determine which group or 
groups showed a difference, and P < .05 was considered statisti-
cally significant. Results were presented as mean ± standard de-
viation (X ± SD).

RESULTS

In this study, all the groups were compared in terms of the single 
parameter, MNPCE. As a result of the analysis, the MNPCE level 
in the group with bromelain was statistically different from the 
group with nickel sulfate+bromelain and the group with nickel 
sulfate (P < .01). There was no statistically significant difference 
between the bromelain group and the negative control group (P 
> .05). Again, the difference between the nickel sulfate group and 
the nickel sulfate + bromelain group was not statistically signif-
icant (P > .05) (Table 1, Figure 1). Images of MNPCE and normal 
PCE and NCEs (x1000) in the bone marrow obtained from nickel 
sulfate group are shown in Figure 2.
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Figure 1. Box graphic showing the numbers of polychromatic 
erythrocytes with micronucleus based on groups

Table 1. Statistical data of groups in terms of MNPCE

Parameters Groups

Bromelain 
(20 mg/kg)

Nickel sulphate  
(20 mg/kg) 
+Bromelain  
(20 mg/kg) 

Nickel sulphate 
(20 mg/kg) 

Negatif 
control P

MNPCE 
(Mean ± SD)

6.67 ± 1.21a 19.83 ± 1.47b 20.33 ± 1.03b 6.00 ± 1.41a *

*P < .01: Statistically significant difference, a,b: Values with different letter indicate significant differences. SD, 
Standart deviation



DISCUSSION 
It is known that nickel compounds damage cell DNA through free 
radicals. Nickel causes oxidative damage to DNA as well as trans-
duction and replication problems. The water-soluble nature of 
nickel sulfate increases the carcinogenicity of the substance and 
thus the mutation potential.22,23 Many in vivo and in vitro stud-
ies have been conducted on the genotoxic effects of nickel.24-27 
To determine the genotoxicity, comet assay, Salmonella/micro-
some mutagenicity (AMES) test, sister chromatid exchange assay, 
chromosome abnormality test, and micronucleus test were per-
formed.28 According to the literature review, it is noted that bone 
marrow29-32 and embryos5 were used to determine genotoxicity.

In a study, genotoxicity of nickel sulfate hexahydrate was investi-
gated in rats through micronucleus test. In the study, it was de-
termined that nickel sulfate hexahydrate increased the micronu-
cleus frequency in bone marrow cells.22,27 In another study, it was 
determined that it increased the kinetochore positive nucleus 
on human diploid fibroblasts.25 In this study, we determined that 
there was a statistically significant difference in MNPCEs in the 
group with nickel sulfate than that in the other groups (P < .01). 
This result is compatible with other studies which support the 
idea that nickel sulfate is genotoxic. The increase in the number 
of PCEs is an indicator of chromosomal damage or cytogenetic 
damage caused by anaphase delay.28 PCE/NCE ratio is also ex-
pressed as a bone marrow cytotoxicity marker.29

Currently, many people support the inclusion of antioxidant sub-
stances in diets to protect themselves from the possible harm-
ful effects of environmental pollutants.33,34 Bromelain, an antiox-
idant, prevents tumor cell proliferation. It has been determined 
that bromelain inhibits the proliferation and development of oral 
cancer cells.35 It has been determined that bromelain used during 
sperm freezing to improve sperm quality in goats is not genotox-
ic.36 

It has been stated that bromelain can prevent the formation of 
reactive oxygen groups in the cell. Thus, it can prevent genotoxic-
ity by disrupting the interaction between advanced glycation end 
products (AGEs) and their receptors (RAGE).37 In a study examin-

ing the genotoxicity of AGE on pig kidney, it was stated that bro-
melain reduced cell damage and genotoxicity.38

In the study by Sen et al.,39 it was determined that application 
of 20 mg/kg bromelain protects the sperm DNA fragmentation 
rate against the damage caused by nickel in the testis, reducing 
the damage and oxidative stress caused by nickel, and improving 
sperm quality.

In the literature review, there are various studies in which pineap-
ple and pineapple products were used against the harmful effects 
of various substances that cause mutagenic effects.

Ikken et al.40 determined that ethanolic pineapple extract has an 
antimutagenic effect against the effects of mutagenic nitrosa-
mines. Kurdi14 stated that pineapple juice had positive results in 
the micronucleus test against the cytotoxic and genotoxic effects 
of the antineoplastic drug, ifosfamide, in PCEs of the bone mar-
row. In another study, it was determined that fresh pineapple juice 
(0.4 mL/kg/day, oral) was effective in reducing lethal mutation 
against the side effects of ifosfamide in spermatogenesis stages 
(early spermatids, primary spermatocytes and spermatozoa, and 
late spermatid stages) in albino rats.30 It has been reported that 
pineapple scavenges reactive oxygen species and protects nucle-
ophilic regions in the DNA.15 The in vivo antitumoral/antileukemic 
effect of bromelain has been evaluated in different cell lines.41

The protective effect of pineapple juice against genotoxicity 
caused by mutagenic heterocyclic aromatic amines in hamster 
fibroblasts was determined by the comet assay.16

In a study by Sah et al.,42 the antimutagenic effect of peel powder 
of pineapple on the yogurt bacteria Lactobacillus was confirmed 
by the Ames test.

The reason for the difference in the results of in vivo and in vitro 
studies may be owing to the pharmacokinetics of the drug in live 
animals, nutrition, genetic structure, stress, and environmental 
factors.12,43 In this study, the antigenotoxic effect of bromelain ad-
ministered via oral gavage at the same amount was not found in 
rats administered NiSO

4
 (20 mg/kg) IP for 10 days. This may be 

because of the in vivo nature of our study.

In the studies conducted by Kurdi,14,30 it was stated that pineap-
ple juice has an antigenotoxic effect against the cytotoxic and 
genotoxic effects of ifosfamide in PCEs in the bone marrow and 
semen formation stages in the micronucleus test. However, be-
cause of the presence of different phytochemical structures (such 
as ascoumaric acid, chlorogenic acid, ferulic acid, and ellagic acid), 
vitamins (vitamin C, pyridoxine, thiamine, and riboflavin), and min-
erals (copper and manganese) in pineapple apart from brome-
lain,15 these studies do not prove that bromelain alone is effective 
against genotoxicity.

Drugs and chemicals are primarily dispersed into organs and tis-
sues (brain, heart, kidney, etc.) via blood vessels; and after reach-
ing a certain blood density, they accumulate in fat, bone tissue, 
nucleic acid, and keratinous structures.5 Bone tissue has less 
perfusion than the vital organs.44 There are many studies con-
ducted on the harmful effects of nickel compounds on the liver, 
kidney, testes, and sperm causing oxidative stress in living organ-
isms.6,45-47 In the study by Sen et al.,39 bromelain showed a pro-
tective effect against the harmful effects of NiSO

4
 on sperm DNA. 

However, there are different studies in which bromelain does not 
show a protective effect against genotoxicity. This may be owing 
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Figure 2. In the bone marrow of rats, images of normal PCE and NCEs, 
and MNPCE (x1000). 
PCE, Polychromatic Erythrocyte; NCE,  Normochromatic Erythrocyte; MNPCE, 
Micronucleated Polychromatic Erythrocyte



to the different accumulation tendencies of nickel in testicular 
and bone marrow and the different tissue and perfusion rates of 
the testes and bone marrow.44,48

In conclusion, it was determined that bromelain (20 mg/kg) did 
not have a protective effect against the genotoxic effects of nickel 
sulfate.

Ethics Committee Approval: Ethics committee approval was received for 
this study from the ethics committee of Harran University (Date: April 5, 
2017, No: 12541).

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept – F.T.; Design – F.T.; Supervision – F.T., 
Z.G.; Resources – F.T., Z.G.; Data Collection and/or Processing – F.T., P.A.K., 
Z.G.; Analysis and/or Interpretation – S.G., F.T., P.A.K., Z.G.; Literature Search 
– F.T., Z.G.; Writing Manuscript – F.T., P.A.K., Z.G.; Critical Review –F.T., S.G., 
P.A.K.

Declaration of Interests: The authors have no conflicts of interest to de-
clare.

Funding: The authors declared that this study has received no financial 
support.

Etik Komite Onayı: Bu çalışma için etik komite onayı Harran Üniversite-
si’nden (Tarih: 5 Nisan 2017, No: 12541) alınmıştır. 

Hakem Değerlendirmesi: Dış bağımsız.

Yazar Katkıları: Fikir – F.T.; Tasarım – F.T. ; Denetleme – F.T., Z.G.; Kaynaklar 
– F.T., Z.G.; Veri Toplanması ve/veya İşlemesi – F.T., P.A.K, Z.G.; Analiz ve/veya 
Yorum – S.G., F.T., P.A.K., Z.G.; Literatür Taraması – F.T., Z.G.; Yazıyı Yazan – 
F.T., P.A.K., Z.G.; Eleştirel İnceleme –F.T., S.G., P.A.K. 

Çıkar Çatışması: Yazarlar çıkar çatışması bildirmemişlerdir.

Finansal Destek: Yazarlar bu çalışma için finansal destek almadıklarını 
beyan etmişlerdir.

REFERENCES
1.	 Cempel M, Nikel G. Nickel: A review of its sources and environmental 

toxicology. Pol J Environ Stud. 2006;15(3):375-382.
2.	 Adjroud O. The toxic effects of nickel chloride on liver, erythropoiesis, 

and development in Wistar albino preimplanted rats can be reversed 
with selenium pretreatment. Environ Toxicol. 2013;28(5):290-298. 
[Crossref]

3.	 Owumi SE, Olayiwola YO, Alao GE, Gbadegesin MA, Odunola OA. Cad-
mium and nickel co-exposure exacerbates genotoxicity and not ox-
ido-inflammatory stress in liver and kidney of rats: Protective role of 
omega-3 fatty acid. Environ Toxicol. 2020;35(2):231-241. [Crossref]

4.	 Cameron KS, Buchner V, Tchounwou PB. Exploring the molecular 
mechanisms of nickel-induced genotoxicity and carcinogenicity: a 
literature review. Rev Environ Health. 2011;26(2):81-92. [Crossref]

5.	 Kaya S. Veteriner Toksikoloji. 3th ed., 50-528, Medisan Yayınevi, Anka-
ra, 2014.

6.	 Das KK, Das SN, Dhundasi SA. Nickel, its adverse health effects & ox-
idative stress. Indian J Med Res. 2008;128(4):412-425.

7.	 Bhardwaj H, Singh C, Nayyar S. Assessment of adverse effects of lead, 
nickel and cadmium on biochemical parameters, antioxidants status 
and metallothionein expression in buffaloes slaughtered at local abat-
toir. Indian J Anim Res. 2021;1-8. DOI:10.18805/IJAR.B-4242. [Crossref]

8.	 Badr AN, Abdel-Razek AG, Youssef MM, Shehata MG, Hassanein MM, 
Amra HA. Natural antioxidants: preservation roles and mycotoxico-
logical safety of food. Egypt J Chem. 2021;64:4-5.

9.	 Rathnavelu V, Alitheen NB, Sohila S, Kanagesan S, Ramesh R. Poten-
tial role of bromelain in clinical and therapeutic applications. Biomed 
Rep. 2016;5(3):283-288. [Crossref]

10.	 Şehirli AÖ, Sayiner S, Savtekin G, Velioğlu-Öğünç A. Protective effect 
of bromelain on corrosive burn in rats. Burns. 2021;47(6):1352-1358. 
[Crossref]

11.	 Huang CW, Lin IJ, Liu YM, Mau JL. Composition, enzyme and anti-
oxidant activities of pineapple. Int J Food Prop. 2021;24(1):1244-1251. 
[Crossref]

12.	 Kaya S. Veteriner Farmakoloji. 5 th ed., 291, Medisan Yayınevi, Ankara, 
2013.

13.	 Taşkın A, Tarakçıoğlu M, Ulusal H, Örkmez M, Taysı S. Idarubicin-bro-
melain combination sensitizes cancer cells to conventional chemo-
therapy. Iran J Basic Med Sci. 2019;22(10):1172.

14.	 Kurdi LAF. The ability of fresh pineapple juice in reducing the cyto-
genetic effect of ifosfamide on the bone marrow cells of male albino 
mice. Adv Environ Biol. 2016;10:120-130.

15.	 Izquierdo-Vega JA, Morales-González JA, SánchezGutiérrez M, et al. 
Evidence of some natural products with antigenotoxic effects. Part 1: 
fruits and polysaccharides. Nutrients. 2017;9(2):102. [Crossref]

16.	 Platt KL, Edenharder R, Aderhold S, Muckel E, Glatt H. Fruits and veg-
etables protect against the genotoxicity of heterocyclic aromatic 
amines activated by human xenobiotic-metabolizing enzymes ex-
pressed in immortal mammalian cells. Mutat Res Genet Toxicol En-
viron Mutagen. 2010;703(2):90-98. [Crossref]

17.	 Stopper H, Schinzel R, Sebekova K, Heidland A. Genotoxicity of ad-
vanced glycation end products in mammalian cells. Cancer Lett. 
2003;190(2):151-156. [Crossref]

18.	 Pari L, Amudha K. Hepatoprotective role of naringin on nickel-in-
duced toxicity in male Wistar rats. Eur J Pharmacol. 2011;650(1):364-
370. [Crossref]

19.	 Al-Otaibi WR, Virk P, Elobeid M. Ameliorative potential of stem 
bromelain on lead-induced toxicity in Wistar rats. Acta Biol Hung. 
2015;66(2):149-160. [Crossref]

20.	 Eckert K, Grabowska E, Stange R, Schneider U, Eschmann K, Maurer 
HR. Effects of oral bromelain administration on the impaired immu-
nocytotoxicity of mononuclear cells from mammary tumor patients. 
Oncol Rep. 1999;6(6):1191-1200. [Crossref]

21.	 Schmid W. The micronucleus test. Mutat Res. 1975;31:9-15. [Crossref]
22.	 Botta A, Lehucher Michel MP, Di Giorgio C. Genotoxic effects of nickel 

sulfate in cultured human lymphocytes. Med Sci Res. 1994;22:709-710.
23.	 Rizvi A, Parveen S, Khan S, Naseem I. Nickel toxicology with ref-

erence to male molecular reproductive physiology. Reprod Biol. 
2020;20(1):3-8. [Crossref]

24.	 Salimi A, Jamali Z, Atashbar S, Khezri S, Ghorbanpour AM, Etefaghi 
N. Pathogenic mechanisms and therapeutic implication in nick-
el-induced cell damage. Endocr Metab Immune Disord Drug Targets. 
2020;20(7):968-984. [Crossref]

25.	 Seoane AI, Dulout FN. Genotoxic ability of cadmium, chromium 
and nickel salts studied by kinetochore staining in the cytokine-
sis-blocked micronucleus assay. Mutat Res Genet Toxicol Environ 
Mutagen. 2001;490(2):99-106. [Crossref]

26.	 M’Bemba-Meka P, Lemieux N, Chakrabarti SK. Nickel compound-in-
duced DNA single-strand breaks in chromosomal and nuclear chro-
matin in human blood lymphocytes in vitro: role of oxidative stress 
and intracellular calcium. Mutat Res Genet Toxicol Environ Mutagen. 
2005;586(2):124-137. [Crossref]

27.	 Oller AR, Erexson G. Lack of micronuclei formation in bone marrow of 
rats after repeated oral exposure to nickel sulfate hexahydrate. Mutat 
Res Genet Toxicol Environ Mutagen. 2007;626(1-2):102-110. [Crossref]

28.	 Şekeroğlu V, Şekeroğlu ZA. Genetik toksisite testleri. TÜBAV Bilim 
Derg. 2011;4:221-229.

29.	 Polat F, Bingöl G, Turaclar N. An investigation of micronucleus induc-
tion by butylated hydroxytoluene in wistar rat bone marrow cells. 
Kafkas Univ Vet Fak Derg. 2014;20(4):527-531.

30.	 Kurdi LAF. Effectiveness of preventive of fresh pineapple juice against 
the genotoxicity effects of ifosfamide on albino mice. Adv Environ 
Biol. 2016;10:276-293.

31.	 Özparlak H, Arslan A, Güler GÖ. Organik insektisit Fipronil’in 
genotoksik etkilerinin civciv mikronukleus test sisteminde belirlen-
mesi. Selçuk Univ Fen Fak Fen Derg. 2011;2(37):1-8.

29

Vet Sci Pract. 2022; 17(1), 26-30 l DOI: 10.54614/VetSciPract.2022.1050128

https://doi.org/10.1002/tox.20719
https://doi.org/10.1002/tox.22860
https://doi.org/10.1515/reveh.2011.012
https://doi.org/10.18805/IJAR.B-4242
https://doi.org/10.3892/br.2016.720
https://doi.org/10.1016/j.burns.2020.12.006
https://doi.org/10.1080/10942912.2021.1958840
https://doi.org/10.3390/nu9020102
https://doi.org/10.1016/j.mrgentox.2010.08.007
https://doi.org/10.1016/S0304-3835(02)00626-2
https://doi.org/10.1016/j.ejphar.2010.09.068
https://doi.org/10.1556/018.66.2015.2.2
https://doi.org/10.3892/or.6.6.1191
https://doi.org/10.1016/0165-1161(75)90058-8
https://doi.org/10.1016/j.repbio.2019.11.005
https://doi.org/10.2174/1871530320666200214123118
https://doi.org/10.1016/S1383-5718(00)00145-5
https://doi.org/10.1016/j.mrgentox.2005.06.001
https://doi.org/10.1016/j.mrgentox.2006.09.001


32.	 Ulu H, Kılıçle PA. Fare kemik iliği hücrelerinde siklofosfamid tarafın-
dan indüklenen genotoksisiteye karşı tarhun (Artemisia dracunculus 
L.) yaprak ekstraktının olası koruyucu etkisinin mikronükleus testi ile 
belirlenmesi. Caucasian Med J. 2020;7(2):92-108. [Crossref]

33.	 Ferguson LR, Philpott M. Nutrition and mutagenesis. Annu Rev Nutr. 
2008;28:313-329. [Crossref]

34.	 Karabulut H, Gülay MŞ. Antioksidanlar. MAEU Vet Fak Derg. 
2016;1(1):65-76. [Crossref]

35.	 Lee JH, Lee JT, Park HR, Kim JB. The potential use of bromelain as 
a natural oral medicine having anticarcinogenic activities. Food Sci 
Nutr. 2019;7(5):1656-1667. [Crossref]

36.	 Castro e Braga C, Teixeira LSD, Nascimento WM, et al. Use of bro-
melain in the quality of frozen/thawed goat Sêmen. Cienc Anim. 
2020;30:261-265.

37.	 Amini A, Masoumi-Moghaddam S, Morris DL. Bromelain. In “Utility of 
Bromelain and N-Acetylcysteine in Treatment of Peritoneal Dissemi-
nation of Gastrointestinal Mucin-Producing Malignancies”, Springer, 
Cham, 2016: 63-80. [Crossref]

38.	 Stopper H, Schinzel R, Sebekova K, Heidland A. Genotoxicity of ad-
vanced glycation and products in mammalian cells. Cancer Lett. 
2003;190(2):151-156. [Crossref]

39.	 Sen CC, Temamogullari F, Yumusak N, Kirmit A. Bromelain prevent-
ed nickel-induced testicular toxicity via suppression of sperm DNA 
fragmentation and sperm quality alterations in rats. Med Weter. 
2019;75(5):558-563. [Crossref]

40.	 Ikken Y, Morales P, Martínez A, Marín ML, Haza AI, Cambero MI. An-
timutagenic effect of fruit and vegetable ethanolic extracts against 

N-nitrosamines evaluated by the Ames test. J Agric Food Chem. 
1999;47(8):3257-3264. [Crossref]

41.	 Báez R, Lopes MT, Salas CE, Hernandez M. In vivo antitumoral ac-
tivity of stem pineapple (Ananas comosus) bromelain. Planta Med. 
2007;73(13):1377-1383. [Crossref]

42.	 Sah BNP, Vasiljevic T, McKechnie S, Donkor ON. Effect of refrigerated 
storage on probiotic viability and the production and stability of an-
timutagenic and antioxidant peptides in yogurt supplemented with 
pineapple peel. Int J Dairy Sci. 2015;98(9):5905-5916. [Crossref]

43.	 Garip Z, Temamogullari F. Silkworm in pharmacology and toxicology. 
Int IJVAR. 2021;4(1):34-38.

44.	 Prisby RD. Mechanical, hormonal and metabolic influences on blood 
vessels, blood flow and bone. J Endocrinol. 2017;235(3):R77-R100. 
[Crossref]

45.	 Athar M, Mısra M, Srivastava RC. Evaluation of chelating drugs on the 
toxicity, excretion, and distribution of nickel in poisoned rats. Toxicol 
Sci. 1987;9(1):26-33. [Crossref]

46.	 Doreswamy K, Shrilatha B, Rajeshkumar T. Nickel-induced oxidative 
stress in testis of mice: evidence of DNA damage and genotoxic ef-
fects. J Androl. 2004;25:996-1003. [Crossref]

47.	 Singh M, Verma Y, Rana SVS. Attributes of oxidative stress in the re-
productive toxicity of nickel oxide nanoparticles in male rats. Environ 
Sci Pollut Res. 2022;29(4):5703-5717. [Crossref]

48.	 Karakaya E. Testis Torsiyonunun Detorsiyonu Sonrasında Oluşan Iske-
mi/Reperfüzyon Hasarının Rosuvastatin Ile Önlenebilirliği. Dokuz Ey-
lül Üniversitesi, Sağlık Bilimleri Enstitüsü, Türkiye, 2006.

30

Vet Sci Pract. 2022; 17(1), 26-30 l DOI: 10.54614/VetSciPract.2022.1050128

https://doi.org/10.48138/cjo.809725
https://doi.org/10.1146/annurev.nutr.28.061807.155449
https://doi.org/10.24880/maeuvfd.260790
https://doi.org/10.1002/fsn3.999
https://doi.org/10.1007/978-3-319-28570-2_3
https://doi.org/10.1016/S0304-3835(02)00626-2
https://doi.org/10.21521/mw.6278
https://doi.org/10.1021/jf990166n
https://doi.org/10.1055/s-2007-990221
https://doi.org/10.3168/jds.2015-9450
https://doi.org/10.1530/JOE-16-0666
https://doi.org/10.1093/toxsci/9.1.26
https://doi.org/10.1002/j.1939-4640.2004.tb03173.x
https://doi.org/10.1007/s11356-021-15657-w

