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Abstract

Ciprofloxacin, which is a second generation of fluoroquinolone and one of the most effective and widely
used drugs within fluoroquinolone. Unfamiliar adverse effects of ciprofloxacin such as bone marrow (BM)
suppression, thrombocytopenia, anemia, agranulocytosis, renal failure, and others observed. Lutein, is a
xanthophyll (an oxygenated carotenoid), was focused by most studies as it has a strong antioxidant activity in
vitro; and also, it has been associated with reducing the risk of the age-related disorders. The current study was
designed to describe the role of apoptosis through the measurement of Bcl-2 associated X protein (Bax) marker,
as mechanisms of bone marrow toxicity induced by ciprofloxacin and to find whether lutein may have protective
effects on ciprofloxacin-induced toxicity in bone marrow of rats.

Thirty six Sprague-Dawley rats were randomly divided into six groups (six animal each): Groups I
(control), rats received single oral daily dose of liquid paraffin (4ml/kg) for 25 successive days by oral gavage;
Group 11, (ciprofloxacin-treated), received single oral daily dose of liquid paraffin (4ml/kg body weight/day)
for 25 days, and subsequently received 500 mg/kg ciprofloxacin by oral gavage for the last 5 days; Groups II1
and IV, received oral dose of lutein (6mg/kg/day) and (24mg/kg/day), respectively by oral gavage for 25
successive days (lutein-treated); Groups V and VI, received oral dose of lutein (6mg and 24mg /kg/day),
respectively by oral gavage for 25 successive days, and subsequently received 500 mg/kg ciprofloxacin orally for
the last 5 days (lutein+ ciprofloxacin).

Ciprofloxacin (Group Il) caused significant (P<0.05) reduction in total RBCs counts and -WBCs, and
significantly elevations (P<0.05) Bcl-2 associated X protein (Bax) in bone marrow (BM) tissues homogenates
compared to control (Group |) rats. Rats that orally received lutein (Groups III and IV), each produced non-
significant differences (P>0.05) in total -RBCs and -WBCs and also produced non-significant differences
(P>0.05) in Bax levels in BM tissues homogenates with respect to corresponding levels in Group I rats. Orally-
administered lutein with ciprofloxacin (Groups V and VI), resulted in significant elevation (P<0.05) of total -
RBCs and -WBCs, and significantly reduced (P<0.05) Bcl-2 associated X protein (Bax) in bone marrow (BM)
tissues homogenates caused by ciprofloxacin compared to the corresponding levels in group of rats administered
ciprofloxacin (Group I1).

Results of the current research suggested that lutein may be a useful compound that alleviated
ciprofloxacin-induced toxicity on bone marrow.
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A (8 il 518 g ) Lgatsy (Al 32:.1\ 8&@“@3&3@\@&33\ <) ity
* gl AU a9 " juad L)) eV

é\)ﬂ\d\d&.} cala dxals (ddauall 44K fa}mﬂ\} 4 5aY) &)5*
DAl

DBV syl 8 Lalasiad SV 5 Allad SV 3 9aY) e 255 sl o 18 (g SN onl ga 5 ¢ Qi 5l g panee
sa ¢ ol .Lh).,\bj‘g}m\w\sQ\,\M\'&).\.’H‘aﬂ\)ﬁcQB:\QA“UEsew\&&wdhwusjﬁj)ﬁmuaﬁﬁu\ﬁéﬁ)w\
JQELMJ\M6CA§TJ‘)M\@SJMSNJLAAL§}§LL&J&D L;):\Aéﬂi)]@u\‘)ﬂ\(alau@n LI\)SJ&(@AS}AA:\}.\:\S)J\S) Jud gl g
Lesanns A Aand) e 2508 5l il 4l (50 a8 0 sl S 1Y) Lo alaaY 5 Gl 5l 5y e palil) pliall £ 185 pandl S € X (5l
O alae plas (A S Sl 5 sl

e sana) [ Ao ganall ;(Ae same JSI U gan i) Sle sana i ) Wil pde Ciand Sprague-Dawley o) s o 5D 5 Au
(ssadll Gial) ok e Wllia g Y0 5add (aaS / Ja £) Bladl bl L) (e il o yk e aals A s e a3 ad) il ¢ (pSa)
(ps/ emall 055 0m paS [ da £) Jiadl ) JUl) G ) 535k (e Baal 5 dpa sy Ao ya il ¢ (LS 5l 5 juanally Aallaall) (T de sanall
IV 5 IIT Gle sanall ¢ sl 0 AT IS adll 505k e il Gasda o GasleS 18 5 500 e aaS /a0 0 @l aay i 5 ¢ Lo gy YO 5]
Aallaall) il L 53 Y0 52ad (g sadll (all 33 5k g0 (5l o ¢ a5/ paS/ aaae YE) 5 (as2/ aaS/ ane ) O sl e 3y a8 Ao jan il
Yo 3l (5 sadll (A sk o Ml o ¢ (i / oS/ pna TE 5 ana 1) (sl (e Ay sad Ao sa Ll VI 5V Glie sanall ¢ (00
(OS5l g s+ (5 5)) ALl 0 AT DA Gl 55k e GauleS B 5 jus (e aaS [ aae 000 A5 Gl dey g ¢ il Ly

Corresponding author E-mail: alaa_z520@yahoo.com
Received: 3/9/2020
Accepted:12 /12 /2020
Iraqi Journal of Pharmaceutical Science

233


https://doi.org/10.31351/vol30iss1pp233-239
mailto:alaa_z520@yahoo.com

Iragi J Pharm Sci, Vol.30(1) 2021

Protective effects of lutein on bone marrow

Pl S dae 5 el peall ol il S e Jlea) (& (P <0.05) (s st (aldddl G (Al de sanall) GrulasS gl 5y o

) 5okl 45l (BM) pldaall gl Aol clasilaia (3 X s 5alle ai sl (Bax) Bel-2 (o (P <0.05) Lasale gliils ¢ sboadl
lenl 8 (P> 0.05) asine 5 58 lgia IS Conil ¢ (IV 5 TIT e sanall) L gad (i il 30 0l ) Sl (1591 e sanall
pllaall plas Al ilusilaia (8 BaX Sl sisa (8 (P> 0.05) Gusine g ClSUA) Ll cantil 5 elmnl) ol ) S 5 ) panl) ol 2 S
G (VI 5V e sanall) ol sl 5 puan o (s sadll 0500 Jb5 ol )3 50l 3 lasd) de sane A AL il sially $les Le ae BM
Bel-2 = dasisall X s (P <0.05) s sale (alias) 5 ¢ eliapd) pall <) S ae 5 ¢l jandl aall il S Jlaa) 3 (P <0.05) S i )
slanall o) i) de sane (b ALall il gionally 45 jle a8 5 sl Ly Gl A dusilaidl) (BM) aldaal) glas 3 ((Bax

(Al Ae sanall) oS 5l o punll

sl adl) i S 38 dlaa) g ol saad) aall S 238 Man) ¢ oS 5l g jusen ¢ (0 o1: Apalidall clalS))

Introduction

The carboxylic acid derivation of
fluoroquinolones is Ciprofloxacin, which is a second
generation of fluoroquinolone and one of the most
effective  and widely wused drugs within
fluoroquinolone @, Its mode of action is brought
about by inhibiting topoisomerase 11 (DNA-gyrase)
and topoisomerase IV enzymes that are essential for
bacterial DNA transcription, replication, repair,
recombination, and strand supercoiling repair @,

Treatment with fluoroquinolones,

including ciprofloxacin was reported to cause severe
liver failure, elevated intracranial pressure, central
and peripheral neuropathy ©. Furthermore,
unfamiliar adverse effects of ciprofloxacin such as
bone marrow (BM) suppression, thrombocytopenia,
anemia, agranulocytosis .
A possible molecular mechanism provided for
adverse effects of the ciprofloxacin was mentioned
by researchers to be provoked by the inhibition of
mitochondrial topoisomerase Il (DNA-gyrase) that
can lead to impairment of mitochondrial DNA
transcription and replication, thus has an impact on
the cellular differentiation and proliferation ©).

Hematopoiesis which is the biological
process occurs in the bone marrow in which the
hematopoietic stem cells (HSC) proliferated into
blood cells ©. Development of multicellular
organism relies on the balance between the cell
proliferation and the cell death (that apoptosis).
However, the scenario of increasing apoptosis, in
long term number of the proliferating cells is
decreased and then unable to reach to the normal
levels O,

Bax is a pro-apoptotic protein of
mitochondria, in the intrinsic pathway of apoptosis,
that cause release of the cytochrome c, the
endoribonuclease G, and other proteins of
mitochondria through opening of the mitochondrial
outer membrane ®); this release is mediated by the
permeability transition pore of the mitochondria ©).
This cytochrome release lead to the activation of the
initiator caspase 9 and finally caspase 3 that cause
apoptosis ©.

The nutrients carotenoids are widely
distributed in foods, especially in vegetables and
fruit @9, Carotenoids appear to have antioxidant
activity @V, The beneficial effects of carotenoids
were associated in many systemic diseases when
consumed in large dietary intake @2 and with retinal
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protection against eye disorders and damage caused
by phototoxic light @3,

Lutein was focused by most studies as it
has a strong antioxidant activity in vitro; and also, it
has been associated with reducing the risk of the
age-related disorders @2, It is a xanthophyll (an
oxygenated carotenoid), which in all mammalians
including humans, that are unable to synthesize it
but deriving it through their diet 4

By absorbing blue light, lutein appears
yellow in low concentrations; while in high
concentrations, it appears orange-red; moreover, in
green vegetables, lutein accounts for about 48% of
total xanthophylls 3,

Furthermore, lutein is absorbed through
the gastrointestinal (GI) with fat and it can be
transported by lipoproteins; where lutein is
transported via apolipoprotein E, and its
transference facilitated mostly (52%) via high
density lipoproteins (HDLs) and (22%) via low
density lipoproteins (LDLs) 6
Obijectives

This study was designed to describe the
role of apoptosis as mechanisms of BM toxicity
induced by ciprofloxacin; and to explore the
possible protective effects of high- and low- doses
of lutein against ciprofloxacin-induced toxicity in
BM of rats.

Materials and Methods
Animals

Thirty-six adult Sprague-Dawley rats
weighing 150-200g were used; the animals were
taken from The Animal House of the College of
Pharmacy / University of Baghdad, under controlled
and conventional laboratory conditions. Rats were
housed in cages of stainless steel, at (25°C), relative
humidity and natural light/dark cycle. Standard
laboratory rodent tap water and chow were supplied
ad libitum, and the animals adapted for a one-week
period prior of the experiment. All animal
procedures were approved by Ethical Committee of
College of Pharmacy/ University of Baghdad.
Materials

The pure powders of ciprofloxacin
obtained from Shaanxi Yuantai Biological
Technology Co., Ltd. China; and the pure powder of
lutein was obtained from Xi'an Rongsheng
Biotechnology Co., Ltd. China. Rat Bcl-2 associated
X protein, Bax ELISA Kit was obtained from
Sunlong Biotech CO., LTD, China.
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Animals grouping and tested doses

Rats were allocated into six groups of six
rats each as follows:

*Group I (Control): received single daily oral dose
of liquid paraffin (4 ml/kg) for 25 consecutive days
by oral gavage. This group served as control.
*Group II (ciprofloxacin-treated): received single
oral daily dose of liquid paraffin (4ml/kg body
weight/day) for 25 days, and subsequently received
500 mg/kg ciprofloxacin by oral gavage for the last
5 days.

*Group III (lutein-treated): received oral dose of
lutein (6mg/kg/day) daily by oral gavage for 25
consecutive days.

*Group IV (lutein-treated): received oral dose of
lutein (24mg/kg/day) daily by oral gavage for 25
consecutive days.

*Group V: received oral dose of lutein
(6mg/kg/day) daily by oral gavage for 25
consecutive days, and subsequently received 500
mg/kg ciprofloxacin orally by oral gavage for the
last 5 days.

*Group VI: received oral dose of lutein
(24mg/kg/day) daily by oral gavage for 25
consecutive days, and subsequently received 500
mg/kg ciprofloxacin by oral route for the last 5 days.

Twenty-four hours after the end of
treatment, all animals were euthanized by diethyl
ether anesthesia and from each rat, blood sample
were withdrawn from the carotid artery at the neck
and collected for the hematological assessments
[total -RBCs and -WBCs counts].

Furthermore, BM were quickly excised,
placed in chilled phosphate buffer solution (PBS)
(oH 7.4) at 4° C, blotted with filter paper and
weighed. For the preparation of 10% tissues
homogenates, 9ml of PBS (pH 7.4) was added to
1gram of BM, then each tissue was homogenized by
tissue homogenizer that set at 3 for 1 minute at 4 °C.
All preparations were freshly prepared and kept
frozen at (-18 CO) unless worked immediately for
the measurement of Bcl-2 associated X protein
(Bax) marker in BM tissue homogenates.

Bax determination in the BM tissue homogenate

The principle of Rat Bcl-2 associated X
protein, Bax determination in this ELISA kit (Rat
Bcl-2 associated X protein, Bax ELISA Kit was
obtained from Sunlong Biotech CO., LTD.) is that:
this ELISA kit uses Sandwich-ELISA as the
method. The Microelisa stripplate provided in this
kit has been pre-coated with an antibody specific to
Bax. Standards or samples are added to the
appropriate  Microelisa stripplate  wells and
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combined to the specific antibody. Then a
Horseradish  Peroxidase (HRP) - conjugated
antibody specific for Bax is added to each
Microelisa stripplate well and incubated. Free
components are washed away. The TMB substrate
solution is added to each well. Only those wells that
contain Bax and HRP conjugated Bax antibody will
appear blue in color and then turn yellow after the
addition of the stop solution. The optical density
(OD) is measured spectrophotometrically at a
wavelength of 450 nm. The OD value is proportional
to the concentration of Bax. You can calculate the
concentration of Bax in the samples by comparing
the OD of the samples to the standard curve.
Statistical analysis

Data was expressed as the values of mean
standard deviation (SD). The data were analyzed by
utilizing computerized IBM SPSS statistics 23.0
program. The statistical significance of the
differences among various groups is determined by
one-way analysis of variance (ANOVA). The
statistically significant differences were considered
when P value less than 0.05 (P<0.05).

Results and Discussion

Ciprofloxacin ~ (Group  Il)  caused
significant (P<0.05) reduction in total RBCs counts
(Figure. 1), total WBCs counts (Figure. 2) each
compared to the corresponding levels in control
(Group 1) rats; furthermore, there were significant
(P<0.05) elevations in Bax contents (Figure. 3) in
BM tissue homogenates compared to control
(Group I) rats.

Groups 11 and 1V rats that orally received lutein
6mg/kg and 24mg/kg, respectively each produced
non-significant differences (P>0.05) in total -RBCs
and -WBCs (Fig 1 and 2, respectively) and also
produced non-significant differences (P>0.05) in
Bax levels in BM tissues homogenates with respect
to corresponding levels in Group I rats (Figures 3).

Administration of lutein at a dose of
6mg/kg body weight, and 24mg/kg each in
association with ciprofloxacin (Groups V and VI)
produced significant (P<0.05) elevation in total
RBCs counts (Figure. 1), total WBCs counts
(Figure. 2) each compared to blood counts in Group
II rats; moreover, significant (P<0.05) reduction in
Bax contents in BM tissues homogenates (Figure. 3)
was shown compared to the corresponding contents
to Group II (ciprofloxacin-treated) rats.
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Figure 1. Effects of various treatments on Total RBC counts in rats.

Data are expressed as Mean + SD, n =6.

Values with non-identical small letters (a, and b) are significantly different (P< 0.05).
Values with an identical capital letter (A) are non-significantly different (P> 0.05).
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Figure 2. Effects of various treatments on Total WBC counts in rats.

Data are expressed as Mean * SD, n =6.

Values with non-identical small letters (a, and b) are significantly different (P< 0.05).
Values with an identical capital letter (A) are non-significantly different (P> 0.05).
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Figure 3. Effects of various treatments on Bax levels in BM tissues homogenates of rats.

Data are expressed as Mean + SD, n =6.

Values with non-identical small letters (a, and b) are significantly different (P< 0.05).
Values with an identical capital letter (A) are non-significantly different (P> 0.05).

DNA gyrase which is inhibited by
fluoroquinolones, which is an adenosine
triphosphate that hydrolyzing topoisomerase |l
enzyme for keeping safe and state of the
supercoiling in the replicating and the non-
replicating forms of chromosomes of the bacteria
also fluoroquinolones has action on topoisomerase
v an,

Oridupa A.O., et al. 2013 reported that
ciprofloxacin can cause interstitial nephritis,
suppression of BM and haemolytic anaemia in
humans 8. Furthermore, quinolones therapy,
including ciprofloxacin can cause severe liver
failure, elevated intracranial pressure, central and
peripheral neuropathy; also, the occurrence of
convulsions after exposure to ciprofloxacin can also
be occurred. Mechanisms of toxicity caused by
ciprofloxacin were reported to be attributed to
various causes, including its binding to glycine, N-
methyl-D-aspartate, and GABA-receptors;
furthermore, other explanation to the toxic effects of
ciprofloxacin was imputed to the toxic effect on the
antioxidant's activity and the similarities of
quinolone structure to kynurenic acid and similar
compounds' structure which are glutamate receptor
endogenous ligands ©. Furthermore, adverse
reactions of ciprofloxacin, especially in the CNS,
may be due to free radical-formation reactions;
where, this hypothesis was supported by the
evidence that ciprofloxacin can cause serious
alterations of the glutathione redox status in the
brain and the liver tissues of rat 9. Moreover,
Lowes, D.A,, et al. 2009 suggested that the toxicity
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of ciprofloxacin to the mitochondria can be due to
oxidative stress (OS), topoisomerase inhibition,
photosensitization and altered calcium homeostasis
(20)

Additionally, ciprofloxacin can have
effects on the cellular growth and differentiation.
Immediate retardation of the cell division was only
present in the cells of functional mitochondria; the
retrograde of the signal from the mitochondria to the
nucleus; caused either by the impaired of
mitochondrial DNA replication or by the oxidative
stress ©),

Furthermore, adverse effects  of
fluoroquinolones including ciprofloxacin can cause
tendon  rupture, muscle  weakness, joint
inflammation, epilepsy, peripheral and central
neuropathies and psychological symptoms as
depression; all these symptoms had been suggested
to be due to enhanced the OS @V; although, the exact
molecular mechanism was unclear yet. Altered the
topology of mitochondrial DNA (mtDNA) that
cause reduction of mitochondrial transcription and
mtDNA copy number that may result in serious
dysregulation of electron transport chain complexes,
as occurring with ciprofloxacin treatment @2, that
may lead to respiratory chain dysfunction that may
consequently cause the observed increased in the
oxidative stress ©,

The current study confirms that
ciprofloxacin caused BM toxicities, as was
evidenced through the significant (P<0.05)

reduction in total RBCs counts, and total WBCs
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counts and elevation in Bax contents in BM tissues
homogenates (Figures 1, 2, 3).

The role of apoptosis as a mechanism of
toxicity provoked by ciprofloxacin on BM was not
previously described; but in this study, such drug
caused significant elevation in Bax level in BM
tissue homogenate (Figure 3); as mention previously
that (Bax) protein cause activation of the cascade of
apoptosis reactions by releasing the mitochondrial
cytochrome c that helps in the successive activation
of the caspases and leads ultimately to cell death 23,
and thus, the current study is considered the first that
demonstrate the role of apoptosis in BM toxicity-
induced by ciprofloxacin. Thus, we did not have a
chance to compare the results of this study with
other reports concerning this respect.

Studies showed that high concentration of
lutein, either by diet intake or as supplementation,
has beneficial effects on eye disorders, preventing or
even ameliorative both the age-related macular
degeneration (AMD) ?4 and the cataract 2,

Recently, several studies suggested that
lutein might indeed has compatible effects via anti-
inflammatory effects @, improving the cognitive
functions @9, and reducing the risk of cancers 2,
improving cardiovascular diseases @ and the other
systemic conditions ", Also, it has been mentioned
that lutein has anti-genotoxic property, and it may
attenuate the immunosuppression in mouse models
induced by ultraviolet radiation 8,

The current study showed that lutein (6mg
and 24mg/kg/day) attenuates ciprofloxacin-induced
reduction in total -RBCs count, and -WBCs count,
and ciprofloxacin-induced elevation in Bax contents
in BM tissues homogenates of rats (Figures 1, 2 and
3).

Conclusion

Results of this study suggested that bone
marrow suppression and apoptosis have roles in the
mechanisms of BM toxicity induced by
ciprofloxacin; furthermore, lutein may show some
protective effects on ciprofloxacin-induced toxicity
and an available as a supplementation to protect the
BM during the DNA topoisomerase enzymes
inhibitors chemotherapy but this require further
studies to support our results.

Acknowledgments

The data of this article were abstracted
from PhD thesis submitted to the Department of
Pharmacology and Toxicology, College of
Pharmacy, University of Baghdad. Authors thank
University of Baghdad for supporting the project.

References:

1. Fatima R Abdul, Nehad A Taher, Ashraf S
Hassan, Enaam H Batah. The Effect of
Coumarin Derivatives (compounds) on the
Vibrio cholerae Isolates from Different Clinical
Iragi Sources. Iragi J Pharm Sci 2017; 26
(1):32-39.

238

10.

11.

12.

13.

14.

15.

16.

Protective effects of lutein on bone marrow

Fisher L.M, Pan X.S. Methods to assay
inhibitors of DNA gyrase and topoisomerase 1V
activities. Methods Mol. Med 2008; 142: 11-23.
Sayed M Rawi, Nasser M. Alshibly, Fatema
Seif EI-Nasr. Neurotoxic effect of ciprofloxacin
on Albino rat. J App Pharm 2014; 6(1): 121-
132.

Muhammad Chaudhry, Neel Tarneja, Abhijit
Gundale, Denise Roa, and Robert Levey. Bone
Marrow Suppression: A Side Effect of
Ciprofloxacin Therapy. American Journal of
Therapeutics 2010; 17: e167—e168.

Anu Hangas, Koit Aasumets, Nina J
Kekéldinen, Mika Paloheind, Jaakko L
Pohjoismaki, et al. Ciprofloxacin impairs
mitochondrial DNA replication initiation
through inhibition of Topoisomerase 2. Nucleic
Acids Research 2018; 46 (18): 9625-9636.
Birbrair A, Frenette PS. Niche heterogeneity in
the bone marrow. Ann N Y Acad Sci. 2016;
1370 (1):82-96.

Christina L. Mouser, Eliana S. Antoniou and
Evros K. Vassiliou. A model of hematopoietic
bone marrow apoptosis during growth factor
deprivation in combination with a cytokine.
Theoretical Biology and Medical Modelling
2018; 15: 8-14.

Amina lbrahim Shehu, Xiaochao Ma, Raman
Venkataramanan. Mechanisms of Drug-
Induced Hepatotoxicity. Clinics in Liver
Disease 2017; 21(1):35-54.

Lei Cao, Xi-Bing Quan, Wen-Jiao Zeng, Xiao-
Ou Yang and Ming-Jie Wang. Mechanism of
Hepatocyte Apoptosis. Journal of Cell Death
2016; 9: 19-29.

Perry A, Rasmussen H, Johnson E.J.
Xanthophyll [lutein, zeaxanthin] content in
fruits, vegetables and corn and egg products. J.
Food Compos. Anal. 2009; 22: 9-15.

Fiedor J, Burda K. Potential role of carotenoids
as antioxidants in human health and disease.
Nutrients 2014; 6: 466-488.

Silvio Buscemi, Davide Corleo, Francesco Di
Pace, Maria Letizia Petroni, Angela Satriano et
al. The Effect of Lutein on Eye and Extra-Eye
Health. Nutrients 2018; 10: 1321-1345.

Lima, V.C, Rosen, R.B, Farah M. Macular
pigment in retinal health and disease. Int. J.
Retina Vitreous 2016; 2: 19- 28.

Eroglu A, Harrison E.H. Carotenoid
metabolism in  mammals, including man:
Formation, occurrence, and function of

apocarotenoids. J. Lipid Res. 2013; 54: 1719-
1730.

Harsha Hirdyani, Mini Sheth. Lutein —The less
explored carotenoid. World Journal of
Pharmaceutical Research 2017; 6 (6): 528-553.
Keyvan Koushan, Raluca Rusovici, Wenhua Li,
Lee R. Ferguson, Kakarla V. Chalam. The Role



Iragi J Pharm Sci, Vol.30(1) 2021

17.

18.

19.

20.

21.

22.

23.

of Lutein in Eye-Related Disease. Nutrients
2013; 5: 1823-1839.

Suha N. Muhsin and Ali F. Hassan. The
Protective Effect of Lactobacillus against
Ciprofloxacin and Levofloxacin Associated
Diarrhea in Sample of Iragi Patients. lraqgi J
Pharm Sci, 2019; Vol.28 (2): 174-179.
Oridupa A.O, Omobowale T.O, Abiola J.O,
Azeez |. O, Ajibade T.O. Effect of
Ciprofloxacin and Levofloxacin on
haematological parameters of dogs. Afr. J.
Biomed. Res. 2013; 16: 25 - 29.

Aylin Gu'rbay, Filiz Hincal. Ciprofloxacin-
Induced Glutathione Redox Status Alterations
in Rat Tissues. Drug and Chemical Toxicology
2004; 27 (3): 233-242.

Lowes, D.A, Wallace C, Murphy M.P, Webster
N.R, Galley H.F. The mitochondria targeted
antioxidant MitoQ protects against
fluoroquinolone-induced oxidative stress and
mitochondrial membrane damage in human
Achilles tendon cells. Free Radic. Res. 2009;
43: 323-328.

llgin,S, Can O.D, Atli O, Ucel U.l, Sener E,
Guven I. Ciprofloxacin-induced neurotoxicity:
evaluation of possible underlying mechanisms.
Toxicol. Mech. Methods 2015; 25: 374-381.
Nadanaciva S, Dillman K, Gebhard D.F,
Shrikhande A, Will Y. High-content screening
for compounds that affect mtDNA-encoded
protein levels in eukaryotic cells. J. Biomol.
Screen 2010; 15: 937-948.

Bibi Kulsoom, Tahir Sultan Shamsi, Nasir Ali
Afsar, Zahida Memon, Nikhat Ahmed, Syed

Baghdad Iraqgi Journal Pharmaceutical Sciences by bijps is licensed under a Creative Commons Attribution
4.0 International License. Copyrights© 2015 College of Pharmacy - University of Baghdad.

24,

25.

26.

217.

28.

Protective effects of lutein on bone marrow

Nazrul Hasnain. Bax, Bcl-2, and Bax/Bcl-2 as
prognostic markers in acute myeloid leukemia:
are we ready for Bcl-2-directed therapy?.
Cancer Management and Research 2018; 10:
403-416.

Beatty S, Chakravarthy U, Nolan J.M,
Muldrew K.A, Woodside J.V, et al. Secondary
outcomes in a clinical trial of carotenoids with
coantioxidants versus placebo in early age-
related macular degeneration. Ophthalmology
2013; 120: 600-606.

Chung R.W.S, Leanderson P, Lundberg A.K,
Jonasson L. Lutein exerts anti-inflammatory
effects in patients with coronary artery disease.
Atherosclerosis 2017; 262: 87-93.

Johnson E.J, Vishwanathan R, Johnson M.A,
Hausman D.B, Davey A, et al. Relationship
between serum and brain carotenoids, -
tocopherol, and retinol concentrations and
cognitive performance in the oldest old from the
Georgia Centenarian Study. Aging Res. 2013;
2013: 951786.

Cao Y, Wang C, Liu J, Liu Z.M, Ling W.H et
al. Greater serum carotenoid levels associated
with lower prevalence of nonalcoholic fatty
liver disease in Chinese adults. Sci. Rep. 2015;
5:12951.

Vidya Vasudeva, Yogish Somayaji
Tenkanidiyoor, Vishakh Radhakrishna, Alex
Peter, Jayaram Shetty, et al. Impact of Lutein
Intervention in Mice on the Radiation Induced
Clastogenic Changes. MedOne 2017; 2:
e170022.



http://bijps.uobaghdad.edu.iq/index.php/bijps.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

