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ABSTRACT KEYWORDS
Hesperidin (HDN) is one of naturally occurring flavonoid widely found in Hesperidin;
citrusfruits. Flavonoidswerefound to inhibit DNA and chromosomal dam- Antioxidant;
age induced by cyclophosphamide. Chemoprevention is one of the most Cytoxan;
promising and realistic approaches in the prevention of side effects pro- Genotoxicity;
duced by cytoxan treatment as an anticancer drug. Therefore, the present Biochemicl;
study was designed to evaluate the protective effect of HDN against Mice.

genotoxic and biochemical effects of cytoxan (anti-tumor drug) in Swiss
albino male mice. Micewere divided into 19 groups (5 animals each). The
1%gp served as control. The 2™, 3", 4", gps had divided into 9 subgroups
and received orally 50, 100 and 200mg/kg bw of cytoxan for one, two and
three weeks, respectively. The 5%, 6", 7" gps had divided into 9 subgroups
and received 50, 100 and 200 mg/kg bw of cytoxan in combination with 50
mg of HDN for 1, 2 and 3 weeks, respectively. At the end of the experimental
periods, animals were subjected to genetic and biochemical analysis. The
resultsrevealed that MN frequency significantly increased in cytoxan treated
mice. However, HDN treatment showed a significant decreament in MN
frequency in mice bone marrow cellscompared to control. Aswell, asignifi-
cantinhibitionin DNA content using comet assay in cytoxan treated groups
with 3fold lower than control, whereas the treatment with HDN inimproved
that content. Also, there was a significant reduction in DNA, RNA and
protein content in brain and kidney tissues and functions (creatinine and
urealevel elevation). However, administration of HDN in combination with
cytoxan significantly improved all parameters studied in brain and kidney
tissues. A significant decrease in the level of tissue antioxidants like super-
oxide dismutase (SOD), cholinesterase (CHE) and increase in
malondiadhyde (MDA), cholesterol, glucose and triglycerollevel swasfound
in cytoxan treated groups. In conclusion, HDN supplementation signifi-
cantly ameliorate these parameters due to antioxidant activity, thereby show-
ing potent antigenotoxic and chemopreventive effects against toxicity in-
duced by cytoxanin mice. © 2015 Trade Sciencelnc. - INDIA
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INTRODUCTION

Hesperidin (HDN) isoneof naturaly occurring fla-
vonoidwiddy foundincitrusfruits Hesperidinasafla-
vonoidwasfoundtoinhibit DNA & chromasoma dam-
ageinduced by cyclophosphamide (CPA). Flavonoid
compoundshavemany biological properties, including
hepatoprotective, antibacterid, antimutagenic and anti-
cancer activities!. HDN isaflavononeglycoside, be-
longing totheflavonoid family. Thisnatural productis
foundin citrus species. Citrusextract had asignificant
protectiveeffect on genotoxicity induced by cyclophos-
phamide?. HDN was reported to have many biologi-
cd effectsincluding anti-inflammatory, antimicrobial,
anticarcinogenic, antioxidant effects, and decreasing
capillary fragility.

Cytoxan (Cyclophosphamide, CPA) isan dkylat-
ing anti-tumor drugused for thetreatment of variouscan-
cer and noncancer disorders. It is a member of
oxazophorine group and its chemical formulais
C7H15CI2N202P“. Cytoxan (CPA) shows antitu-
mor activitiesagainst abroad range of cancersinclud-
ing malignant lymphomas, mye oma, leukemia, neuro-
blastoma, adeno-carcinoma, retino-blastoma, and
breast-carcinoma®". CPA given at low doses act as
ether ananti-angiogenicor animmuno-simulaory agent
incombinationwith other immunothergpiesinthetreat-
ment of cancer®9. CPA isalso used for themobiliza-
tion of hematopoi etic progenitor cellsfrom the bone
marrow into periphera blood™*, It is aso awell
known immunosuppressive agent used for graft rejec-
tionin caseof renal, hepatic, and cardiac transplanta-
tion*?, Itstherapeutic use as anticancerousdrugislim-
ited duetoitssideeffects.

Insomatic cells, CPA has been shown to produce
gene mutations, chromosome aberrations, micronuclel
and sister chromatid exchangesin avariety of cultured
cells. It hasal so produced chromosome damage and
micronuclel inrats, mice and Chinese hamsters, and
gene mutations in the mouse spot test and in the
transgenic lacZ construct of Mutant Mouse. It actsas
both amutagen and acarcinogen*16l,

For micronucleus (Mn) assay, the studies of 1718l
showed that oral administration of CPA in miceand
ratsresulted inasgnificant increasein thefrequency of
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Mn and that depends on the doseand sampling times.
In addition, when CPA wasadministered torat asig-
nificant increasein chromosomal aberrationand Mn
formation wasfound in adose-dependent manner in
BM cellsof rat*.

Administration of citrusextract before CPA treat-
ment significantly reduced thefrequency of Mninmice
compared with the group treated with CPA d one. Cit-
rusextract, particularly flavonoidscongtituentswith an-
tioxidant activity, reduced Mn 2.8 fold against
genotoxicity induced by CPAIA. Thesamefindingswere
found by, A significantincreasein comet tail length
and % Mn in both acute (single dose) and subacute
(multiple dosesrepeated every 24 hfor 7 times) stud-
ies of CPA treated mice??>Z1, The same finding was
reported by?4. DNA isthe primary target in terms of
theteratogenic, mutagenic, and antineoplastic effects
of CPA. Effectsof CPA on DNA have been reported
widely inmammalian cells, both of somatic and germ
cdll origin®?%, CPA issupposed to exert its cytotoxic-
ity viathecross-linking of cellular DNA, and somestud-
iesdemonstrated that following drug exposurethereis
occurance of interstrand and DNA-protein cross-links,
but no singlestrand breaks?!. CPA inhibitsembryonic
DNA synthesisand does so prior toitseffect on RNA
or protein synthesi 7.

Although CPA isknown to produce DNA cross-
links, other DNA lesions are produced aswell. CPA
mediates GO/G1 and S phase arrest. Accumulation
ofcellsin GO/G1in comparisontothecontrol, whereas
higher concentrations causes dose-dependent GO/G1,
Sphase and G2/M phaseinhibition?, However, or-
ange juice was found to reduced the extent of DNA
damage caused by CPA in micedueto itsantigenotoxic
effect®30, The protective effect against that damage
was associ ated with modul ation of lipid peroxidation
aswdl asanincreasein GSH and the GSH-dependent
enzymeglutathione S-transferase®. Thesefindingsin-
dicatethat intakeof HDN can lead to protection against
IN-vivo genotoxicity and oxidative stress.

Effect of CPA on biochemica parametersstudied
by+¥2 in rats showed the decreased level of serum
totd protein and increased level sof ureaand cregtinine
thanthecontrol animals.

Anincreasein MDA level and decreasein SOD
level wasfoundin CPA treated Wistar malerats, that
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a so happened in mice dueto reproducti vetoxicityt®34,
However, HDN hasshowntoincreasetheleve of SOD
inthemiceand ratg%,

Anincreasein cholesterol, glucose, triglycerol,
MDA and Mn frequency levelsin CPA treated mice,
whereasadecreaseintotal proteinlevel wherefound
by*. To our knowledgethisisthefirst report to study
theeffect of HDN asachemopreventiveagent in com-
bination with cytoxan on cholesterol, glucose and
triglyceral levelsinmice.

Therefore, thepresent Sudy wasdesignedto evalu-
atetheprotective effect of hesperidin (HDN) against
genotoxicand biochemical effectsof cytoxan (anti-tu-
mor drug) treated Swissabino maemice.

MATERIALSAND METHODS

Animals

Adult Swissabinomaemiceweighting 25-30gm
were used inthe present study. Anima swerehousedin
cages of theAnima houselaboratory of the National
Research Center, Dokki, Cairo, Egypt and had free
accessto water and pellet diet for oneweek for adap-
tation.

Drugs

| — Cytoxan were purchased from Sigma Aldrich
Chemicd PrivateLtd., Indiaisused inthetreatment of
mice under study.

I1- Hesperidin was supplied by Sigma Aldrich
Chemicdl privateLtd., Indiaand suspendedindistilled
water and administered orally and used asaprotective.

Treatment

Miceweredividedinto 19 groups(5 animaseach).
The 19gp served as control. The 29, 3, 4™, gps had
divided into 9 subgroups and received orally 50, 100
and 200mg/kg bw of cytoxan for one, two and three
weeks, respectively. The 5", 6", 7" gps had divided
into 9 subgroupsand received 50, 100 and 200 mg/kg
bw of cytoxanin combinationwith 50 mgof HDN for
1, 2 and 3 weeks, respectively. At the end of the ex-
perimental periodsanima swere anaesthetized and sac-
rificed by cervical did ocation and subjected to geneti-
ca andbiochemica andyss.

—— Regdular Peper
Geneticanalysis
Micronucleus assay

Micewere sacrificed and both femursof micewere
removed and aspirated with fetal calf serumi®l. The
bone marrow smearswere made, fixed and sained with
Giemsa®, 2000 polychromatic erythrocytes were
scored per animal.

Comet assay

The comet assay were performed according to
Comet assay reegent kit for snglecd| gel dectrophoress
assay (Catalog = 4250-050-k). DNA migration, im-
agelength, nuclear szeand DNA damagewere cacu-
latedinmicebraincdls.

Deter mination of nucleic acids

Nucleic acids(DNA and RNA) were determined
using asmplified method for determination of specific
DNA or RNAM .,

Biochemical analysis

Blood sampleswere collected in heparinized tubes
and centrifuged at 5000 rpmfor 20 minfor quantitative
measurement of lipid peroxidase malondiadhyde
(MDA) according to“!. Superoxidedismutase (SOD)
activity was assayed by the method of“4. Cholinest-
erase (CHE) was assayed by the method of(“?. Bio-
chemical estimation of cholesterol wasdevel oped ac-
cording tol*4. Triglyceride was measured according
0 and urea, crestinineand glucose were determined
by adifferential pH technique according tol*d. Total
protein content wasmeasured col orimetrical ly accord-
ingto*7.

Satistical analysis
Dataare presented asMeans+ SE. One way analy-

sisof variance (ANOVA) and Tukey’s HSD test were
used for multiple comparisonsof data.

RESULTSAND DISCUSSION

Inthe present study, HDN wasinvestigated for its
potentiad antigenotoxic and chemaopreventiveeffectsin
CPtreated Swissabino miceby genetic (Mn and comet
assays) and biochemica anadyss.

Theresultsof the present study reveal ed that the
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TABLE 1: Effect of HDN on cytoxan induced micronucle in malemice

Cytoxan Cytoxan + HDN
Treatment Dose Number of animals Number of 0 i 0 i
period  mg/kg examined cells % Of cllswith ), g p = 9 of cellswith , g p
micronuclei micronuclei
50.0 5 2000 2.80 11.2+0.88" 2.15 8.6+0.60
1 Week 100.0 5 2000 3.10 12.4+1.04” 2.20 8.8+0.55
200.0 5 2000 3.40 13.8+0.65 2.25 9.0+0.61
50.0 5 2000 3.00 12.0+0.79” 2.30 9.24+0.42
2Weeks 100.0 5 2000 3.20 13.0£0.80" 2.35 9.4+0.57
200.0 5 2000 3.70 15.0£1.00" 2.40 9.6+0.57
50.0 5 2000 3.60 14.4+1.20™ 2.50 10.0+£0.80
3Weeks 100.0 5 2000 3.90 15.6+1.03"" 2.60 10.4+0.84
200.0 5 2000 4.10 16.4+0.91"" 2.70 10.8+1.08
Control 0.0 5 2000 2.05 8.4+0.57

Resultsareshown asmean + SE; Thelast row indicatethecontrol group data; *=P<0.05, **=P<0.01 and ***=P<0.001.

TABLE 2: Mean comet tail length (um) of mice brain exposed to cytoxan and /or HDN

Treatment Dose Mean comet tail length (Mean £ S. E) Mean comet tail length (Mean £ S. E)
period mg/kg Cytoxan Cytoxan + HDN
1 Week 200.0 18.15+1.839" 13.94+1.034
2 Weeks 200.0 22.29+1.72"" 17.842+2.078"
3 Weeks 200.0 29.34+2.872"" 20.828+1.301""
Control 0.00 13.17+1.072

Resultsareshown asmean + SE; Thelast row indicatethe control group data; *=P<0.05, **= P<0.01 and ***= P<0.001

trestment with cytoxan drug resulted in significant in-
creasein thefrequency of MN with 3fold comparedto
control (TABLE 1). However, hesperidin treatment
showed asignificant decreasein MN frequency inmice
bonemarrow cdllscompared to cytoxan treated groups.

The comet assay (mean comet tail length) results
showed asignificant increasein comet tail lengthin
cytoxan treated groupswith 3fold higher than control,
whereasthetreatment with HDN improved that results
(TABLE?2).

Theantigenotoxic activity of HDN waseva uated
by measuring their inhibitory effect on CP (cytoxan) in-
duced genotoxicity inmice. Itisindicated that CPin-
duced chromosomal damagein mouse bone marrow
cdls. Thesefragmented chromosomeswere condensed
toform Mn'“él, HDN decreased the CPA induced for-
mation of Mn, which may dueto theinhibition of CPA
induced chromosoma and DNA damage.

Theantitumor agent CPA induced genotoxicity in
miceand ratsbased on evaluation of Mnfrequencies®.
A doseresponsefor CPA —induced DNA damage was

detectablein miceand ratsby the comet assay. Evalu-
ation of the nature of the CPA— induced Mn in mice
and rats revealed that the Mn were primarily dueto
breakage events and contained chromosomal frag-
mentg*923, While"18 showed that ordl administration
of CPA inmiceand ratsresultedinasignificant increase
inthefrequency of Mn and that dependson the dose
and sampling times. Aswel | with?>24, who reported a
sgnificantincreasein comet tail lengthand Mnfrequency
incytoxantreated mice.

Consumption of orangejuice containing HDN can
protect DNA from damageinduced by CPA. Such pro-
tective effects of orangejuice may bemediated by, (1)
modul ation of phase | and || enzymes; (2) substrate
competition for the nucleophilic action of CPA or
quenching of CPA metabolitiesand side-products (re-
active gpecies); and (3) enhancement of DNA repair?,

Ord adminidiration of cytoxan (50, 100 and 200mg/
kg bw) to male micefor 1, 2 and 3 weeks caused a
sgnificant reductionin DNA, RNA and protein content
inbrain (TABLE 3) and kidney (TABLE 4) tissues.
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Treatment Dose Cytoxan Cytoxan + HDN
period mg/kg DNA RNA Protein DNA RNA Protein

50.0 0.397°+0.02  0.272'+0.013 9.046'+0.105 0.491+0.012 0.312+0.012 9.606+0.131

1 Week 100.0 0.397°+0.12 0.2507+0.14 8.687 +0.237 0.481+0.240 0.304+0.014 9.453+0.251
200.0 0.37+0.01  0.235 "+0.006 8.473"+0.166 0.469+0.012 0.296+0.012 9.392+0.137
50.0 0.387°+0.01 0.264'+0.014 8.685 +0.276 0.488+0.025 0.310+0.013 9.501+0.195

2 Weeks 100.0 0.36+0.01  0.2447+0.008 8.356 +0.253 0.450'+0.016 0.294+0.012 9.410+0.187
200.0 0.35740.02  0.218+0.010 8.344"+0.110 0.448'+0.012 0.283+0.0017 9.201+0.223
50.0 0.367°+0.02 0.2577+0.017 8.276 +0.207 0.458'+0.011 0.291+0.008 9.283+0.204

AWeeks 100.0 0.347°+£0.02 0.235 7"+0.006 8.150"+0.193 0.440}0.240 0.280+0.014 9.101+0.149
200.0 0.31+0.02 0.198+0.006  8.080+0.170 0.436'+0.019 0.267+0.001 9.060:+0.220

Control 0.0 0.491+0.01  0.323+0.014  9.835+0.283

Resultsareshown asmean + SE; Thelast row indicatethecontrol group data; *=P<0.05, **=P<0.01 and ***=P<0.001.

TABLE 4: Effect of HDN on kidney (DNA, RNA, Protein) and kidney function (Creatinine, Urea) of micetreated with cytoxan

Treatment Dose Cytoxan Cytoxan + HDN
period mg/kg DNA RNA Protein Creatinine Urea DNA RNA Protein Creatinine Urea
50.0 0.3317 0.264 6.563 0.660  34.900° 0.417 0.316 7.859 0.588  30.880
" 40.015 +0.018 +0.449  +0.026  +0.488 +0.011 +0.014 +0.490  +0.012  +0.285
1 Week 100.0 03147 02500 6.149° 0.699° 34780 0.394 0.290 7.062 0.616  31.160
0 40.019 £0.012 +0.236  +0.030  +0.339 +0.009 +£0.018 +0.541  +0.012  +0.348
2000 ©0-308 0.218" 5761° 0.743" 351107 0.381 0.278 6.647 0.625  32.050
"~ 40.013  £0.006 +0.382  +0.018  +0.408 +0.019 +£0.009 +0.550  +0.018  +0.618
5o 0328 0.259° 6.443  0.6700 34970 0.407 0.308 7.486 0.600  31.850
" 40.013  +£0.023 +0.549  +0.028  +0.580 +0.110 +0.015 +0.478  +0.010  +0.567
2 Weeks 100.0 0.311" 0.203"" 5.920° 0.701"° 35870 0.391 0.284 6.961 0.626  32.350
"~ 40.008 £0.006 +0.200  +0.021 +£0.392  +0.008 +0.012 +0.464  +0.010  +0.690
2000 0304 0192 5713° 0.814™ 373007 0.377 0274 6.628 0.639  33.160
"~ 40.014 £0.010 +0.253  +0.013  +0.606 +0.008 +0.008 +0.440  +0.020  +0.844
5o 0310 02377 6401 0715 36.920° 0406 0.282 7.123 0.607  32.060
" 40.008 +0.008 +0.516 +0.210  +0.456 +0.005 +0.009 +0.555  +0.012  +0.340
3 Weeks 100.0 0.306™" 0.2007" 5701 0883 37.670° 0.365 0.270 6.815 0.630  33.820
7 40.014 £0.007 +0.288 +0.025 +0.444 £0.017 £0.017 +0.586 +0.022 +0.847
200.0 0.295™ 0.188"" 5.438" 1.0017° 40.160°° 0.343° 0.267 6.824 0.649°  34.720°
7 +0.015 +0.014 +£0.376 +0.009 +0.494 £0.014 £0.010 =+0.326 +0.016 +0.950
Control 0o 0429 0319 8166 0.571 0.0 30.670
£0.02  +0.019 +0.431  +0.023 ' +0.727

Resultsareshown asmean + SE; Thelast row indicatethecontr ol group data; *=P<0.05, **=P<0.01 and ***=P<0.001

Thesefindingsarein accordance withi?, who found
that CPA inhibits DNA synthesisand doesso prior to
itseffect on RNA or protein synthesis. Aswell, asig-
nificant damagein kidney function (creatinineand ureg)
in 3fold with 3 dosesused in the study. However, ad-
ministration of HDN in combination with cytoxan Sg-
nificantly improved al parametersstudied inbrain and
kidney tissues and that coincide with® who said that
increased of urea could be due to increased protein
level or duetoimpairment of renal functionin CPA in-

toxication. Aswell asignificant decreaseintota protein
level wasfound in CPA treated rats. However, no dif-
ferenceswerefound in creatinineand urealevelsbe-
tween CPA and morin (anaturaly occurring flavonoid)
treated groups®3. CPA mediates GO/G1 and S phase
arrest. Accumulation of cellsin GO/G1in comparison
to the control, whereas higher concentrations causes
dose-dependent GO/GL1, S phaseand G2/M phasein-
hibition,

Serum cholinesterase (CHE) with antioxidant SOD
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TABLE5: Effect of HDN on blood M DA, SOD and CHE of cytoxanintoxicated malemice

Treatment C)gg;(sn Number of Cytoxan Cytoxan + HDN (50 mg/kg bw)

period (mgkg  ~mimas MDA soD CHE MDA soD CHE
50.0 5 9.65+0.69°  6.27+0.33°  6.009+£0.40"  7.87£0.55 7.51+0.44  7.604+0.29
1 Week 100.0 5 10.19+0.87  6.11+0.39° 5773032  8.360.54 7.13+0.35 7.385+0.24
200.0 5 10.51+0.83 5.78+0.36 5.193+0.26"  8.96x1.06 6.74+0.42  7.164+0.24
50.0 5 10.20£0.88°  6.21£0.48°  5.863+0.35 8.46+0.74 7.38+0.50 7.495+0.23
2 Weeks 100.0 5 11.04+0.93  6.06+0.45°  5.693+0.29"° 8.66+0.57 6.83+0.43 7.268+0.28
200.0 5 11.89+0.58 5.49+0.35"" 5.042+0.34"" 9.04+0.82 6.64+0.38  7.156+0.22
50.0 5 11.18+1.13  553+0.42"  4.249+0.26"" 9.23+0.80 7.06+0.46 6.841+0.25
3 Weeks 100.0 5 12.39+0.92 5.33+0.34""  4.22240.24""  9.61+0.88 6.74+0.42 6.542+0.35
200.0 5 13.20£0.59 475040  3.758£0.24  9.66£0.65  6.37£0.63 6.505+0.26"

Control 0.0 5 7.67£028  7.90+0.42 8.292+0.52

Resultsareshown asmean + SE; Thelast row indicatethecontrol group data; *=P<0.05, **=P<0.01 and ***=P<0.001.

TABLE 6: Effect of HDN on blood cholesterol, glucoseand triglycer ol of cytoxan intoxicated malemice

_ Dose Cytoxan _ Cytoxan + HDN (50 mg/kg bw)
Treatment period mg/kg Cholesterol Glucose Triglycerol  Cholesterol  Glucose  Triglycerol
mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL

50.0 159.55+0.79°  72.86+1.02  97.29+1.84"  155.57+1.50 70.57+0.56 92.37+0.69
1 Week 100.0 161.54+0.79" 73.54+0.81° 99.73+1.66 156.60+0.93 70.59+0.33 93.40+1.04

200.0 163.54+0.53"" 74.99+0.92” 100.82+1.47"" 157.46+0.79 71.16+0.46 93.89+3.09

50.0 160.48+0.80°  73.84+1.1°  97.91+1.66  156.40+1.12 70.81+0.34 92.50+0.82
2 Weeks 100.0 162.25+0.76  74.99+0.92"° 100.92+1.99"" 157.51+0.96 71.35+0.58 93.74+0.94

200.0 165.95:0.55 75.53+0.92"" 101.01+2.27  158.46+0.71 71.85+0.90 94.11+1.08

50.0 161.59+0.85 74.15+0.98"" 100.39+1.16"  157.57+0.96 71.81+0.35 93.66+1.01

100.0 164.20+0.99" 76.2+0.48"" 101.69+2.32"" 158.98+0.88 72.26+1.06 95.90+4.01
3Weeks 200.0 167.07+0.96"" 78.43+0.80° 102.73t1.93"" 150.48+1.07 72.86+1.02 97.15+2.98
Control 0.0 15.42+1.5 70.5440.50 91.02+1.1

Resultsareshown asmean + SE; Thelast row indicatethecontrol group data; *=P<0.05, **=P<0.01 and ***=P<0.001.

and MDA vduesweresgnificantly decreased (p< 0.01)
with cytoxan trestment compared to control. That hap-
pened in mice dueto reproductive toxicity®4. How-
ever, thetreatment with HDN improved thesevaluesin
all treated groups(TABLE5).

Determination of serum|ipidsand glucose showed
aggnificantincrease(p< 0.01) in cholesteral, triglycer-
ideand glucosevauesin the cytoxan treated groups
compared to control group (TABLE 6). However, ad-
ministration of hesperidinin combinationwith cytoxan
improved theseva ues.

The treatment with HDN in combination with
cytoxan significantly (p < 0.05) lowered the degrada-
tion of membranelipidsthan thecytoxan done. Cytoxan
induction provokeslipidbilayer repercussion by break-

BIOCHEMISTRY (mm—

ing down membrane phospholipids, therefore MDA,
product of lipid peroxidation actsasamarker for lipid
bilayer damage™!. Asthe membrane damage progress,
it resultsinthebuildup of freeradicasinnormd animas
which leadsto greater membrane damage and inacti-
vation or ateration of membrane bound enzymes®Y.
On treatment with rats, HDN decreased MDA level
sgnifying atenuation inlipid peroxidation thereby prov-
ing itsstabilizing power on membranes®3. Enough evi-
dence hasbeen garnered for HDN provingto beeffec-
tive antioxidant in CPA mediated oxidative stress?!.
In conclusion, these findings substantiate the
chemoprotective and antigenotoxic potential of HDN
againgt toxicity induced by cytoxaninmice. Itisclear
that HDN may hasantioxidative activity which reduced
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the oxidative stress, genotoxicity, and DNA damage
induced by cytoxaninmice.
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