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Effect of ZnO NPs on tumor marker hormones in maleats.
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Abstract

ZnO nanopatrticles (NPs) are engineered nanoparticke used in many commercial products
inclusive of cosmetics, paints, textiles, and saaity products. ZnO NPs are potent in protecting
the skin against UV radiation so, they are used amgredients in sunscreen and moisturizing
creams/lotions and hence the study of their toxigitis essential. On the one hand, nanoparticles,
due to their small size occupy a significant placén cutting-edge applications in modern
industry, while on the other hand; the small size DNPs may lead to their accumulation in the
body leading to health hazards in human beings .Theeffect of ZnO NPs in different
concentrations on Prostate Specific Antigen (PSA),1- a- fetoprotein (AFP), and
carcinoembryonic antigen (CEA) of male Wistar ratsassigned in four groups, each consisting of
8 rat, was investigated. ZnO NPs was gavage-fed ¢woups 1, 2, and 3 with concentrations of
100, 200, and 400 mg/kg respectively for 10 days.skparate group of animals was assigned as
the control group. Subsequent to the phase, tumor amker hormones AFP, CEA, and PSA
concentrations were estimated. Results showed thZzZhO NPs is toxic in the animal model. Thus,
it is proposed that the NPs should be applied takminto consideration the health hazard that it
might cause and a continuous monitoring of individals’ health is essential.
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Introduction ZnO NPs leads to acute toxicity, oxidative stressl a

genomic toxicity. However, these effects are noasate
Zinc is a rare and essential element in human taodiy in in vitro experiments. There are reports; which show
ZnO is used as a zinc source in the nutrition itiguslPs  that inhalation of ZnO NPs cause cell toxicity and
have individual characteristics that make them eypate  inflammation. Studies have also shown that afteal or
for application in diagnosis, drug delivery, nutnt —administration, kidneys and spleen are the tanggtrs of
industry, paint, environment decontamination, cagree NPs. Previous reports state that when a 50 mg/klgaan
and sunscreens. Due to a wide use of nanotechnaiogy 300 mg/kg ZnO nanoparticle dose is exploited, atva
development, human exposure to NPs has been iecreaszinc levels were observed in the liver, lung, aitthky of
ZnO NPs are used in many commercial products ssch rats even after 6—24 hours this rises from thezetion
cosmetics, paints, textiles, and sanitary produttey property of NPs after oral administration. Howevagre
also have high photo-stability and low photo-alierg is little information on chronic or sub-chronic toity of
potential, Titanium oxide (Tig) and ZnO NPs provide a ZnO NPs. In this study ZnO NPs were gavage fed in 3
profound protection against UV radiations; and leeae  doses for 10 days to determine the toxicity of Pthe
used widely in sunscreen products also Due to thefoncentrations of tumor markers hormones with retsjoe
antimicrobial properties ZnO NPs are used in notsieas ~ Prostate Specific Antigen (PSA), d- fetoprotein (AFP),
additives. They have anti-fungal property which areand carcinoembryonic antigen (CEA) in male rats.
operated in agriculture sectors and is also degdldge
anticancer characteristics in medicines. )

Materials and Methods
Experiments with intestinal cell culture showedttAaO
NPs in small sizes are more toxic compared to theger  Equipment
versions, NPs typically lead to Inflammation antrsis 1. Centrifuge (Eppendorf)
and damages the DNA. Exposure of epithelial calls t2.  Electrochemical luminance device
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3. Transmission electron microscope (JEM-200CX finally ZnO precursor was calcified at 122°C to iasle
and Broker X-ray diffraction device with radiatio NPs (15).
of Cu-Ko (TU-1901 double-beam).
4. Biochemical tests were accomplished byPreparation of NPssuspension
electrochemical luminance device Elecsys 2010 ccTo prepare a stock solution of nanoparticles, 10§l®
produced by HITACHI Japan and ROCHE Germanywas suspended in 1 lit. It was Sterilized mediurd for
for all the experiments relevant to hormones their adequate dispersion the ultrasound device
5. Tumor markers, Hepatitis panel, and AIDS by(PARSONIC 7500s, PARS NAHAND ENGG Co .IRAN)
ultrasensitive  electro-chemiluminescence  fullywas used for 30 minutes. For error avoiding the NPs
automatic, employing specific kits. suspension was prepared.

Materials Data extraction procedure

The obtained data from electro-chemiluminescence
Ketamine was used as anesthesia for the rodendevice by employing SPSS software was stored safely
Laboratory kits of AFP, CEA, and PSA were providsd Obtained data from ANOVA chart was extracted from
PARS AZMOON enterprise holding a ReferencecSPSS programs and entered into MS- EXCELL. The
laboratorial certificate. ZnO NPs were the requirec"eSults were implicated statistically as mean addard
materials for this test in size 20-30 nm and datible deviation. As for the normal distribution of date
distilled water. compare the enzyme results in each group prioradted
analysis, ANOVA test with continuous evaluation and
compare groups in each periods ANOVA and
DUNNETTS tests were used. Significant level was
considered less than 0.05 (P<0.05).

Animals

Male Wistar rats were used for this experiment.rfyhi
two rats aged 8 weeks and weighing 200-250 g wel
divided into 4 groups (one control and 3 experiraknt
groups) each consisting of 8 Ral$e animals obtained
from Pasteur Institute were kept in cages undeditions Electron microscopic analysis of ZnO NPs

Io_fhttempsrgtu:(e 22Ii10 ;: humldl:[[y %6,[0110’ dwf';z%thasic function of Transmission Electron Microscope
Ight and dark cycle and access 1o water an L(TEM) is similar to optical microscopes; except tbk

libidurm, The rodents were h(_)used in this cond|t[on for ‘fact that instead of optical ray electron ray isdidmage
weeks_ prior to the experiment, for adaptatlor_m AIIresolution in TEM is 1000 times greater than aricapt
experiments were conducted in accordance with trmicroscope so it is appropriate for measuring sizes
E'ght:cal (;omm:jttee Acfl'reaj[men]'g group ratsere marked smaller features. Magnification is also multiplendis
\tlt\gltthzt?gllseﬁps is Zgzggns;ofog égg gr?ds ZV(‘;"OS rgn"?‘;;]ge' greater in TEM compared to optical microscopes. TEM
tumor marker hormone test:s blbod sampling g;Na!mage of ZnO NPs has been showrFig. 1 Due to the
ducted after 10 d Bl d lected from ¢ mcrease in ratio of surface to volume by decréagePs
conducted after 10 days. blood was collected T t ;0 1hege are able to play a decent role in inilimation
hearts of the animals and centrifuged to sepatage tprocesses. According to the achieved results fr& T
serum. studies, the synthesized ZnO NPs' diameter is i th
range of 20-30 nm.

Results

ZnO NPs synthesis method

The materials required for this purpose consistedlp
Zn (NGy). (2) 6H0. (3) NAOH and distilled water as
solvent (all in high purity). We dissolved some idieé
amounts of (NO3)2.6H20 and (NAOH) in water and}
derived intended concentrations. Primary solutioese
wholly clear. Zinc nitrate solution was slowly tederred
to sodium hydroxide solution while stirring by a gnatic
stirrer in an appropriate temperature. First, theas no
sediment obviously, but subsequent addition of nitefi
values of ingredients made the mixture graduallsiope
and extra white sediments were formed that were n¢
solved even by stirring. Obtained sediments wdteréid
and rinsed several times with distilled water atttheol. _ _
These residues were dehydrated for 8 hours at 122° Figure1l. ZnONPs’ TEM image
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XRD pattern of produced NPs for ZnO NPs and diffraction peaks have been abgbrbe

X-Ray Diffraction (XR

D) is an old and widely appglie in 26 value. The highest peak was used to estimate the

technique in studying properties of crystals. is thethod, pattern size byscherrerequation D = K/ (B cos®) in
XRD of a sample is used to investigate the prageidif a which; K is consonant (0.9}, is wavelength (Cu K
sample. XRD is applicable to specify crystallineucgture (A = 1.5418 A),B is full width at the half-maximum
such as lattice constant, lattice geometry, unknmaterials and®9 is diffraction angle; the increase in sharpness of
quality identify, crystal phase determination, sizeXRD peak tip refers to crystalline nature of NP4l A
measurement of crystals, single crystal bios, sttession, different peaks inFig.2 represent ZnO NPs which;
lattice faults, and so on. The XRD pattern showRign2is  would be bound to study diffraction of powders.
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Figure2. ZnO NPs XRD image
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Figure 3. Comparison of means of PSA among empirical groups
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Serum analysis control, but in the group receiving 400 mg/kg NRss

As it is shown inFig.3, PSA tumor marker concentration significant.

has been increased in all groups compared to deninat

in the group receiving 400 mg/kg NPs, it is sigrdfit. As it is shown inFig.5, AFP tumor marker concentration
has been increased in all groups in comparison thith

As it is shown irFig. 4, CEA tumor marker concentration control, but in the groups receiving 200 and 400kang
has been increased in all groups in comparstinthe  NPs, it is significant.

The effect of Zno nanoparticles on CEA
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Figure4. Comparison of means of CEA among empirical groups
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Figure 5. Comparison of means of AFP among empirical groups
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Discussion and agitation of apoptosis therefore, it mediatee t
apoptosis procedure of ROS.
Today contaminations stemming from NPs are bein
considered as novel hazardous problems. Metal oxic
NPs are long lasting in the environment and foodireh
are causing considerable toxics (1-3). Nowaday®éoly
diagnosis of disease, prognostic, and in cancetnrent
procedure, detection of variable proteins in indiinls’

Zinc is an essential trace element required in low
guantities by the body, but in a higher quantitytagic
and is able to induce apoptosis or even necrosis. atts
as a cofactor of more than 300 metallic-enzymeslied

blood i S fth hod in metabolism of proteins, lipids, carbohydrates,
blood is more common. State-of-the-art methods Cyangeription of DNA and protein synthesis. As DNA
immunologic evaluation such as chemiluminescenas, h

high " q S q » " transcription is an important part in developmerit o
igher precision and sensitivity compared 10 presio ,ametes, zinc is an essential element for repramuct
methods. Moreover, the detection of materials ooblis

performed prior to Biopsy and Tissue analysis duést

non-invasive nature and reproducibility of results. Some evidences show that zinc acts as a purifieujoér-

oxides produced by defective spermatozoids or leyies

in viva. Other tests have shown that zinc is able to purif
AFP is increased in liver diseases, but simultasame induced free radicals by different factors suclicagzing

of AFP with sonography, promotes the accuracy acradiations and results in decrease in MDA quantitys,
diagnosis up to 100%. CEA is a glycoprotein; whids it has been known as an antioxidant with high ptite
earlier supposed to be specific for colon cancahg, dut  potency. The most common combination of zinc is its
later it was found that it is also elevated in Btsalungs, oxide form (ZnO) which is preferred for two reasoinst

and liver cancers. CEA is very useful in specifyingbecause of its high zinc concentration and second,
prognosis, recrudescence, and metastasis, ands@ &because it's highly absorbed by the body and isaixda
proposed for use in staging. PSA is used in annuby the gastrointestinal system. Recently, ZnO NBs h
screening for prostate cancer. Researches (been widely considered in animal studies. Differsifts
spermatozoid cells have shown tiratvitro Ag NPs can  are novel forms of materials with significant bigio
affect sperm fertility. Applying NPs in rats causesproperties and low toxic levels. It seems that thaye
significant and dose-related increase in testoséerd-use high potential in trespassing the physiologicalrieas of

et al (1999) showed that there is a significant ret&ilop  body and its accessibility to specific target tessu

between zinc concentration and plasma testostesade
sufficient zinc is essential for normal functioning
sperm. Other studies show that the deficiency @ &AtPs
results in atrophy of seminiferous tubules and inmpant
of Spermatogenesis in rats, however in the prmd[y ACCOfding to the findings it can be concluded thHat
using ZnO NPs we have observed an increase in tumnegative effects of NPs are more significantly canep
markers hormones. Carlson et al. (2008) conclutiad t to their positive ones. NPs increase free radiestls
NPs might affect the function of mitochondrialieydig ~ inside the cells and cause tissue damages. Thay stu
cells and thereby decrease its secretional acti@itythe showed that different doses of ZnO NPs have negativ
other hand, NPs may increase free oxygen levels asc effects on biomarkers.

superoxidase resulting in oxidation of moleculeshsas

proteins. Production of radical hydroxyl may lead Abbreviations

development of ROS as a result of presence of B, TEM- Transmission Electron Microscopy.

may inflict severe and heritable damage to DNA. Fouv-vis- Visible-Ultraviolet spectrums.

instance, chemical modifications in histones oreoth Optical density (OD)

proteins which play a role in forming the structoBE  Ammonium Bromide surfactant (CTAB)

DNA, deform the spiral structure of DNA and expdise
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Conclusion

Probably oxidative lesions have caused the incréase

tumor markers hormone in this study. MitochondriaAcknowledgments

genome is significantly vulnerable to oxidative asion.
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