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ABSTRACT

Like nanoorganisms (viruses), nanoparticles are able to enter cells and interact with cellular structures. Human
exposure to toxic nanoparticles can be reduced through identifying creation-exposure pathways of toxins. In this
work, we investigated the toxicity effect of cerium oxide nanoparticles on ALT, ALP and AST enzymes of male Rat.
The cerium oxide nanoparticles synthesized and morphological properties of it such as UV-Vis spectrum
characterization and transmission electron microscopy (TEM) were investigated. The enzymology studies were
performed on 40 male rats that divided into five octet groups. The results showed that with increasing concentration
of nanoparticles also increased levels of these three enzymes. And found linear equation between concentration of
nanoparticles and levels of these three enzymes.
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INTRODUCTION

Nano has been and continues to be one of the nypstdhareas in science and technology today [1t2f &
collective realization that interesting chemistndghysics occurs in the previously unexploreddrland between
the truly molecular (the traditional realm of chetmy and even physics) and bulk matter (the trawéi realm of
engineers) [3]. Nanomaterials go by a variety ahaa (nanoparticles, nanocrystals, nanocrystallited, colloidal
guantum dots). Often in the literature these tears used interchangeably and in some cases cah mesu
confusion. Here we briefly describe one (our) ssge@ naming convention for small (spherical) nartemsized
materials made of metals and semiconductors. lticp&ar, we will use the term “nanoparticle” (NP a generic
description for either spherical metal or semicardu particles with nanometer-sized diameters [4Hxwever,
more often than not, we will use it to refer to algiarticles. The name “nanocrystal” (NC) or “narystallite” is
often used in conjunction with semiconductor p&tcand as such will be reserved exclusively feséhmaterials
[6]. Ceria (Ce®) is a cubic fluorite-type structured ceramic mialethat does not show any known crystallographic
change from room temperature up to its melting p@@00°C) [7]. In recent years, nanocrystallineiwa oxide
(CeQ) particles have been extensively studied owinghtgr potential uses in many applications, sucHJas
absorbents and filters, gas sensors, electrolyteébe fuel cell technology, water-gas shift cataypolishers for
chemical mechanical planarization (CMP), ceramgments, etc[8-11]. Most of the applications reqtiire use of
non-agglomerated nanoparticles, as aggregated adiubgs lead to inhomogeneous mixing and pooesiability.
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Moreover of above good application of these narapes, they have toxicity effect on physiologisistems of
animals [12]. The study of the toxicity of nanomtks toxicity on living cells and within the comnte of
environmental air pollution is a very large resédield [13-15]. The same properties that make panticles useful
in a variety of applications can potentially makerh toxic and harmful to the environment. In gehettze
toxicological data specific to nanoparticles remsainsufficient due to the small number of studitse short
exposure period, the different composition of theaparticles tested (diameter, length and aggldinejaand the
often-unusual exposure route in the work envirortn@mong other factors. Additional studies (abdomt
translocation to other tissues or organs, biopersi®, carcinogenicity, etc.) are necessary tosastee risk
associated with inhalation exposure and percutanerposure of workers. Four separate liver enzyaneincluded
on most routine laboratory tests [16]. They arepasmte aminotransferase (AST or SGOT) and alanine
aminotransferase (ALT or SGPT), which are knowretbgr as transaminases; and alkaline phosphata$® ghd
gamma-glutamyl transferase (GGT), which are knoagether as cholestatic liver enzymes. Elevationthee
enzymes can indicate the presence of liver disdesmartate aminotransferase (AST or SGOT) is an i@ to
the rule that aminotransferases transfer aminoggraao-Ketoglutarate to form glutamate [17-19]. Sinceidgr
amino acid catabolism, aspartate aminotransferassfers amino groups from glutamate to oxaloaegetatforma-
Ketoglutarate and aspartate respectively, aspastéten used as a source of nitrogen in the wela §20]. Alanine
aminotransferase (ALT or SGPT), catalyzes the fearsf the amino group of alanine éeketoglutarate, resulting
in the formation of pyruvate and glutamate [21-2Pfere we investigated toxicity effect of cerium i
nanoparticles on ALT, ALP and AST enzymes in mad &d seem this results can be use for increasdth haf
human against toxicity effect of nanoparticles.

MATERIALSAND METHOD

2.1. Reagents

The biologic material used for the experiment cstssin whole Rat blood freshly withdrawn in the gaece of
heparin. The blood contained serum for Enzymologasurements. All other chemicals used were of reagade
and were from standard commercial sources.

2.2. Apparatus for study of cerium oxide nanoparticles and Synthesis method

The obtained nanoparticles were measured and mgtordsing a TU-1901 double-beam UV-visible
spectrophotometer were dispersed in toluene solulihe morphologies and particle sizes of the samplere
characterized by JEM-200CX transmission electroerosicopy (TEM) working at 200 kV. The proceduresuaa
aqueous solvent, cerium chloride as the precursdenal, and ammonium hydroxide as the reducingitag&erium
chloride is a better material to use in biologiapplications because leftover chlorine should rastrha biological
system, as it is likely to already have chlorineit® environment. All water used was deionized. Tezia
nanoparticles were produced by introducing a metdt, cerium chloride (99.9%, Merck), into an aqueo
environment. The salt breaks down and producéé &l Clions in the water. The solution was stirred anpt ke
a water bath that held at 60° Celsius during tligalrsynthesis stage. Ammonium hydroxide (30%, tk¢rwas
then added and cerium oxide nanoparticles formrdaug to the following reaction:

NH;3 + H,O — NH," + OH Reaction 1
CeCkL — 3CI + Ce4 Reaction 2
Ce4 + 40H— Ce(OH), Reaction 3
Ce(OH), —» CeG + 2H,0 Reaction 4

For every 20 mL of solvent, 0.25 g of Ce@nd 0.8 mL ammonium hydroxide was used, whereptheof the
resulting solution was approximately 10.5. Afteothours, the heat was turned off and the solutias left to spin
for another 22 hours at room temperature. The 22-gtirring stage breaks down the large nanorotig;wform in
the initial reaction, into smaller nanoparticledteh the stirring stage was finished, the solutiwas centrifuged,
rinsed with deionized water, and sonicated. Whes d@mmonium hydroxide was added and the reaction was
initiated, the solution immediately turned lightrple and slowly faded to an opaque white over thwerse of the
heating stage. The final color of the ceria wasteyhwith a light yellowish tint that can be seenh@h ceria
concentrations. Lab-made ceria solutions that veemrgrifuged once were the particles used in theeéx@nts
presented in this report. Assuming full reactivity the reactants, the concentration after the fivash can be
calculated based on the amount of cerium chlorsldu An assumption was made that the differeneesden
ceria washed three times versus ceria washed oeiesmall and unlikely to affect experimentatiosutes.
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2.3. Investigation of Rats and Enzymol ogy method

These experimental studies were performed on 4@ nad$. The animals were purchased from Pastetitubesof
Tehran; and to prepare condition, they were keptafmonth in the animal’s room. Animals were kaptpiroper
laboratory and temperature conditions in enoughmrdight (12 h light and 12 h dark). The average gheiof
animals were (250+15 g) that divided into five ¢@eoups. These groups included a control groupréeeived a
rate of 1 ml physiological saline, until the shafect of injection in treatment and control grougesen equal; The
second group, 1 ml of cerium oxidanoparticles was received with 25ppm concentraifitve third group, 1 ml of
cerium oxidenanoparticles was received with 50ppm concentratidre fourth group, 1 ml of cerium oxide
nanoparticles was received with 100ppm concentraitd the fifth group, 1 ml of cerium oxide@noparticles was
received with 200ppm concentration. These injestiarere continued for a week. The method of injectias
Intraperitoneal in all groups. After mentioned treant, the blood sampling was done of rats. Thedkampling
was done from the corner of the eye lids of aninbglsising of Capillary tube. For measurement of AKLP and
AST enzymes, some of taken blood for 15 minutes t@eged With 3000 rpm
to separate serum from clot. After separationségrem from clot by using of sampler, Samples uhélenzymatic
measurements were frozen and kept at °@0then by using of enzymatic kits from biochenyisBO and by
suggested method of International Federation afi€dli Chemistry (IFCC), Enzymatic assays were peréa. In
the measurement of activity of AST and ALT, aciviaf both enzymes indicates reduction of Nicotimeide
adenine dinucleotide (NADH) in equations 1&2:

L-Aspartate (L-Alanine) + a-ketoglutarate AST (ALT) « Oxalactate (pyruvate) + L-Glutamate (@0}
Oxalactate (pyruvate) + NADH+ H* MDH (LDH) « L-malate (lactate) + NAD" %)

Activity of alkaline phosphatase (ALP) with standlanethod ofl FCC is a reflex of conversion of P-Nitrophenyl
phosphate to P-Nitrophenyl that shown in equation 3

ALF
P-Nitrophenyl phosphate «— P-Nitrophenyl + Pi (©)]

After data collection, statistical analysis was eavith using of SAS software and also Tukey Dunaetl T tests
were done. The®)/05 was considereak a significant Index and results display as M&&n

RESULTS

3.1. UV-Vis spectrum characterization of cerium oxide nanoparticles

The UV-visible absorption spectra of cerium oxidgmaparticles are shown in Fig. 2 although the wength of
our spectrometer is limited by the light sources #bsorption band of the cerium oxide nanopartibkege been
shows an increase of wavelength due to the quasturfinement of the excitons present in the samplapare
with bulk cerium oxide particles. This optical pleemenon indicates that these nanoparticles showuhatum size
effect.
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Figure 1. UV-Vis Absor ption spectra for ceo, nanoparticles and bulk ceo, particles

3.2. Microscopic characterization of cerium oxide nanoparticles
The Morphology of the cerium oxide nanoparticleswavestigated by using of transmission electroorasicopy

(TEM), in Fig.3 was shown the TEM image of the $wsized cerium oxide nanoparticles. The assembly wa
attached with a computer software programming tdyae the mean size of the particles in sample.

Figure2. TEM analyses of ceo, nanoparticles (scale bar was 100 nm).

The results showed that activity of ALT enzyme &asged in all groups. This increase compare todgh&a group
in the third and fourth groups that received 100@prd 200ppm nanoparticles respectively is signitideom the

statistical point (g0/05).
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Figure 3. Effect of different concentration of ceo, nanoparticleson ALT.

The results showed that activity of AST enzyme éased in all groups. This increase compare todhtra group
in the fourth group that received 200ppm nanopasits significant from the statistical poin@05).
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Figure 4. Effect of different concentration of ceo, nanoparticleson AST.

The results showed that activity of ALP enzyme éased in all groups. This increase compare todghea group
in the second, third and fourth groups that reaki8®ppm, 100ppm and 200ppm nanoparticles respéctise

significant from the statistical point<€p/05).
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Figure 5. Effect of different concentration of ceo, nanoparticleson ALP.
DISCUSSION

Very small particles, so-called nanoparticles, hdlve ability to enter, translocate within, and dgmdiving
organisms [1-2]. This ability, results primarilyofn their small size, which allows them to penetyaigsiological
barriers, and travel within the circulatory systemwf a host [23]. While natural processes have predu
nanoparticles for eons, modern science has recézdlyed how to synthesize a bewildering array rtifi@al
materials with structure that is engineered atatioenic scale [1-5]. The smallest particles contaims or hundreds
of atoms, with dimensions at the scale of nanoraetbience nanoparticles. They are comparable @tsiziruses,
where the smallest have dimensions of tens of natem (for example, a human immunodeficiency viossHIV,
particle is 100 nm in diameter), and which in threeeging science of nanotechnology might be callddno-
organisms’ [24]. Like viruses, some nanoparticlesm @enetrate lung or dermal (skin) barriers anceretite
circulatory and lymphatic systems of humans andhats, reaching most bodily tissues and organs patehtially
disrupting cellular processes and causing dise2&@6]. The toxicity of each of these materials efefs greatly,
however, upon the particular arrangement of itsyr&toms. Due to their small size, nanoparticles tcanslocate
from these entry portals into the circulatory apehphatic systems, and ultimately to body tissuek @gans [27].
Some nanoparticles, depending on their compos#ti@hsize, can produce irreversible damage to bglsxidative
stress or/and organelle injury [28-29]. Here weebtigated toxicity effect of cerium oxide nanopdes on ALT,
ALP and AST enzymes in male Rat. Understandingsipecific mechanisms of nanoparticles and its ictera
Require very extensive research in this figkhen the nanoparticles are accumulated in a tiseag,be absorbed
into the cells or not to be absorbéitthese particles are absorbed, the finally regataent in cell lysosomes or cell
cytoplasm will depend on the characteristics ofapanticles. If the nanoparticles are located indi®plasm, the
presence of some coarse grain material can cavset damage or cell death is caused by this intiera In this
study, to evaluate the toxicity effect of nanomiaisron the rat’s liver, the ALT, ALP and AST wemgeasured.
That with increasing concentration of nanopartiade® increased levels of these three enzymes.féunat linear
equation between concentration of nanoparticleslevels of these three enzymes. ALT and AST wecatkd in
cell and ALP was located in cell membrane. In dffee loss of liver cells, these enzymes are reld&s the blood.
Therefore, increases of these enzymes are a siliveofcells damage. ALT and AST indicate Statudiver cells.
ALP further demonstrates the performance and ilildmngarian injuries, especially Hungarian extratiep We
conclude that the development of nanotechnologythadtudy of nanotoxicology have increased ourremess of
environmental particulate pollution generated fromtural and anthropogenic sources, and hope tligtntgw
awareness will lead to significant reductions imlam exposure to these potentially toxic materlgh increased
knowledge, and ongoing study, we are more likelfirid cures for diseases associated with hanojmeixposure,
as we will understand their causes and mechanidfesforesee a future with better-informed, and holbgimore
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cautious manipulation of engineered nanomateredswell as the development of laws and policiesstfely
managing all aspects of nanomaterial manufactuniystrial and commercial use, and recycling.

REFERENCES

[1] M. J. Sailor and J. R. LinkChemical Communications, 2005, 11, 1375-1383.

[2] V. Shah and I. BelozerovsVater, Air, and Soil Pollution, 2009,197, 143-148.

[3] W.-X. Zhang,Journal of Nanoparticle Research, 2003, 5, 323—-332.

[4] D. W. Galbraith Nature Nanotechnology, 2007, 2, 272—-273.

[5] H.-J. Park, S. H. Kim, H. J. Kim, and S.-H. Gh@lant Pathology, 2007, 22, 295-302.

[6] L. Yang and D. J. Watt§oxicology Letters, 2005, 158, 122-132.

[7] Reinhardt K; Winkler H, Weinheim, GermarWley-VCH, 2002, 7, 285-300.

[8] Laberty-Robert, C., J. W. Long, E. M. Lucas,X Pettigrew, R. M. Stroud, M. S. Doescher, andRDRolison.
Chem. Mater. 2006, 18, 50-58.

[9] Laberty-Robert, C., J. W. Long, K. A. PettigreR. M. Stroud, and D. R. RolisoAdv. Mater. 2007, 19, 1734—
1739.

[10] Gu, H., and M. D. Soucelkthem. Mater., 2007.19, 1103-1110.

[11] M. Arruebo et alSmall, 2008, 4, 2025-2034.

[12] Moore, M. N.Environment International. 2006, 32, 967-976.

[13] Shvedova AA, Castranova V, Kisin E, Schwederry D, Murray AR, Gandelsman VZ, Maynard A, Baf®n
J Toxicol Environ Healthm, 2003, 66 , 1909-1926.

[14] Moore, M. N.Environment International ., 2006, 32, 967-976.

[15] Neumann HGChemosphere., 2001, 42, 473-479.

[16] Carithers, RLAIcoholic Hepatitis and Cirrhosisin Liver and Biliary Diseases ed. By Kaplowitz N, Williams &
Wilkins, Baltimore, MD, 1992, 334-346.

[17] www.healthoracle.org

[18] Hafkenscheid, J.C.M.; Dijt, C.C.MClin. Chem., 1979, 25, 55-59.

[19] Sampson, E.J.; Whitner, V.S.; Burtis, C.A.; Kfraily, S.S.; Fast, D.M.; Bayse, D.DBlin. Chem., 1980, 26,
1156-1164.

[20] Jacobs, D.S. Laboratory Test Handbook. 4thGdelveland, OH: Lexi-Comp Ind.996.

[21] Purcell,G.V.; Behenna, D.B.; Walsh, P.RLin.Chem., 1979, 25, 780-782.

[22] http://www.medfriendly.com

[23] Jani P, Halbert G W, Langridge J, Florence ,Al.TPharm. Pharmacol., 1990, 42, 821-826.

[24] Maynard A D, Kuempel E D, Nanopart. Res.2005, 7, 587-614.

[25] Nel A, Xia T, Madler L, Li N, Toxic potential of materials at the nanolevel Science, 2006, 311, 622-627.

[26] Donaldson K, Tran L, Jimenez L A, Duffin R, Wy D E, Mills N, MacNee W, Stone \Fibre Toxicol. 2005,
2, 10.

[27] Powers K W, Brown S C, Krishna V B, Wasdo SM{udgil B M, Roberts S M, Part VCharacterization of
nanoscal e particles for toxicological evaluation Toxicol. Sci.2006, 90, 296-303.

[28] Colvin V L , Nature Biotechnol. 2003, 21, 1166-1170.

[29] Muller J, Huaux F, Moreau N, Misson P, Heilié&, Delos M, Arras M, Fonseca A, Nagyb J B, LiSgi\ppl.
Pharmacol. 2005, 207, 221-231.

4392
Scholars Research Library



