Available online at www.der phar machemica.com

o o]
NS
- =w=_l

\

** D@,
**ed

I SSN 0975_413)( Der Pharma Chemica, 2016, 8(5): 194-200
CODEN (USA): PCHHAX  (http://derpharmachemica.com/archive.htrml)

In vivo study of nanoparticles asfreeradical scavengersfor radiation
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ABSTRACT

Free radicals are formed through ionizing reactions that are then capable of destroying normal tissues during the
exposure to radiation. Nanoparticles are gaining interest in the field of radioprotection. Radioprotecting ability of
nanoparticle was evaluated in an in vivo model using albino mice. The aim of the present study is the investigation
of the ability of silver nanoparticles (AgNPs), gold nanoparticles (AuNPs) and cerium oxide nanoparticles
(CeO;NPs) to protect skin tissues of mice against gamma radiation of whole body exposure to 1.2Sv equivalent
dose. The administration of nanoparticles protected the skin cell against radiation-induced damages as revealed by
histopathologcal examination of section of skin cell. When administered with nanoparticles at 1 hour prior to
whole-body radiation exposure, skin cell were found protected from radiation-induced abnormalities in various
cells.The present work will address the effectiveness of nanoparticles in radioprotection in animal models during
radiation exposure which will encourage the development of innovative and new approaches to radiation protection,
using nanotechnol ogy.

Key words: Radiation protection; nanoparticles; free radicskén tissues.

INTRODUCTION

lonizing radiations are widely used in society,ypk key role in the treatment of cancer and areéngyortant
diagnostic tool. The radiation affects human badhhighly complicated processes. Various degredsiabgical
effects, from damage to death of living tissuespime a number of pathological changes in humals ¢&]. When
exposed to ionizing radiation, large molecules sashnucleic acid and proteins in the cells willibrized or
excited. This may cause changes in the moleculactstes which then affect the function and metizbolof the
cells [2].Because human tissues contain 80% wttermajor radiation damage is due to the aque@esradicals,
such as superoxide, hydrogen peroxide, and hydmiital, generated by the action of radiation @ten These
radicals react with cellular macromolecules, sush DINA, RNA, proteins, membrane, etc, and cause cell
dysfunction and mortality [3].

Protection against ionizing radiation is of seriaogportance during accidental and unavoidable evysss to

radiation and development the effective approathesduce radiation damages using non-toxic radiegtors are
of considerable interest for defense, nuclear itvoss radiation accidents, space travels, etaidies the protection
of normal tissues during radiotherapy of tumourd exedical diagnostic exposures.[4]

Nanotechnology is actually an archivolt of modegnhinology that covers the whole spectrum of sciemcieh
includes physics, chemistry, and biology as weléagineering and micro-fabrication techniquess Ibést defined
as the design, production, and application of stimes, devices, and systems through control of aimke shape of
the materials at IDof a meter scale [Fjunctionalities can be added to nanomaterials berfacing them with
biological molecules or structures. Because of slme of nanomaterials is similar to that of mostldmical
molecules and structures; therefore, nanomatec&isbe useful for both in vivo and in vitro biomealiresearch
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and applications [6].Recently, nanoparticles armigg interest in the field of radioprotection asriam oxide
nanoparticles, yttrium oxide nanoparticles, carbanoparticles, etc. were found to possess antiokigeoperties
and several works have shown the ability of theseoparticles to offer protection against radiatiamages [7-9].

Silver, gold and ceriumoxide nanoparticles havenb&aown to possess excellent free radical scavengin
antibacterial and anti-inflammatory activities [10}.

In the present study, silver nanoparticles (AgNR®Id nanoparticles (AUNPs) and cerium oxide nartgpes
(CeONPs) were used to investigate their ability to pobtskin tissues of albino mice against gamma tiadiaof
whole body exposure to 1.2Sv equivalent dose.

MATERIALSAND METHODS

1-Animals

Albino mice of 10-12weeks old, weighing 20-25g wabtained from National Center for Control and
Pharmaceutical Research. There were kept undedasthrcondition of temperature and humidity in th-B
technology Research Center/Al-Nahrin UniversitygBaad, Iraq.

2-Chemicals

Silver and gold colloidal synthesized by electrieaplosion wire (EEW) method were used, having agerparticle
size 50 nm and 60nm respectively. GH®s with 40nm particle size were purchased fronm@ig\ldrich, Germany
by United Tetra Group for Medical and Scientificoplies / Jordan.

3-Irradiation with Gamma-Radiation
Irradiation was carried out using"HCs gamma source at a dose rate of 0.96rad/hr.nRdve study, the animals
were irradiated with whole body exposure at 1.2Sv.

METHODS

1-Nanoparticlestoxicity

To monitor the acute toxicity of nanoparticles thaed or its well-tolerated in animals, mice wexrdomized into
four groups comprising of 5 animals. The First grawia normal without any dose of nanoparticles, atier three
animals groups were injected severally with AQN®2 (Ml equivalent to 38.7 pg/ml), AuNPs (0.2ml eglgnt to
268 pg/ml) and CefDIPs(0.2 ml equivalent to 50 pg/ml)and daily exardifer any changes in behavior. The mice
were observed over a three-week period. At theadrnde treatment, the mice were sacrificed to tlesttissues and
organs of mice if affected by the dosage of nartopes.

All the mice survived throughout the experimentatipd without exhibiting any abnormalities. The midid not
show any symptoms of toxicity such as fatigue, lwfssppetite, change in fur color and weight loss.

2-Protection of mice tissues by nanoparticles
In order to protect the mice tissues due to raatiagiffect (whole body exposure) by the advantageaobparticles,
the animals were divided into five groups and &dats follows:

First group is the normal without any irradiationdatreatment. Second group: the animals exposeghmoma
radiation of**'Cs with equivalent dose 1.2 Sv. Third group: themais treated with AgNPs (0.2 ml equivalent
t038.7 pg/ml).Fourth group: the animals treatedhwuNPs (0.2ml equivalent t0268 pg/ml).Fifth groupe
animals treated with Ce@@Ps (0.2 ml equivalent to 50 pg/ml).

The animals in the last three groups were admigidtene hour before irradiation with the same taatiadose in
the second group. After three days of irradiat&mme animals were sacrificed to check the tissnds/éial organs
that affected by radiation as well as treated byoparticles and compared with the normal animals.

Histopathological examination

In order to study the radiation protection by naartiples has been proposed this examination. Ganadliation
with equivalent dose 1.2Svand the above treatmesg @f nanoparticles were applied to the animads studied
the effect of radiation and the treatment of skalls; whereas this dose of radiation lead to tHuence of
inflammatory in the inner tissues of the animale skat irradiated. The histological analysis ottee oxidative
stress after the irradiation was performed by erangi the morphological changes in skin tissue ieduby
radiation, further more the analysis of the treattweth nanoparticles.
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The present study was carried out at the Bio-telclgyoResearch Center/ Al-Nahrin University. Afteuf day of
irradiation and treatment, the animals were saedfi The tissue of interest, skin, were immediatiedgd in 10%
buffered neutral formalin solution, embedded ingffam, and cut into 5tm-thicksections. The fixed sections were
stained for analysis using hematoxylin and eosinafld E) staining. The sections were examined ufigbt
microscope and photomicrographs of the fixed sikisues were obtained for study the microscopic hmigqygy of
the skin.

RESULTSAND DISCUSSION

In vivo nanoparticles toxicity studies are focusedinly on monitoring the behavior of mice during theriod of
treatment and examining changes in tissues andnsrgaorphology after necropsy. All the mice survived
throughout the experimental period without exhitgtiany abnormalities. The mice did not show anymgms of
toxicity such as fatigue, loss of appetite, chaimgfur color and weight loss. At the end of theatreent, the mice
were sacrificed. During necropsy no abnormal paiiels were observed in tissues and vital orgawmsr(lkidney,
spleen and lung) about the shape and size of tirge@is. Comparative observation of various tissungsorgans in
the silver and gold nanoparticles treated and obatrimals, clearly showed that there was no Sicanift alteration.
Whereas the examined reports obtained from the@spathologist confirmed that the nanoparticleated mice did
not show any significant morphological changesdmparison to control. Our results corroborate ik previous
researches made by Hainfeld et al [13] in usingl g@inoparticles which exhibited a non-toxic effee¢r the blood
chemistry and vital organs. Colon et al. were saggk that Ce@anoparticles cause limited toxicity and side
effects in mice. Therefore, it was suggested thedD,Ganoparticles causes limited toxicity and sideca&eén mice
[14].Therefore in the present study, after confiiora of the non-toxic nature of the used nanoplediand its
dosage, the effect of the nanoparticles over theatixe stress induced by 1.2 Sv equivalent doseimzestigated.

Histological analysis over the skin tissues of mtbimice was carried out in order to examine thempoyt of silver,
gold and cerium oxide nanoparticles to preventigsies from damage because of free radical foomati

The results of histopathological skin section ofmal animal demonstrate no clear lesions and abaldgnieature
in skin cells as shown in Fig.1. The whole body estpes of animals to gamma radiation with 1.2Seaéd
aggregation of dead and intact neutrophils in thidermis and in the dermis between hair folliclEgy(2). Other
lesions in the skin characterized by waves of hgiprmatic pleumorphic cells extended from the blsadr of the
dermis to dermis with inflammatory cells in the hés (Fig.3).

For the purpose of avoiding these damages in 8dnds caused by gamma radiation, the animals twested with
nanoparticles (AgNPs, AuNPs, C&0Ps) prior of irradiation to study the ability dfese materials to prevent the
radiation injured the skin cells.

The results of animals treated with AgNPs showedlear lesion and abnormality of skin cells (Fi}y. Bhe AuNP
streated mice also showed normal skin cells wittemyt significant morphological disruptions in comipan to
normal (Fig.5). It was reported moderated inflartona cells particularly mononuclear cells infiltian in the
dermis of animals treated with C@@Ps (Fig.6), This disorder is possible to happesnén the absence of exposure
to radiation as a result of any dysfunction in tledls or due to CefDlPs dosage itself, because this nanoparticles
have some toxicity in high range of concentratifir#y.

The present study reveal suppurative reactiorhéndpidermis and dermis, this lesion may be dugatmma
radiation induces damages in biological systentseeiby direct hit or indirectly through generatifige radicals
especially ROS which damage vital cellular targ&tss free radical destroyed the cell wall throw fheroxidation
and protein damage or DNA damage. This reactiod teasecreted of pro inflammatory cytosine fromtlegial

cells and macrophage, these cytosine attract dfeyhillic into the side of injury will lead to spprative reaction.
Also the study show hyper lesion of epidermis dueadiation. In other section hypercromatice, plegrhic and
proliferation cells extend from the epidermis te thermis; this may be due to damage of sugar DNINeerd to cell
division.

Thus the results of AgNPs administration demonstrahe effect of nanoparticles on inhibiting themdges
induced by radiation, and the results suggest ddérprotecting ability of AQNPs may be attributedthe free
radical scavenging property and act as antioxid@aterials.

The silver nanoparticle alleviated the extent aftacand chronic inflammation in different skin selh mice. This

may be due to the regulation of different cytokitieet are involved in sustaining the inflammatoggponse along
with the combined radical scavenging and -arftammatory activities of nanoparticles. This idesere agreement

196



RanaM. Yaset al Der Pharma Chemica, 2016, 8 (5):194-200

with Ramachandran and Nair [3], they suggest theersinanoparticle- LA complex (SN LA) exhibited anti
inflammatory activity against acute and chronic paadels of edema in mice. SM protected mice from whole
body gamma radiation induced body weight lossesnamidality revealing its radioprotecting capacity.

Reactive oxygen specious generated by gamma mdiptay a vital role in the development of harmédlect

complications. It is the resultant of the oxidatisgess developed due to the release of free faditaereby
decreasing the level of antioxidant enzymes. Thalte of skin section revealed that gold nanopagiblocked the
ROS generation to a maximum extent in the skinscethich is shown in Fig.5. This makes clear thabinbry

effect of gold nanoparticles and act as free radicavenger during gamma irradiation induced oxgagtress.

Oxidative stress is recognized to plays a foremulstin a wide range of diseases, including cantke ability of
gold nanopatrticles in inhibiting lipid peroxidatiamd preventing the ROS generation has restoreintieances in
the antioxidants. Our results are suggesting galtbparticles potential as antioxidant is coincidiith previous
reports delivering the control effects of gold npadicles as an antioxidant. The potential abibfyAuNPs to
inhibit the oxidative stress mediated ROS genemaitohighly supported by existing evidences of wasi other
nanoparticles such as platinum nanoparticles thdtam immense ability to inhibit the pulmonary amfimation led
by oxidative stress due to their antioxidant préiper15].

Thein vivo experiment of mice treated by Ce@anoparticles reinforces the conclusion that Ce@2oparticles
confer tolerable protection from ionizing radiatiomhus far, studies have shown that G#&arease the
accumulation of ROS, and prevent the activatiothefROS-induced inflammatory, aggregation and fa@tion of
the skin cells, the antioxidant capability of Ge@noparticles has been suggested as the key mechagiwhich
CeGnanoparticles as radioprotection. This ability afGGhanoparticles offer many active sites for free cali
scavenging due to their large surface to volumie i@bd, more importantly, due to their mixed vakerstates for
unique redox chemistry. Results supporting theoaidant properties of Ceffanoparticles is mounting, and many
studies suggest that nanoparticles act as freealasitavengers, whereas the hestopathological sti@heryl H.
Baker [12] in the lung of mice receiving Cg@noparticlesshowed no visible lesion and appeamrdal in
compare with control (radiation alone). Thus, #shbeen proposed that Ge@noparticles may enhance
radioprotection by scavenging the free radical poed during radiotherapyn vitro studies have suggested that
CeO, NP may also have toxic effects at higher concéintra Lin et al. have reported that nanoceria at a
concentration between 3.5 and 2g@was able to induce reactive oxygen species ptmut lung cancer cell
causing cell death [16]. Babu et al. have repotiedradical scavenging capacity of ceria NPs atat, optimum
concentration17]. Therefore, both higher and lower doses can ldéifferent applications on different cell types.

Fig.1: Histopathological section in the skin of normal animal shows no clear lesions (H & E stain 400X)
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Fig.2: Histopathological section in the skin of animal with whole body radiation (1.2Sv) shows aggregation of dead and intact
neutrophilsA/y in the epidermis (H & E stain 400X).

Fig. 3: Histopathological section in the skin of animal with whole body radiation (1.2Sv)shows masses, —Ysheat I and
cords of hyperchromaticpleumor phic abnor malcells extended from epidermisto dermis (H & E stain 400X).

Fig.4: Histopathological section in the skin of animal with whole body irradiation (1.2Sv) and treated with AgNPs shows no clear lesions
in dermis and epidermis (H & E stain 400X).
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Fig.5: Histopathological section in the skin of animal with whole body irradiation (1.2Sv) and treated withAuNPs shows no clear lesions
in dermisand epidermis (H & E stain 400X).

Fig.6: Histopathological section in the skin of animal with whole body irradiation and treated with CeO,NPs showsinflmammatory cells
particularly mononuclear cells infiltration in the dermis o —W (H &E stain 400X).

CONCLUSION

The present work will address the effectivenessnafioparticles in radioprotection in animal modelsint
radiation exposure which will encourage the develept of innovative and new approaches to radigirtection,
using nanotechnology. Thus, nanoparticles are \mieat the forefront of the effort to utilize emieg
nanotechnology to improve quality of life and hbedtre, and that they hold great potential for fittimical trials.
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