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Abstract

In this thesis, we have studied the photocatalytic cultured human breast
cancer cell killing activity using nano-metal oxide. The material used under this work
were Zn0O, TiO,, and CuO nanoparticles to find the highest efficiency of cultured
human breast cancer cell killing. Our findings were that the absorption of metal
oxide nanoparticles was decreased when nanoparticles’s concentration was
decreased, corresponding to Beer-Lambert’s law. Zno, TiO,and CuO had the
maximum absorbance at 350.98 - 409.10 nm, 387.78 - 390.86 nm and 719.15 nm,
respectively. We have found that ZnO and TiO, could efficiently kill cancer cell
under UV explosure, whist CuO could efficiently kill cancer cell under visible light
environment, in which maximum efficiency of cancer cell killing under each light
wavelength activation suitably corresponded to maximum absorbance of each metal
oxide. Cell killing effect in CuO and ZnO were higher than TiO, , corresponding to the
results from counting breast cancer cell remaining in the system that the number of

cells in TiO, was higher than and CuO and ZnO.
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Face — Centered Cubic Structure (FCC) hazdiiaalaoasAtuduuasalsusenauLyiniu 4:4

i fauanslfisiulusudt 2.1() 7]

J oxyEen alom

ZING DEIT

JUN 2.1 wandlassaiananvesienoantays

(n) IAseas1auuIsTle wag (9) TASIES1LUUTIALUAUN



1) deslaeenlys Wusmiinuiaeainsssunilddosunn mszdmlngjazoglu
sUveausdalud (Ilmenite) n30 A3198u (Leuxocene) lnginszuiunisvilisis
U3gn3lalne3s Rutile Beach Sand wazlifinrumilufivsiosnsnienyed laod
AR uansssihiduaundsnunine Inedeharldlummsunaseufjizen
nsfsuasegaunsrany esanlmnideslasenlediarvosuaundsnuegil 3.2
eV [9] aflenamnzaniuviiauas UV-A wag V-8 Foviliinszuiunisiseujizen

mausasvesinmieulasenleniiussansanluniseesaaenelanasreediegs (2]

TnswananaantAininenmeasinnilivulasonlen Aw1s1en 2.2

M13N7 2.2 wanspasanUaneniennvedlimieulasenlya [10]

AasandRnmenmeaslnlletlasenlyd
Fo Innitigulaeenlag (Titaniumdioxide)
ANWAENNIENIN HIBLAENHYT?
gnsluiana TiO,
AIUSANS 99 Wasidus
thwiinlaana 79.87 n3u/lua
YUADYMALRAY <100 W luuns
AUVUIUY 3.84-4.26 NFU/GNUAANLIURLUAT
fufifiasumg 50 ANS19LUAT/NTY
FOIINUAUNS 19 3.2 Bianmseuliad

lassasundnveslnndeulaeenlen
lassasndnveslnndeuleeenlaaneglusuwuumluasisuuuuvedlaswineg 3

LUUAIENU TUAD

a

lassafiuusvg (Rutile) faauznmaiuadssaauinioumngilas lasaaia

Y Y
A

wuustng aefledlddunnnlunusugaamnssy wu 1ssnud lsswiieiesdiens lsanu

o I~4 ¥
N191UT WUAU



a

Tassasuuueuma (Anatase) fianuznnanuaiosgafigamglinininlaseaing
wuuslng FandnadaifeldlunssuiuniasaUfitomoas

Tassadrauuuugelav (Brookite) ilulasawdniinuiasluusiviniy wasilasadandn
wuuselnseuda (Orthorhombic) dslasadnandniia 3 uuuyUsznouiuainmiieiugiu
JUnsadani (TIO$- Octahedral) axmoulymiilon (T) $1uiu 1 szneNIzgnaeNsoumMY

avMaUDaNTLIU (0) §1uIU 6 avnaw Fuunazlassassazuansliliufsgun 2.2 [11]

JUN 2.2 wandlassairandnvesinnuileulneanled

2) aedieslnsonles Wusgileglungulavensudduilusequintu +2 vie +3

Tassadanuuneuenadn (Monoclinic) Tnsfidnwauzidunsazidendan 1duansis
fhthiiileuoundaauegil 1.85 eV [12] fanuamnsnlunisdudauuadide (Anti -
Bacteria) Ingldnsyuaunisissufizemnsuas Snvislaidufiusessniouysd log

wanspanURnNnenmesreUlesaenlen fm1sian 2.3

M13797 2.3 wanspaaudivianien nuasnaUilaseantan [13]

AaantRnnenmvesrelivaseenlen

fo AaUlUaseanlas (Copper Oxide)
ANWAENNIEATN HIZLDEAFA

gnsluana Cu0

AwuIans 99 1Uasidus

dwiinlanana 79.55 n$u/lua

YUIPBYNALRAY 20 - 50uluLuAS

AU 8.02-8.96 NFW/ANUIANLIUALUAT




AantAINenmvesreUeseantys (se)

PNUNRID N 48.16 M11LUAT/NSU

PRI UNAIITY 1.85 Blannsaullas

lassasinanvesnalivaseanlys

lassasendnvespeuesoanled ulassaimdnuuuneuendin duszqwiniu
+2 vido +3 lneil Aouies (Cu) Wusnileglungulavensuddu og u surtsinunsanang
Tnogndonseulusmeeysenmasesntiausuiu 4 exnou Tneazdidvedlaseaiine 3 sy dadl

avnenalivingu [12) uandliiiudaguil 2.3

copper (II) oxide

JUN 2.3 uanslassaiwdnvesnediuaseanles

2.2 Uszlawilvasayniaunlulausaanles
a1s3mInaynaulundulavgesnlealudagdulasuanuauladiundssandld

wannwatesu esanaandinavluiiveanses wullnaauifvesnisiluansiad

v
ot 1

filuaundanuning gadunasuazissuisemauadifidosnndiuiiimeuiunsgs duvu
diflesaniduasiidsinuannlusssund Snitliifufvienyuduarasndon Fatnidu
nquansiinidelianuaulafominnussgndldemainnatsdudu siuniside
dannden osndautRfirlusunsgadulauazanRsnunsisauiizeheas [9,14-
15] ruduidnuarduduunaiide (Antibacteria) TaufamsdudimauineadvosuuniiSe
[2,14] ushumstiniide [16] ududidnnsedndviogunininsaduing uasdsdeuld

< a o & Y 1 = o Y a v [ ¥ ~
Lﬂumamﬂmsmwsl%’lmuwwﬁlﬁimamq U LATeE1019ladu warAsuAuLAn lWUAY LHB931n



asngulavgeanleninnuanuisotosiuiesd UV-A wag UV-B  anviakiniesesseeniansiu
dv1 mseauaudRlyswasesasnaulaveeanlentuies [1] mewmgnalloynauilungy

lavgeanlenduduarsnlasuanuienantdnide srudenudssadulmeuiu

2.3 palnnrsinaulaenisiseu)iseamnicuas

aaa b a !

Tudwresnalnanisisaufisersaeuas Aenislduandudusalfiser wiesuend

[%
[y 0y

nszuIuMINNIWlnAzazdan (Photocatalyst) #edmsinisiinlnlaaznzdaniuaziiuuin

o d'

£ A o & 2 & Ada &
GZJuLﬂJaaﬂgﬂﬁﬂiawzaaﬂimmmmLaﬂaﬁ “(NLﬂumamﬂ‘wuwmmLW’]S‘I/I@J’m“UuGUENEJﬂgmﬂIaﬁz

ponlea (Specific Surface Area) [1]

nszvIunInlnaznzdas LunuauiRfireiintuiuaisisin wazaisuily
Tavzeanlemduansiasuvinuts Feluaisnasninazibaundssusi (Valence Band, VB)
waziaun13u1lniin (Conduction Band, CB) gvNALIINAUAIUNIIIVBIULAUNTIY

(Band Gap) flanansluguil 2.4

A

{—

-

= Conduction Band
Q

[

°

L Band Gap

go

5}

=,

L

Valence Band
>

Semiconductor

JUT 2.4 UAAILOUNEINUIDIE1TAeIL

1Y

Feruninveuaundsuluiarasiimfiunnsnei Juiuauaudivesasiug

1% '
a = IS

lngnszuumslnlnazasdad indudoniouas nislasundanulusvemasulnney
(Photons Energy) f1111N11%30LUAMUNTNUBILAUNGNU (Band Gap) Fa5unnassu

1731 wdaunseeu (Activation Energy) @1unsarwinilaann [9]

E=hv=hc/A (2.1)

dlo E Ao ndsaulvmeu (Photons Enerey) wie 34

h e FAsTiveandsd (Planck’s Contant) = 6.625x10 " muiag 9a-3unil
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= = 44' ) a s A a a1
V A9 ANUDVDIPAULEAS KUY LB %150 IUd
A A9 AUYIIAAULES YUY WU LULUAT

C Ao AMULSIVBIAAULAY = 2.997x10° wiqe lwas/Auni

1 '
=] =) ]

Fandsnunlnsedussuuyiididinaseu (Electron) anusiiuvseiiuauiaiaudgn
nszAuluduauanudilui vinliAngdidnaseu (e ) uaslaa (h ) Jsgdiannseulaadzii
Ufsenfueendiau (0,) wazi (H, O) Tuszuu viliiingUiUeseenlensineaueulessu

(Superoxide, O ) wazlansondalsinea (Hydroxyl radical, OH*) [2] Faaun1sii (2.2-2.4)

ZnO, TiO, W38 CuO + hv = h'+e” (2.2)
Y N (2.3)
ap oI\ e EZoTIANN (2.9)

1 [
a a 6

Felsauazoyyaiiintuazilussdnsnmgannlunisesndlad (Hish Oxidizing
Power) @158un38 (Organic Compound) Snitmagnviedudusenlesifiduarsdlidufiv
s msueulaoenled (€O, ) Fenalnanmsvinuresnsissufizendmeuas duansusud
2.5

1ng VB P Valence Band

CB A® Conduction Band

hv A8 nasulinau

Superoxide anion

O5-
Reduction
AV, O
7 .e— ________ !‘_‘_E".'.qn-_‘\-.
A, .
hv
OH™ Ve

Oxidation

OH-
Hydroxyl radical

JUN 2.5 wanamsiiinnszuiunsiilanagaedad vsenisiseuisenmeuas
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2.3.1 maseufisermauasvasayniaunlulavzaanlynusy

nsfnwnalnnassuiisemnanasueseynaunlulavgeonladiunadaditon
thanUszgndldosaredesuazunivans Snfaauidefiinuundmumainafidiodiy
UsdvBnmaaanalnninssufisemaadaonislilanseenladiiafelanydu wu nnsld
lmiflesllaoonlediietu [u wén wiofiyn Wudu Femuieynelanzoonludigniiesme
TanzdudiludsalinsianevionndufiwiedouuafiFeiiussansamilgady insed
lovouvesiuifizenduiuedu sendiau waglulnsiau duasdudmlsznevveduiana

Tuauuafise dwavinliadvenouuailiiounnuasidenis dunlseadngniiatglade

'
=

Tu 2] FamsiFeanslanzeenledfenisnailansewdlu sxvililassadavosansians
vonlemAnivi duwaliiuiiiivesnstesaasiiinty venaanmsiindszansamlunis
FUARZ M SmuigandniinsTiniiiuvesdidnnseu uaglaaasdnde [17] d6ld
lnnfledlaeenleinaudenniuosnlemiestonuniise
dmnsdeanslanzoonlamuauiu Fe* fmAdenudt aansafinyszdnsninues
nsgesaansld esnnlesouvedlangniudtuandusitislunisasndsnure e
(Bangap Enerey) luanslanzoonleddmiunisenidetuies wazdevilviduvesnisanniiu
wasdeululugianunedudsiioniy tumneds amainsolumafefisenaindas
uassansilleanasudunsiieufisolurisausnaauiadinseaiuld uazimaua
yesnsiesisswiftevedlanzoonleddaglossumandimuit annsoifinussansniwly
nszvIumstoedaislan [12] wmainlossuveanan Wudnisludaaienissudiiuges
Sidnaseuuleas ietiedanalunssawshidlindu ldsasnsiinlansendasnaea
dutuiadunisfiudseansnmluniseandladuuaiise 18] Hunalinsuszandldans
Tanveonlednayiulaveduduideussaun
nszuUNIIEeraaIevesaslanseanleinauiiglesumdnaiuisnideuluguves

aunisliiulasasalufl

Fe/ZnO, TiO, 38 CuO + hv 5 Fe/ ZnO, TiO, #38 CuO (e "+ h™) (2.5)
h* +OH™ - OH’ (2.6)

h* +H,0 » OH +H" 2.7)

e” +0, » O, (2.8)

ANYITINUNITIIBINUINNTEUIUNTERYAA8VDIASLa LN R NINaunl8loaau

witin vhlifiwdnsinisnisgesaaienifinUjiseinisdesaatasmenas lneuegiunisane
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louuszanninnielasenledludieendiau dslessuvetlansinizag uTIudaUuYes

a

Rvthissuitenasiiudnsnisaislendidnaseuluds 0, (9nluaunisi 2.8)
uennifmudnhiaruanansalunisdosaasvesiauisUfizeinaudslooon
wiEnfnaifeauiesiunalnanisgesanisnin Photo-Fenton Reaction tufte n1sumniuse
yosluanannsganaureIndsuLas vilviAnlensendalsinea 1osnufiseninend
voslesauman a1n Ferrous Iron (1) azgneendledsne H, O, Faagldlonsendaisinead
anmanudunsalaednnuamisaluniseandladgs annalnadinangnihuidssendld
fuAswandeu wazgrainnssy Wietienisdesaaeuaiuiignuudeuluiuisiald 4

annsauanannsvesUfAzenfieatesiu Photo-Fenton laaaun1sd (2.9 - 2.10)
Fe** + H,0, - Fe’"+OH "~ (2.9)

Fe** + H,0, » Fe** +OH, +H" (2.10)

> way Fe'' pasanasyuu 1ng

naunIsA (2.9 - 2.10) tiulainaziinlossu Fe
loppufinu IinTuatnuatsufize avuansliiuluaunisi (2.11 - 2.13) Fanluszuuds

= 1@ a aaa a a d’” v
i H,0, sgfausannudiselansendaisfneatuluszuulanaoniia

Fe"+ HO; — Fe’ + H' + 0, (2.11)
Fe’' + HO, — Fe’* + HO; (2.12)
Fe** +HO = Fe’* + HO- (2.13)

wiiulsinmsldaslangesnladidevionauselans Bl szdeifinnuau s
TunssdeuvaiiSe Snisdaiuuszansnmlunszuiunslensendaisinea sauviadia
oyyadasy Ssaunsadosaaeidouuaiievhlindiradgninansasuresvainelusad
Hlna ileadmeluiian uenanidiannsafiuiuifivesiussjizonfiomagaduide

LUATIS8lARTU dINalionsINIStasaadBRUATS 8l UL aNTAINATUNIINITITaNS Lane

panlynrinmewuulinay
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2.4 sssuvAN2lUvaas

'
Ql !

wad fie AsliTAnTiidniian Miennefidniianuesdslidin Tavadineiisusisdnvns
yuaazming Munnssiulunmudumisiiog Inowadvosuyuditvunlngfanaziidu
rugugnanainfurLeveaduNg uilaevihluvumueseadaregiiuszanal 10 luasou B9
Tnosssuminasiugulnssaineiidrdny wadeedosddsznouniouduay 3 dau Ao v
wwad (Cell membrane), lalnwan@u (Cytoplasm) wazdaadea (Nucleus) sauanaliiiulu
U7l 2.6
Nucleus
Cytoplasm

Cell membrane

SUN 2.6 uanslassainuavdiuyseneuveLad

1) Bevuimad
fivihil vievuweamainelumadion i lslvueaatanelulasenuonisad wiewdu
ddnduliigadaiguinutuswanduwadegld Sonlainduiuansvauianvesaad
FUHINITINWIANNAVRIANIN18TULLAAlAENITAIVANNITHIWLTIDBNYDIAITHIE N
meusniingad wazainmeluwadesngmeuen Wisuldiuinieinaduuazdadnyaa
Adsinaqindiwadiules
2) lalnwandy
Hudwiegmelueadiaanenfuiniedea fdnvazduveunaisenaudeh
Judwlng) 75-90 Wesidus @ 10-15 wWesiduaJudiuves 1Usiu aslulawnse ludy
uavansefiun3e vmihilivazaningAuiieliisadlifundanu viedunsgarsidniu
dmfuiwad lnodldn pH egfl 7.4 il dosiuluniedaranulunsnazvinlfivad
douaninuazead
3) Hunds
T Lﬂuﬁada%’a;ﬂaimﬁqﬁwé’qﬁlé{%’umﬂ DNA (Deoxyribonucleic Acid) 12131
melulelymandy eairalusiuisudulitueadidinmsegsoluls Inoddnuazguing

naudllevu 2 Fudeusouey 138031 wosdumdea (Nuclear envelope) Fududuiinae
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Uosiudunsy wazazliduseuliansialidusdnu1dnvi19n159191uree DNA Taadisly
fndeavziilastuloy (Chromosomes) 8g 23 ¢ 130 46 Tu Fedudruvadluiana DNA
Tundeadudsoulaniila uazauesvessad nindrulladgallgnyialeacly

I3 18] A A v 1% Y
AU ULYARNIUAY mawmimwmaamaumm [19]

2.5 Mmyandgearsidigiuag

IS LY

wadeeilnuautFlunmsuaniudsuansidnazeendiwadld 1ileUsuuazinwianiw
melumadliaugauazivnzan eaunsadsadinldmuunalasuuunisiunaziuulsl
rudeviuiwad Sudevuwadannsnidvuiiassuslnensudmdousnds ieddes
asviseluianavumlvajriuinesngiwadle daUszamvesnisadesansidiuazoongivad
duunidu 2 Ussianlngjgfe

2.5.1 Msdndesanslagriudaiuiad
mMsddessasiasinideringadazuiaiu 2 dnuay Ao

2.5.1.1. myandusaslaglildnduainaad (Passive Transport)

Junszuaunisanfesansdiuazendwadleeiedasy lnsliefenduresasvse

luwana ATP (Adenosine Triphosphate) ulgnasluaniu #50n15unsvesaNTazaIean

anudutueslyganududuiuinnd wuseeniu 3 nszuaunis fie

1. n13uns (Diffusion) Aa N1siARaUNvRIlUaNaYsoleRauYDtaIs tnely

v '
< a a !

ndnuaatineluluianavesasies fenisunsazifetunuinuduaututugdluguinm
fiflenaidudiush saenauiiUimnannududuiiy Sazendnuneidin Wunsaunasal
(Dynamic Equilibrium)

2. aealuda (Osmosis) Ao sleAsuiivestilasrmborulead 910U
yosthfifienumuuiuinann vieuinamesmududusin lugsusnuiifaunuuu
tlon vi3euinaesmulntugmasaauisgaaugavad ssnseealudadunidudaden
yilwadiuasuniasgusisle

3. nsuwsuUUdfn (Facilitated Diffusion) e n1siadouiivesasing
o1femangluiulusau Taelilusfuduiom (Caren) thansiingiwad dainnnsiadeud
Mnvinafiaududugaludausnadsianududumn Tngllidesedondsau ATP 910

CRGIGE
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2.5.1.2. myandusaslaglindsuainiaad (Active Transport)
Wunszurunisandesansidiuazeaninenisindeunivedluianadinuiuiiaiiy
Wuduilgauinandanududuglasedelusfiududamg (Protein Carrier) wazld

wasu ATP lumsthwiansidnguadane dwuanshuiulugui 2.7

LHavuaagd

ANUUANLTARA O: 8 Aelugag
C<«— C

JUN 2.7 uanansiadeunivedans S dudeviwadingandesiang C

2.5.2 msandesanslagliinwgaiugag
nsadesansiaglinwbaviuieas Aonisanidssanstuanalugidansossnain

was  lnenisadedaisiuanatngliaiuisoniugeuiaanielusiulugoviuivadle

= LY

lnanss waddesnludestiguaudflunisandesanstuianalug fe3snisnisasaidifa

q

A v 12

(Vesicle) mniaviuead dudevuwadiantilunissudamiousndiesn eaiandifa
dousauasanamauazidignszuiunisaiesasidngad lnsudsesndu 2 uuu fie
2.5.2.1 wnlwlalnda (Exocytosis)
Jumsdndesansluianalngjoonaniad Jsansiignanidssesnazusiqeglundiaa
meluwaduiazresadeusndiinadoineed wohundon wazsmdafuiuide

viugad antuansiiegnelundifanszgniaessangneusnwad danansbiiuluud 2.8

- AEUBNLERA

1" =4 2 -
Ly Eavagad
Y A

Cytoplasm | B

caNl
c
=)

2.8 wanansandesansiuanalgjeananniead
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2.5.2.2 wulalglnda (Endocytosis)
< o a A v v v a =~ <) o a [ !
Junsaifesasiasaiuiuiuenlelelnda fe iWunisandesansiuanalugidnung
1 [ Y @ A I
meluadlaguus 3 wuu Aanslviviulugun 2.9 fe

1) wlnleln@a (Phagocytosis) Wunisandesanslutanalngfiegluaniue

a

vosudaingivad Inewadazdudiuveslelymadusenindonoynmaasluanalngjiiiodia:
thidgiwadluguresniifa mntussswitumelusadifiogosaaisarsemslundifa
sroeulainelu vieSundnegnamilei msiuveawad (Cell Eating)

2) MulwInda (Pincocytosis) 1unisadssansluanalugogluanue

YouvamselsenIatsarateingwad lnenisvibvigevaad i lululglnnanguau

a A

Aoy naneilundifa WebeuwadUaainiudidaidovaisazaeld ssnaadilvegluly

(3

Ivnandu ¥38L38ndN0E1INTNIN nsAnvesiwas (Cell Drinking)
3) NsdAsNgaalageAufTu (Receptor — mediated - Endocytosis)

I3 o e N oI ~ a A a a & v
dumsaidesansiuanalraiingnisluead Jaiatulalaeflusfunusianivesdedu

v
ad ¥ IS o

wwaaJudasu (Protein Receptor) Fansignadsudngisadaeistazsesdimiuinnigly

n33uiulUsAuiAsUNeg UShauNiIve udeiuwes I idesansdudngadla

Phagocytosis Pincocytosis Receptor-mediated

Endocytosis

1 1
1 1
1 1
1 i
1 1
1 1
: :
ﬁﬂqu"d‘ﬂa\‘l‘LL‘ﬂﬁ{l 1 daUzd198z81¢8 au;ﬂ'lﬂﬂq'i
)/ NN &< e
=
1 1
1 [ ] 1 . .
1 o 1
i i
1 s e i >
1 1
1 a 1
I 1 W

SUN 2.9 wansnsaidesansididiwanveeulalalngans 3 wuy
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2.6 wwaalail

wadlay Ao ladinzFesednsuyed aunsaaiagdivlalédiegnisueniienie
YosdaliTin uazifinduruedsieiesldlaglidnin davadynivadiegluwadlatein
ey axlidnvasiimieutuynusznisierfulaau (Clone) vesfuuaz iy daieadlarii
iavlinfu azdidnvaurusedisiunndeiuly Wousnaila viediarmidudunziaizady
wadladusazaiatug mamedsagadlal ietufiodulslonidmiunsussgndldly
mumiﬁﬂmﬁ%maﬁma%?jﬁmEn (Molecular Biology) saufisnsfnwnaadiitaaivlaly
wuRnunfaneadiau 1wy iweduziss Taedearhmamnsdsafionhluidouasiaszsias

nsegsonveuTanlnesIAMTaeaduslS e uiiy

FeluanAdeadull WwadladuziSusunmesyee (Human Breast Carcinoma

v v
A a

Cell Line: MCF-7) 1Juiwaaufimniginiiuids (Monolayer Cell) Imansiniziaesdasly
MrugNsossunsingagaiiionisiaiuiule taelianwastTuuadudufsnigsuuiuves
MUUy FeaztasaAulalngnishueas iU UnUwaat199 kagtius uiulagn1shuei

panlUisen ) AIuanidnualzvaRTaaluzuN 2.10

JUT 2.10 wadlatuziusuuvesyud siln MCF-7

Feaneiuguzisudiuuveauyed (MCF-7) gnueniiioimzidedlinsausnlud w.e.
2513 %39 A.A. 1970 9013w Caucasian 18 69 U [20] laen19tNIzLABUgaaluuLnNIY

NURITRINIBUL eIyl TeRnfunITinaewaauziswdul wazduuselevise

nsanwieldlunssnulsauzisaiuuaivautlagiu
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2.7 NMSUUIMUIULYAALNADTDAINNISNARDY

| [

A15N5103 1 UULa A U TUAIE 1AL TUN1SASIATANAIINAITNAG DY 15139

o

'
¥ &Y (3 v 1 [ 1

FudusoaiulwadNnanson NSolwad NIt InRENaIANHIUNTEUIUNITVNIA1EL AR LS

Y

1

Auanad lieANadInNTIINNTNAADS

nstudwueadlaenss (Direct Cell Count) Wunisiuisadlagldndasganssea

v A

Inguywdaiunsansiatulalagnse (Direct Microscope Count) @silag 2 T5aieiume 7

(@)}

Breed’s Method Wag 5 Petroff-Hausser Counting Chamber
1. 3% Breed’s Method
AD N1TUIVUINYDY Microscope  Field 210 Stage Micrometer uwag Ocular

Micrometer @aagldrnedl (r) wanhunAndusineudnans 990
Microscope Field = 7 r’ (2.14)

Tagann1sn 2.15 vl iuaiiunues Microscope Field @991uauves field Tuiui

USNIRS 1 »3.90. = 1/Hunue9 Microscope Field 21n1iuin13veausuinsansiae 0.01

f [ o

§addns desun1stuiuImgad MlaTuu Xwad Atdungaiudiuiuvedfield wasnis

MeUsuIMsIe 0.01 daaans [21]

o

gNAIDENTU D191 Field T99iua 5000 field = (5000) Xt9aa
LarvgenUSunsite 1 g xilwad = (5000) Xt@@8/0.01
glauad = 500,000 Xi¥aa/4a.

2. 7% Petroff-Hausser Counting Chamber
fio mytudinnueadiwadlnefounsal Fasuanmmenaisazaefifivadegiile
uss9asasuugUnsal Fsgunsaldmiumstudnnueadiude suileledines
(Hemacytometer) Tnefidnwagiduukuniivuinasiunualantausenu (Cover

Glass) wansliiiulugud 2.11(n) nedvesinsdmsuldasmediasenimusuues

[

(Chamber) naznslunvuivasusznaulumenisnansensa (Grid) Nianwazidu

1

dunssdsaniuvanedusiseandu 9 Yeslug gnasiaudeiaesiiewuadu

¥

NuNvoIN1sTULLad [19] wWAasTDINANUNING 1 Tadwns JAnUe1d 1 Jadwuns
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a a

wazlausTyansmetdlalsenumeunualan aziiaudnegn 0.1 Taduns

[22] BeanunsarhunAiwinlunsvedsadanansnusslalagldaunis ninaxenix

=

g9 muund mhefldazilu (wadreliading Uufie 1/10,000 w3e 1/10* wadne

fiaddns wanIn a3 wiendaliiiulugui 2.11(v)

a A 1

\\ e

3UN 2.11(n) Bxleladivwes (Hemacytometer)

5UT 2.11(%) wsiue$ (Chamben) meludinlsladines

FIN1IUULEARITADIDIAENEBI3aNT5ANTUNNTVI8E18IUIRVONYad Laeld
MAwegeEN 40 Wi WnlvddLnaueaiunaesganssallagiin1siuInuIugasiosen
nndesganssaulalnenss ludwnsuenwaaidunsowaanmes Tutunoutidesldddounsy

wiwug (Trypan Blue) Fatudvilin Dye Exclusionc vimiiidusiadeuwad iarnnsead

L3 (3

Juiuwadane Gunnadimdeseanseduliiined niluwadazvimiiiegnauduainfaly
gugaulviduUanUaeuviteddeuitndwadla duuwadiniena dnsuunuyavsdudidioad
Tuviudl vilinssuiumsesaluwadiudesenainnisnaasdwnetiogrsdniau wanaliiiu

Tuguil 2.12

SUN 2.12 1wadivdesen (Hdnuazlusaua)

wazlgadne (Hanvagfiuuainnnivinuug) vunawadiade 20 lulasiuns
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2.8 nann1sneadnlnsaind

mii’mﬂ'ﬁ@mﬂﬁuLLm’Luﬁﬁ%’wé’ﬂmimamﬂimaiﬂﬂ Tufe NszUIUNTLENLALTe
asvdeULarTuTinndsuiiuasuly Wedestuiedes oxneu losou nsolutanaves
a37ivinnsnsIadn Ingldnatiainnisaaniuuasdansibilewn (Ultraviolet: UV) Waghasiad
\Ja (Visible light: Vis) §snszuaumsitistuilenasiunslunsenuansiedie azvinli
wdudeuluiiiesanniin nsiudsuas (Emission) N13ANAY (Absorption) UagATS

N3%139 (Scattering) ﬁﬂLLﬂﬂﬂugﬂﬁ 2.13

- a——

Incident \ Transmitted
radiation Absorbed

—_

%eﬁ\ed\o'n < | radiation_|

v

radiation

tte r
ng

VV\I/

é
é_

]
VoY

Emission

radiation

JUT 2.13 wanddnuasiilonsynusiagng

InguasitdlundnnisnsaininsalnUeglugasninue1iniu 100-800 wilwans 1y

AoguuasdanTlalowen uaskatidila Awansluguin 2.14

Gamma-Rays Radiowaves
Microwaves

Infra Red
Inadiation
Ermrgy

whf

[1] 1 10 10 Wawvalangin
am

Whalenglh

100 200 300 400 500 500 oo nm

JUT 2.14 wansaUnasuvesnduwiminiiihuazanueninduwa (23]
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! v
v A

F9a130798191UN191M8899999113T8aTUEIAINYIIATUIINNITAANAULAST

1 [y

Fuwusiugruwasdansihilotan wazwaidida sadundnnisnisadninsalnUaadu

' v
fal 0 v A o o

ASLUIUNITHATIZRNE ALY aﬂmaﬂﬁmmgﬂé{mLL;Jus]"wiamamimam LAY MANANISIA

o

' o
(3 = Y v

ﬁhmiamﬂﬁuuaﬁaﬁwLﬂué’faqa‘im%aﬁaﬁ%ﬂumﬁmmwma FAANUITOILATIEI AN

USunas waeidenaunnduegad wannsvnsaiUninsalnU3adnidundeuld wasdunddndu

ABE19NIIVIN

2.9 ANUFNNUSIZNINNITAANAULEITUAIAMLTNDY
AvesnsganauLasasasidazdafiinnus eduiunnsisty SeAnisgandy

uasfunuantBianizuesansutazein uazTunuasiignanndulailiutuanduses

uasfimnnszvuustuegfunaduduresansiogie thimneanid dnnsganduuasas

wUsiunseiuUSnaesn ity Fadulumunguendes (Beer's Law)

A oCC (2.15)

1la A Az AN1IAANAULES (Absorbance)

C Ap AULUNTUYDIRIDN (gL )
AULANLDA  NA17 "DIANUNANNVDITLHLNILAILANTE NISTILEILAUNIINIU
A1502a18 AINTAANAUKAIIZUINTUALEA I’ TULARIDY ANNANAULEIVRIATTAZANEAL

WUSHUAINAINUNINGVDIFTITAYAENLELAUN 19U

nuauaiidsn (Lambert's Law)

[oC A (2.16)

1le A Aig AN13QANAULES (Absorbance)

| A9 Su¥NNTLadDINIuAI9819 (Path Length)

dioaansiegefimanududulaiviiu wu C, > C, duansliiuiizud 2.15
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I = Incident light

SUT 2.15 UWAAWAUAUN9KUAILTUTUAN)

IN3UT 2.15 Wleuaaiunsruingansazats C, daflamndudumnnnd €, uasd
9on91n C, axdiAnfosnituasiesnain C iiesanansiifianandudugeninaziluianadige
Funasegunnni Fsulmmmuduturesuasiiganduartuegfuanududuresarsazany
LagTzEgIwaLAusHSeAIIYes e Seiududessunguended uay
wastdsauinaneiu 13und1 (Beer-Lambert law) AUENTUSYRIAINNTRANAULAY LazAIY
LUNTUTRIETaEae (absorbance and concentration) daudARluINITIATIZY Laedl
Adtus feaunnsil 2,17

A =gcl (2.17)

do A fle AMIgAnauLANYeans (Absorbance)
£ Ao auautRameiveaniganau tazinmnuenlddmils Fenin Molar
Absorptivity (L mol ' em ™)
L fo syozyafiuasshuasioeng (cm)

c Ao AutNTY ey lua/ans viseluans (M)

2.9.1 NM3INAINTITYANAULES
NS INANIIAANTULAIYDIATHIDENS mmsaifmﬂms@mﬂﬁu‘[mmﬂﬁé’wLLmdmmuiﬂéTa
79814 (Incident Light: 1) L&YNN139392 IALETIMED TR NIBHIUDNUINIINAITAIDEN

() InerUSeuiisuiukasndosinuoanulaglainiuasiiees Lansisgui 2.16

= @1sazrangfnaeg

(Pathlength)

SUT 2.16 Uaasduaeinuinuazeandnansazateimun aududy (O) dszesnia (1)
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INFUN 2.16 @wnsav Transmittance (T) AndnauvesUSinauasioanyn () se

USnauasiiinudluluansiesne (1) fsaun1si 2.18
T=— (2.18)
ANNNIPANAULEIYIENT (Absorbance: A) 1auaunsailu
[0
A:10g7:—10gT (2.19)

Tneiialuazmen Transmittance [uguaealasiug (%T) Avaunisaoluil

I

A=2-log%T %I =100— (2.20)
0
[
log%T = loglOOI— (2.21)
0
-
log%T =2 +log— (2.22)
IO
log%Tl =2—A %30 A=2~log%T (2.23)

AINAUNTITIZLIUI T ﬁﬁha&ﬂmm 0-1 4a¥ %T AANAILA 0-100 @UA1 A = 0 Ll

wasiur i lUluegs uwilignaanfulilazsiiueanun 100%

2.10 "uAseiieados

Md. Abdulla-Al-Mamun uazagss (2009, 2552) lgvinisaneideluideses “ns
\inUsEansnmvesnszuiunsinlangagdadlngld AcaTio, dmsunisainiwaduziss [24)”
las Md. Abdulla-Al-Mamun wagamz levinnismageunisaieaduetiauinungnaig
nszvaunstilamrgazdadnelduas Uv-visible Tngldans AceTio, Fefiuunaradu Ag
wasTio, Mdunguinzagnieuon Taen1aii1 AgeTiO, wnAapUA1BTENSHUT LD

Citrate Reduction Tun1sin3ewans elildansndaudnuvaendvwiamiigiu uaglagusns

Tasawdnfimiloutu Ing Md. Abdulla-Al-Mamun wazans lékaaguin AcaTio , a1mnsnai
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waauzssnuagnli100% vued TiO , egaiien ansaidnwaduasisauinuagniuliua

25% Nt N1ANULINTUYDIEITNNU

Jincheng Liuet wazpmug (2011, 2554) lavinnnsdAnwideluiidelses “ns
duasigrinsWussntonsiunulvisunlulnnideulaeenlan senssulunisinlnaznsadan
WianIsdugutawuaitse [17]”7 f9lavinnisAnwinanisaediutazdudadanuniiise Taaly

AszuIUNIsMallnazazaas veensiflusenles-wiaululnnideulneanles Wisuiu

£

aunepuluvadlnindeulaeanles lnglanaazin wisunlulvmdieulaesnles Mgnnsedu

Y 9

o
LY Y]

AEkas UV 1A1u812aau 254 nm aziidszansainlunisdudutanuaiitselauinnin

o
v o

aunAuluvadlnmidienlaoenlen neldnislduasenfindnivuinuas Sailviniu Bnvieds
WU Usednsnmueinisfuguvenuniialaglanszuiunisnialnlaaiailsdaazhssau
Wethuvsunlulnutisulesanlen lWswdunsiiuesnles (GO -TiO, NRCs) lagnuin

[

nsinUTngnIsilaazszdaniantunimsly wisnlulnileulasenloniieegafen

¥ann BIn130asd (2555) Iivinis@nwnideluiadeizes “Yaquiluluvdeule-
oonled: nsdunaset Tassads uagnisuszgndld 2517 Fdlunuidedidomnenunu
unanuifeaiuTanululmdeilasenledusasuinuarlassainnisnan iz ausy
msUszenaldanlusmile 9 van Ssn3aned danarrii msagld indeslaeonlad 7
Hvue Iﬂiqa%fwmq%%u@éﬁ’u%%ﬂﬁé’mﬂiqsﬁ ey anmeildlunisdauesey Savuinig
Felanzdugilululymdenlasenlen azfunsusuugmuand@mumnsganauuas uay
fanuhannsavereisvesnsgandulasaninnudenlnoonlesluluguuasiinuesdiu
¢ Fadudruiinaseriindiinnuduiugege ognidemesinuisedafinunzay 3
nszvunsdelangdudrludetd umafiuussansamlunsdosanouaiivdunidlss

[

P Snadainlflassadeestanuilulimudenlaeenledfignuauiiiuiifg uazanudus
nyuganitlimidenlaoonles Ssaunsagaduarsdunisififiatu vinliauanansalunig
dovaneiiuszavsnmintunulude uazdmuihuonainindeulaeenlafasiiode
Tavensdduuda Smuianunsaidesmelay 1wy vieunluafueulddnie devinlsilnm

weylneanlanaiuisailndnlanae
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AR dug war T @ssadn (2557) ivinnsAnwnideluadedes “nns
duasizineuasiieonled-lnndenlasanladlnlnaznzdad uazant@nisiduansise
UFAsdhenas (26]” SsluniAdednarin msthlnmdeuleeenlesuldnudaidadiin
TuFesostuasyd Sadudndsznovvesuasoifinduintu osnn Inndeulaeenledd
LaUNAIIUNIN (3.2 eV) Fathungnisusuusaiauusedniainveanisilusdasaujisen
meldnislduases Tio, Wdemildnmelduaniada faduesiuszneundnvesuaseniing
10 Tagvinnsiielanensnuddu Fe, Cr, Cu vasalanzman S, N, F adlulasiwdn Ingaiuise
duaszrreliles() sanlen-lmnlleulasanlea (Cu, O-TIO,) MseIsnnnznausw
(Co-Precipitation) iiteltdudussufAtesheuas melduaswestiuaiiata wariansd
Huaseidld uiesgiidnewaia (SEM), (XRD), (FT-IR), (DRS), (BET) wag (XPS) danuin Cu
, 0 ansndourainmsganausassesinmifoslaoenled THiduegluridiadaldndu
wazldneaauyszansnmassnlnpzazdanainnisaasasdunie tagldooisud I iduans
NAgaU WY1 Cu, O-TIO, @1w1saviilvilinn1sanaienivedasazaieeslsud | lnasgais
99.5 Wesliud wazgadu 5 dlewisuiy Degussa P25-TiO, dadusiswfisefitenly

A3l

Joanna Podporska - Carroll waeaniz (2017, 2560) tevin1sfinwiseluiitedes

a

“n1sfusadeuuaiisumennandalilnasnsdadineld F-doping ZnO aglduasidida
[27)” Tusidaee Joanna Podporska - Carroll tazAmzaIwIn AnwIn1sduiiveaie

LUATLTEENSHUIN waswnTuay Fagninsenlilusuvedatsazaie 2% (w/w) tagviinisvn

a

Uszdvsnnvesnisdududenuanine Inaldasnvinnisdansizila A F-doping ZnO e

'
a v

Ufnsellanengdan Geuidelvinaagulidn F-doping aunsadugutiaiuaiilseunsuuan

161 99.99% lunnigh F-doping a1unsadugsiienuafiseunsuaula 99.87% Lilagnatgsie

'
a =

waidida FanananaIn Reactive Oxygen Species Aenilsluladonanslunisasnanszny
AON1TTUIINITLATYLAUTAUDILUATITEVIILNTUAY WAZLATNUIN LAYUONIINUUDIALY

d' = | a ¢ ¢ & v
L‘Vﬁama@uq@ﬂ LYY %uﬂﬂﬁuaﬁaﬁémﬂmﬂaaﬂi‘%ﬂ Wunu

Maryam Shafagh wasmaniz (2015, 2558) lgvinnsanwideluidelses “cuo
nanoparticles induce cytotoxicity and apoptosis in human K562 cancer cell line via
mitochondrial pathway, through reactive oxygen species and P53 [34]” Tus1uideves
Maryam Shafagh wazAnizvasnInie ladneinismdanasaaaudnsianizveuzisada

BRI K562 Mnneides Ingldayninuilured CuO @33aie reactive oxygen species
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(ROS) Fuanluszuu Fedsnansznusolunaownde vnlvwadldansasundsuain
muuenld wagmeluftan vonaniliudidmansenusie aelassasisves DNA luwadusse
dndenumdnde Fannandslddeasuinalniaieenudufivansfusadusausss
Wit Tnglidswansenusewaduniusiusies dslunsnaassvesmnilddenld cuo 7

ANUTNTY  2-25 pg/ml

NMslaanwagnunIugITeigiveuniaululangeanlysd wuaufivey
wazthaulalupaudivesasmenunssedisemnauas Inenudneyniauilugensen-
lod Innudeulaeenled wazasuweseenled Uuarsnfisnaligannnunelddely

(%
LYY v

aa & aa ! Aa a ¢
sysund Snvisdafuiifuulunisussyndldau wazdwandsenszuiunisniinlnpznsded

o

uinmsAnwdwlngnuanddeideuteyniauludsdeenled lumuiele
oonlasl uavaueseonladluldiduarstudmioraiteuuaiise wisidaduilifu
mMsUszendldeuvesayneunludedoonledt limdesilaeenled uazaeUidesoanlud Lilo
Wlumsvhanewaduzidadunnzides sz afuidymvedsauseiidwaede
ATy wsineneenauiy Tasswidsadudeaninduegredeienduysylovide

WNFINGIFANT hazWN1TWNNE LaansiznaIdentaaztdunumiadentudliwmdiiely

Tunssnwlspuzisaduuasly



unil 3
A5N15ALUUIUIY

3.1 gUnsalin3asilanazansiail
3.1.1 \psasdio
- Lfﬁlaﬁ UV-Vis Spectrophotometer
- \A38 UV-chamber (MODEL CX-21)
- PRuRIMET (Uszuiana)
- ganloansiadl (Fume Hood)
- pdeadsans
- NdosRansIAL
- Hemacytometer
- Micropipette 1@ 10 — 100 pL ttag vu1n 100 - 1000 pL
3.1.2 LASBINAn
- 9nined wun 25 ml §1uau 12 $u
~nined wuin 50 mlL §119u 1 81
- YIAYUI VIR 50 mL U 2 9
- Yt vuIm 10 ml
- WILAIAUEANT
3.1.3 359
- fdle
- wihnnUaayn
- Am (Cuvette)
- WYIU9ALIN (Cuvette Rack)
- NAAANTLAL
- FoUFNET
- nszuandah

- NSEUBNAR Ethanol 75%
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- WHUWIS A
- nsgaudians
- NTTATYTIYY
3.1.4 d@154Adl
- Zinc oxide nanoparticles (¢ = 90 + 10 nm)
- Titaniumdi oxide nanoparticles (¢ = 90 + 10 nm)
- Copper oxide nanoparticles ((I) =50+ 5nm)
- Ferrozine
- FeCl,
-1 Dl
- Ethanal 75%
- Trypen Blue
- Trypsin
- BPBS
- gWnslAuNYad

- Cell Line: MCF-7

3.2 YumauUNIsIAsENAITazagaun AUl lungulanzaanlyn

o

wistiaIsazatsaumauitulangoanlyna 3 wiaUsznauluaie Fsreenlen lnni-
Heulaeonled nazaouiUssoonles Annuiduduiiiu fie 2.56, 1.28, 0.64, 0.32, 0.16,
0.08, 0.04, 0.02, 0.01, 0.005, 0.0025 wa¥ 0 mg/mL ﬁgmm 12 AULTNTU [28]

3.2.1 Sumpumanisuasazaruludedoanud
sumeuludsdeanledildlunuiteatiuieglusuresansazats Fesududosiuamen
AU UYBIAN TAYANEINANNTALIMAIMUILILYEIENT Tuaunisi 3.1 ey

WINT5L39198sd1TazaNeRB A

(3.1)

|3
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W V Ap USUIRSANUINIUIRIANSaYay
p A ANUNUILULYBIAITaza8 (Density) = 1.73 ¢/ml

m Ao WninvesalsazaleNfednis (Mass) = 100 g

szl
USunsanududuvesansagatensiu = 57.8035 mL ailugnisAuinmianuidudy

Buaule 9naunIsn 3.2
ANULLTUSHALYRIRgNAA1Y = Wavewgnarate/Usunsvesasasaty  (3.2)

awle
52.2¢g

——=28 2 0.9030 ¢/mL
57.8035mL

ANULTUSIRIYeIRYNATIRDRN YA =

dielarnududuisusiuuaiaumadereanten 31Naunsi 3.2 LaRsEINNsn

ANLIUNINNSLAIBANVBIETAL A8 NAUNISA 3.3
V. =Cy, (3.3)

de € Ao anuidudusudy
V, Ao USunnsSud
C, 9 AN TUEAYINY
V, Ao Usumsgaving
mnmsaaaluannigi 3.3 15deansliviunsaniien 10 mL Faldu3uns
Sududidasnis e 0.1107 mL
[esnmnuidudugsgaiisidesnislunisiinismeassde 2.56 mg/mlL Fainis
ma9tn DI fiUsuas 9.889 mlL wdmaufuansazaneuludseonlesiidnalaie 0.111
mL agldrnududuresansaransuluadeonlesii 2.56 me/mL Tuusums 10 mL fviun
atdu 2.56 me/mL Tudninesludt 1 udawihnas Dilute arsazansuluderoenlysain

nineslun 1,2,3,..,12 aufspnududugaying Ao 0 mg/mL AuaRy waddgliaisazany
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wludedeanludiiaududy 2,56, 1.28, 0.64, 0.32, 0.16, 0.08, 0.04, 0.02, 0.01, 0.005,

0.0025 waz 0 mg/mL viavmn 12 eududu Fauandidulugud 3.1

—
—

7\

‘ § 4 “#?%‘_ A
7 - I )

-

JUN 3.1 Wanspnandndurasansavaneulueheen lanninanuidud 2.56, 1.28, 0.64, 0.32,

0.16, 0.08, 0.04, 0.02, 0.01, 0.005, 0.0025 kA 0 Mmg/mL AWAIU

3.2.2 Yumaunsnssudrsazateululintivalaoanlyd
sunmawlulnndedlaeenleaildluanAduatuiegludnumsne Jvhnsdeasuasnay

fud DI lalpense savunaunalul

1. Fseymaululnmidodlneonlsdluuinm 0.0256 ¢

2. theymauulnifledlaeenledluuiinm 0.256 ¢ waufut DI iU3uia 10 mL
fualidutnineslui 1

3, iiuh DI U3uas 5 ml asludninesluit 2-12 suasu

4. vn1s Dilute anslagldlulastiunfsansazasandnineslud 1 Tuusuia 5 mL ag
Tufnineslufl 2 Aifidh DI eguTaa 5 mL wéinseuasazanglidiu ludn-
wnesludi 2 agldansazarelvndenlneenlesivin 1.28 me/mL

5. ¥n13 Dilute arsaindninedludl 2,3,4,.,12 deluidesauasu 12 lu agld 12

ANMULTUTY MIUAIRY
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6. 1ilo Dilute a15aunsuRa 12 T agldmnududuia 12 anududu Ao 2.56, 1.28,
0.64, 0.32, 0.16, 0.08, 0.04, 0.02, 0.01, 0.005, 0.0025 wag 0 mg/mL AUAINU

wansliiiulugun 3.2

JUN 3.2 uanspnudnduresansararguntulnnilisulaeenlenfinasidudy 2,56, 1.28,

0.64, 0.32, 0.16, 0.08, 0.04, 0.02, 0.01, 0.005, 0.0025 wag 0 mg/mlL AWAIU

3.2.3 YunaunswssNasazatsuilunsUiuasoanled
sunmaulupeilesesnlennlilunuideaduilogluanuasng Jinsteaisuasraiu

DI lolnense Astunausalufl

1. Fseynauilurouieseanludluuiinm 0.0256 g

2. deyneuilureliveseanladluliuim 0.256 ¢ waufut DI fiU3ae 10 mL
fmualidutninesluii 1

3, iiuh DI U3uas 5 mL asludninesluft 2-12 sumsu

4. ¥n1s Dilute ans Tnelalulasdiunisansazansandnineslud 1 luuduie 5 mL
asludnunesludl 2 ihih DI egUiunm 5 mL udmvinsauasazanslidniu Tutn-
nesludi 2 agldansazarepauieseanledivin 1.28 me/mL

5. %015 Dilute a1391nUntneslud 2,3.4,..12 soluienaunsu 12 Tu agld 12

ANMULTUTY MIUAIRY
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6. 1ilo Dilute a15aunsuRa 12 T agldmnududuia 12 anududu Ao 2.56, 1.28,
0.64, 0.32, 0.16, 0.08, 0.04, 0.02, 0.01, 0.005, 0.0025 wag 0 mg/mL AUANU

wansliilugud 3.3

JUN 3.3 wansrnudiduvesansazangunlunalieseanleniininutudy 2.56, 1.28, 0.64,

0.32, 0.16, 0.08, 0.04, 0.02, 0.01, 0.005, 0.0025 Wag 0 mg/mL AUAINU

3.3 JunauNTIaNBIwasusSLd

nswRELEas LS uIN A B3R UAAT g Tuwan e 24 G e
3 wav dwsvansavarsunluderoonles Inmdeulneenles wazreliodoanles W 3
wiim lnouwuadu 12 mquuui@imjaémL%‘aLéhum,wwzl,??mﬁ’uamwslﬁmL%ﬁﬂizmm way 12

wanasldensdegadiiodueadaiunn Aanansliiulugun 3.4

g [~]
LIaaNELIY
+

ATMITLALNEAR

AIWISLALILERR

JUT 3.4 wanldiadussaduuumnzdedulsuinsauas 1 mL
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1. hansazanglangeenleans 3 wiafiwsenliuninAn1sgandunasainiaies UV-Vis

Spectrophotometer fIAMULTNTUIY 12 ANNLTuTUlABUTILERIIMEaE 2 mL

wandliiulugui 3.5 - 3.7

U7l 3.5 ansazanetnlufsdeanludiarundudu 2.56, 1.28, 0.64, 0.32, 0.16, 0.08, 0.04,

0.02, 0.01, 0.005, 0.0025 uag 0 mg/mL MuaRuangIelUvN

g‘dﬁ' 3.6 @savarpunulnmudeulaeenlediinasdatiu 2.56, 1.28, 0.64, 0.32, 0.16, 0.08,

0.04, 0.02, 0.01, 0.005, 0.0025 waz 0 mg/mL paWUIINTE UM

g‘dﬁ' 3.7 ansavansunlumeuilesoenlasiinnududu 2,56, 1.28, 0.64, 0.32, 0.16, 0.08,

0.04, 0.02, 0.01, 0.005, 0.0025 Wag 0 mg/mL muawuaIngelus

2. Weumewilulavigeanlynny 3 sllafianududusigg ussyldimanidigadiiiuy
inuadu (As’) wazussqldmanifiwadeauay Amumdu (Ac) Tunquaz 1 mL

Tngdeannanududugelusn auddiu wandiiuluguin 3.8
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ASJ

Ac'

JUM 3.8 nanldiwadugi3e (As") uagigadnIunm (Ac)
Wiaussgeunpuilulaveoanlydn 3 slinadhuman wardladiwannioudnueiu
Wi AulisaumaniunIsszive wadiviaman 3 1hg Uv-chamber fAstiduiian

24 laig

I3 ¢ =

Wansu 24 FilusaglamanidiwaduzSmiouniauilulaneeanles Fwiiuns
nszAuuas dvuadu (As) wazaglamanifiwadmugy Inoflaynnauilulans
eenleAnkun1InszduLas dwuedu (Ao fannandudusdineg wandiiulugun

<, %

Ac

3UT 3.9 navldiwaduziic (As) way wadauau (Ac)
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5. A529MANUAINsatun1siuiulane Fe? Tagnisduidn DI USunas 0.9 mL +

¥
Y

FeCl, USunew 0.033 mL + Ferrozine Usunay 0.067 mL astu (As) wag (Ac) N9 24
VIR WavATUNI 3 wan ntuvinnsweansliidiiulaenisgadaesq lulastia

wanaliduan 40 unil wandliiiuluguil 3.10

Ac

g‘dﬁ 3.10 (As) wag (Ac) diowdsisi DI + FeCly+ Ferrozine

6. yhnsInNNIganduLas Tnggaansaraleaninanmuas1ussylaAlImag 2 mL
Tneld (AQ) Wusiamunn azldrnisgandunes (As) inanududusmsgauasums 3

GUPl

3.4 YUADUNITUUIIUIULYAA

1. vhnstiueadugisuanig 12 vauuu (As) fie duifieaduase duansdiilugy

7 3.11

JUT 3.11 wansguinaniifisaduese
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2. yhnsgeansazanefivdeunanyuinins 1 mL eenlivun insewaduzisaasine
LATIUS LN URIVDILNANLIN Y

3. YNMSALANATS PBS UTuas 0.5 mL lviasuynvay 1ievinin1seeans wagngans
o | [y} I3 < ci’ v = 5
Mwesasagaginefuwaaueise lnefdlivssann 1 uii 9ndugeais PBS
DONYIINUA

4. yhnsANans Trypsin U3ums 0.2 mL liasunnvgu wievinisgesisaduzisainig

% 1
v Y a

agfuilivgaean wdrieliUszana 10 w1 andugaans Trypsin 98n1IIVn

5. Wwemnswad Usuns 0.4 mL Wesunanay uadldlulastivnganiug wiouya

¥

fuinavligadueiSagaeanainiwan
6. wiuddau Trypen blue Ysuns 0.1 mL Tunquisuafidesnstiuiad wisuiuldly

lastiUnganue iienanddoulidigiaduziie

o (3 <

7. dnwaauziSsignnaNsedden Trypen blue wnlvasaslundusuilelailines

U

8. iwanuzsnunIsvanlduiuduilylefives udrnhluderundesganssmia

1

fiaavene 40 win wansliiuaagui 3.12

JUN 3.12 wansnstiuigadlagldndesqanssal

< | o [y 3

9. ymstiulanzigaauztsINglldien GednvuzvetwadlainaznaunarluTalas
wszluAndgauann Trypen blue @A 1LAEAN WAL TULEAY LAPIANBUZLYAE

Juwasiwadangluguil 3.13
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SUN 3.13 lwaddidin (Hanwaglusaia)

waane (Hanwazdiukasainddon Trypen blue) sunwadiady 20 tulasiuns

Y 3 < 1 a 1A a ¢ = = 1 [ 1 1
10. HulgaaugtisunsenIatuuiudn laladnes deaslinnsranuady 5 ‘U@ﬂ‘l/iiy,

wandliifiulugud 3.14

(1) (50
s | |
€
() A2
N/ hSg
|

o
Y

UM 3.14 mnen3aneludunleladives Nlivedngvie 5 Yedlu 1 wwiiues (Chamber)

11, ntwihauasutuseuluden 3 - 10 SnASIAUATUIN 3 WanvesaIsazany
aumaululanzeanledny 3 4lia wagauATUNT 12 Aududy niouaadudinng

LALYIINNTANUIUAIUIUAS DINFUNITAIUIUIUIUTAALNG DTDN

3.5 #UNISATUIUITUIULYAALVIA DTN
SIuTasiTInsfe 1 mL = S1nuwasiTIneds x10%x AR 09N (3.4)
Taedi 10* fie YsunnsTu 1 desveuvaiues (Chamber) lu Hemocytometer [22]

TAYEIAIAIULIBINGDIN
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F9 Andeans = (A;B) (3.5)

loe@l A fie Usunswaduviuasefigreanuntiu = 0.4[mL]

B o Usunsddou Trypen blue = 0.1[mL]

F9zle

0.4[mL]+0.l[mL]
0.4[mL]

AULIBAN =

TRgtu1AUIAE U aa RS aR LR

3.5.1 f1B819NITATUINITUIUYAA LA DTN

NNTTUAANZIS IUULYILUasua lelatimas e ldi1d9vee 40 WnveIndad

qanssay auyAlviisuauiu fie 2, 5, 10, 15 waz 18 dwandbiiuluguil 3.15

10

15 18

JUT 3.15 wandavduiniuadusse
P1aIutuN LA IUad launsae bl

5

2+5+10+15+18"104XZ:125000 Lad] (3.6)

kg

& i Y v oA o 13 & = s A | ¢ &
uuuﬂﬂﬂ')'ﬂu 1 AUIUYUNATIAUULL UL LI ﬁ]%mL?ﬁﬁﬁLﬁﬁ@i@ﬂ@f‘J’ 125,000 1988 UULpY
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NAN1SIAYLAZN1SDAUS19NE

4.1 Anwrauaudiniavataunaululanzeaanlen

NuITvaduilfeenisidnuandivesarsayniauilulangeanlen n1eldnisiss

aaa d‘ )

UfAsemsuanieldlunisiatswadusiiadug fansudasviiadainisganiuuas
uwaneneiu deasensidentdanueniadusadlunisnseiulfiselilauseaniaingegan

wansingiu Jadududesnisfinein aseumewilulavseanladyile Jereanled Tuvlew-

1 A

laeenlen wazneUilasoanlan ﬁmﬂ'ﬁ@jmﬂammﬁmmmaﬂ?{mﬁﬂi iodnsedt wie
donlduaslvinsamungu] uariuszavinngean

4.1.1 Han153BAINTISAANEULAIYaRUN AN IUlavgaan Ly
luduvesn1snaaes vn1siamnsganaulawatasasargulugadeanten unileule-
ponlad uazreUiasoanlas Inoldmanududuresaisazanowinduil 2.56, 1.28, 0.64,
0.32, 0.16, 0.08, 0.04, 0.02, 0.01, 0.005, 0.0025 gz 0 mg/mL LLﬁﬂﬂﬁLUﬂm%}uﬂﬁ@@]ﬂau

LasuazAIANNEIRAUTBsESazanglulavzaanluna 3 il AeUN 4.1 - 4.3

[ZnO] —2.56mg/mL

4 409.10 nm s 1-28RRy mi
——0.64mg/mL
——0.32mg/mL
—0.16mg/mL
——0.08mg/mL
——0.04mg/mL
—0.02mg/mL
—0.01mg/mL
——0.005mg/mL
—0.0025mg/mL
—O0mg,/mL

o9’
os 390.66 nm
0.7
0.6
0.5

04 |

Absorbance (a.u.)

os |
0.2 |

01

200 300 400 500 600 700 800
Wavelength (nm.)

JUN 4.1 alnesuvesansazangunludeneanlgnmuaduAIvesn ity (run#l)

N3UT 4.1 uanalilfiuiiAwesnsgandunasesansazaeunludedesnlodas
anasmudduAvesnuItuTuaTazasfianas sssmunguedefuasuaudalananly
(A =£c) 9ngULans ANNsgaANAuLasgIaaTesasazatsuluBsdoonles Fag1ur1ng
gAndugeaail 350.98 - 409.10 nm 91nANANLTATA 0.08 - 2.56 me/mL BslaAAuning
yosunundanulndidssiu 337 eV muena1senads [6] aangUazifuinfianududuiion
111 0.08 mg/mL liiansnsasurnisgandugeanvesansazanuludadoanladls iosan

AMUNTUYesaTndesAuluirAndygyasunuluszuun1InsIin
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[TiO,] —2.56mg/mL
—1.28mg/mL
—0.64mg/mL
—0.32mg/mL
—0.16mg/mL
—0.08mg/mL
389.99nm —— —0.04mg/mL
—0.02mg/mL
——0.01mg/mL
—0.005mg/mL
—0.0025mg/mL
—O0mg/mL

16

14

386.98 nm

08

06

392.81nm

Absorbance (a.u.)

04

0.2

200 300 400 500 600 700 800

Wavelength (nm)

JUN 4.2 alnesuvesansazangunlulinilledlasenlydmudiiumvesanuidudu (run#l)

N3V 4.2 uanawaliifiuindivesnisgandulaesansazaroululmmieule
oonlusazanawnuddumvesnidutumsazanefianas Wulumungveaudofuazuau-
Dildinanld 9insuians Ansganduiasgeaavosansazansululymidenlasenled G
§1uAINIgANIugIandl 387.78 - 390.86 nm INANNLTNTY 0.32 - 2.56 me/mL Bsléien
Aunhavesinundanuladifssiu 3.12 eV muonansenads [9] 9ingUaziiiuitfiang
Wduiisndt 032 me/mL lalawnsasusnisganauasanvesansazatsululymdoule

Y

ponlenla esanauduturesansidoaiuluyinliiiedyausuniulusyuunisnsiaia

[CUO] ——2.56mg/mL

—1.28mg/mL
—0.64mg/mL
——0.32mg/mL
——0.16mg/mL
——0.08mg/mL
——0.04mg/mL
——0.02mg/mL
e 0.01mg /mL
~—=0.005mg/mL
——0.0025mg/mL
——Omg/mL

719.15 nm

Absorbancr (a.u.)

200 300 400 500 600 700 800

Wavelength (nm)

JUN 4.3 alnefuvesansazangunlupelivaseanlannua1fua1rasnnutudy (runil)

1n3U7 43 uansraliifuindivesnsgandunasvesansazatsulunedies
onlusazanasmudfusesnudutuasazarefianas Wulumungueadofuazuau-
Dialdnanld Fslumsmeasinsinindnsgandunasesansazatsuluasuivoseanlesd
Amnsgandunasgegadsliunngedistaiou Sailugnsfunhauidedifsdeaiuding
Anndunasvesaunaulunelivaseanlen nun1sseaud wilunelileseanlenivesing

WAUNSIUBEN 1.5 - 1.85 eV [12,34,35] F9a09A1UINNIANYIARURAIRINANNTTA 2.1
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insuAINIseAnduaIagNusEI 670 - 798 nm JnhuiUIeuiiguiunan1sveass
Tusuf 4.3 nuianugnirdunussana 700 nm duwilduveansivlasdu Judendeyasnn
FIEATDINIIRANGURETN 719.15 nm ieruaenndeuaz lululuiuesdeaduiuaiy

LeNa59198 Fahludnsiesgiiuazilseudisunaluiidedinly

4.1.2 afiusrgnan1sganfuuasvaseumaululavzeanlyn

NNaveINIsAnnauuaslurinten 4.1.1 mmiaﬁwmqimmé’mﬁuﬁ‘l,t,wLSﬂIWLum%a B0
wionnsNsEnIsAINIsganaaaniumaudniuresasazaielanzeanled dauandli

ilugul 4.5 - 4.7

[ZnO]

. /
7

02
- J
& -

LR +*

0.001 0.01 0.1 1 10

Absorbance [a.u.)

ZnO {mg/mL)

SUN 4.4 A1N1IRANAURAREIEANUAANNITNTWTRsE S aEAE LU ADBN YR (runtl)

Absorbance (a.u.)

0.001 0.01 01 1 10

Tio, (mg/m)

JUT 4.5 ANNsaanauLasaeaniuAALduty

Ypsarsazarsunlulnndeulaeanlen (run#l)
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[CuO]

Absorbance [a.u.)
""'!-\.\_\_\_H_‘_

0.001 0.01 0.1 1 10

CuO (mg/mL)

SUN 4.6 An1sgandukasgeganuaiaidutuasasazaewiluneUivoseenlys (run#1)

NJUTN 4.4 - 4.6 wanalsiviiuegnedniandn AveInIspaniuLaIIsAes@aduie
WAL NtYeasazansululangeenlyn F3luiated 4.1.1 - 4.1.2 vlinsuinainig
ganduuasazuUsiunsunnudndiuvesansazany Gaonpdesuazidulumunguendes

wazkadtdsalanaiiin (A =ecl)

e A A9 AINIIRANAULEAIYBIATT (Absorbance)
€ fo AuauURANNZFIT0IAITAANAY 13831 Molar Absorptivity
L fo szeeneilarua1siIeg (cm)

¢ A9 ULty el lwa/ans vsaluais (V)

nswagunUasiInsganiugedn (i) Yesansazatgunlulavizeenlenni 3 vila
Pusnseiusandiiiulusuil 4.7 diasindissnsnadestsznis Ae Usenisusn fe

AuauURangivesasganay € Niluminunauauifvesasusasyin

= -

25 — —- - = & —

ra
|
|
|
|
\
\
|
|

-
wn

+ Zn0O
mTiO2

Absorbance (a.u.)

A CuO

05

10

Metal oxide (mg/mL)

JUT 4.7 MIUTgUgUAINIAANAULEIEIER (\R8Y) Yedansavany

U

Y ludemeanton Wnnideuleeanlen wazeeUilaseanlen (runt#1-6)
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Usgnmisrefenanvuinainiasiasansiuandniuvedlanzeanlen daouniau
lugsdeanlenillassasiuwuuiimlen (Wurtzite) sumaunluliilledlaeenleniilaseasng
wuuugAlant (Brookite) uwazauniaulluaeliveseanleiilaseasisuuusaueaniin

(Monoclinic)

4.2 Anwmansyianaiwaduzisnnlansminuazayniauniulanzeaanlen

arsavansuilulaneoonlunis 3 vila Weliues Ultraviolet wag Visible light Tunns

Y aaa & Y A o 13 & v a v
nsrAuuizenduian 24 Filus iiehangwadusiiaiuy wasgnifumeaisazatslany
Fe® wag Ferrozine 1MMULINTU 33 waz 67 pl mwa1du adlunquitfiwaduziss
AMUAAINITAANEUTEIA1TaLA18618819 Ao (As) waziinatlunquillluiwadaiunu
MVUARINITAANAUYDIAITALANAIUAL A (AC) haalduas Ultraviolet wag Visible light

Tunsnsgau Wielnsznansinaewaduz Saiu

4.2.1 HAN3PANANYBSAITAZA1EU lUlanEoaN lYANEINITNTEAUUEY FrunA
nIgandunasesasazanswilulangeenleafiinlansindnluisaduzisanainisnsedui
Al (As) uarAINIganfuLasUasaIsavateunlulavseonludnfulanswannaensnszsulu

\HAGAIUAN FB (AC) WAPINANTITAANGULEIUY As way Ac liiuluun 4.8 - 4.13

——2 56mg/mL

[ZnO+ Fe’ ] *As

—1.28mg/mL

1.8
——0.64mg/mL

16
——0.32mg/mL

14
——0.16mg/mL

1.2
——0.08mg/mlL
——0.04mg/mL
——0.02mg/mL
0.01mg/mL
——0.005mg/mL

Absorbance [a.u.)
(=]
P

——0.0025mg/mL
Omg/mL

\“::.'_F-——_

300 400 500 600 700 800

Wavelength (nm)

JUN 4.8 uansanasunisganfulasasasarateuilugenoanlen

Mfulanemdnvanisnssiumenas Ultraviolet Tuiwadivaduziss (As)



2+ 4 ——256mg/mL
[Zno + Fe ]*AC 62437 nm &y g
——0.64mg/mL
—0.32mg/mL
——0.16mg/mL

624.64 nm ——0.08mg/mL

15 618.35nm

14 629.81 nm

12

—0.04 L
624.66 nm g/

08 ——0.02mg/mL
——0.01mg/mL

~———0.005mg/mL

06

Absorbance (a.u.)

04
——0.0025mg/mL
——0mg/mL

0.2

300 400 500 600 700 80O
Wavelength (nm)

SUN 4.9 LansdnASUNISARNAULAIUDIEISar a8 UL LT IR DN LR

Y

Mfulanemdnvasnisnsziuaeas Ultraviolet luwadaaunu (Ac)

- &

[TiO,+Fe*] *As ——2.56mg/mL
—1.28mg,/mL
. 64mg fmL
—0.32mg/mL
—0.16mg/mL
=——0.08mg/mL
=—0.04mg /mL
—0.02mg/mL
=—0.01mg/mL
=—0.005mg/mL
=—0.0025mg/mL

Absorbance [a.u.)

—=0Omg/mL

300 400 500 600 700 800

Wavelength (nm)

a

sUN

U

4.10 wananasunisaanaulaeasasaraeululnnilisueenlys

fulansindnvdn1snsziuaienas Ultraviolet Tuiwadigaduzids (As)

[Ti02+Fez*] *pc 63593 nm Wiy ——2.56mg/mL
—1.28mg/mL
.628'40 nm ——0.64mg/mL
; —0.32mg/mL
——0.16mg/mL
628.09 nm = 0.08mg /mL
—0.04mg/mL
=——0.02mg/mL
= 0.01mg/mL
=—0.005mg/mL
= 0.0025mg/mL
~—0mg/mL

=
5

640.26 nm

=
[

-

o
2]

621.22 nm

Absorbance [a.u.)
o o
s -3

e
o

[=]

300 400 500 600 700 800

Wavelength (nm)

a

JUN 4.11 uansaUnasunisganiuuasvesansasaeunlulnnilleueenlyn

Mfulangmanranisnszdumenas Ultraviolet Tuwadaiuau (Ac)
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——2.56mg/mL
——1.28mg/mL
——0.64mg/mL

0.32mg/mL
——0.16mg/mL

[ CuO + Fe?*] *As

oM W

——0.08mg/mL
—0.04mg/mL

R —CR U

—0.02mg/mL
—0.01mg/mL

W ——0.005mg/mL
' ——0.0025mg/mL
. ——Omg/mL

Wavelength (nm)

Absorbance [a.u.]

o o o o

(=T =

a

JUN 4.12 wansaiunasunisganduuasvasansazasuiluneUiosoanlas

U

Mfulanzmdnvdsnisnszsudlewas Visible light Tlusadigaduzisa (As)

—2.56mg/mL
——1.28mg/mL
——0.64mg/mL
—=—0.32mg/mL
—0.16mg/mL
——0.08mg/mL
——0.04mg/mL
——0.02mg/mL
~——0.01mg/mL

04 ~———0.005mg/mL
- W i ——0.0025mg/mL

[CuO +Fe?*] *Ac 638.82nm WAy

641.83 nm

i,
F-9

g
(5]

oy

635.80 nm

o
)

Absorbance (a.u.)

~—— R i —1 ——0mg/mL

300 400 500 600 700 200
Wavelength (nm)

a

JUN 4.13 wansainasunisaanduuasvasansazansiiluneUosoanlys

U

Mhnlavismanundnisnszauiiauas Visible lisht luiwadaiunu (Ac)

n3U7 4.8 - 4.13 anfiuhanasunsgendusaseseyniauiiulangoonledi
3 wiafiAulanzivdn ffinn1sgandundanisnsedunas (As) waz (AQ) Muandneiu Tneen
nsganauvedlavzeenlusfiislanzmanluwadauny (Ao avuansiianisganaudidalou
wazlanduninfianisganduveslanzeonludfidnlanzmanluwaduziia (As) e
anuannsalunisduivlavemdnveseymaunlulanzoonledfiunnsirsty Jehuignns
Wisuifsuiiiensiavnivesifunmsivdevesansunlulangoenladvdsnisiansisaduzisa
Tasmsmannisganauveslanzivan uaziUSoudisuiimanuenaduiivinfuves (As) waz

(A0) Wngagldrnisganduves (Ac) Wufiauau F991nn1sAuaimuindinissieauAnig
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a 2+ a a \ '

ganduvedlanzinin Fe~ fiAue1IAaY  560-580 nm  [36] WAIINNITNARBINUIY
a1savarguludsdeenlydiiulaveinan dan1sganduveslansivaniiniiuenindu
624.37 nm @ asazaeululinidedlaeenledifiulangvdn denisganduvediany
WANTIAUENAAY 635.93 nm Lady LazalsazatsuiluraUiUaseanleaniiulansinan o
\ a 2 a a =~ o | = ~
AINNTAANAUTDlangMANTIAIINEIAGY 638.82 nm tady Faungnisiieudisun
Wesi@unsduiulanswminuesansazarswilulanzeanledng 3 vlia dsuanslmduluzud
414 -4.16

[ZnO ]

[95)

2.5

Absorbance (a.u.)
[

=]
1
s

* As '® Ac

0 05 1 1.5 2

P
n
W

ZnO (mg/mL)

a

JUN 4.14 wansAIn1saenaunasuesasazatsunludenoanies

NAINIINTEAUAILIEL Ultraviolet 113 (As) uae (Ac)

[ TiO2 ]
3
25
3 2
= e
3 is
c
m
2 _
o N
2
05 Y e
P * As ® AC
-
o -
0 0.5 1 15 2 25 3

TiO; (mg/mlL)

JUN 4.15 uansan1saandusasvasansazangunlulmilledlaoenlys

MAIN1INTEAUAIEIET Ultraviolet 713 (As) wag (Ac)



a7

[ CuO]
3
.'.
.
. 25 .
3
= 2
a
e
_E 15 ’
o ‘e
A 1 '
< o
0.5 e
e s Ag e Ac
o en®
0 0.5 1 15 2 25 3
CuO (mg/mL)

JUN 4.16 uameaIn1sganaukasuasansazarewnlupelivaseanlun

NAINIINTEAUAIELLE Visible light 119 (As) Uag (Ac)

N3V 4.14 ~ 4.16 wansliliiudmasnnisnssduiBuasaniAios UV-chamber
arsazartlnvdeslasenluddianuaiuisalunisduiulansindnlafan dudawada
amaanasolunsaeadue Slddesfianidefioufuseniisansiis 3 e Wosandn
MIgenAulAwdsNIsgRnTzAl AednsuenUTinaesasaratsuilulavzoonludiiinge
nnshanewasueise vseludnuiyude wadliduseuliasavarsunlulangeanlydidn
lvhanewadlévianun 100% wadisdinalnnistuarsulandasueananniead deaansn

a5 dulasidusanuile wanslmiulumisien 4.1

AN3197 4.1 wansiUasigunisidngiaduesaisararewniulaveeanlgsduiulaveman

A \ingaad (%) \wadtuaen (%)
LY
(mg/mbL) | 7no TiO, Cuo Zno TiO, Cuo

2.56 20.52573 | 7.03207 10.08381 | 79.47427 | 92.96793 | 89.91619

1.28 31.02796 | 8.38270 15.84485 | 68.97204 | 91.61730 | 84.15515

0.64 39.87951 | 8.16893 19.37350 | 60.12049 | 91.83107 | 80.62650

0.32 48.60128 | 21.22720 | 33.42605 | 51.39877 | 78.77280 | 66.57395

0.16 49.54750 | 14.07603 | 24.68513 | 50.45250 | 85.92397 | 75.31487
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N9 4.1 aansaFeuiisutszansamlunndvianewadus s aduale
Fauansliisiuin ansazanenludedoonledamsaidmihanswaduz Sadusldnniiga s
sereuieseenlud waglnmieslaeenludiivharewaduzidslsdosdian mudidu

dudeyaiinginin annsansaialilurudutudesdnegs nsizAanududun
N3 0.16 me/mL Liaunsaguatoyadula e nUsunaenududuresaisavane
Tanzeenledfiteslidmasonalnnistuanseonvewad

4.2.2 afuseransganauvasululavzesnledniuiulanzman
nmsagunaluition 4.2.1 wagasedl 4.1 amnsaangnsaguiieuidisuesidunns

Juiulangwanuesaisazatsunlulangeonlessng 3 ¥Oald 21naun1si 4.1

A
% Ferrous ion chelating = A—SXIOO (4.1)
c

o As fis Annsganduuaimdsnisnssaulusadusss

Ac A AnTsgandunasraen1snIzauluradaIunx

NAUNITN 4.1 ﬁﬁmajmmﬁauLﬁswamiv‘hmaL%aéuu%wmmiazmwﬂu

lavzoanlyang 3 via uandlugun 4.12

100

A CuO at visible light

e ) 1 A T NN T iy

w80 - y - ) » |
| £ | T S -
|5 70 + r'S

o 60 - * z
| = - "

=] S

c =0 | < #7n0 at Ultraviolet
| S a0

S 30 HTiO2 at Ultraviolet
|

= 20

[ V]

[V

0 +— ol = ~u 1 b _ a8
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Absiract. We have stadied the photocatalytic effect of Zn0, T10: and Cu0 nanoparticles under the
different wavelength of the light nradiation on the culfured buman breast cancer cell line. Each
nanoparticle under the different wavelength of mracdiation on the cells shows the different cell-
killing effect. It is found that 7n0 nanoparticles iradiated under the ultrawiclet C are more
pronoumced toxicity, than CuQ panoparticles mradiated under the wisible light and Ti0s
nanoparticles wracdiated umder the ultraviolet A, respectively. The mtimate contact between the cell
wall and the metal oxide nanoparticles wnder the appropriate light iradiation causes the changes in
the environment in the vicimty of cell-nanoparticles contact area. This can generate the intracellnlar
reactive oxidation species. partly due to the electron-hole pair. that tends to damage the maicleus of
the cancer cells.

Introduction

Nowadays cancer 15 one type of the hnman disease caused by abnormal DNA m the buman
body's cells. This leads the cell growth and cell prohferation to speedily increase. Cancer as a cause
of the hmman death mostly comes from the breast cancer cell [1]. According to the statistics from
Mational Cancer Institute. breast cancer is the most common one found in women in the US [2] and
in Thailand. Therefore. the suitable method to kill the cancer cell is urgently needed. In the past
decade. many researchers have tned for a group of metal oxides to kill the different types of
bacteria [3-3]. Therefore. we expect that these metal oxides are possible to kill the cancer cell as
well. Furthermore. the metal oxide in nano-scale is more effective than the bulk form because it
can easily transpert into the cells [6].

In this contribution. we have selected three types of metal exide nanoparticles (ZnQ, TiO; and
CuQ nanoparticles) served as photocatalyst materials wnder the various wavelengths of the light
limination n crder to kill the human breast cancer eells. We will show and compare the cell-
killing performance of these nanomaterials on the cultured cancer cells. The mechanism of the cell
killing effect will be also discussed.

Experimental

The cell line ymder this study was the breast cancer cell so-called MCE-7. The first 12-well plate
was filled with MCF-7 together with a culture medium (served as sample} as shown in Fig. 1(a).
The last 12-well plate was added with a culture medium (served as contrel) as shown m Fig. 1(k).
Amomnt of MCE-7 was 100,000 cell/ml.

Al Pignts resEnsesd. Mo part of contents of s paper may be reproduced of rEnsitt=d In any fOm OF by 3Ny MEans wEnout the wiithen peErmission of Trans
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Fig. 1 {a) Wells 1-12 were WMCE-7 + culture medinm (served as sample). (b} Wells 13-24 were
culture medium (served as control}. Number shown in each well plate represented the concentration
of the metal cxide nanoparticles.

After that the metal oxide nanoparticles at different concentration were filled in 24-well plate.
In0 (diameter-of 100+10 nm), TiOq (diameter of 100410 nm) and CuQ (diameter of 3025 nm)
nangparticles were purchased from 5igma Aldrich, USA. The solution of ZnQ. Ti0O; and CuD
nanoparticles were 2.56, 1.28. 0.64; 0.32, 0.16 and 0.08. 0.04. 0.02, 0.01, 0.005, 0.0025 and 0
mgml: The 24-well plate was then left in the UV chamber under ulttaviolat A, ultravielet C and
visible light for 24 h. After the lizht exposure, 0.9 mL of DI water and 0.033 mL of 2 mM ferric
chloride as well as 0.067 mL of 3 mM ferrozine were added in 24-well plate and left them for 40
minutes. The X ml. solution of each well plate was then measured for absorbance to check the
ferrons 1on chelating as follows.

% Eetsous ion. chelating =%x 100. ()

As and Ac were absorbance of sample (MCE-T + culture medinm} and absorbance of control
{culmre medinm), respectively

After the cell treatment. the treated solution m each well plate was removed. The 0.3 ml of PBS
buffer was filled m each well plate for 1 min to stop a reaction between cells and metal oxide
nanoparticles. After the buffer was removed. 0.2 mL of trypsin was added in each well plate for 10
min inorder to zet the non-adherent cellz. After removing tvpain. 0.4 ml of a culture mediimm was
mixed m each well plate: The (.1 mL of tyrypan blue was then added m each well plate. The final
solution was loaded on hemacytometer to calculate the live-cell as the following.

% Live-cell= 2= 100, @

Ne

Nz and Ne were mmmber of sample’s live cells (MCE-7 + culture medinm)} and number of
control’s Iive eells (culture medinm}), respectively.

Fesults and Discussion

According to the endocytosis process. any substances can transport mto the cells by
phagoecytosis. pinocyvtosis and receptor-mediated endocytosis. In this stody. the metal omide
nanoparticles in the solution form can transfer inte the breast cancer cells by means of the
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pinecytosis. During loading the metal oxide nanoparticles into the cancer cells, we also apply the
light in order to generate the electron-hole pair. The origin of the cell-killing effect. therefore.
comes from the oxidative stress induced by the reactive oxygen species generation in bielogical-
nancparticles systems. This can be checked by testing the amowunt of the ferrous ion cheating with
different types of the metal oxide nanoparticles as well as counting the live cell.

Each metal oxide nanoparticles under the different wavelength of imadiation (i.e. ultraviolet A,
ultravielet C and visible light) shows the different amount of the ferrous ion cheating with the metal
oxide naneparticles. It 15 found that Zn0 naneparticles uradiated under the ultraviclet C shows the
strongest chelating activity. TiO: nanoparticles imadiated under the ultraviolet A displays the
strongest chelating activity, whereas CuQ nanoparticles nradiated under the visible light exhibits
the strongest chelating activity (not shown).
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Fig. 2 Femous ion chelating as a function of concentration of metal oxide nanoparticles.

Fig. 1 shows that the average percentage of the ferrous ion cheating with the “nitial” reactive
oxygen species generation on the metal oxide nanoparticles follows m the orders: Ti0y = CuO =
Zn0 nanoparticles. These measurements are quite reproducible among several nms from each
sample (F° = 0.85). Production of the reactive oxygen species on the metal oxide naneparticles
under the light illnmination is related to the electronic stuctures of the metal oxide nanoparticles
[7]. The electronic structure of metal oxide nanoparteles 1s characterized by the band gap that is the
energy mterval between the valemce and the comduction bands: The excited electrons i the
conduction band play the important role in the formation of the superoxide radial amion. This
indicates the potential of metal oxide nanoparteles o donate electrons to oxygen. It leads to the
formatien of the superoxide radial anien. Meanwlile the hole m the valence band plays the
important role in the formation of the hydroxyl radicals. This mdicates the potential of metal oxide
nanoparticles to accept electrons from water. It leads to the formabon of the hydroxyl radicals.
Therefore. the prominence of the “final™ reactive oxygen species generation on the metal oxide
nanoparticles, m which it 1s transported into the cancer cells, follows in the orders: Zn0 = Cn0 =
Ti0: nanoparticles.
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Finally. the free radical compounds are gradually agglomerate around the mucleus of the cancer
cells becanse the cell pore of the nuclens (39 nm) is smaller than metal oxide nanoparticles (30-100
nm} [2]. The intracellular reactive oxidation species finally tends to damage the nuclens of the cells.
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Fig. 3 Live-cell as a function of concentration of metal oxide nanoparticles.

Fig. 3 shows that the live cell after the treatment of the metal oxide nanoparticles under the
approprate light illummation follows i the orders: Ti0: = ZnO = CuQ nanoparticles. These
measurements are gquite reproducible among several nms from each sample (B 2 0.23). It 1s found
that CuQ nanoparticles iradiated under the visible light is mere pronomnced toxicity info the cancer
cells than Zn0 nanoparticles iradiated under the ulfravielet C and TiO» nanoparticles irradiated
under the ultramolet A, respectively. However, the enhanced reactive oxidation species generation
power of the metal oxide nanoparticles can come from the size-dependent properties of the metal
oulde nanoparticles. Since the diameter of CuQ nanoparticles (3043 nmj under this study 15 smaller
than Ti0, nanoparticles (100+10 mm} and ZnO nanoparticles (100+10 nm). CuQ nanoparticles
possibly provides more avallable reaction sites (large surface areas) info the micleus of the cancer
cells under the light ilhmunation. The diffusion of CuQ nanoparticles inte the nuclens of the cancer
cells is possible to destrov the stracture of DNA of the cells. This ean easily canse the death of the
cells. In contrast. if a diameter of CuQ nanoparticles 15 10010 mm. it 15 suggested that ZnO
nanoparticles iradiated wnder the wimavielet T are more pronounced toxicity tham CuQ
nanoparticles imadiated under the wvisible light and Ti0s nanoparticles imadiated under the
ultravielet A. respectively. If this assumption 15 comect. the live-cell data from Fig. 3 would be
consistent with the ferrous ion chelating data from Fig. 2. That is. the cell killing effect via the
photocatalyst process of the metfal oxide nanoparticles on the human breast cancer cell follows in
the orders: Zn0O = Cu0 = Ti0s nanoparticles. These findings are in agreement well with Ref. [9].
however, they have tested the toxicity of metal oxide on the bacteria.

To our knowledge. the desage of metal oxide nanoparticles should not go over 2.56 mg/mL
becanse they resultin destuction of the red blood cells or normal cells [10]. We are now trving for
nanodiamonds {1041 nm) on the breast cancer cells m which therr diameters are smaller than metal
oxide nanoparticles. The unique properties of nanodiamonds are low impunity and low toxicity as
comparad with the metal oxide nanoparticles. The nanodiamonds bounded with cancer
chemotherapy with less quantity than metal oxide nanoparticles is therefore expected to get better
results for killing the cancer cell. These results will be presented in our next paper.
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Conclusion

We have studied the difference in photoactivity of the metal oxide nanoparticles. such as Zn(Q,
T10y and CuQ nanoparticles under the different wavelength of the light irradiation on the cultured
human breast cancer cells. The intimate contact between the cell wall and metal oxide nanoparticles
under the appropriate light imadiation may cause changes in the environment in the viciuty of the
cell-nanoparticles contact area. Under this light dllmunation, the electron-hole pairs exist and
generate the reactive oxidation species. They can damage the nucleus of the cells. We have checked
this cell killing effect by testing the amount of the ferrous ion cheating with different types of metal
oxide nanoparticles as well as counting the live cell. Our findings indicate that the cell killing effect
from Zn0 nanoparticles nradiated under the ultraviolet C 15 more domanant than Cu0 nanoparticles
iradiated under the visible light. and Ti0: nanoparticles imadiated under the ultravielet A
respectively.
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