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Abstract

This thesis investigates the drug delivery system to target cells using zinc oxide (ZnO)
nanoparticles as a carrier for carboplatin (CP) and doxorubicin (DOX) under ultraviolet (UV)
irradiation for use in cancer treatment. The study was divided into 2 parts: Part 1 The study was
to assess the antiradical properties of ZnO under UV irradiation with carboplatin using the free
radical DPPH*, as the putative model of cancer cells for application in retinoblastoma therapy.
The study found that the interaction between the possible antiradical agent with DPPH* was
depends on their structural properties and conforming to the amount of available hydroxyl
group. Among the different four antiradical agents, the ZnO+CP+UV was the most effective with
an ECsq of 1.7183. Part 2 was a ZnO preparation containing CP+DOX under UV irradiation as a
cytotoxicity test with five human cancer cell lines. ZnO nanoparticles were successfully bound
with chemo drugs via physical adsorption. The drug loading capacity was confirmed by FTIR,
whereas the loading efficiency was determined via UV-vis spectrometry. The mean
hydrodynamic size increased to 69-82 nm after chemo-drug immobilization via non-covalent
interaction with ZnO. Among the nine formulated chemo drugs, the CP+DOX+Zn0O+UV exhibited
high sensitivity towards human breast cancer cells without affecting human keratinocyte
immortal cells with an IC5q of 0.137 pg/mL, while the dosing capacity and filling efficiency
percentage of CP+DOX+Zn0O were 77.81% and 99.05 %, respectively. Fluorescence images

confirmed that CP+DOX+Zn0 successfully entered the targeted cancer cells.

Keywords: Chemotherapy, Tumor, Antioxidant, Zinc oxide nanoparticles
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3.10 Wwaduz 599 UveIAU (Human hepatocarcinoma) @eWus HepG2
3.11 Lszjaéml,%ﬂmﬂmgﬂ @18WUS Hela (Human cervical adenocarcinoma)
3.12 waaun@ (Human keratinocyte immortal cells) maﬂ’uﬁj HaCat
3.13 4A309 UV-Vis-NIR spectrophotometer (Avaspec-EDU)

3.14 1A303 UV Chamber (Model CX-21)
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3.18 \A3esdansleda
3.19 ipdeinsil U Pocket refractometer
3.20 ndpagans3A Bvie Nikon Ju Eclipse Ti
3.21 \A3ed FTIR U Perkin elmer spectrum GX
3.22 \pRoandesqanssmididnaseunuudesnsia Ju FEI Quanta 250
3.23 |A30INdnsganssmiBianaseunUUdesHy Ju JEOL JEM-1400
3.24 52UUIANIAANAULEIYRIENTAXATY (N) AINAI (1) UHUNNSEUUTR
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3.30 wanaA3esaLiin
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anlgdfinuiudusiieg
4.2 aWnpfumIgAnAuLANLAY ANEIAAUTBANTAZAEBYLABASE DPPH
Ferududiu 10 uM 83 100 pM
4.3 nswlaeuifisuves 2,2-diphenyl-1-picrylhydrazyl (DPPH®) fiaanududusinag
4.4 nswasulures 2,2-diphenyl-1-picrylhydrazyl (DPPH *) fiAgnfuauidiudud
wansingiuesaynIAuIlugAeanlys
4.5 nswluanannuduiussenineanisgandunasgeandaduilaidunan
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Yoeeplv1Tnneny308u (DOX)
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4.13 aun@su FTIR 984 ZnO, DOX, DOX+Zn0, CP+Zn0 Hay CP+DOX+Zn0O 136
4.14 2w TEM veseunmnlu@ersanlgnneuwasnamnuinivenaduitn 138
4.15 anuitduiunieafulagnsianeyyadass DPPH vas DOX it 141

Aunatunsiaufizen dnsiduluaves Zno sAegaiivadawiniu 5: 1
4.16 mnududuiiansstutas msmdneyyadass DPPH MnenAiivrn CP 142
Aferdestunalunninuifse snsduluaves ZnO degaifiaimiatu 5: 1
4.17 mnududuiuansefunasnsidneyyadass DPPH 91neATiuatn CP+DOX 4 143
Aerdesiunalunsiinufiten snaduluaves Zno degaiiviawitu 5: 1
4.18 Anududuvessnaivitnusazeiafianusednsnnues DPPH * a3 50% 144
4.19 paaUnAveduyud a1eiug HaCat vdannsnwimegalvitn 147
CP +DOX + ZnO + UV tlunan 24 wu. aeldnas UV
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Tuunilavesuedmauiuarenidfeiiioites Tnesfidevudseenidy 10 shdevdndsd
2.1 syyadasy (Free radical)
2.2 a13ueuIABaATY (Antioxidants)
2.3 ugl54 (Cancer)
2.4 wwad (Cell)
2.5 ayn1AuluGsReenlys (ZnO nanoparticles)
2.6 yualUIUn (Chemotherapy)
2.7 5yuvataesen (Drug Delivery System, DDS)
2.8 nalnmsizoduas
2.9 nquiesesiionliinuagiinge

o A

2.10 I8N0

2.1 ayyaddsy (Free radical)

2.1.1 ﬂ'a'mwma%ma%aﬁaiz

oyyadasy (Free radical) mnefis exneuviolananaiiil Unpaired electron aeatios
1 electron fauansluzui 2.1 syyadasenuldludaindey 49930 Tuiwad wazlunszuiums
wannEsuaeluwaduEonszUILMSIILUBATY (Metabolism) Tnefinisindeudedidnasen
ponvnluanaveteandiau ouyadasziuliiaiosuarlwonninuiitertuluanad afes
dovhliiieuafiostu nafimunfelinanadrafeiigydeviesudidnnsouaznanefuoyya
daseialnd JeazidvhuFAterdulmanadudeluidudfasengnls (Chain reaction) [13,14] 9
AunSA 2.1 uay 2.2
—ROO’ (2.1)

R'+O2

ROO" +RH —> ROOH +R" (2.2)



A missing electron creates a highly reactive
“Free Radical” molecule

\
&@fomtas
Nucleus

su
Y

ag3lsfimunisnazaslitenyadase ‘vlﬂsuumﬂumswwaimmauulmnmmuﬂ GRT

=D.

2.1 9UlADATY

mvazinunlduenszauauduiivaasesiluaiuaiuisalunis Oxidized a133luanalu
$19M8nnIY ansffimnuaunsalunig Oxidized arstilaanalusienieisondn Reactive
species (RS) Gedlnajudiazogluguues Reactive oxygen species (ROS) wazdmuluguves
Reactive chlorine species Wag Reactive nitrogen species maf[mLaqaﬁmmiaﬁﬂﬁlﬁmﬂﬁﬁ%m
Oxidation @133gwulatusuves Lipid radical 38 Genetic radical RS ﬂfubbiﬁ?%ﬁu’i’lﬁlzéfang
TugUves Free radical tameld ansusznovuislaianai oglugy Non radical walisianis

\AnURATEN Oxidation i H,0; fidawdu RS wufy fudndunissd 2.1 [13-15]

A1519% 2.1 Aegeved RS lnguusussnmanuluananyiliiinufisen Oxidation wae

wusgoslnednuuzyeinisidu Radical vedluana

Reactive oxygen species
Free radicals Formula Non-radicals Formula

Oxygen radical 02' Singlet oxygen 102*
Superoxide radical 02°' Hydrogen peroxide H202
Hydroxyl radical OH’ Ozone Og
Hydroperoxyl radical H02° Organic peroxide ROOH
Peroxyl radical R02°

Alkoxyl radical RO’

Carbonate radical CO3"




aaa

M15199 2.1 699819789 RS IaswuaUszianauluiananvinliiiau]isen Oxidation wag

wustoslnednvuzyain1silu Radical vesluana (se)

Reactive chlorine species

Chlorine radical cr’ Hypochloric acid HOCI
Nitryl chloride NOZCI
Chlorine gas CI2

Reactive nitrogen species

Nitric oxide radical NO® Nitric oxide HNO,,

Nitrogen dioxide radical NOZ. Peroxynitrite ONOO™
Peroxynitrous acid ONOOH
Nitryl chloride NOOCI

2.1.2 Ujiseneen@indu (Oxidation)
wnefeufisenluanansesneudnisaadedidnaseuainaslaasliiuluanaiivh

Y v a &

Y a a A o Y A& w§ va & | v oaAa ¢ =
nduisudidnaseu Senansnyivinndudlwdiannsenin f3Ag (Reducing agent)

v oa a

a a o Y o e"jl U al 6 D . aaa a U
wagl3na1TniwiINsudianaseullin Areendlad (Oxidizing agent) Imaﬂgﬂimaaﬂmmu
INgLNYITBINUDDNTLAU uaﬂmﬂﬁaaﬂ%m%’ué’wmsﬁqﬂm%alaimmuamamaaﬂmﬂ‘[maqa

v a

anne U;’jﬁ'%maaﬂ%msﬁ’uuazawaaassﬁuﬁmmLﬁ'mﬁi’faq Lﬁaqmﬂﬂﬁﬁ'%mﬁuﬁﬂﬁl,ﬁma%a
Saszvasansnny ldutnanevanesiin waveyyadaseiinduagiilAiin fiseoondinduriy
a1sou Quufizengnldsiely
2.1.2.1 UfNsenvesousadass
oyyadasranAnUAT S duwu RSty 3 dunou (15,16] Ao
1. Bufifiledu (Initiation step) Wunisasvizendneyyadasy
2. wsewndu (Propagation step) ayyadasygnivasuluifueyyadasy
Frduste 9 Auly
34958 du (Termination step) LJunsngaUise1veseuyadase
Hudupoufifinsmuiuveseyyadasy 2 ouyaldifuansfifiauades
msfiluannansesznouaznaneiiueyyadasslddesegluanizgumgiias

Y

= = a A & a v I a = = d'
LLG]ﬂlIIlILaqaﬂi@@gmauﬁaqﬂsﬁu@‘wL‘Uu@‘h}@ﬂa@ﬁu531@L@J@@%Iuaﬂqjgﬂﬂﬁ]i'ﬂllﬂﬂa']isd'ﬂlll,aqa‘m
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1. dulliltedy (Chain initiation)
ouyadasuiinurannalnsisiuldvaisisie nsunniuszuesluianad
3un11 Band homolysis NMsuAnTiuszilosanuas (Photolysis) 593 (Radiolysis) wagUiizen3
pond (Redox) UfFsendindndadunalnitugiulumsairseuyedasyanansburide
1.1 Bond homolysis latanavesansdunidndsidnnsoursusngn
(Valence electron) udnuiuguailunimgufanansasenesnaniulinadnsilusyyadase

'
a a )

Ielngluannzfigaumgliuninisiidianaseugluiiuszlanawianunsasenainiululiezneuus

(% '
L% Y v U U 1 a1 1

&) Aa LY . . a aaa
agdilany deaduluanafiindsnuseninaiuseigeunnn 1w Disulfide wagmainUfizenay

Joms1Admndsmninliduiasiinlussuuresdsdldinlaniedna Bond homolysis wanslaas

aunisealull

ROOR —> 2RO’ (2.3)

1.2 Photolysis {0un13uan#iuszaadliianaainnisnanaauuas 1y
wasoanslalolan ﬁﬂiﬁLﬁma%aﬁaszﬁfu AnuunfonIsunniuszes Hydrogen peroxide
(H,0,) naerdueuya Hydroxyl (HO#) Tngludsiitinndsnunasazgngalnelinanaiisinlsie
e LU SeRinguaalserlsuinAITuauUITin vaenandaulawa sasvilrluanaagly
anuiiAus (Excited state) 3sdfasiinisvanUdesndsmnussnuniislfluananduidigaaus
iu (Ground state) fufinuazisvikuasnisaendsnu Aensunniusyvesluanaiindusyya

DAy 2 6 A9l

ROCI—RO" +CI’ (2.4)

(RCOO), — 2RCOO’ (2.5)

1.3 Radliolysis Wa491uaNTIEUdAMIG 9 iU S9FunuLn S9dlend Lay

didnasounindsnugansavihlninnisuaniusslariauvivediuanaaisialasienzluana

- v +-eo o, = a i o a
haglfeuyadszquan (H,0") uazeyya Hydroxyl (HO") Sseuyadasvivaniidudaiiiieay

[ a o

T lunsnynuafseiuaNsdunsdas YMmnnoUNadasEaanNNININUE UBNAINNTSIFS IV IA
Y U

AneyyadaselalagnsannaisesduseneuaiiveswaddnmelagianizaiunsanaiinUfizen

' '
a o w

SuRUNdAyvaIUgATen

aa

sondinduvesludulidudilusniniedddia Feufnsendduduge

q

—

anldveseuadasy
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1.4 Redox %30t38n8n081971 UAse100ndiadu-sandu (Oxidation-
Reduction reaction) {iuUfiSeniAntuwilUlussuumsdiine Ufiseneendindu-Sdnduung
yiladluselonluaiiufiseneendinduussidaneliiinaudenie lnsauisanslviineuya
Sasylindrdyfeluianavesousa superoxide (03) Faduansiinans (ntermediate) Tu
nszvrumsnenendidnaseulululnreusiouaniouinnioa uonaniufAseninendues
loooulanzlusnmeddnidulfiteiiddglumaifnoyyadasziuiu lasmemdn (Fe?)
uaznaauns (Cu’) TngleseulansiUSouiaiiowdudussiiseninend
2. WsBWNTU (Chain propagation)
Lﬂuﬁumauﬁawa@aizﬁmsﬁmﬁﬁ‘%EnLﬂﬁsuﬂua%aﬁaimaqaﬁﬁu B
Uffsenvzaufiuse qiululdudjnsengnlduarlieyyadaszeinlmisenuinaeniian dndu
MaAguiumisvesdidnaseuitliidng (Unpaired electron) dsanssautsnalnvesufazenlu
Fumsonunduld 3 9iia ifenuiadestussuimsdninefiienfuaddin fe
2.1 N1901810ABYABUNTONFUVDIDEMBY (Atom or group transfer)
Fadunalnfiinuiniianludiduveamsenindu InguFazenaziisadestunsialalasiauds

aunng

CI'+RH — HCI+R’ (2.6)
R;+R,Cl—> R,CI+R;, 2.7)

2.2 Mmanevendidnaseu (Electron transfer) 1un1saienen
ddnmseuatneuyadaseidunarnieivszgauldlinuanaililldeuyadases (Non-radical
molecule) Faidunalnddguesujisensendindulusiuludsdidio (Lipid peroxidation)

2.3 NMsueRLadasy (Addition of radicals) Wun1siiungueyyadass

wnlUlulianasing qasaunis

R + 0, - ROO’ (2.8)

3. YUNBDTHLUTU (Chain termination)

< & aaa ! a 1% LY a A
Jutungaufjisenanlgveteuyadasy Ussnaumenalnndn 3 wila fe
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3.1 msiaué"sﬁ’umaaaqgaé‘aiz (Homo linking and cross-linking of
radicals) lumssmifuveseyyadase 2 lnanalasmniididnaseuiiliddveausiazlinana
oyyadaszanaiaiusziu Iduasluanalmifidiusysndu madunssuditusening
ounadasey 2 luanafidurdadedtu Fonluanaasindiléin Homodimer usidndunns
FIMIveIRULaBaTEr1aYilaiuSen Heterodimer Fanalndiduufisendiddylumsasrsansin
Tuanafifarunadest sl melueaddelidin wu Wk nsndanddnuarledi Hudu s

Ffuveteyyadassiandlanall

ROO +R" — ROOR (2.9)
2RO0" —> ROO-OOR (2.10)
2R 5>R-R (2.11)

o 1

342 miﬁﬁma%aéaix (Radiical scavenging) @171 Scavenge #8814

'
a

nsidneezkazdsilideiniseenly dddunsaliliuSevenuadaselaiudenilidonts Fens

[ I

fdneanaznszvinlagansngunilsiiiendn Scavenger 3oansdunenBiadu (Antioxidant) L
ansUszneuTiueanddmdi Radical scavenger MEUSEANS AW TRATUT Infius Saniiu
0 \Jusiu

3.3 M3tenensiannseu (Electron transfer) lun1sanevendidnnsou
lailFfuguesoyyadaszeenainluana vieidunsiuiendidnnseu 1 Manmeusnudngiu
Sidnmsoudnd Sailfisagluluiana silaniaznisilueyyadassvunly 19y syya
Superoxide (0} ) ifinnsanevendianaseunatsiduluianaoendiaudnd ( 0, ) 1usu

2.1.3 dunANISINNBYLADESTY

auyadasuiinandaduainniglunazatsusnsemenuandlusun 2.2 a1u19a

[
Yo a

agunglanadl [13-15)
2.1.3.1 ayyadaseiiinesniglusieniey
ausadasegnas el unnlaesainaielusaniesalvaedifae ain
NITUIUNITHINAIYDIMNTVBITINIETT TUNISHIN0mTHY $1eneagldoandiaudly
1 A da & I a o I a v [ a
e AiinTuInAeenTlaunilusygau (Aeviadianaseusiuengnly) naellusyyadase lag

a A a & ! =Y = a & e a <) [ !
au‘;ﬂaaaizwLﬂmﬁuuiuiwmmummﬂu%amamﬂaaﬂmwu ﬁ]%iJ?J@LiEJﬂL‘lJUﬂ’]‘UW@QﬂQH’J’]
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Reactive oxygen species (138 ROS) Aoty Oxygen free radical (13 uimaqaﬁ'ﬁawamaa
sondaududiulsznay Imaﬁé‘Lﬁﬂmauiauuaﬂqmaqaaﬂ%Lﬁ]wfuizimwj) RREREGRETY
nszUIUMIRInaNfmAALlY wiensiisanevinansiueyyadaszazyiliiinisaranves
ROS 11T ukagyiliiinn1g Oxidative stress 4 uld n12¢ Oxidative stress HumnLAnTuly
izaznmé’?uqLﬁaq%b’mmzﬂ’juwlﬁﬁqwaﬂszmwiaqmmwmﬂﬂ’ﬂ wamnLAnnzaananaiu
nanuasyiliiaudssiiasinaluanedodens 4 Weduwad swds DNA uawas
ihluglselunaneszuunaziilugauidenvosedoazde gl 1wu Tsaluszuuilouaznasn
Heon TsAN19aN DAz SzUUUTEAIM LU Parkinson tay Alzheimer nasoszuumauliviosi 9

uzi59 Muluiadinasemnudaneua iy

UV LIGHT

FORMATION OF | ™2™ er
FREE RADICALS ' ]

N
15, 1 N
! Whit
@ 1. Blood fell
' DNA
DAMAGE '“ : METABOL]SM

on*

el

Mit ochondnon

AIR ) ~» O:H ‘S)'
POLLUTION & Ny "

mlm-m @ ) DH.OI_. dﬁj_’ & SMOKING
.‘s‘f/ ;

e

IONIZING
RADIATION

INCLUDING RADIOTHERAPY

Ul 2.2 Jadumaiineyyadass

2.1.3.2 ayyadaseNlisuannneuenIang
Jaduwindeutiuildiusgrunnlunsnsedulviin euyadase lneanizegia

89598679 9 1w UV, Xray, Gamma ray lne$dwmaniaznszduliunvdeuldidu Hydroxyl

radical 9819418018 NTBULTUANANIENINATYY  Paraquat NinseAuliiAin  Peroxide %38
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Ozone @15%51M3N Quinones Wa Nitroaromatics AoansiviildiAe Superoxide 1g uannG
Feillaneumindadioldsuluann o Aezidesdenisiiin Fenton reaction I§ @nseng uaniisnay
Aelinuzise warlsafiisatunisidonveseleazing @  egrslsfmufdadonduussdild
ALANN50veeETlun1sASNe ROS Tuii osliwaduziiaau Cisplatin waz Adriamycin 3
msfnwnsldansiueendindu (Antioxidant) tisannanisiinmveseyyadaszdnaniuas

A A a a
WelUAsullassssurfuenIsiialsn

2.2 #1350 UYYadHSE (Antioxidants)
221 ﬂ'J']NﬁﬂqﬂﬂaﬂﬁqiﬁquaHS&QSHig

a1 ueUNadasy Avasiauisatesiunieveasnisinaufiseisendiaduves

a

auyadasld arsdusuyadaseiiolndanudfydenszuiunisesndladouyadase nie

aaa

annsadudaliteneendiatu [13-15] suanslugun 2.3

9

Q @

OO 9 o Oo

¢ @3

o @ @ o)
NG o % o0
.o @

JUN 2.3 wanInNIRUeULABATY YRS UBYLABATY
lngluddldinaedsvvudosiunisiatewaduaziioidoanouyadasy Usenaunigansniu
a a a o v o v 2 Ao o a ¢ | ¢
suyadaszunuenateydafvivinfuanareiuly Feaiveiiduenleduazliiduenley
ansUszneuiiarangluiuazansuseneuiavangluluiu lnsansiueuyadasevaiiinalnnig
udueLYadaTEAIYUNALLUY WY Andueuyadasy (Radical scavenging) NMs&udans

nuveseandiauiivindidnaseu (Singlet oxygen quenching) Juiulansianunsaissufizen
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2anTnTuls (Metal chelation) neaufAsen1saineeuyadasy (Chain-breaking) La3ugns
(Synergism) wazdugamsinuvesiouled (Enzyme inhibition) Mssufsenauyadasy Wudu

MBE1UANINTINTUBULATATEAIANNTTN 2.12 Uaw 2.13

R'+AH >RH+A’ (2.12)

RO"+AH > ROH+A’ (2.13)

a

lag R WAz RO™ fp ouyadasy

a

AH fg anIAUBLATHTY

2.2.2 UNAINNIVRLESANUBYNADETY

a a

WraefiYesasAeULABaTEH 2 Uaa Ll

a

2221 miﬁmagiﬂaaaizﬁ'&miwﬁ (Synthetic antioxidants)
#4139 UBULATATEANATIEMANINNITNSEUIUM SHUAT Izl 1l vy
szapnuuubidluanasuinidn deuvanldlugnamnssuoimisiiadudenisiinugisen

6

son@undureslufuflifuanviivhly e1vnsfindu Auagsarfudsuntasiy asdaasedid
ANNAIAINT 1A IATUBYLATATEAINTI TN AT TaI T nludruauUasaielunisusiag
fhogvansueyyadassduaTed IR

1. Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid)

ad o

flansluananundifie CyiHi0, Wusuusveinfiudndnuladlasaislnensiudsuansda

I i ¢ aa o« o N PN a v K

wu LunyAsuendan dgnslassasieneaiauandusun 2.4 dauanunsaazaialasiui

wallesanAuamsalunisazaedilan Jsiliniseengnaliiniindudlaeinfudieslyd
=

& o N & W A £ A ) aa aa
LjaqquLUu%i}IﬂﬂwiaLﬂuqu IusUmgw Trolox RRABIBINRIA uﬂu%m*&mm%ﬁau%a’mr;ﬂu

n33edenld Trolox Wuasumsgrulunisasisguaiueuygdasy
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HO
HO o)

5U# 2.4 Iaseasnamaaiives Trolox

2. Gallic acid %38 3,4,5-hydroxybenzoic acid Wuasusznaudunisi
flansluanamaiadde C;H0s gallic acid fgnslasiadramrnafidsuandlugui 2.5 10y
druvszneutesunuiu wusinluequ Tusivdenlilse waziivdu qlasiluagldiieady
gRamINIIINeT AniALTRvas Gallic acid Ae annsndudaden Welifa uasdanautmiy

A159UDDNTATULAR

OH
HO OH

O OH

sUN 2.5 Inseasamaniives Gallic acid

3. EDTA %30 Ethylenediaminetetraacetic acid ﬁqmﬂmaqamqmﬁﬁa
CyoH16N,05 SiRauantfduansfivan Tgnslassadamaaiinaanslugun 2.6 Inen1sduiusig
Taveffiuszgu aens win dansd wanden wianida wasvoaes Jeuselorinianisunmng

annsarhuldindnloosuveslangang qla



17

HO O
HO

0 N_\_N )
H§: ’ \_<DH

sUT 2.6 Tasaasramainiiues EDTA

2.2.2.2 @1391U0Y3adA5AINTIIUYIA (Natural antioxidants)

(%
v A [y

Y NA15AUDYYadaTEAINsTTNYIRANI SN LA luAdTIn i e dn T T

Juldviseuleddmdu wen-ualsiiu (B-carotene) saudsngulndfiuedn wwu wailiusea
(Flavonoids) #aluswauees (Phenylpropanoids) kaznsaflusan (Phenolic acid) W usu
A0E 1A TINUB LA TATTIINTTTUY IR

1. Amdue Tusssuvimmiueaznuenizludndviiie dgnslaseaing
muaddandbusui 2.7 wiluiwazdaisusenauualsiivesananisaaguluianduiels
v & v a a = i a a o Ao = Y YA A
Jaduansnsiuvesdniivieisendt Wiimdiue dnnuluiivn ludys dnuasnaldnidvies

Y3 DFAULAI

"‘\RR\“DH

JUN 2.7 lassafamaatives Inndiute

2. 3enfiud d3onaaiiin nsaweanasia (Ascorbic acid) 1udmiui
S o A % o & A & 1% gy
avaneldludnagaaeiuilognaiuiouvseiielilueimaniiaudu wandasaianiuaiinegy
=i a a aa va & £ a U Y o aaa (Y s 3
#1 2.8 InfiuddaudRiduansinueandindu Ingasinvinuisendulelasiaueseanludouya
Hydroxyl uazeauya Peroxyl wenanndmiludanunsawviuiseniveuyadassuan Gavimtnd

JusduasuUseans N nuesansfiueendaty ¥e3Intudee
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OH HO

HO

..-.r'
-
-
-
(8]

H

o

5U# 2.8 lassasramaaiived Inndud

'
a a o w

3. Anfiud WWudsnfiunazanglaluledwduaisinueendinduneafey

[

wanlATIATININANAITUT 2.9 Tae A1l usyinUTIWAVENTAUODNTIATY AIDU 9 19U InNTU

Y

=

= aa [ ¥ a a a [ Y1 o a a vt 1 [y
Fuazddiden 1Dusu Indudtilsulnsnisainisadtedaniueulddsaztislunistiosiu
A A ada 1 Y] aada a a 1 a Y 1 ) 1
ansnluiiuviniinaunannlave wu aend Tusssunadinfivgegwarevia Yagtuuuady 2 nay
Tngy Aelvlafisea uavinlalnduea wiazngudsuenduinifiuges 980 4 vila laundan (o)
A1 (B wnuun(y-) wagieasi (6-) Imdudvivinviiludililalasiauwnouya Peroxyl s

aunng

a-tocopherol + LOO™ — a-tocopherol + LOOH (2.14)

auya O tocopherol MiinTuauTaneliserivauya peroxyl Aduvilvlaansniiaiy

:dfies (LOO-0L- tocopherol) fiaunis Wuraliuiiseeendnduvesiaiiuvgnas Asaunis

a.- tocopherol” +LOO" — LOO- a - tocopherol (2.15)

5UN 2.9 laseaiamaaiives Inndud

2.2.3 AuauURvasEINUaYLadETE
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wenaNMIIuiveyyadassudansinueyadasemsIvioslinuanTAnealUl

1. Joeriunsiinluved Reactive oxygen species (ROS) 19

2. @unsaduiu ROS Adnturouil ROS Tuasluvsunsededosa 9

3. fadliifiumnunssveseyyadaseviolivdsou ROS Alarmussludu ROS
AlnmussgauliiuAsuain Super oxide Tudu Hydroxyl radical Liugfu

4. yMlAARaNIEINEENRBN1T119IUTe Antioxidant enzyme #30815AU

Y

BUUADATEAIDU 9
5. 1uUN1TLantaonvesdui ldasne Antioxidant enzyme wazdaglun1siuy

ANUFIINEYRAITARYTOIIBEAINNTNYINAEM UL DA Y

'3

2.2.4 M3AATIWNTAUOYYATHTY (Antioxidant activity determination)

mMIInzvignsiuenNgdasy [Wun1sleseiiteniUiniavesansinueyyadasyly

WG W

v 1 U

fegneussaveng 4 37ty taun MlaseignsiiueuygdasemeIsnsvhaiveyyadassh

a

ifiley (DPPHY) F3Msvendeyyadaseiednied (ABTS*) uagnn53lasziinuansalung

Sdimesinvesasiueuyadasy (FRAP assay) 938n15Aunatnesiuaziinisaiveyyadase

'
=

ANTIUANUTHTUN LU LB ULAEILATIZTANANTalUNS UG WS 0NITNoUL ADATEURIANT
o ! =i ! a ¢ Ly a IS 2 v A
megeiaula [16] vihevesnsiengignamueuladassidalsinauanild 2 wuu fe

1. wuuUSinamaduduresasiuouyadasenilusiogis Jsrdiagen
LanINgNEATUEULa DT A

2. wuuUSinam Uy esaEnsieg v iansoyyadaszanas 50% (ICs,

a

50 % of inhibitory concentration) laganfalasuanndgnsnueyyadasyg

Y
Negpuuuansananmiiglanainnale laun pM/me, mM/me, uM/mL, mM/mL
waz mmol/g tHudu
2.2.8.1 MTATIIVEA U UNATATEATTNITVINAIEBUNATATEANTILEY (2,2-
diphenyl-1-picrylhydrazyl DPPH* radical scavenging assay)
& Y  ad P~ v aa va & a A Xaa
Junisnegeumeitnaailaglvasniauaudilusyyadase lundnfe

auyAdasEAN ALY (DPPH¥, 2,2-diphenyl-1-picrylhydrazyl) Lflumsé’amiwﬁﬁa&ﬂugﬂauua

Y

aaa [y

dasaii a1 ausagenduLaIANeIAaY 515 wiluwng Lile DPPH* viUfAsendu
asenueyLadasy (AH) 3eiu Radical species (R¥) agviliidiisansas aududivios [17-20]

Aauandluzun 2.10 LarasnTawanInNduTuSuaNnns 2.15 uay @un1s 2.16
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DPPH* + AH = DPPH-H + A* (2.15)

DPPH* + R* = DPPH-R (2.16)

NO NO

- -l
AHNM ALWEDY

5UM 2.10 uansuisensenineuyadaseaniiavinujisefvansaueusadasy

v

| ° IS = % g & a A a o v
ﬂauuﬂuﬂamﬂﬁﬂﬂiqmﬂauLLﬁmE]\WlQVIGl’JVIﬂJﬂLﬂuL’Ja’l 30 UM LW@I‘VT

Aeunsevilianunsemnsiluaisivenyadaseisueuyadaszvesasmed19ldannis

ALAETIINAYRINT ST U B YYadaTE DPPHY miuaunIs 2.17

“ e (Ao 'As)
DPPH radical scavenging (%) = T Nt x100 (2.17)
0

A ! A

laghl A, ARANYANGULAIYBIBYLATATY DPPH*

U

A, ARAIMNINANTULAIYBNENSATANEVAFDUNN TR UOULADATY

¥
[ I

a aaad 1 @ 1 % a a 1 E% =
VDAVDY ITUAD 918 JALAIN LAEIINLIT dIUVDLEEY AR DPPH* ERIATUNEEAIE{EY

' v
a a

Lsipufisemileusyyadasemindulusnmesss Juhbidaugisenlad ilvainsinsiey
£y a Y] v v ' I a v a v o <
gnisueyyadaseiiinlavesniiainuduase uasdeunisuarsazatgluiinazare iy

=

waaNeFed F9asvinlmlusaunnmnznauldldaiunsaiwsieilusiegemidudanls dnvieans

v aa 3

Yuidaunazlanzazsuniu (Interfere) F3a1unsatdudsfiduavinlvdveas DPPH* 313a4le

bYUNU
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2.2.4.2 mAnneigrsiuoyyadassiemarlendeyyadasvieTiiiea (ABTS*

radical cation decolorization assay)
Juignisiamnuaiuisalunisendeuyadasziediea (ABTS*, 2,2
azinobis (3-ethylbenzothiazoline-6-sulfonic acid) radical) Huansdaaseditiddouiity
annsageanduuasligagniinanuenadu 734 wilumes eswndves ABTS* Undazdid1nng
AANALLANEY FenimaFonns ABTS* fevoauaiasaintui ABTS* shufAzeniy

413908197 A1EMELENIUEAITRINT RN IVEIRT [19,21-23] Awwandlugun 2.11

HO4S

AH Iy
\| g S0:H \ o SO4H
N, f’N=< ©/ LZ N /N=< :©/
/@Z N /Q: >N N
S K HO,S S k
Aden-indu Lsifid

JUN 2.11 uanelfiisenseninveuyadaszeileavivuisenduansanuenyadasy

[
v a

wazasisl el iAaUAATen Teanusamanuduasiusyyadassveansmiosliannnis
ﬁwmmﬁﬁmﬂawmmﬁus"jgﬁa%aﬁaiz ABTS*" §935MsAtnLagnsifiourivasunsgIu
Trolox N3eviNIULAEINUTS DPPH*

Torvesiimsiine ABTS* avansldluiuasshyhavarsduvsiwihuiise
Ifeenemni5a wagiFazelddluaag pH ndie daudeids de ABTS* luiduassssuwdiny
TusrmevideluwadvosdailTinuazfestimsviufisorivansduneufsosinueyyadass

2.2.6.3 MTIATIZIANNANTA USRI NTRIA AT LD YYA DAY

(Ferric ion reducing antioxidant power (FRAP) assay)

F5nnsfiodendnnisvesasdueyyadassarunsademdidnnseul iy
asUszneuBstou [Fe(NTPTZ),* silfiAansiasuguidu [Fe(XTPTZ),)2* dauanslugu

212
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s =
(j\(mx | &
Z NS N/ Z N N
N | /N\N/

SN M ” antioxidant \Fetllj
Fetlll) —_— /
N | N-’ |
= N
9 )\U h
o =

2
=

Tisa Ardu

Ul 212 tansfiorseviniansuszneuiBsdeu [Fe(NTPTZ)2)>

3 [FelI)(TPTZ),)% ﬁmmmmaaiumi@mﬂﬁuumﬁmwmmm?{u 593 wnluluns USNIuved
[Fe(I(TPTZ),1%* ‘1'7iLﬁm%uamﬂsmhxm1mmmmmmiumsLﬂumséfma%aaaiﬂﬁlugﬂ FRAP
value ifisufunsansgiunasneisadaumn (Feso,) Svdunoulasazidonvosisnist Taud
nsvilAiAnasUsEnoudeau [Felll(TPTZ)2]3+ Usznauniuuiarsazany TPTZ (2,4,6-tri (2-
pyridyl-striazine) flazanesensalelninasiniionuyiuiiseiuasesaigesdinntvislos
wazansazansinesnlnsnaslsionazlomsn ntuiinissadmessnlnenisiitdaisazans
WnIgINesTadAnvIaa IR (@1siueLLABaTY) wavsensliludita [19,21.24]

v

Fennsiduasiiine MWnanes laiuns wazansnsovieudlruawiloudn us
doids Ao URA3eTIANT W LU AT Ll LA endeeiuan1izs19n e uas

ansarangnlyoedenadltunusidanlessy (Deionized water)

<
2.3 uz33 (Cancer)
uz159 (Cancer) 38 Lioan318 (Malignant tumor) Wunguveslsafiiieadesiunis

WiyulnveswadninUng laswastzuuaiiuaziasaegmivnulild dwandusui 2.13
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MNormal Cell

Mutation results
Normal Cell Growth in Cancer

’ Cancerous Growth forms Tumor

\
& | A
I
kl— ﬂ/’

Tumors bud and spread throughout the body

JUN 2.13 uanen1sisapiulavedsaaninung

913811891 IMTINITNAYEUYaR (Cell growth) azAeslidnsdulndAesiunIINITABUDS
wad (Cell death) usrilelnsnamegapdeszuumsmugalidiagyilisanmsiisveaeadas
n8nINIsAe viewwadiileuvsimudusldaiunsardsuutasguitaieviuiiiany s
nadwsrenadudeseniauasdnenwlunssnsuinmediudiaies deadonisiniauay
a35inewese Seazaulianansarneldnuund uzifserounsnszareldesisnieduiier
vidlnaldlnegriuszuuiniviemionszuaidon lsruziimuldluynengdoudiinusniinly quds
fasong Tnanuldgsluongsas 50 BT uludludnwudesnitluflnaussann 10 i
TsnuziSsiiwutosveswelye loun sauzise fu ven dildlng uazsangnuunn Tsauzifediny
vosvaamdslny Ifun Tsauzise iun Uinungn du uazven Tuvazilsanzifanudesly
dnlne 1WA Terueidadadenn TsausGetouiwdos waslsaugiSeanuss [25-26]
2.3.1 Jadudaatunisialsnuss

ansRnUndvesTadlus e fAnsuna e luaduzeignaniluduvadiudes 1
awmmanandadeiiAnainnsiasuuasmsiaUninsluwedsieniees uartadunieuen
fannszduandanndeuauriliinrsRnunadil 26, 27]

2.3.1.1 Yadearnarelusnane laun
1. A 918 guaundydIuyAAa

ada !

2. anuRaUnANTuneu wu W Uiy

o

3. nssuugAlasunsatenenainussnysy viliduulduduuess

D
e
Re

wilatiy 9 gelu
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[ Y] ] [y

4. annzszuugiAuiuunnses vilissuugiiquiumudnidnisnada
wadnRaunldanas Seilemativeiauluwadusiuazannsodivduuld

5. auldaunavessesluulusnenie Fsnngliaugatenduaiuls
dedeunsriaiinsasydivimnniuaudumadusidld

6. M3szABLABivInaNAY 9 91 9 Wunaiwu sxviliidedelin
Snaunaneduilesenniefouieusiseld

2.3.1.2 Yadeannandewinden aua

1. asiednldlumsidndagfivua Ffivursdainnidusnmie
szuumislgennsuarinaiunisnenateiuguaznouzisale

2. ansedfildlunszuIunsHanUeignannTsy 1y asvihavanedunss
wslediu (Asbestos) anslanzntinuiseila wagansiudunssd

3. grsiedlufanssuUsesntunseemsiianuisanelinlsausise wu
Atuys 1dnnvielewdeassneusd atulyl lwahainnists 81 veaersaulwsindes n1sld
dituglumsnenaimsyiiidnaslaeandu (Dioxin) a1siveriaivendu (Aflatoxin) 91nide
31 Aspersgillus flavus Wag Aspergillus parasiticus fasatuludauasdafivngi

4. s esi 9 w1y 1258 91n Human Papilloma Virus (HPV) &
Tonavilimialsausiinungn uzismansndn Msfndoidess Wy hiarusnaurind
(Hepatitis B virus; HBV) filenayinliiinuzi3edu LagNsAALTeLUATISe Helicobacter Pylori &l
lemaviliinlsaugiSanseiniye ws Wudu

szviuinunddulngfidedoutnndsnndon dofu ussefivrandu
Tsaftananse Josfuldiduderfulsndadody q dnwsssmsulimnfifsivasieusnsuazans

Frenseiinugisnfiegludsunndounds nerenamandensdulaivaswaiu wu wgy
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fAnastunuunmdiieveruuzdifgiiuanuisewessweldlunsdiiduusiiuasldnsiany
AILATEELLSN TILLNITNDUAUDINDNITSNEIABUTNA

2.3.2 yfianazauUnAvoTaauLS
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1995TInvengaiUnAlaevialuavd 4 szer A G1 S G2 uag M Asuanslugui 2.14

Tneszey G1 azudumauisudu Inednsasasiulavaswadindu Tussey S asdudunaui
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a
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1 s | a o A val o & a v A
wisgadlnewasuniazinalnfisianenssaiuanlnidnnuwaduwiassineglussaumunzay
Inefinguiusasla (Oncogene) WunguuasBuiivininfinauaun1siasaiulalasAIUANNITLU

wadionaunugadnngly waslinguduiiuuziis (Tumor suppressor gene) Mivivntindituns

EN

g Agans ovraen1sas g vlavengadlussuy Gl Widsvee S Famninnisnangiiug

ol

[

(Mutation) vaengusumantl orvdwmalhiiinsulagadaiuisaswasyinlifianisiiulavedivad
= = 1 % M v o a a a v a Y &
wseonalinssgaduuunuallilansenuasyundnunAuaranauludiuiinudiafsadu

waduzise uardvanunsanseatedignsualainuasseniundesdniinssanegligeiensiioy

gap phase 1

yinseantulaan [28]

cell division
(cytokinesis)

chromosome duplication|

gap phase 2
cell with duplicated chomosomes

chromosome separation

gﬂ #1 2.14 1995TINVONTATULLTY

2.3.2.1 viaUwaduLs

[

WwaduziTainsuuseanidu 4 ¥a [29] sadl
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1. a19aluan (Carcinomas) AeusiSsinluiilaidefiay (Epithelial
tissue) Ganuliosian \wu uzidaduy uzdsdldlue) Hudu

2. 913lAan (Sarcomas) ApuwiSsiiintuluduiiodousyau
(Mesenchyme) i nszgn s

3. Al (Lymphomas) At uziSsiiiistuluseuiindes

4. gAle (Leukemias) A uzisslulunsan

2.3.2.2 AouaudAveuTadues

'
va

UBNANANBAENIHDEINI A Taa UL SIS AaLURTLANAN N AS

9

[

Unfial [30,31]

I U g v |

< a o = U a
1. L‘ZIaaﬂJgLSQT{ISU{‘]Lﬁﬁ ﬁymmwaﬂwqmmmmm Wwaaluangunfay

a = Y ) ° ¢

fimsnganisudeiideilatasyiesenunilans1#in1niuaunisyinuve LeadaneILes

o

[ 1

= o i 2 & A R = v Yo W
RIDVNNLVAABU LLWTULSUaallgL‘NLN@@JﬂWiLL‘UQW’JﬂQi%‘U%WUQLLa'J lﬂﬁUaﬁUmqmsLﬁquﬂqiLL‘UQ@’J

T o

[

W waduzissazdinsannsaliulpnslulad s zamnsaUfiasdygiannwadduvsoitea
d'q.'/ v LY 1%
puLsndslinganisuuale
2. Ujrasdayyrainisiianiansve iead lasunfasngnn1swusa
wazazlaSudaaivhlnldsuwlasaneasmeseul iluwaanivtfianie (Cell
differentiation) lunauziwaaussvznganIsiaLIRNE i ligaduzislnuauifvetads

ounkUIFLe

o/
£ IS

=) ] (Y 14 1 1 ~ [ (3 =
3. llﬂ':l']llﬁ']ll'ﬁﬂi/lf\]gLL‘U\‘iWﬂ@@U"NGI@LUEJQLTJUEJMGW bAANTLINUUISU

[

nswuaiilaidugn (Immortalization) aNF199INASRLUNIIILIUTOUUDINITUUFINTAA

4. @U150aNLALIlUTENTUNITANYYDWTAR LaaUnR lUINEN1IZILSU

'
=

Fryaaulidnglusunsunisnie (Programmed cell death) wadnialiiAanTsaneuuvaznany

1%
6 §

%a (Apoptosis) 1y iwadilefusaduasiinnisnaneius axfidu TPs3 dedyaaliivadtune
(aiwutuasfunese uwimnifnnisnaieiuguesdu Tp53 agiliwadusvvandyo
wazlignauaulaelusunsunsmeuasinmsnaeiuglisniiu

5. anunsaLdeaunsnadeisinafssmsenseaneludeioigslng wad

Unfazegnaneilulliadovemuasnuviinivessadiy o lurasiwaduisallongaoendin
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& A = H = A o d' Y o g v
\Wageaganunsalvalumunssuadenuasinnaewazanunsallegieioizau q 1 villy
3 [ gj [ a i 4
waauzisuannsanszanglgeensiiedlng o 1a
6. finsasradudealriludiuiuunn waduzSdimaasyfivladu
feunwalnglaiiosaneadussdianuaunsalunisnssquliaanisaiiadudenliogng
1 d‘ U a
AoLllosuInnInUng
2.3.3 mssnwlsnuziie
UsganSnmvenissnwilsmuesusdiueln wiaiiiin uarszevvadlsauziiadle
TasunisidadeindulsruziSegnetnauudn nszuiunssnensssagldnsuaunauisang o
WIPABAU 19U AITHIGA NM15TNIMBALUIUN N1TINEIMESIE N1TINYIAI88T LaZN1TINE
muayulnsilgnoiueaduziss Mmasnwlsausungdsnisnig 9 Ieasdennl [25, 32-
33]

2.3.3.1 N3N lsANLISIAIUNIAR

'
I a

nsRfnsnwasimsfalulUlenlsauzsidiogianisiisuiasuauly

< = = N o & A o = - 1 o P
AN REAIAT R Wﬁ@IUUqﬂﬂimLWSQﬂﬁgﬂﬁlﬂlﬂL'HE]LEJ@GUWQL?WFN 'Vﬁ@aqﬂa']ll'ﬂ%ﬁqw']u@jing%L'IJ‘LJI‘WﬁQ

v v =

(Hollow vicus organ) Wity kazdindin135NEITAILAUNNTSNHINBARUIUANT DS IES AW T
fnnudAguaztieyilinsindnlanafsdu sinvesnseidnsnuilsangiSe uuslaned

1. NISHIFALEANIZAIUTRIN US98 (Local resection) THd1msy
2 a & o 1 a £ ) a A oA '3 I3 £ U a Ly a
AUheuzSegiamylurinnsuniie vielinisnszaevesgaduss wirlduimdeusinu
Prapgaiielindadiunsanveugasusulslidessinninemin

1 Naz A v ) ' < aa Y]

2. ANSHIFRUSIAUNIY TaadarenduYesuss i dn1snszaeluda
& A a v a v . . Y o o v a & o a
LUBLEBUIIUYNLALIRRNAIY (Radical local resection) GLsammwgihsmmmmawmwmzms
wsniluiloedsdssnnainyasusiudsdndsindneaniiniiwnn dudufindu defdes
InAieudneaniedn N IMNLIRALITUAUTANTEANY UalunsvisdauuuTazsad
AN aPNURN1SRD1REL ARl

3. NNSHIEAUSIIAININlasdAE AUzl TR n1snTzane Uy
UndeslnalAsseanaie (Radical resection with end bloc excision of lymphatics) Tdnusu
AUreilspuzisangasusueglndnudenimdestnufsswesdiuty Weosnuzse1ainig
nszanglusaudmiadnenuanlilaainn1snsianan F9aziinatielin1suFnsneIRIUns e

Jadelsaselutnantnle
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4. NN ABY19ATOUARNNT 199319 (Extensive radical surgical
orocedures) nszyiluunansdlfifewi ssendvunlng niefinsnsraradilvludod ende
aYazdnades lnedigilidnisnssagluiilng q Allemameld wu nisrdauzsedldvejdqu
Yaneiidlulueteasdrades oravsdesdnoteziu q ludondsnsuldie wu uagn $dla
Dusiu

2.3.3.2 mysnwilsauzsungisialivin
ms¥nwdaeiaiivatn (Chemotherapy) Asnslivfievinanevioiitevgads
masyiulmeusadunt fmusrasdifesnwitelimennlsaus Sy linduunug
Fauandlusud 2.15 auaulsaliiousniedvuindnamieliladu wazliunsnszangluds

o ] = ] v Y < ! ~ 9/ 1 = Aa A
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Uniform cell
growth

Well differentiated
cells

° 0 o0 0

Healthy - o -) e Chemotherapy
/ A |1 drrg
1 J Damaged cells " Hear:::‘yai(;ells
\ i 4 o 4 o of @ l
o g9 p 3
Cancerous |, _ wap . wmp O 07 mp WO g/ ‘ - 0 = oh

ondce AL Npgis | [ Rl @

Uncontrolled cell [
division Cancerous cells die
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[y 1Y aal a o w Yo L7 a oA Yo [ [ A o 3 &
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Faaundesgludiuiinisndnriaiewadunslivue wazldlunsaiildauisavinisiida

'
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v ! a A

WadUELSINAEMIINITUUIAI081999M57 Tuanswaad u 9 NHenIINSHUIR981959A152
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Wferiuadueissiazgnvitatglume wu un b lensgan seuugidmumiuvessianiy
viliAnemstrafes wu aduld endeu Uinsniau Woowns glidumius sieads wugae
feornswaniazanuietestutusiinvessn muuduswesitine uazarumdouduials
vosthe msliiadivrtndenl§38nsdndmasaidendn ileaandreliorannsanseasliim

sanelasns uananilenadvivauisriinenalianuisasulsemiuls eeanszuuniamu
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013gaTalsif videdinsszaeidesszuumaiiue s yilheionsaauld endeu
ievondeld lurnednisdadindrudeldduiden mnzevildiAansszaeifos uas
vhanefndauazndaniols
2.3.3.3 Mssnwlsauaisanen1snnesed wien1saneuas
msanesedvionismeuasindulssnymilivessdsnw (Radiotherapy) 7ild

dwduthdasnulsauzisa IngldSsdndsnugeansluiumiwonsaduzSaiievatonguiou
wadupSaiu Wesidnnnszmunustmenesuyududl andanavesiidnawadlusyauluiana
Fauandluguil 2.16 Tnpasilisau 2 nsvuauns 1éun

1. Direct action #4185 unavesssdnfinasowadluszduluanalagnss
Taefiazluvhateans DNA vouwad

2. Indirect action Faunavesdsdiinasowadlusyiuluanalngdou

Tneduufiseniiintuaneyyadase Weluvhaleans DNA

Direct lonization

Indirect lonization .
- 2

OH Radical CELL DEATH

JUN 2.16 NalnIUgIVYDMANITINWINIETIATAANANTENUSD DNA
gj c’l’ [ < Y aa v d? [ a Vo
mitlmsdnwlsauzisanegisnisanesedasduiuszesvedse viaveddsauazguninvesUlsies
aa [ v v [ Y @ aa ¥ 1
WBsShwmesd@snwinissnenladu 2 38 lawn
1. Teletherapy (External beam radiotherapy) A 8n152185 98 911
Aguan ngisreenannurasniiadedtansuilesenaginaainiu 1y Cobalt-60 machine,

Linear accelerator machine tJusiu Tun1sshwsedidsnwszezlng duainneuenaznzg
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uvlsludatouniSauariuiiseu q Wevhanewaauziss lnemliaganeSadmiunedunit

Walrsadiinluvnaewaduzsalaegvaiians waziuszesnanlmwadideidaundladiian

v v ]

FDULBUANDY WDAANATILABIIINNNTRNESIFS @S N szes lnalivatasianas in s Wi

v '
(% =<

fnveulnvesnsaeiidliaseuaquieuliinntulasdwadosisizdrnfedvdesiiga 343
Snwszeglnaivarewmaia loun

1.1 M3a1e53d@uwuU 3 8@ (3D conformal radiotherapy ,3D-
CRT) Wunisthamenaisd CT, MRI, PET angaelunisimuasunisvesnisanesdlngly
ARUNINBSIUNITINY HN1smuaien1weddnSed wdilsusunswmazvnavesansed tngld
Multileat collimator (MLO) w3edngia tterimungusisvesssdlinseunquioutasnaniaes

alvztufediuniign daanduun 2.17

JU# 2.17 MsangFaduuu 3 df

1.2 n1921859a kuuUsuA1 ULy (Intensity modulated
radiation therapy, IMRT) Wumaflafifannsionnainnisaiessd 3D-CRT anunsalininuasiden
wiulfinndu selddfsdvunndn qarsnnarefianslugadmanelagldgunsaiusu
awas (MLC) TunisuSuanuduvesssdluusnmnie o dr5sdaznsludeieungiSalaagiausiug
f;ﬁ’mamlugﬂﬁ 2.18 TurausfinaunaneJesdrafossey 4 Wée vilfamsadfinusunnsadly

v ¥ <@ P a 1% 1 LY
ENﬂ@L!lI%Li\‘iLWEJLWSJI@ﬂ’]ﬁﬂ’]ﬁ/ﬁSﬂqﬂiiﬂlﬂaﬂwﬂa@@ﬂEJ
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Electron beam -

ke

I— Bending magnet

& 4 :] Beam filtering and
” 7 dose measurement
:] Beam shaping

X-ray beam

UM 2.18 nsangSaduuuUSuaIILTx

1.3 Mg feduuudsuanuduryusaudii iy (Volumetric
modulated radiation therapy, VMAT) iumafiafiiaurduuiainmada IMRT wissainmada

a0 [ P

IMRT fifedriniFoswesszoznatunisanessddeutiou fAoussana 15-20 Wil Sevinliigiae
Tazmnundesuauiiiuiy q seninansniesed dmsumaia VMAT i venandfdidSeday
finmsuuanudussinsaiesidnaennads Selinsususnsusinassaiiesnunreniisnan
LazAUEITILAS 09 0S8R 8 ietisanszevarlunisanessdadluuas usunasedss

ATEUARUNNZAEUNESY wanslugun 2.19
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5U# 2.19 n1sanefaduuuUTuanilmyusouigUleY

1.4 Image-guided radiation therapy (IGRT) tumaiialvasinidae
WnANLLLUEN luN1TR1859EaTARN NN NYaUYBWLaLEUNRIINTIE B9 INtUSENININTg
Shwighgenaiinisedeulmvisenauiiietenaiainsudsunlas duddinisinnineneisd
g WiensIvdeudkriresnowiatenluwdaziureinissne Urennauarlasunis
LN IEVToLONTLIEABNM LMD TN UNUIA MU UHUNIRN8TE tnedoyainanil azgndsly
FIARUNIMDSUT 1109218598 1Bl ALNNEd LIS YU B UNTNLENYLTE NOUNALVININITRE
U a a o ‘:l' v 2 4' Y o 1 ¥ @ (v el' [ ‘:l'
SeFsaiunmiunmdlannuaulineuialvimunisvesnounziianssiuunian auandugun

2.20

g‘lh?i 2.20 Image-guided radiation therapy
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1.5 NM3R18598@3wANA (Stereotactic radiation therapy) 10u
nsanesedlutiinagdaslidSdvumdnvanefiandunsimuafiinauia iolvssdvanss
ddlmnevioseslsafitmun wadiansenefsdsufitatuvseentdiu 2 «in fe

1.5.1 Stereotactic radiosurgery (SRS) Wunsanesed
Sufifiinasdaafvsedufior Tagniaunialdafusnlunssnuundduanes madnw
yinfuenanaglidnuuzsiavesudrdainminnldlunissnulsanguiosensssua (Begin
tumon) 1ty Tsanaanidenluaussiaunfudinda (AVM) viafiordldmsarsadinnnii 1 ads

ieanNat1ALINITIesELUUATLRYY tandlugun 2.21

-
Stereotactic Radiosurgery

Radioz

g‘l.lﬁ 2.21 nIsanesidmemeila Stereotactic radiosurgery

1.5.2 Stereotactic body radiation therapy (SBRT) 1Ju

1%
[ |

nsaesedsiuinaluuiianduuenainaues Inednudsnsansssdilunates afs dauuin
wuadu 3-8 A1 IBnsshwiidnldlulsauzseusion Uon nszandumas wasau

2. Brachytherapy @ st un1slisedlusseslng lnedisvognisain

v
a v YV <~

| [J a v a a a [ v aa I aa ¥ 1
LUAINNUATIFDYTARANUNDULUDIBN UN1TINWYINIYIT Brachytherapy ey 375 laun

Y

1. Intracavitary technique Lﬂumﬂﬁz’fquﬂ'ﬁaimﬂdus'aa@idlﬂ

Ao

Tuusnaeteznidnuvazilulngs 1y Cervical cancer, Esophageal cancer Wusiu uanslugy

i 2.22
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» _tandem

cervical
cancer

[y

JUN 2.22 uamansaenldluluusnneieisnianvastulnsdunziSainungn

34

2. Interstitial implantation technique L‘i‘]umﬂ‘ﬁqﬂﬂmjmﬂ?i

w3 Wdeurufieuilosen W Prostate cancer, Breast cancer t{usiu uandlugud 2.23

Prostate cancer Breast cancer

\esen daanslugui 2.24

JU# 2.23 msldusidgunnunauilasen

3. Mold technique \Junmsldgunsainisldusule

Y

Y

[

U

Aoy
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Plaque Radiotherapy of the Eye

Sclera

4

Choroid

\\_—Retina

4 L ‘ Optic nerve
T A
; /\
\ \ 7 &N Radioactive
3 - Plaque a B seeds
S —
Cancer %'/' /

< \
Radioacﬁve%—;
seed /

L

[
b2 =

sUfl 2.24 msldgunsainisldusuizinegiufeuilosen

Tsavzsaduilymnisidedinvesaulneiinsedusuniafaseiueniuiuunii 10 Y
T8 FeTinannlsauzidudsemalnelagUszana 60,000 Al wagduunlududy 1iesannd
Hadevangagieiiindos wu avsuafivluduwindeugedy anuedonludien Hagtu woinssu
nsuslnme vsuasnsvinauUasuuadly LLazawq%’HLaﬁsmaaﬂulmaqaﬁuﬁﬂﬁmmL?iawaa
Tssfindusae nsshenlsaisadldisnsshvuunadnausewinnside wilvaoa
wazns¥nudieed FasmandaunsdalifinefinunmdiedifuasBusnitu uiddliannse
Snwilimevaldiilonineaduasainsioresdnvkasndunadyivlnegnesinasnade

Tutagduiimsiamunisnminweing q Alanadavu wazdildgnisshvmeisnviuade

2.4 \waa (Cell) [34]

2.4.1 ANURUIYVBLTAR

wad Ao AdInianfian wienuieianNgavesdelldin Juvadnadsusnsanvas
q

a Y 1

Y oa ' [ g oA ! (3 ¢ 1
yuakagmiiuanaeiuldaudumianed Inewaduesyudidvualngigaagiiduny
6 ! U £74 I Q.Il 12 |d| d’
AudnaraiiuIuInveuduny uilagnalurunveusaniavegiuszuu 10 luaseu Falay
sTTUPIAKAEUgIUlATIas19NdAgy Wwadezllesdusenaumilounuey 3 diu Ao Wenuwad

(Cell membrane) lalnwan@u (Cytoplasm) wazdaedsa (Nucleus) Asuandlimiiulu g‘th?i 2.25
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) o
Cell membrane
\ ) /f" - \% A\ Nucleus
[ }
& == L 4
2t
~ >

Cytoplasm

JUN 2.25 uandlassaianazdinyssneuvesad

L899 1Lwad (Cell membrane) dniniviauvasvainisluwadionliluly
3 & [~ 1 = ) v 4 1 < [~ 3 v v

voamainglulvasenuanead vsewlu diudaduliadassusandusiaziluwadogls
Sanlidnduduansvoulnveigad 0NN waugavesssmelugadlagn1sAauaunIs
H1UL189NUBIAITA9 9390 N1eueniIgivad wazainaelulgadesndniswen wisulaniu
LASOINTIAVLBT AT ANdere 9 1Uhdlead

lalnwandu (Cytoplasm) tluaruiiog nreluwad i avunsniiuianded 3
anwagluveunauszneuseun Wudiuluvg 75-90 wWesidud dau 10-15 wWesifunidudiu

a o a A& o v A & Iy a A 19 Y] Y]
vo4 Wiky arslulaiase Ly waransetiun3d vimthiuasauingauiiiailgadlasundasy
A o & Ao & ° o ¢ A P Y e v a E =

wedunseasidwludmiuwad loefien pH egfl 7.4 rfiundesiuluviseddmanudunse
M AwaaF@oNaN I NLAZA8AY

JaAaed (Nucleus) vIuian Lf]uﬁ’aﬁasﬁayjaimﬁﬂﬂ°’1é|’<1ﬁlvﬁ’%’umﬂ DNA
(Deoxyribonucleic acid) 1snaelulalunadu ieadlusfiundndulifuweaddinaiseed
soluls Tnedanwugiusianaudidesiu 2 Yudauseuay 139031 vosilatafea (Nuclear

=~ & | a v @ 1a v oA v o

envelope) Fadudrunavulasiusunsie wazazhiduseulnaisiadou o Wiundnv19n1s
309 DNA Taedsly damdsaasilasiulay (Chromosomes) 8y 23 f w3 46 u Faluy
druvedluiana DNA duedgadudseulannlawagauewessad vindiuidadvailgnvinany
adlumnudusadfavasrsasanlawadsie

o =3

2.4.2 Myandesasidngivad

= LY

wanvzlinaaudilunisuanfsuasidazeangdwadla aUSunazsnwianim

q

meluradiaunauaziminzay Weausansstialamuundlaswuunisiiuiagiuulal diu

\ovuas Fudeviuwadaiunsawfsuwlagusnlaen1ssiudivsanends Weades a15vse
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Tuanavualngrinudieengwadld Seussinnvesnmsdndssanaitiuazoongwad suundu 2
Usstanluige) Ao
2.4.2.1 Mmyandesanslagsudorinead
msandesmnslagsiudeviuwadazuiadu 2 dnvas fe
1. nsadeeasianeldldndsaruanniwad (Passive transport) 1w

nsrUIUMIaNdesEsLavoengwadliegndasy Insllefundsnuresansvse luana ATP
(Adenosine triphosphate) waitdnishyaniu nsen1sunsvesansazatsan Anutututieslug
asduduiinnnndt udseenidu 3 nszuauns fe

nsung (Diffusion) Ao Msiadeunvedlinananielessuvesans
Tneld ndsuaadniglulinanavesansios fanisundazifatuiivinudmaududuglug
3 Aifeududusi asenuiviunuminidudusintu Sasdondnuuridin Bumsauna
981 (Dynamic equilibrium)

ooaluda (Osmosis) o MawAd pufvesinlneud eviuLead
MNUSnMeTid A IIuTmn viusamesnmuduiludiuinadiiang
munwduties visuinuvesndudugmaseauignaunaad dennsesaludaduniily
Hadeiviiliwadiuasuudassuinle

sunsLUUIFINN (Facilitated diffusion) e n13iAd outives
a1slae erdensimgludulusiu Tngldlusfuduion (Caren) thansiigivad duinnnsg
\ndouil 1nuSnafiinnudiiugsluduinadiisnadudusileglifesedondanu ATP 910
LHARLAEY

2. msdudesanslpeldnasmuainead (Active transport) tu

nszUIuMIAIaBI i lazeanlngnsrdeuTivesluanaanuIaditaam ididulugs
Uinafiinndudugslagedelusiudusim (Protein carrien) wagld wdssu ATP Tunns

dvnansidngisadaneg daanduiiulugun 2.26
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® e © o Extracellular space © . °*
o o Q o} o o ©
Protein o ° o ® o
channel <) 0 o o @ e
AR Qi @A o
Cell memb 0
desuseoiglinoil WL LALLLG,
° © S (@) © pf?)::ar:s
e e Intracellular space ° e

JUN 2.26 UanINSIATOUNVRIEN TN LB BYILIYaA lngR R IIN

2.4.2.2 maandevansiagliiudorinead

msdndesansiagliiuougad Aensadesansluanalvgjidviessn
1nwad teonsadesansluanalvgliannsoiudeiusadnielus duludovuwadls
laonss waaddsandudesdquaudalunisandssarsluanalng fae3gnisnisasnandiaa
(Vesicle) annif ouiead Fudevuisaddauiilunissudanisnendioon eaf1andiAa
dousouastuanalnguaridignssuiunsandesasidigwad Tnsutteonidy 2 LUy dakang

TugUfl 2.27 uasiiswagBendail
2.4.2.2.1 wonlglalnda (Exocytosis) sunisandesansiuanalngjoen
NNwad Jsansfignandssesnazussgeglundifanisluadudivdssqindeusiun i
Hovugadifiedundon ungnudiudubeduwadimivaisiognelunifaiazgnusos

sangneuenitad danansliiiulugun 2.27

~plasma membrane

cytoplasm

JUN 2.27 uansnsaifesansluanasen (Uu) wagidl (619) nLas
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2.4.2.2.2 wwulaleln@a (Endocytosis) 1un1saudesasinsesiuduiu
wnlalalnda feo Wunsandesarsiuanalvaidiung aeluwadlnenus 3 wuu dauanslili
lugui 2.28 fie

1

v lnleln@a (Phagocytosis) u‘fluﬂ’ﬁé”n,ﬁsmmﬂmLaﬂaimzuma

g
iuaa’mumaummamaa lnuLanay &JumusumlsdiwwawmaaﬂmaauaumﬂmﬂmLaﬂaiw w
d

deflartdduadlugiveaidifa 1intusrsuiiunglusadifiedesansanseislun
Aaseioulesinelunieundnagnamilsin msfuvesiwad (Cell eating)

flulelnda (Pinocytosis) Lunsaidesansluanalvaiieglu
anurveunamialieninansaraeiingiwadlnonisvivlideviuad indllulelnmanduou
Aovnaeilundlaa WedevuwadUnatnndidansonasazareliasngatlueglul slmwan
Funseisundnegmilyin Msnuvenad (Cell drinking)

N15W1a151014 1 9ad lagd1A 823U (Receptor-mediated

endocytosis) Wunsdndesansluanalvedidaieluead daintuldlaellusfiuiuinis

[
ad A td =

“UENLEJamJ wadldudasu (Protein receptor) mawswaﬂa%ammaLszjaammﬁuwmaw

o
o v

ANUTINIEly ﬂ’]ﬁ’i]UﬂUIUiG’]‘LW]’JﬁUVI@EqJJUﬁL’JﬂJUUN’J‘U@QLEJ@niJLGUaﬁ RO RIGINGRE DGR T

&

\ARLA

Phagocytosis

J/ dnrusuadudv

Pincocytosis Receptor-mediated

Endocytosis

. dnurd1Taray AUMAFIS

N\

s
", e ©
s e

e Qj/

JUN 2.28 uansnsaifesansidngwadveseulalglndans 3 wuy
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2.4.3 wadlal (Cell line)

wadlaw Ao wadizdsedasuywd aunsaaiaivlnlddsegniouandianie
Yosaelin wazifindnuedseiledldlaglidin Javadyniadfiegluadlatvia ooty
wildnuagimioutunnusznsaefulaau (Clone) vosiuuaziu druiwadladil dswiafy
ildnuazunegisiuandnaiuly Wensnvia viedimnaududimzianzasduwadlausias
iy 4 manzidsneadlavifatuiedulsslonidmiunsssgndldlununisinuds
masueny@¥ine (Molecular biology) TafemsAnwiwadiiaiapiulaluuuuinunfannivad
sl L wadusss Inelwinsmnzsdsadetluideuasiieseiiis nsegsentesyad

1R8N TNANUaaNZLS 918 LUy

() ) Q)

) @

JUN 2.29 waduzseiaeng 9 Ussnaue (n) wadueisadnldlng HT 29 (v) waduzsdlu

PoaUn KB (A) lwadugiSaiun MCF-7 (9) lwaaugi3asu HepG2 () lwadusiss

Unumgn Hela

waduzdaiivarovin dwanddusufl 2.29 1Wu waduziSadldlng (Human colon
adenocarcinoma) mﬂﬁuﬁ: HT-29 waauziSsluresuin (Human oral cavity carcinoma) @18
g KB 1waduzi5usus (Human breast adenocarcinoma) aneug MCF-7 laauzi5Ifuaes
AU (Huran hepatocarcinoma) @18Wus HepG2 wag waduzlsaUInuagn a1ewug Hela

(Human cervical adenocarcinoma) tusi
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2.4.4 nsasradauaNuluRuRalasaemalla Methyl tetrazolium (MTT)

nsasedeuANdufurawad lnewada MTT (3-(4,5-Dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide) gnuunltdlunisusefiuusz@nsamenuduiivieisad fae
Bnsnaiardsmeniedilaslimesmaniames Welssiumudufiviewad Tavdimuues
lulnsmounssavUanUaaaienles] Succinate dehydrogenase sanuladsudivdasfiinen
Tetrazolium Tuansazans MTT Ingasidusivavenanudsunvaan nlnesinveusad ns
anaswas Tetrazolium HuazshliiAnsdnrlefungufiheiliazanslud omnizazauely
lelywanaduveagad msg](ﬂﬂﬁuuawmmﬁﬂ%la%msmuﬁmmé’uﬁuéﬁ’w%mmwaéﬁﬁ%imam
oengluagnsiiinisiinnest wdsmniudy DMSO asluiearanenniosunsy dniwad
Fnnoudriuasiignuarls Wiid wiidsmnudnresnsuiinnuduiviewadsuilnvadae
Tuilgnuarazdeuduasazaisfiing 9rnduiluadmunisgandusasiia uemaiu 570
wluins feededlalasmanianed wazhaildannispandunasiludunmiesaza
JuiusowadiowandifindaUSinaivadianearnnismeaeu Tagansarin e 9 waganunse

venAANUiNTUmIN IvlgadnelnsUwuuTegaz [35]

2.5 ayn1AuludeAanlys (ZnO nanoparticles)
Fareanles (ZnO) Anaanifmizaesarsnedadiuayiielsdidnnin dlasiasawdn 3
1A9a519 Ap Langglnuealesnley (Hexagonal wurtzite) ATn@eAluaus (Cubic zinc-blende)

3

wazAilnTanyeat (Cubic rock-salt) sanandlugui 2.30 lnslassasinanselnueaiosnleyi
& v A o ' ) a A ~ = & a &
Julassadaidnnulugamgiivaganudulnd idesindanuaiissnianeslulaundng
TAs9as19ATnTadvaudtdulasiasienaanss F99zdautadesad olauuduLansni i
Tassasemdninty Tuvuenlassasrefadnsongeariazilassasswuunaadesnanueu GR

A7 10° Pa
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Ruochsalt Zimchlande

5UN 2.30 wuuinaedastasiawdnvesderoanlefuuunig °

AeudslinsAnwrdanunluild ZnO based dwsumsldnunvainvans 1w gunsaiun

Tudiannsatindg uilusaufa N1STALAUNEINY NARSEIATaIF1 U U ULYeS 189 B9A8

a

onladifuansisfnhifvoninmdsnuniaint 337 eV tazrindanudawmiegdidnnsouls
ageila 60 mev auilugmatdessedsanshlalandiiiunasindsedy I iussansnm  Yan
wiludsdoanlangnihunldiluaineudnimeslugunsallulasdidnnselinduaznistesanny
uafiwmaidsusngnsalllanzeglada lnsuansnuaudivismeninvosdsdeanlydm

AN 2.2

= wa a ¢ ¢
MA1919N 2.2 ﬂqmall‘Ummqﬂﬂqﬂﬂ’]wma\i%\iﬂ@@ﬂiﬁﬂ

%ammzw IUPAC Zinc oxide
SAYULNIINIYAN NIAZLBYAEUN

gnsluana Zno

AMIUTANS 99 asiiug

thwiinlanana 81.408 niusialyg
ANAUILUU 5.606 nSusiegnUIARIgURLIAS
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{Hosnamannsalunisgedudsd UV uazmmsilusdaniauas oyaaunlu ZnO Jagn
thinlflugnavnssuadssdrendlasinluazegluaiuiuuanuazaiuthssimii msldeynia
wiludsdoanludluniuiuuanldiunisiusesnesdmsemsuaze (FDA) esaneanadios
warAuaansnlun1gadusad UV 91nsssui auautidudsuuadiiFedld suniseensy
Wy Wdugidugadniinainvaty syntaulu zno Seld§uanuaulalunisldeudiuga
Msunmddu 9 auandAniddgvesianuiludsdesnled Aenuiduiviiwazanuaninsaly
nstopdanensTanIm Zn0 auseazansldesisd dlukdiidunse (Wuluadidosenuay
anwandonveaileten) wasanmeiuiduialnensstuasazaty anamausRimaTanu
lugsdnanlyd J9ldsunnuaulaegrauinlunisldnudiudanisunnd naslddaquilu zno
dmfunsidnumadanisunmd wunisangnmniadanisennd n1sivien nsigu wagns
tlinuziss msldeyaaunlu zno AdululdlunisldaumedinisunmduazuziSaingslasy
aruaulalusnmsinemansidesanauadsimamenmiasmuaiisal [36-48]

2.5.1 aauauUfvesaunaunludfeanlandniuransunnduasnisussanaldiu
U139

whroyniauludsdesnladazgninldlugnainssueadesdioradunaimaned udf
finsaniiieldlumsdnwinsss uageumauludedeanleddsldsunisidoegnaninsnied
AnuanTRluM NSy asuelad

2.5.1.1 Anutiulsn1etanin (Biocompatibility)
aunANIluBAoanton waninLU1iulanIegInmAsudI9Es ZnO NPs
lp5uniseansuinduas General Recognized As Safe (GRAS) fimnutasndasas19anieuyued
{10930 Zn0 azuandalddluaninnge (pH = 5-6) Fuduaninuindouvenwaduzisudayly
wanaaluanIwtndoNveswaaund (pH =7.2) Ias Food and Drug Administration (FDA) 19
ounauludedennledidududon imnzaudmiunsdndee Zn? 1lutadesmiddnlu
nalnane quengaduasfiunmuamddlumsshwianmzaunaventad iy eyneuludede
anlafananianuiulanisinim
2.5.1.2 §uAs18t98 (Easy synthesis)
nszvannsdaasgieynauludsdoenleddudeudsitodie3snsd
na1nviane Lﬁmmﬂiﬁmié’qmeﬁﬁLLmﬂm'Nﬁummﬁﬁﬂﬁmmmmu@mmmmzmamzmEJ
yupldogneieme aunsndenuazamuauldiemsduasey luided lénanddinma

A o L3

N Ay Yo ¢ =~ & aa v ~
LﬂMWI%aQLﬂ’inMLLUUN\‘i (Powder) Lua\'i"ﬂ']ﬂLUU')ﬁVIa\‘iLﬂﬁqgﬁawﬂflﬂNQlﬂLaﬂlﬂﬂLLagﬂJﬂfJ']lI
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v3qags Bnsmaeddannsminlifuamsiouneulusdeonlsdldlngluiidosnanis
FEmsdaasest 733 ds1eaziBonsid [49-58]
1. MsFuATIZREnsTUINAsialasimesuea

nsguaunsialasinesusagiursalddaunsizvidenonn laa Lo
vannnanglassairesvilifigumgiinn wadlidesnmsszuuiiginndudeuiaduiinsdedundon
%umaumiﬂqﬂﬂizﬂauﬁ’m 2 Sunauden « fe mnww%uaumﬂ (ZnO seeding) Lagn15UgnT
srpanlenuvisunly (Growth of ZnO nanorods) laglda1sasarsvesdenlunsn (ZniNOs),) Lay
lgngeluviaaunnszily ((CHysN,) hexamethylene teramine, HMT) Wuansaadu nswesusn

1 a 3 & a aaa a v 1 ndy
Youriaunlugadeanladiinainujisenalidemel Ul

(CH)Ng + 6HO>  6HCHO + 4NH, (2.18)
NH, + H,0-—» NH," + OH" (2.19)
20H + Zr¥» Zn0O (s) + H,O (2.20)

Tneindedertunsaagyinuiinfiluimasiiededlosou (Zn?) @ HMT Huansfiazesee wanda
Tilansandalosou (OH) Neaumgligukaziianisiosusiivesddlansenlanneu uae
wWasuluBadeenledlunan duwansluzun 2.31 msdunsiziieddilseudes dunusiuazll

ABINTILUUNYUT DU

Aqueous solution Closed reagent bottle

25 mM [ Stirrer Substrate||™

Zinc nitrate J

—>L

l

HMTA — Magnetic stirrer

ZnO nanorods

Seed Layer

Hot air oven

Substrate

(n)
JUM 231 () WNUAMTURDUNTEUIUNNTAUATIZY ZnO nanorods sigTslalasinesuea

(¥) AMENY FE-SEM 9189 ZnO nanorods Nduas1ile
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2. nsmnaznou (Precipitation method)
<) o = a I
nsenagnow Wunisvililuanavselessuiiazaseyluaisazany
LENFIPDNLY MNENTATA180E19T7 9 InwefuUTunuasiadineliuny Nisenfnnngnou
(Precipitant) w3eiin1siUdsundasgaumniivieainusu wevinliauaiunsalunisazalsves
syuvanas JuihlAAnnsanazneauvesTzULIUle
° Y] a & v v aa wa v g
dmsunsmisuansuu aedldansifiandhvesnisueniilulessu
Y A a oA v =y & ya & a o ~ v <,
LazNIITINAL Wanansnd dufearsdanidsaeslulidannsou wazarsdndnidsdeaiuy
YU v a c gj = o = 2 ¥ o ¢ = o w 1 Q’ljo v
fsudianasou MntuiInhegnounlaleuliuisarniluwnuaalel Genisvindanandvinlila
Haazdennilinualnanevetieans uilnevialuwalansilaanniswnuaalsil dnazinizngy
[ <) 14 o 4 1 o [ av vy o 1% P [ 3 |
Audufeu ilienuwiuglunisinvuinveseyniafilatesas Msvitbiasiinisiudungy
Aeufuneneenuilueuniaies q tuvild lnenisua (Milling) Faenvviliiianisuwileudu
¢ w3eldnisunlasendedansilaila (Ultrasonic mixing) Fvagvinlioyniafiindudvuiman
wazaiLaNe
nalnuein1InnAznoue @15agaltduRIInBa(Supersaturation)
nsiin duedea (Nucleation) kag n1siAulnvesnan (Crystal growth) el
) a @ a 4o Y a X [
1. amazaredudeInds Wy liiAnn1saneznoutula
Inefiansazanedus eandsiiuansavareiinainnisanazneuazanednlvegluignaidu
Yol urnududuresarsiiiungnoutnnnitenududuresansiuiegluaniivauna
ansazaneilay AAn158uAIInBIFLIMSLNINT U DAIANUITNTLTINSEDIUS I AITLANAN Y
1INVU
2. msiiafundea WudunauiinTuldleswusssusnRann
a I a Y a a a =) A v r-:l' [ a [
ansararefeglu anngduieings laeiSuinainleseuvseluanantesnansiuiuauindy
| @ a I
auN1ANAN NgnvesigniafidureinenauyeIuds
3. MSSPLAULAYDINAN LARYAIINTURDUNITIART AR
Inglesawsing 1 Ny esrUsznovvemenauasanuinziuuuinveseunaldniigrauiivun
gy vinlidedeadvunagunateilusynianeaases udrdssausiiuiadusunaind
e Trgniuendeenainasazaiy

ANATOUAAINTFUIUNITNTEUNG Uaznalnuasn1snisanaznaulamauaunIngs U 2.32
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FFnsennznaudivoldsfs 2ARINITLENAZNDUDDNANAITALAE
ANV LAAILAE NS AU DULANZNDULNDVIN LA AANIAIUNADINT BII5 N1V TRwAIaz NS

w1 wealglinibinznousazragsdinifianisinziudunguiou (Agglomerate)

Nitric acid  Ammonium hydroxide Ammonium hydroxide

Zinc acetate 1 2 H.O
. .y

150 °C

o
g

20 min
—_—

Ethylene / m— | —
S (B
- J - .

LT

o

Uil 2.32 Benuaunsanazneuitelildeyniruluves Zno Tasldiefidulnaneaifusah
azanguazn e eilian SEM
3. Fn1sUfseaaIuzueuLle (Solid-state reaction)
st fuisideuldfunnniigadesnnadenldde Taeiduainnis
thanssauiiegluanuzresudmuuiinadifesnmsunuangniedraududodisaiu Feoeld
wwdonagh viieirdesun Mnduihlveuliuiud s figamaiuasnanmuiiseans
nawIounanUfATeranugvesudaialdseaeudeloy usike

duaneils dinsefidymisasnsinenguiuludeulavilidiesdinisungesanvuinegiaue i
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nsanvuntuldgnuadd silvasildgnumdeusindu uenaindunisundesanyuini
Fududoahanldfvililiamsamunuzuiveseyneivieulsdnsely

F5nsiifdeidede nandndlaindauuiandm Idasdoneiu
Huidloifiertu warenall arsuszneugudu q Welunnasisuriennyagunsaifldlunisua
Wy exgfiun Wudu Audevumardasinansenudeautisng q vesansiidosnianion
Tngamgaudinigli

4. Wy iy uazees (Spray-drying method)

msdaaTeikeieiEn s liuisiuuaressidoseordeiad eavin
aro09 (Atomizer) drevhlransazaisunnnsyaneiduavesmenidn q nseuvdaniudilulu
#osaufiseudn ilorilivounaslungnazessssmedoonivetismaiiy nduieinifiung
ounafilddsnfandunguioutesouniatiadesig q idwmasonsiiduasedldlagiside
sULUUIeIYIazoes Ieun 1aFevinazonuuuIUL 1ATedinazoesuUUANSA 10309
azepauusansiladn Amnudusiusseninenisivavesanfeurudnuaisnsiadeufivesazeadly
Wosouuiy fessamfvesauseuivdesesnund andudsdvusaudilunisssmees
asazans uageutuanéndueynirfsardmalisUitwessyniaiiduanesildfinaneguiuy

i sUnsanannidhslunassniiewlatin viegunssnausiu Wusiu

i
ges=>

Drying
chamber

Ui 2.33 nszvaunsdansiet Zno fMeFsmshliuiuuuazessuaznmaneiioin TEM
nsseunslaeiai drulnaezldvndusriaras deazgaeian
ounendliiadoudl dofiveanslitife fnnuvasndogs Sfuyusilunmsdaasest eould
dxman wenaniunaevedansdiannsaazareiildnsndae uilunsduaszdneuisiaivia

%
v o o Y

Ufseiuihtudesddusanegeaunduiviazasunuii
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5. A9321BLIe (Evaporation method)
msduesgindlaeisnsidosordenmsssmeasiidudharas
vieansilidesnislieenty sumdousingnouresansiidesnswinituy Fuandugud 2.3038ms
Fvldlaonisin ansavanevedlangsng q Aifeanisuna iy Fapaindrunaumaniiunesiie
manauiuly seuluenamszarsimuneglumadiorty Weliarudouudasasaonay
s gampiifinersnztimils aanusaridndviazaevioasitliidiosnseanluld mdeld
uiissnzneuvesansidsnildiunalusydluan avifowin FBnsdunmesinuuy d3uhay

Juisilinafninnsdueseinddaedsufisenanusveuis

MTF fumace maintained at 620°C

|
A;f::(: ‘:\ir 2Zn0 vapor
T S ETEP . '
v l . 7

Variable arca flow
met
ers Zn powder Quartz boat Quartz tube
I

8 Lithium niobate sample

A
1

L

(R
-1\

Tall gas cylinders

JUN 2.34 ununmuansnvielussuvanananidLasIzd ZnO MensTEneeie

ANNSDULAZAINEENLAAIN SEM

6. 15ka-19a (Sol-gel method)
nsduaseindlaedslea-advildlagldasdsduiogluguves
asazaefwmauiniuldiusgsiuazannsovifisendulussduluana luanaiiduasly
6173 ansnfinduld vieansafineyneiidvuiadnnszaefeglueavaiiionis Ta
(Sol) vésnsuiloansaranedamnuitutuiniy asavanazierumianniuau navedy
anshandeiavaniiGondt wa Gel) nthuhwadldluiliuisainlnenisouuss udrualidy

a ! N ° 6 1 aa
nazdenneunvziiluvnuaaleinely o gaumginmuieau



ad Q‘

Jofiveislva-laafe naniliannislazdvuadnuasinmuuignaas

Y

1 wazilesnndinemuitunnluenaduiefeaturesmsdeiuilddnnsest Sonlmaed
fuiiRann Suavhlinisenadnuazmstunosvldgumgiligenntn uwitoderesitlva-iaat
fife anssauiithanlddindsnaas wariseoudesenniisufitenanusvoudseun
7. wanausglnlsada (Flame spray pyrolysis (FSP))

wlanasglnlsddaduisdunszioyniaszavunlulaeniswiluie
selavuuInEn Feszneudsansieduuazidoumanian (Fuel-droplet) figniiusanundae
uwiiafaiwesdu (Dispersion gas) (WiapanTiaw) NweuyarsknmwanaUsdlnlsddaaunsald
asmaRuazdemdanarldvarnvaty vennidiannsaidearsdu q lulueynalddndae
Jeasorangnuuazilndasaasfinaredulalumes deluluwesiassunardudaiy
(Coagulate) usynAnsinau MntduoymansInauiazsunszUunsBumesvilioynia
HouRndiu (Coalescence) ilanarhulumsnuivasoymarsfiutiuuasBamiedousiuy

a s

nd (Agglomerate) uazanyngaslandueuniangnmdeinmeiusenieall (Agregates) @il

)

'
a

WuianI (Spedific surface area) g1 lutuneauseadnilend imsnesivaslans (Nucleation)

PN

fideamaFeunmeifrauniafivinisduasest uanaind arsdeduansnriuiasendu

pondaulaiduansuseneveenlen laediuid Ty wavuigoondiau WuarlWdwnesn

(Supporting flame) %éaﬂalﬂmil,ﬁ@awmﬂimL‘Wamamisjﬂlwiiﬁ%aﬁuamﬁqgﬂ 2.35
JolaUssuvesnanausdlnlsddasiuneanuaunsalunisazaioans

A lvTuamds mnudevssnisiiasaswudnlululsuresmsinauiseniou (luan

Ao o

) wazaudemgulunisldianaséifianusagailninuelsvoasgasaga fddyaaves
nszvIuNIswarasglnlsdda Asanuaiunsaduasizviouniauilunteludunaune?
gaumgigalagliiliiiansivasuuladesainganmea wazruinveseunialane Tunseuiunis

woudadedsandulunszurunisadsdlinlsada Tuvaennnisasy klasnisdansieinie

d13avany
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Flow
Particle _» meter
Collector «.__
Oxygen
Glass _—* Gas
Chamber_

Ultrasonic .~
Nebulizer

(n)

JUN 2.35 (N) N38UUNTAUATIZN ZnO NPs sagTBinauaUsdlnlsada

() AW SEM ¥83 ZnO fissudnesnsinisiva O, fupnsnei a) 1,
b) 1.5, ¢) 2 wag d) 2.5 L/min
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2.5.2 Qmauﬂ'ﬁﬁé"\ﬁ’zymmaqmﬂuﬂu (Key properties of nanoparticles)
2.5.2.1 U9 (Size)

YuavessynIawIly Fudseuladuluanatianiiiatueswusssud 1u

a 9 A o

SnauandAndsivhlvounaulumnzdmiunsldnumdaine syneunluaansaliney
Auluaname@ainguazdanisiaseuwadan q sunuanngaunavedvaduaznszdulvlin
M3meveswad Weswnilundndshiannsanaaeuldlnenatauumiusy vuinveseynIn
uﬂua’lmsm%’wjLﬂfal,?iam‘faqaﬂ 1punI2UIUN1S Enhanced permeability and retention (EPR)

é’mamﬂugﬂﬁ 2.36

Endothelial cells
<

Nanoparticle —e — Blood vessel

JUN 2.36 N3iglosenuzSavetaunIauIlY
2.5.2.2 5Us9Uagdaig1wInen (Shape and morphology)

sUTwadg e laesvesianululudnuilsdenasanidifydmsu

=

n1sldunIdinisunnd dreanudravdinisuniumalulad au1a3Use Auude was

a o 1

AuaNUAN uIveITanuIluaIunsa AInua lnIINNITELATIEE Nd1AyNIUTUNUIIRMaUUR
wiaidununadglunseenuuudiidsentldouniauilu (NP) nluseansamgs dsansly

JUN 2.37

antibodies

surface charge
proteins/peptides "\ @ -
nucleic acids

R1

surface functionality
(e.g.,-NH,, -0CH,, -COOH)

small molecules

polymers
hydrophobicity

mechanical shape

00

nanoshell

sphere liposomes

" o siica (GRS
% A Q@ ironoxide micelles
traingle  quantum

dots
9 viruses
i @)

porosity metallic dendrimers

[

JUT 2.37 sUsnuagduguineniuandsiuveseuniauilunldlunisdeen

Y Ex]
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2.5.2.3 n1syinazany (Dissolution)
auN1AUILY ZnO Nannwindonvangadunfazlidiinnisunnds vl
danatduiuroLaad Unf WAazhANFAIN dN1NLIAR 0LV was UEt5 I AnANUL T U ws o

waduese iniluansazane Zn? dauandluguil 2.38

/— Cells or tissues \\

Pariculats
uptaka
ZnO NP ——— = ZnO NP
oH,
digparsing agant l Fine ian l Complaxation
physicochamical proparty upkake by molacular ligands
Zn* [ zZm* 7 ZnsS

y

JUT 2.38 nalnvaganmveseuniauiludsdeenien (ZnO NPs) luwadvseliieite

2.5.3 nsuansnnuilunusaieas (Mechanism of cytotoxicity)

oun1AWly ZnO uoniwaduansnuiulinisdininssduiigs dau zno nely
wadlduanddiiiuiinuduiiueeieadiiiud udiunssuaunisveslusiu naeduldiin
Oxidative stress Tulwaduziss dsnuindunisdunalnvesanuduivdoivaduzise ifiaain
A AatsAsiiiiges Zno finsedunisadis ROS tldg Oxidative stress (n1zfiiloyya
daszunuieideauansinusyuadasyiliiismenazainanvnnind ndwaliinnisianed

WBute Tusiu lusfu uazluanavunidndu 9) hlugnismeveasadludign
2,531 nszuiunisveslsiudanzanidudenansmnulsiauga (Zinc-mediated

protein activity disequilibrium)

oynauly ZnO fusnivgnaedulngwadinueulallnda dauanslugud
2.39 mémﬂmiumqﬁa%n’htcjL%ﬁ‘lmmzﬁmaﬁwm’hq Pinocytosis wae Phagocytosis 7
Sonseuseieulaleuuarlalaley o pH anasdammsazatsveseumauily ZnO ifiuiy
agasmsvilnAnanuliaiesveslalalon pH veseulaleulurisiuroudwing1nfe 6.3
Fetnelunmsuanudes Zn?iiazaneiild uenanisanandu pH 5.5 Aeulalsumeulansuas
oH 4.7 TulalalonGsdanaiusninisazasegnssniveseymauily Zno viliAnaaulsl
iosvedlaleley AeiidIviuindmsunsuantass zn2sndudesd pH s defunisudes

Zn*ludeaniovedvaiuenaadddl pH Unfviiu 7 deldidundeanis nszuiunistiuilug
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nsUanlany ZnZazateunlaindunieluwas nsiiuduees Zn? luwadvintminanuly
aunavedlsiuiivuiu Zn?* Fdawaliinanuluiiviowad nsiinuves Zn> fazateila

fareiiuanududures ROS Jahlganuduiiviaiwadiiunssuiunis Oxidative stress

‘ 7" Zn?* + PO */CO4%(in media)—>Zn salt precipitates

/ b \Soluble extracellular [Zn?*] (NOT toxic to the cell)

!nONPs‘ ,
Pinocytosis == Phagocytosis ‘

e @
\ & 3 Lysosome
O (pH 4.7)

(9“55)

!
o G-
. \ ; In-‘T
o NPnpOddluMonnh
Early endosome (pH 6.3)

Zn** dependent protein activity disequilibrium

Intracellular Zn?* > Cytotoxic to the cell
d

Fully Zinc Occupied Metallothionein | ?02
1) Nucleus (pH 7.2)

Free transition metal ions 1

JUN 2.39 unudskaninalnnsiinaruiluiivielsadvesauniauily Zno

2.5.3.2 N13d519 ROS Wag Oxidative stress (ROS production and oxidative
stress)
ROS 6’?&Lﬁu‘lmLaqamaaaaﬂ%Lﬁ]uﬁﬁﬂﬁﬁﬁmLﬁm%uma"[,umaé WAIAINATTLNA
NAIEYRIVNS E15ANY 9 A3TUINNTTAS IeEse mamglasuad saludaiatulunalanis
Jostuinesasinmeanitogatn q swhidulianatinmuaziunumddnylunis
dedrynnvengaduazaniizauna ROS Annaieueniiioneuduesadniicng ﬂsamﬂgﬁa@
uilu ROS MAnarneyniauily Zno iaduld 2 ave fo aumnilafnainnisnevausads
Proinflammatory weeadseauniauily wazdnduidesuninauauiffuiivesoymeauily
Zn0 MhliiAnduszuu§iseSnondfingn ROS
ANNaEnsalun1snseRulvlin Oxidative stress d1uNT5a319 ROS lngauniA

o ala i

wilu ZnO Lﬁmmﬂﬂmamumaqmimmm Zn0O LUumimmu’mmamNmfmwamum 3.37
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eV wagndssmdaimiler 60 MeV TnsunAdedltuaseTiileovliididnnseu (e) mnuaurnawudly
fawaun1silasUaeslid holes (W) luwavanaud nsilwiuAadulasnisiadoufives
didnaseudaszluauiaud lunsdiveseuniauily ZnO suiaunly (Nano-size) Bidnasauay
nsglanluuaunsihlvihlunsditlifinisens3sd UV Sidnaseunaslaadinasaudaiulmioig
901 wilunsdlveseyneuludidnasounasleaazindeuiluiieynmauludaagiujize
ffuasiignandu (Adsorbed species) dsnaliinuaudidnnsounaslsadiivtulufiuizoyainun
lu

Holes (h ) ﬁmﬁ?]ﬁL?;Iumiaaﬂ%muﬁ%ﬁmﬁﬁ%mﬁ'uimaqasuaaﬁ’] (H,0)
Tdulelasiaulessu (HY) waglonsenda (OH) luvhusuivafudidnaseuhwiniduiizg
(Reducen) fivhuifzentulianaveseantiauiignduuarazansivhliiAn Superoxide radical
anion (0,7) wazndeuilazudsuldidu Hydrogen peroxide (H,0,) a%aﬁwuwﬁﬂiﬁuaw
ﬁuﬁ:aaﬂ%wuﬁﬁﬂﬁﬁ%mgﬂﬁEJmfw ROS @wvhmihfiduseendladiisuuss uendnilile Zno
wazlulanaves Oxygen gnnszAumlsuay UV aziiawdu Singlet oxysen Fadu oxidizing
agent w3301 Superoxide radical anion 8nfag ﬁ'ﬁLLamﬂugﬂﬁ 2.40 3L EAT UL ROS
Uimnannihlugannizliaunavedwadiiinanujiseieendinduiiilig Oxidative stress 9

o
[V Y

) i 13 o § v 2 Ql' a & = o
Judunsdowaduazinbiwadnieluian deuleasazdidnaseuluaunipualy Zn0 39vi

a

wihiduszuuljsen3nendndneandaunduiiseinazviliin Oxidative stress Tuiad

LY fawanslusui 2.41

Y

0,
' > 0, |
Light Co%uction@and R >4} 2 . oy
,‘I X s . » » - l- '.
. N l Antibacterial

| ZnO NPs hv ’ ROS activity

©® ® "OH .~
H,0

Anticancer
activity

5U# 2.40 nalnn1sa$ha ROS vaseunAuIlY



55

Cell With
Oxidative Stress

Normal Cell

JUN 2.41 msiin Oxidative stress vodad Wlugnsmevead

2.5.4 nszuaunsinlnazazladsa (Photocatalytic process)
2.5.4.1 nanmsuagnalnvesufizelvilanznelada
W ug1uvesUfaselilanzasladaduinaindfasenlnlnind
(Photochemistry) Sa.duyFAzefltuasdusinszduluianavosans Jamnnsnsziumeuas
fA11381208 Uil nanzan wazddnssugaserlunssviunisaziseondt laazaglada
(Photocatalysis)

v o =

v ! aaa SO A g v o = [ [ A
GYJLiﬂﬂ{]ﬂiﬁﬂll‘l/lﬂ‘l/lLUu&W’iWBUWLLﬁ%ﬂﬂW’J‘UWﬁ]%lILLQ‘UW@NWU@Q 2 LaU AB Lkau

Sdaa &

A (Valence band) Wuunamdsnunfididnasou (e) ussgegifin way uaunisuli

(Conduction band) W uunamawuifessinaainsey lngaisvs 2 Yszunnazianaiaiuly

a o !

13099939093 1NENW nanfe mnduasiidiuaundsnuisaeszeginiu diuansieiand
UAUYBIINNG1U (Band gap) AUBLTEMINUAUNAN LY IADIAIUBILAUYBITNNG1 UL

Juegjiuriinvosansisiini Tngansisdniusasvdaazdidsinetusenly WoasAsiauhiignld
Judsagisengnaseduiiendsnuuas waedansililewan, Uv) vielasundanuluguves
w&aulnlnay (Photon energy) fiflndsnufissne wiofndrnuuinnin wiewhfukaugesing
WS Iuwetasith FaSunwdsauiin WAIUNTEAU (Active energy) @unsaruwInilaaIn

dunns 2.21
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E=ho-hl (2.21)

e E fAe waanulimeu (Photon Energy) vitle 34
h fi A1AIVEINGIA (Planck’s Constant) WU 6.625 x 10* 9839
& a 44' ' a ¢ A a A
v D ANUDVDIAAULET VUIE LEIAY YiSe U
A AB ANYNIAAU VUL WILWUAS
C A8 A5 WU 2.997 x 108 wnsHaIund
) P v 0§ Ya & ) ca W ~ X al A vy o
wasunlunszduazilvddneseulutulauiausindnuinduueiouiidng vy
waunsu bl vinbiiAndid19veedidnasau (Hole, h*) lutuwauinaud nateidugves
didnneuuazfitvesddnasou (e/h") lusuniadaissuisensgun 2.42 lunsainlddssu
a A e va & a & a 9 v W a £ &
ddnaseuniedilidiinaseulussuy didnnseungnnssduliindsnuiinuniul awise
v v oA a o a ) aaa A a 1 ), < 1 Aaa o 4
FuAITUNIwesBianaseuladn wadulfaseniiendl Recombination wetungdlAfiAali
wiofasudanaseuluszuudidnasaunazNisvesdidnaseuaziunuinlunistinugizen
a U a v U 1
PRNYATU-SANTUsBLY

Superoxide anion
O-

Reduction
i O,

OH™

Oxidation

OH-
Hydroxyl radical

JUN 2.42 MmaiAnBianaseu (e) wagiinswesdidnaseu (h*) luufiselnlapznylada

nalnvesufAzenlnlaazazlada (Mechanism of photocatalysis reaction) MAatuLdu

[

&
NU

H,0 — HT +OH" (2.22)
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NNINTLAUMILUEA
Catalyst + hv — g +hy /g (2.23)
2 <5 - +
N1ILNALINABDA 1N eCB, hVB
+ - ]
hy/g +OH™ — OH (2.24)
g t0, = 0j (2.25)
H" +0;" - HO: (2.26)
2 2 :
H +e.n > H (2.27)
CB :

nssamsiulumives e, h't (Electron-hole recombination)
ecpg *hyg — Heat (2.28)

lolAseadn9v09asA U g AN TEA UA BN 11UT WInn T3 BLT Bawe i 9z 9t
518 nasouanunsniad eufiainduuauiaudlugawnunsualaia vilfiAnd11e (hY) wes
idnnsouluniouduuudty fraunsil 2.23 1 hT aunsaiaufisecondindudiulensen
lysloasy (OH") luth indulensendaisinea (Hydroxyl radical, OH®) suansluaunisi
2.24 dndidnaseu (o) lunsusnduuvudaunsaiinfasessnduiuesndiauiieg seu 9
A39U]A3e0 wasiinidugUieseanludloasulsiinea (Superoxide ion radical: 0,°) #4
aunsi 2.25 uwazasunsaiaaslansendalsnaea (Perhydroxyl radical: HO'2) Faaunsi
2.26 nadiilussuunisnaaosdeandiauliifisane Tiaou (HY) Fufnainnisunndavesiy
(@un1s9l 2.12) szdnundunuindisudidnaseunnunaziindulalasiauwsinea (Hydrogen
radical: H') swaunisft 2.27 Gashaeadng 1 Aindulannsaviisefuarsiogluszuy
Tnglanglonsendaisinea (oH') Fuduaseenduauvindnluuffsellnaeaslada insgle
nsendaisAneaLduasiilidenisiinufiseredieann uaranansnyinufAsentuansdunisluh
lsmnvidn wazdmiudsdeenleddaduarsiedini Wognnszdumendnunanziaujisen
PONTUATUVBIA13BUNSE (Organic matter, OM) VUL DS

anlym fIaun1s 2.29 99 2.31 saluil

ZnO +hv — ZnO (e + hy/g) (2.29)
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+

v+t OM - oxidation of the OM (2.30)

h
+ + .
hyg+H,0—>H" +OH (2.31)

2.5.4.2 Jadeniinasanszuiunisiilanzeslada

a

Uadenilnasienszuiunisinlnazazlada laun dnfiey duseufjisen gaumgdl

Y

USunueandiauazaiy (Dissolved oxygen) WagALLUNUBILES (Light intensity)

1 d

ALY Uszaninmveanszuiumslilaazavladavuegiuaiiely

'
(% a aaa A

nIMsAnUiseT WeninAilevilnadeaNau1salung

o

= & o A v !
ansarany datudadendidnyse
ANLN1EYBIANTUTENBUBUNT S Az oluNI SN0V AT FeusealninNRtveeiase
UfAsenvdesuludeariteramioni lnsanduuinfiaifivessn wazdanduauidleafites

[

U

e

b = wva

AURTen Fuseufnsenaziesllnuautidulangdiin wieansis

]

a o a

fhflanansonouaueswowndstn awas edeldiinuiisenfuansdunie lneasdesiiiug
wnifigenelunagainaisduniglivuiuimesiasauiten dafulunniusuudas
UfRBe1ezm Triliuiinufiusnnty dwalisesniniauiiselnlezagladauiunnduemly
el

'
a )

gl tilpinunasntanasnelininanusounislussuuiiain

Y

aaa

Judsazdmalidnnmaieuiisetlunisu dauaiuldtes Wesmnlagiilulunszuaunsisl
Tnazagladalaifosnsiifussuuiigungiigedes sufuly dslaeilazegszning 20-80
DI LTALTE

UIuueanatauazany (Dissolved oxygen) sondowdudiulsznaud
drdglulfizetnlanseslada fvihitddalunissuiudidnaseuiiduuauntsinlia vlian
Juguieseenludlonsusireanayinfizeniulnnou uduineslensendaisinea Jatae
dosfunsifansnduinsiusfudnaswedidnaseuriulea wioufAsesaendiutuintuls
g

a (% ]

AU UVBIEY (Light intensity) Tun1siinufASenuun uid1d s

UfAsedduseaindsnulinsuiunweiisliiiansnsziu JsUsuaaudunasiuniuyi

Trfidwiuvedineuuny wasdinalnonsinisinufiseiuuntunae
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= o v}
2.6 gANUTUA (Chemotherapy) [59-66]
2.6.1 AMUNNIYVDILWANUIUR
N o w P v A o = b a a
wilu1da (Chemotherapy) manefis n1sligiierinalensengngainsiasyiulnves
¢ & Ao s A o v v = W 2 5 v
waduzise dinguszasiiie ShwUislimeaintsauziswaglinduundudy auaulsaly
1Y) 2 a < - & £ | \ v w \ 44' ° o
fouugtSaivuinanadrsolilndu wagldwnsnszaneludiaieirdludy ussmIeInN1saInsu
AUIEUZI 598 UNINTEANY
Y] < % o w P ) & i} ¢ 2 =~
A135NEULLS NS gL UABINS AR MISTETUTYINLY 91NUULYaa NS I9Ldl
d' LY ¥ 1 G a dgf dy o v [ <3 %’ a
NSRS UL UAIA LB L ANUABEIMI BLAANISARENTU kazaeyinlinIsnaullug1va9lsAwazsinnIg
N32UINTY Aafuueasafeilanusndudeaaldersiuiunalavuiu (Combination) Tuns
$nwlse WedieinyUszansnimlunissnwl inlianuisayvinatewaduzisalduindu Insende
nalnnseangmduseuanaeiulasiasugmsseiuwaziulasliiiniiyvresn uanainiideie
Jasnunisnosneie
ndnlunisidenldensiuiu AatdenatingNynatsasuzissdursdafedfulaziinaln
& o vl a v o= A | o v ) 1Y) \ a v
sangudiasunulaglviliivwazgns insUssasauanansduuldsiuiu nslaedmunnieuln
[~ ] = v 1 I dl' ::l' [} g o %
Wuge 9 lnefisveeinssninegiui olvlunseaniignaanduil udale n1smevaussves
13 < 1 (% < gf{ v a 1 s:’lj S
\waauzSwResNY NS Wusd iudsaluil Ae
1. 2unuewaduzse TuszasusniSuduusisy waduzisazioun1ssnwniuen
wwlanaf
2. YUALALANTULVDINLT
o 1 <
3. ALRUUDINLLIY
4. Jadusine qmeadesiugUoe laun 8y we 1Wevid an1ienasinienas
D AN NYRANTUYEITINNY
5. NSABEN
2.6.2 Usennuasgtaluiun
AshUsUsELANURseedvIdne 1k UsleratausEinn Tunfasuwususennvaagwadl
Urdanuanuduiviagadduanddunised 2.3 waziinalnniseengnsasuanslusun 2.43

Y

waresunelanadl
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2.6.2.1 Alkylating agents

g1lunqu Alkylating agents EJﬂﬁlslsfiju'aasluﬂq'uﬁyﬁa Cyclophosphamide
(Cytoxan, Endoxan), Ifosfamide (Holoxan, Iflex), Busulfan (Myleran), Nitrogen mustard
(Mustagen, Mustine HCl), Cisplatin, Carboplatin

nalnn1seanqnsvesen #13zlUiUA3e71u DNA (Deoxyribonucleic acid)
wavauUsznaufid Ay | ﬁaﬁ’wL*fJuGiaﬂﬁeﬁ’ﬂsa%%msuaal,%ﬁﬁﬂﬁlﬁ@ms%’ugjﬁmaa‘maqﬂu
DNA 9 Guanine azdugiu Cytosine wyiuftazidu Thymine Wunavilvsiauuduiiaund nns
yhanelaseadaves Guanine sihlviwadmeluiian

N13AATULALAIITUAIEDINAING NG AU150AATULAR LUNTENIZDINS

[

Y = a o | a v v = o = Yy o i
warald Jellealiilauns Sudsenu nauwiladeslinnsiaondonnniiaglanas Laziilesain
a Q‘U a v dgl d‘ ! Idl b4 ‘N‘ v a Q‘ 1 | 1 o
fgsiermitiasidadesing o Jusse asnldanmsivdeunlasddgnsed diulvajanduesn
mataang vedugniuesnyniaing

£y = a £ =3 A '
ausdnafgsasievase nansaiadaiennlulunsegn nadessuy
a 0§ Vv =~ =y a v I % a o g v g
maAue s vvisade 1We 911 Weunalulin lumenesduginisasiseadvinlmiu
nougIAs1 TUNARQIUSZARBUDIA1AY W89 Lazvinlinass Cyclophosphamide 61
anAnslunszinnsYaangasyinlmiinnsoniau (Hemorrhage cystitis) Busulfan s¥a18Lfng
NIZLN1Z0IUITUIN U Immunosuppressive LT
14591 uziSarentuvaes Non-Hodgkin’s lymphoma, Chronic Myelocytic
Leukemia (CML), ugi5aungn, uziislan, 1259800 msuasnIsnIzeIns
X a | d' ° °o § wal °
n13AEY MItiiuAuaNnsalunsgeuuss DNA ignevihang irludinis
puindwadiesas dnsiiie n13ad1a Glutathione Weliluduivewinlinateduenitlaianinse
gangislawazgNIUaNAINT N
2.6.2.2 Anti-metabolites
g1lungq U Antimetabolites 819481 lUT R399 UIUNITNTAT 19 Folate,
Purine, Pyrimidine ¥9911Julun195a3579 DNA wag RNA erliandazlusanguianizianzasse
1995 InveNTaanszy S laglududs DNA polymerase vinlilaanunsnasns DNA uag RNA 1a
lanssgiulauaznisuuswasanasenaiulnggnddudeiissey S uavssazdu o sniu

szey GO uusenguiLiu 3 Uszuan lawn
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1. Folic acid analogues
Folic acid analogues %58 Antifolates e1lunguiilaun Methotrexate

15 nwuziSadadanvasunduluin

'
¢ o d

nalnn1seangns vese sxeengnssusaiisvey S Yavananisadne
Purine wag Pyrimidine Tnsdus an1svinauyes Dinydrofolate reductase (DHFR) 7il4lunns
WA B Folic acid 1Wnaeidu Tetrahydro folic acid #idarusndulunisadie Purine uas
Pyrimidine ¥nl#n15a319 DNA wag RNA neagzin n1sasielusiulusses Gl anas lwadidng
578% S 1189

N13AATULAZNITUUDANIINGINY anunsalileiineuin meaen
denrseuatiarnisludundsausogadulisinnszinzemisiasald n1snszateveds
dnilvgjegfidu ln shw unndrederzdu dwlngjengnivesnmisilaany drudesduoonms
99919%

VSR uarieYasen sEmeLfesasEULMLRueMs naly
nszan dinlonvnuazindndenanasiiiidensenliheeaiiiuisuasinnluassdinsla
au2e Ravidadniay fwslaln ernaudvinliAneims Folate deficiency Tuwadund uflalae
N5 Leucovorin auA3e

WSnen wesadadonun wsisinsegn 59l nssmislaane wiuw

MsAeen annsiiivesewad Winnsiugneananead
\WasuwUadlnssadisves DHRR liduenlgdosas

2. Purine analosues
mﬂﬁjuﬁlﬁm Mercaptopurine (6-MP)

nalnnnseanquivasen snguilignslassaundng Purine iaifng
i'NmEJ%QﬂLUﬁ"EJ‘LJLLiJa@ImJLaul%ﬁ Hypoxanthine Guanine Phosphoribosyl Transferase
(HGPRT) lé@15w2n Ribonucleotide dsazdudioulailunisdansies Purine vinlnnsadng
Purine ngavein

N139ATULATNI5TURENIINTINTY TimnesTulsenIu a1unsanndy
lﬁL%amqﬂszwammsLLazé’ﬂé’aflu'ﬁmizmalﬂﬁaeuaamaﬂus’wmamul,%”]gjauaq andusen
yadlaanzangly 24 Falus

qusdafsazfivvase nalunsan Iummmmﬁqwzﬁﬂﬁtﬁ@

leucopenia thrombocytopenia 91afionisaauldiazUanusuaulsiume
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145w Acute lymphoblastic leukemia, Acute myeloblastic
anemia
nsheen vlkiszsures HGPRT anas Winnnsviaiuwes Alkaline
phosphatase vl nduansiilsifigns
3. Pyrimidine analogues
mﬂaju‘ﬂﬁm Fluorouracil (5-FU), Cytosine arabinoside (Ara-C),
Fludarabine T#5nwugiiannuu usssduszuumaaue mis

=

4 14 4

nalAn1saangni ¥asen Fluorouracil (5-FU) dgnslAsaasnenaieg
Uracil sangvislaenswiodasiinvedaanssee S meetlifignsidiegngadudidwadudiny
gnildeuduansidigndlaeeulesl pyrimidine phosphoribosyl transferase Fsfignadudenis
FuA3189 RNA waz DNA nalnwesen Cytosine arabinoside (Ara-C) vinlvitinn1sdudaoulyd
DNA polymerase 4inn13nean13a519 DNA a1nnnsiignidaiuluansves RNA asae

2 o ' 2 Yy A o v

N139ATULAZNIITUBANANIINNIGY 5-FU aggadulafiiledniiviasn
= ° Yo 1 = v o oy o Y
@endn @1115anszaelaviseniedudiausiuazludundala 80% VIY1LYNNAYNAULAY
Yuoesnniataaizniglu 3 Balumdsda an 20% senunelaanyluguinnniglu 6 Tiluamda
1981 @118 Cytosine arabinoside (Ara-C) 1919114 IV infusion Wi uLlasa1Ing1gnvateeiy
Ul ULAZN AL

4 Y A = .:4' % a d
ANSTIALIAZNEYDIL NaTLALTiBINIsAAUld Y Lo
[ 2w ] | 5 a o an v X

9113 Uniulug ausniay nugaladanu1isn Handaddduiy

1950w wziSaiun ugSelussuunaiueIing

2.6.2.3 Antibiotics
g1luna u Antibiotics Ld'wne 1 Actinomycin D, Bleomycin, Mitomycin D,
Doxorubicin 81U 3 usnargeindgnsnan1siasyiiulnvenwad lngannu1a1nias
Streptomyces Sgnalilanizia1zamo199stinvesgad oniiu Bleomycin Faduefioangnd
U aa
NI WATTINUDULAR L UTEYE G2
s < Y v .
NalnnN1998ngNsvaseT Nalnn15eengvMslagaslindu Polynucleotides lny

wnsneeglusyninagiuaues DNA wazlesiunsdauasieyt Polynucleotide Aty wananilds
liee DNA fimsisesasuivaluanefinun@viilvunaduvieus dniliwadiinnisaie g1

TiAn Free radical Mlufiwdowaduazyihliwadneluign
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N13AATULaTNI5TUaNANIINIY fadlimnaviaendonsl @1313anseane
udsoTezamsing qlddudlakimudrdaues gnvhanefisy wavdnlngfueenuimaii

qusthafssuazivYaen nadafeswesnguilneianiy Doxorubicin 9
vilfiia Cardiomyopathy fuawafiwidsundunazis 039 liAn Arhythmia uas CHF
pruddu wenaniidedinanalunsegn n1slien Bleomycin afsusng HessziinseTunaed
lonauwiienognagussiuasidediale uasdlliiusevansey

Té5nw wwdedauiuwies wafudiadonun unSnsumnedasie

2.6.2.4 Plant derivatives

gilungu Plant derivatives Wugnildainduionens Afuseloviluns
SwuziSalonn Etoposide, Vincristine tag Vinblastine

nalnniseangnswasyn snduileangilasnssrianasdinvonsadluszey
Mitosis 0dwadtagduiu B-tubulin Twavild B-tubulin U U O-tubulin vt ananeLdy
Microtubule 13l (Antimicrotubule drugs) ﬁﬂﬁwaﬁwqmmﬁﬁﬂuﬁws Metaphase Wagiin
QRELRENENERE

N13AATUUAZNITTUIINIINGINNY H1LAATUNNNTHN IR TIaZE L bl

[y v v

LuuaULArSEAELANTdenlimaanifen evliseiugmasiuseniu 1 - 1.5 93l

grvznsraeiiluiodeuazvaanarlusunelen daulnajorsedusonmainn 3eldaasldend
futthefidulsaguredinisondurasviodnd

guisTraREarivvaten Vincistine fifvressuudsyamndnaiiie wu
mudaneiouaiain e (Ataxia) wazenariivinailededu d@u Viblastine aznan1sviey
vaslunszgn emsiiufssduinulesde rduld endeu 1ee s vieadu Uanvies iiaden
11267 indndensn Ia AudulaiadinisinedesseSililiesnueniduidoanszasyinli
dedainmssniaulunn

Téisnw wndedald ssiagnduny usiwlomindos eiilden A
Vincistine (Oncovin, VCR), Viblastine (Velban, Blastovin, VLB), Vepesid (Etoposide, VP-6,
Lastet)

nsheen vhlAAanswan (Pump) ereenuinudslidiiunalunissnw
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Alkylating agents Anti-metabolites Antibiotics Plant derivatives
Cyclophosphamide | Methaotreexate Bleomycin Etoposide
Busulfan Fluoruacil Dactinomycin Vinblastine
Carmustin Cytarabine Daunorrubicin Vincristine
Chloramabucil Cladribine Doxorubicin
Ifosfamide Fludarabine Epirubicin

phosphate
lomustine Gemcitabine Idarubicin
Melphan Mercaptopurine Mitomycin
Treosulfan
Cisplatin
Carboplatin
Oxaliplatin

JUN 2.43 nalnniseengnivesenaliirdnlunisianewadussy
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2.6.3 galivnUnA1slunafu (Carboplatin)

Juansuszneviiunanitudussduszneu [Wuelunguenlungy Alkylating agents

a v

anwglassaanauandlusun 2.44

sU# 2.44 lassasrnnaiivaseialivndnanstunaniiy (Carboplatin)

nalnn158angNs Ve 8192311UA387 Alkylation DNA (Deoxyribonucleic

v A

acid) wazduuszneuiididgdu 4 9ndurenmsisedinvesgadiinbiinn1sdiugiaves

]

LY '

luanalu DNA fig Guanine agduAAy Cytosine wnufaztdu Thymine iUunavinliswauuiu

HaUnd dn1svianelaseainived Guanine Mlnwadaiglunan dwandlugun 2.45

Carboplatin

o)
NHa

O, ,
Pt

’ ~

NH;

Inter-strand
crosslinking

Live cell

5UN 2.45 nalnnsesngnsveseaiividaaslunaniu
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N13AATULAZNITTUAIERBNIINTINTGY ANUTANATU AR LUNTEINIZBIMTUAY

a

ald Fefeulilaenis SuusenIu weusstadadliniaasnlaonnRslanad waziilosannil

v a [

i afuifuandedess 4 quuss asldrnmadsuslasdsiiqniey danlvajgnduonn
ymailaamy visdugniuoenmaig
qui Fradsauaziivrasen nansadradadeasnilulunsznn nadeszuy
maduonsiliiende 1o ewns ausalutin lunmneazdudimsainseadvilidundy
Fans lunendasesifouaianing e warilinusa
2.6.4 suadivnUnhang3U%u (Doxorubicin)
Doxorubicin tduelungy Antibiotics gnUfTugvareviadqusnanisiadyiulaves
wad lawadninanidest Streptomyces fgv3 liianziaivassenasiinvenad oniiy
Bleomycin Fadugnfioengniiameinizasionnsiinvenvadlusses G2 195hwueisioy

[%
o

& & & A & o o Y] =
YNADY ULLSILLALADAYIY UELSINTELNIEUda1e Nﬂﬂ@m%lﬂiﬂﬁi’]ﬂ%ﬁLﬂiﬂﬂﬂg‘ﬂ‘ﬂ 2.46

O  OH o
OH
H
ST QUUOR QA0

OH
NH-

5UN 2.46 lassasrmiaaiiveseail Doxorubicin

s <. Y @ .
nalnn139angn5va9e nalnn1seangnilasazid1du Polynucleotides lay
wnsneeglusyninagiuaves DNA wazlesiunsdauasieyt Polynucleotide Aty wananilds
liene DNA fimsisesasuivaluanefinun@viilvanaluvieus dnihliwadiinnisaie g1

TAn Free radical Mlufiwsowaduazyiliwadmeluign dwandlugun 2.47
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| Cyt P450

ooerd il ¥ e, / & /f :

~ n2 | dysfunction

*OH 0 _(‘, Mitochondral — )
C -G '.' / 5 L ) / N >
\ il.i L‘l‘mxsfmm k . }m mak

D\\Damlg

JUN 2.47 nalnnisesngysuesenaiitadn Doxorubicin

n3adurazn1stusenaNgeme dedliniaasaidendl auisanseasll
froteorzdausng qléRusliruidnganes gmviansiisu wavaulvaifusenmmshg

an3 T1uA AR weoen duaszviliiia Cardiomyopathy fuay afiv
Boundunasizoswildian Arhythmia wazyilfiAnradrafios Wy Sunalutinviens pauld
odeu 1eems tminianamieifiuiy Uiavies Heady nsevnetn wmies souwas
321 Housey Buiovdaiduiinuenesnanidoldidu fum aues MU aueY syAeifem
Sum To1msiu uau wiierdidiewasii

2.6.5 Aamslimaivain [67-69)

1. Adjuvant chemotherapy m1eds naslinadvidanamdsisnissnwdy q
WU NSHIR NS 0398 SNET §eenafliwaduziSed I aunsauesdiusienla i siengss
Aoufimes nslienafitidamundinnsnidnd e dneaduzisasiangns wWesntmne
Yeamsinwiifierasannisuninsangvedseusideiue

2. Neoadjuvant chemotherapy #1e8s n1sligaiiviinnaunssnuinieis
3u 9 Weterhliuzsvuateuniousnaidulsaanas aunsavnisiidaenfeuuziss
sonlduinuazvayninniovinlius i desaressddoutnuavas 351 598199315809

Cytoreductive, Inductive %39 Primary chemotherapy
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3. Concurrent treatment “u18984 N5LAELATUITANSDUAUNITSNBINIENNS
1 L% G v a v
HARSDSIATN Y
4. Salvage chemotherapy wanedis nslreuaividadisdnisnautiug1ves
seglsanasaniiaelasveaivniauineuniedinisieen LasdingussasAiiosnwiwuy
UsAUUsEAIINNININISANA IS8R INTSA
5. Palliative chemotherapy wn8dia n1slienadunUndmsuUasues gl
aa | ] a < A A v v X
JeuENdn1TUNINIEABudT LiausTMIoINIsIntIALesmietnongves Urelieniuiugu
unwihiaunwiinatulagrnzgthenldawnsasnyiiveviala
2.6.6 ANITHNINYIUIINNITINEIN8LATUIUN [70-80]
wenane it inzesngndviatuwaauziiedl Ssligrslunsyhatswadunfiaag
£ v o (Y y . 3 1 a 5 I oA v |
PuiugnsiMsuusa (Proliferating rate) vosaadusiazylin waaloglunguiluusiaisisegn
angangwalivndalauniign nat1ufssinenn1sshwsasauaivitn [ laun
- e 1 = ~ ' ‘:4' a
1. nsnalunsegn (Bone marrow toxicity) luNat1aAgINUUoERgA 189N
Ao v o8 v v a a 2 & ° ] 2
guaivndarinlvmsasislunseaniUfpundas inaneininadens Wadeariagindonins
antieuas dUheinvzlienniseunde Weneandiouarfnte Wadenu1isi laguniniie
waanlisuenpduntauszana 7-10 Ju uazazesegsdaliuiy 3-10 Ju daunnziniadonsn
o a o & A ° ) aa Y a & | [ "
dnifenssarnidatdenunin1useun 4-5 14 e inat1afgslagiman Wi Mitomycin-C,
Carboplatin, Actinomycin-D WDusu
2. wionaALe1MNg (Gastrointestinal toxicity) WWunadrareavaseaivrvn
a Yo =~ ¢ A a [~ ¢ al Y 1 I3 o Y a [
nulaves Wesnwadigaynisauemsiluwaanuudsieg19sinsl vibaianisdnau
(Mucositis) launn Ysznaudunisiusuiameadiadenvnluszsusivinlninisfainuoniaiy
a a ‘i’ Y a o %3 1 1 o YV a dl' $ %4 = d"
gImsMNLUATSLasdos g suaivatadulnaagyilvgUiedonisaduld eldeu &
D1UNAAILATULINAUDITUN 3 MalaSugLATUIUANSaUIUN I BART1TNYIN TR ARBIN1S
Aauldenduust1enn 1w Cisplatin, Cyclophosphamide, Doxorubicin tJusu uanainilua
vosgnaivdndwilvigadidoyfausnadugnitatgegiaunn vilinsiusaenaudsundasla
TuvaueAlasvanadvrdnlugig 2-3 F2luawsn aunseiandalasvesuuduifou Nnad1uAeen
ananuledn W viesyn viendu Yesundnauilunaa wisnseimzald@dniauduwna (Jusu
3. WU3 (Alopecia) LAAIINAITVINAIBIINNNYINNITUUIFIVD I TARRNUNFRY

LAz UUAZIRNTNUTZLEUMUT 2 udsanlasusaividnuazasisluiaes qeannszeziali
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95 agelsfinnu nuvzsonTulmindsanfiveneiuiulszuna 2-3 Weow suadvrdanvinli
(315799819170 WU Doxorubicin, Paclitaxel Wufu
4. NeneszuulTzan (Neurotoxicity) daulugdnnunensaniwnussainau
Uane (Peripheral neuropathy) a1an15lasustAl U1U'a 14w Cisplatin, Vinca alkaloids,
Etoposide, Paclitaxel {udu fiwsoszuulsyamiinain Cisplatin agvirlieinissmvasann
Lpsuanluuds 2-3 ase oamsvieadunndusaziiediunn wisgvgeeilunanediound iy
Aatu n15l9A Cisplatin 90U Paclitaxel 2z IAAAKATIABIUDEIAINE1IDE19UA
5. WuraRInIY (Skin toxicity) snalivndnurssiarililiviesliudu tinn1s
dniau dlnandunsehreuaunniu wazduilidulidaamiosizuanindietdu e1lungudl
WU Doxorubicin, Actinomycin-D, Mitomycin-C, Vincristine \Jufu wagniniinassiduvesen
= o va & A | val | .
PonuanNvaeniaene1av sl et anngag1auuselafiisendn Extravasation
Extravasation {unaainnislisuafividavismasndendindiniss @y
senanviaendenludidaidiausnuseu 4 viliiaufiTeivesiantasusiasnisuiadudies
2 v | % a av v = a & A I
WWney Wy Uinuaudinsouuiuntasuen laudnisiiaiedeanieag1uin (Severe
necrosis) ANNTULTINTUAUTITENA8UTENIT WU ¥AURIEY ANULNTUYRIET UTUIneN
srugnalesuen dwnisilien wellanishien waznisnevavesestaide winlilasunis
\ A o 1A o § va v a o & = S A a & A = 9 |
PIMFVUNWT 01 RIMTIUT ARl STuaaurselintsnuvestoaluiign dauus
naugAUANANUR warlsIeaLLRuAYBILINIUAITIN 2.4
. & ] a o & oA A A
1. Vesicant 1ungueniniaieiiiald aguwsaun etinnig
FTusenuenviaenidendl s vllisiieneuazgadenisinulaun
2. Bxfoliant tJunguenfifigniszaeidesnefmidsuaziiode
Wiaiinn1sTidueenuanviaenien vilvsanlan iamssniau Weidegnyinalesunse 813

¥ Y
Wobennula

s
a

3. |rritant L@uﬂdmawﬁﬁqwﬁizmmﬁamaLﬁaLﬁa %ifﬁmﬁmaz
Ukauusnundawarsniunuresndonian 919801015UILWAIAS VN LAAANITONLAUVDY
VI X . - o X
Weie uianunsailumegdanimauuazliiiniegons

4. Inflammitant \unguenfivi iR amisu3ai dainng
[ <@ v = I 1 o d‘l’ d'
dnEUANTesdsUIUNaNwA lvinaneilawde

5. Neutral {unguenildlainnissisenuonvasndenaz il

aaa 1

sniauiisadntes fluAsensuusseliiode
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6. Nuroszuunaautaang (Urinary toxicity) lagianizen
Cisplatin ¥liAnfiwseln (Tubular damage) viserinnismeveaiiolald %ﬁaqﬁ’uﬁﬁﬁqm A
Asliarsuimiamasadenmegiuisanenounazuddlien daugadvidaussian
Cyclophosphamide wag Ifosfamide o1avinliAanszingdaga1ngeniauns edlideneanla
(Hemorrhagic cystitis)

7. furon1ud u 9 WU Ausewala (Cardiac toxicity) 910
Doxorubicin USunuazauyaiiu 500 mg/m? Uaniliida (Pulmonary fibrosis) 910 Bleomycin
wulslugUaedi ldsuUuuazanuinnin 400 units n3ee1gu1nA31 70 T A1z1AsEY
(Amenorrhea) Lﬁaamﬂ%’alsziﬁﬂ’qﬁmLLazlsziQﬂvﬁmsJ lngtanizantungsl Alkylating agents 113
Anuzisadiadionv1y (Secondary acute leukemia) 910 Melphalan wasnisiinufizengiils

\Au (Hypersensitivity) 317 Paclitaxel @ansaiindulansunsuenasausn 1udu

M1319% 2.4 M3danguealivrtanunaudRnT silyder il

Vesicants Exfoliants Irritants Inflammitants Neutrals
Actinomycin-D Cisplatin Carboplatin Fluorouracil Beomycin
Doxorubicin Docetaxel Etoposide Methotrexate Cyclophosphamide
Epirubicin Liposomal Irinotecan Gemcitabine
Mitomycin doxorubicin [fosfamide
Paclitaxel Topotecan
Vinblastine
Vincristine

1umﬁ"nm€fmmLﬂﬁﬂﬂﬁ’mmumamwmﬁamLﬁz’hq'maﬁﬁ"’si"mma %38 Systemic
chemotherapy WuanshglagnsudImevasnaena1835n198a (Intravenous (IV) infusion)
Tnglsifiszuuviorfudndessn (Free drug) uenanni suafivitnaybiaunsadendlugitesen
uSsliuuuianzas sliinnshanewadunildmeuardmwaliiinennistaiesiy Usuna
ridaraului esensendweinisiieddliifsmedenisvhanei ssenuzide ilesann
Tuanavesenfivwimdnliannsonyuisueglunszuaidonliuiu fre1uisdiuazgnizuures

Jamemaneannau et luasauiodeny wu 9y du be n1ssnwidedeadinisiiealividn

[
a = = 1 1%

NaeATI Fa91nsUAgsiiad udnaneavn mE ULy dedudmangasgaveinisurdasnw
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¥ & A N Na N Aa v @ A
AUrelsnuziSemenIsILsTELIAINTTORTInka uAMA AR Urelaen1sanauiluiiusie

$19NEMANINYATUIUR

o a .
2.7 szuvaaeegn (Drug Delivery System, DDS) [5]
% % <@ 4 a o 2 UV QI dg{ 1
nsiaue1fnelsauzisdasldulumalulagmaslasuauaulaiuuinduluy g
a A 1Y) o a aa . =
nareUNKIUNY N1T99NLUUNAMUITTUUANLAB981T duIaullulins (Nanocarriers; NCs) 9
a = = 1 (% 1 1491 A A ay v 1 [ d’lj < [
aunsandniieansTunuresiteniigiiaienunalaudasdn lazanluliesonuuiie lngld
Usgleviannanuinunfveamasadonvediliesenuusesulann s5vemimasaidioniosen
U159 (Tumor vessel leakiness) Favzliliintuluiiogeunddadunwidnntiauls 359dinan
a v o A \ ¢ @ - i & < ¢
LNIAYINNITIALILINUNNIDIVDITAAYNUINADALADNA (Endothelial cells) ¥a3tUpIaNuLtIY Lwaa
)~ oA o = i 19 ~ )~ ] o ' o g w
fyuauaggusanldainaue (Branched) Weussiuuraulissleoy dnsdeuriumaniyvili
Andoudaserinaugas (Intercellular openings) tesimsasvasnidsnveouiinsonuzisein
Y & > L = ] & A aada = ) ¢ I3 ~ a
AowLile (Angiogenesis) Faansganiiloounfniinsisesiveswadegsluszilou nsiin
sSwewmasadeniiaionuzniwinanoadugemdininnisivasenveswaduaisadignazua
deoanszaeludieduigdu sutseraludemisldisyuuihasemiuluanaunanadig lasen
< Y [ o e < [y =~ ' v o ] vl d'
uziSalaiguiy auevesgdaidanduldadevidunisesniuussvureruindldvunna
WiEdaN Jwegsivemiivasaidontiesenuesedianuliaianeduiveiavowziswas
AMELINABNITAUWAS (Microenvironment)
I Y o A v Y v =g I3
n1388NKUUTTUUYRYadgsen TR lvwIai g auau sl lug i osenueise
Wwinglilldiliaigeuna uwasdindvaieusglunseuadenlauuiisanenastnlUasauluiile
senlaglignszvugidududilumdnesn wo1Aenannisued Enhanced permeability and
retention (EPR) effect na1nAe luilleideunfazlsenaunie Linear blood vessels 7 Lad
Endothelial cells 1389sTusgidaunuu Monolayer uagdl Lymph vessels dhniwadiiniien

a

Y19uaz Lymphatic fluid lUgssuusieninmges Lymphatic drainage luvaiziilesenuzsavila

v & o & a | s ] oA a a i s A o

neaullloUsznaumenasaldenninisdassiwaaunnseddaeiile s ddealassuinueaaniodl

N1UIANIEUDY Basement membrane wazlu Extracellular matrix 1 Collagen fibers,

Fibroblasts, Macrophages snnninlutiodaund walisl Lymph vessels viliiauaauszuy
o A

MdanazihdwlanUasuesniniladeussadivunnmunzaumseumviniuananguiieme s

wandluguit 2.48 Jeanansanszarelazanluiessennisteainlalagligniidneenegell
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UsyAvsamm armuansandlasiadsemaenidoniiiunfveaiosenunduaniodouniis
funumddnylunisdadenssuuihawe e avaufideBouziuuusaih EPR effect
uenanimsfiilawdaiioson unfeinisnszaieves Vascular lakes vidousadondiin
Nnwadiiadenuns Erythrocytes 7ilvasenaingsivesmasaiden uazn15u1a Lymphatic
drainagevinlfnelufouiosenuzieiianusy Interstitial fluid pressure (IFP) ﬁLﬁuqﬁuLﬁa
deutuuinalegsoudesenamiuansalunisiusndrgnislulanaraiesenisanas NCs 39
msansadniiuluianavedsn (Loaded) lsnnvsefiussansamnnsviesiuiniivenias vie
diunsldusmdnannisuanitandislunisudn NCs idlunmelufeuidosoniiioanguassn

90 IFP

Tumor
tissue _~

No I-\-/rerhatic /'
_ drainage- =

EPR effect
Leaky vasculature

(7. T 9 4
. Blood vessel

Free drug
Nanocarrier

Normal cell
Normal

tissue

Malignant cell
Endothelial cell

Macrophage

Pericyte

;J‘Ll‘ﬁ 2.48 LAMINANNI5U9 Enhanced permeability and retention (EPR) effect

MadunIees NCs luduiesenuzisuiuddiwasuzisditunou lown
1. nsaadmasadenli NCs Inaisulunszuaidonlidiusiig 9 vessienie Tu
a [ 1 < o w . . . = o s
YauziReInuINeizidneentalaenalnvadla (Renal elimination) siufsgninesnlaeiwad
Macrophages 99sdutazialuszuy Reticuloendothelial system (RES) wazlioliauisald
avaudaullosonidmunelalagliludiieiiounfiazendendnnis EPR effect idAEaNMEUUA

wazAnaLURNUEIYEY NCs taun Useq wazmnuveauin (Hydrophilicity)
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2.m5luanentes NCs mnumasnidendesonuzifutrgid o ousiselaonns
WNSNITANELAY/Maem T Iumsgeulnsswinagad Endothelium nnsluaseniuiuay
1 Hydrostatic pressure gradient ag Osmotic pressure gradient

3. MIAUNNA Interstitial transport 61U Extracellular matrix [W1dawadugise

4. msfuRumagusudaslumagiindulag Endocytic uptake daenalnuas
Endocytosis mechanism Wi Usznoud iy Adsorptive endocytosis e ¢ Receptor-mediated
endocytosis vaswatau UL leearulugdnnunises Clathrin coated pits Lazn1ueg
nsasruniglulwadlag Intracellular trafficking lugsesausenauniuluiwad (Subcellular
organelle) Tdutimunelunsiuuesiien wu duadea lelanaradu lulpaewsde n15dy

' 3 a -qy v o [ A o IS 1
duaiuNusulnensagiindulagndrmivlaiana NCs Ndnaziivunlvgy

2.8 NIZUAUNTIINIGLLEY
nalnuanlunisifeduasusenaunig 2 nszuaums Lalka NIsUIUNITNANA LAY
(Absorption) uagnsruIuMIhuNIsUanUdesuatgiliuaiaus (Luminescence) Yo4A13L3DIUAS
2.8.1 msgﬂnﬁuuaznmaatﬁa%—uamﬁ%ﬂ (Absorption and Bear-Lambert’s Law)
d‘ U =) I o =) Ql' 1
nsEUIUNIIINGIukawTelinsugnagnludiesnen loseu visluanaineyniuly
fnans viliezmen leosu vieluanatufinnasudy Jsanunsaneniansantidu 2 dnwvas
wan nsgenaululusyaveznouuaznsananauluseaulilanaduegiuyinuesa1 sk
o aa = a al a s & a s as
gunsnsen Famguinldlumsiiessimagauasesansaraty e nguediles-wauidsn (Bear-
Lambert’s Law) - ¢isil
2.8.1.1 nguaudes (Beer's Law)
) v U ad & v a a [J N a
AU edN U USIATUAR LAY (Parallel beam) WaZAIINYIIAAULAEN
(Monochromatic radiation) ii1ufeesitduansavareiileiden (Homogeneous solution) #
HszeneiuasdoantufIng 1 (Pathlength) WAl ATLOUTDSLUNGIZUUIHUATIAUANUITUTY

NRNGUPGEHEREE
A« C (2.32)

Wo  C A MIUTNTUTDRI9819 (g/L)
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2.8.1.2 nyasautlsn (Lambert's Law)
rdmsusdndusdvinauasuuiy (Parallel beam) LazAINNE1IAALAEY
(Monochromatic radiation) #rugnegsfiiiuansazaneiioien (Homogeneous solution) 7
faudut urindy AneuresLuug aswUsHUnSITUSTEE N7 wasdoak U989 (Path

length)"
A | (2.33)
o | A9 AUILY ANUNINIYDNEAR MI852EENNTILEIADH1UA29819 (cm)

2.8.1.3 ngmiganauuaulesuauiisn (Beer-Lambert Law )
"dnsusedTidusduinduaavuau (Parallel beam) wazAue1IAAUAE
(Monochromatic radiation) Tirusheghefuaisasaeiiiawies (Homoseneous solution) A1
LaUTeSLULTazLUsSRUAT IR UAL LT uTasia8E19 (Concentration) wagsyzyieiidsdoq

NUABE4 (Path length)”
A=0lC (2.34)

= & 2
We o AB @nann1sganau (L./gcm.)

uaaannszny (7 ) usasar (/)
> umafign

k4

anndu

/

JUN 2.49 wanansdsiukamaniulugansieguiiinnsganiu
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a

v v 4 (Y 1 < qﬂj . -1 = I~ !
a1AUd Nt uYeIRieg 1 luluaif (Molarity; mol.L™) L3 158nan1mn1sRNauIn
ApITiveINsganduLaNTRtaIsazaly Jadumdimevasssuunisgandunserdunylaslunes

(Chromophore) Aldlunssyylassaiavesans
A= IogIT—O:—IogT (2.35)

Toealuagsieauan transmittance tWulUasidus (9% T) fatiuy

%T =100— (2.36)

0
log %T = IoglOOII—0 (2.37)
log %T =2+log II_O (2.38)
A=2-log%T =¢lc (2.39)

We € A evnuutuduluats (mol.lh) vassiasing

a i PN N a & 1 =
& AD ﬂ'WNV]SUENﬂ’ﬁ@)ﬂﬂauuaﬁsﬂ@qaqia3@’]&]1]'1/1“'3EJLTJTJ L.cm™.mol

2.8.2 n1siUasuas (Fluorescence)

fansduniduavansediuvisnareniaiilogandutaminmousndiluaziUdsuasiiil
ANLEMNARUINA UL IRA ULEsTIgANELIdlY (Resonance radiation) %3 piiaue1indy
wINnIeanEnlunNTiAnNIg wednswaaesnIeIAenaauanufnse el assendn “ns
Wadkamauall” 158 “Chemiluminescence” kagdN@IAENAIIUIINNTEUIUNAITNN FITNE
wBnd1 “Mslasuam1san I’ w3e “Bioluminescence” U iUawaNTloIN AaNT
lufveaiediondn “n1531uas” wse “Fluorescence”

Uﬂ@SLﬁﬂmamzagL“f]uﬁﬂuamusﬁu (Ground state, Sy) W8 l@Sundseuanuas

o
fa o

ALETIAAUEY lBldnasewnelindanugulasnszlanlleglusesia (Orbital) igeu

AUTEAUVYDINEINUALATU (S, S,) dauanslugun 2.50 WienduganiugiiuasiUdanas vgeeisa
e d' o A A v oA

iudniaueATuitiuANgIAauganaudily (Resonance fluorescence) Wl Lil@491n

msnauiganuriuvesdidnnsouesezmouvesaisiauas insgads wasnuludiumily
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ilesannswu (Collision) wazn3éu (Vibration) veserasa uaznsaemndanuliasazans
Foilfuasiivdseeninunnduidiganiugiudamiuemadunannnniuasignaandu (Direct
line fluorescence) uaskinaaziAadulugiedu q (107 - 109 Junf) ndsanvgndosnann
nsgny Fenmadsasindd “nmmnuae

asaanasnsindidnnseundsnugs (S dagud 2.50 Wasulududidnaseu
waugaiisissiundanulndidsaiu (T, Triplet state) ndsannifanisgadendanuuisdiy
5Lﬁﬂmauﬁ]zﬂé’ugiamuzﬁuw%’auﬁ’mﬂmLLaaﬁﬁmm&mﬂ?{umam'ﬂaaﬂm witlesainnng
Wasuaniuzan Triplet state 1nganiusiuldinannnni 1072 JunfiaudavansTundt vl
upaunasTiaseenununauiy fushasvgndesuammnnssnuudifnm Bon nszuIums

& « = TR~ »
177 “n151303ueN” 139 “Phosphorescence

Singlet excited states

Internal Vibrational
i Tj{:comcrslon relaxation
S 15+ Z
“ “,/ Triplet excited state
r'y & 4
S 4
b | h o —'l‘
="
R
- L ] ] ] ' '
g I T 1
S L nlersystem H "
= ~ ) R WA '
wd Fluorescence crossing Ay I
' ' ' '
Absorption Phosphorescence
8 R
' [} LI
' L L
' B R
] e '
509 2%
;9% B
g8 B 9. Q
5 ¥ Vibrational skt :
Ground Y o—telaxatio .
state,S, e "y
v v

5U# 2.50 nswasiaaiiesannmaUisussaundinuvesezney

wonnANULTNveLageasawud asiludndulagnseiu anudureans
wWaskaa dalldafenieitesiumsiasuasigeaisaigudasil
1. sandauluansazaty azannsidwnangesisairudlagnisisainsiuiey

anuzreIBLanAToUNaIUge (S;) Ty Triplet state
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2. gumaiias Praglididinaseuinnisyuiuuin Insarewmdsnuligasazans
W viliuasigeaisawudiinnuduanas Ingnuitarsdegidilngaeldnsinisanasves
arundivasuasigeaisaeudlusnsnforay 1-2 degamgiififindu 1 esmueaidoa ana udly
Taonseuaugamgiivesuizenlyiudsundashifiu 0.1 sswnwaldea

3. Anamiavesansazay ansazanefifieamiasnnviilviamigestsavudidy
u \flosnanmsvuiuvedidnaseu

4. fiev Tuanen LU ILAILaZAIINYE1IAG ULAIT LUA190NN10 9875
Waskas vsvila lesawizaisUsznouszlsunfin (Aromatic compound)

5. MIaAndukaInlgalsilaslas (Self-absorption) Andulunsdifiuasiivas
genuil AnuenrdulndiAesuuadiinnnsenuansdanaann ﬁﬂﬁLLmWQaaLiaL%u%ﬁLﬁmsﬁu
vedugnannaulimeezneuvedasiUaa

6. N13NILLIIVDAY (Light scattering) LLmﬁumuﬁLﬁméﬁuﬁwwmﬁaej 5 %in
A® Rayleigh scattering, Raman Scattering LLammiz‘munﬁsqﬁ (Secondary order ray) a3
n3zidenn anstaluanavualug avuadnsziduiesananuy §9811150a0N13TUNIUNTD
uAlalaen1sfauasTUnIUIMEaTE eens IfInsAT Al viseidonldmnneInduLdenn
LNV uazANETIPAULASTIReIN S IRl aY

6.1 Rayleigh scattering Lﬁmsﬁmﬁmmﬂ‘[mLaqalé’%’uwé’wmmmmqm
nsgnuihliogmewAnntsudsuseaundanu wilifingdondnu difudadesuaigen
sagUETinnNeeuRumINEAdLREwANTENU Bwsvihlianullunsieseanas

6.2 Raman Scattering Iilesanlaianavesansazanslisundeaiuain

LEANNTENY WA Igaydenasnuvnzaznaunduganueiy Iudesuamigealsalsudid

ANNLENIARUNINNTIIPAULEANNT LN ULANTodaTnallinaTuNIuNIInTIaATIE

a a

6.3 WENANNIENUNABNI (Secondary order ray) L‘tdjummmaﬂﬁlu%a\‘i
waspnnsenuil Snasfinfinueitadudu 2 wh vesarmemedunamnnssvy Faiulunsdli
$n1IEN ARULAMIREBLSALTLTYNIINNARULAIANNTENUANN 81995QNTUNILAINATLLAIN
NIENU NAgni w%ﬂ?{uummﬂmwumaaqﬁ (Tertiary order ray)

6.4 mMansvidwesiasnasTlianavuelng Wetuainansfiosnadl
Tusiu vdoasuseneuduiilsiudussdusznausilfastluanamaidosuamgonisa

LUFRONUITUNIUNITUATIER N1TAANITTUNINAINANTTIENaD LA lagnIsiianAIueT)
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pauLaInnnIznuleguangemueIAGy 260-290 wiluwes Fadugienuenaduinluana
voslusiugnnszsumeuadlaa

6.5 NM3nszidevesuaniesninanuyy asuviuassiiduveauds

ansnavviouuasiliiAnnsnszidweuasiienailimanduveuagainitnnuuaie

7. ansUszneungealsarudiianududugaiuluviliuamnnsenudesiiulyl
vhaits iluaslgeaisaisudiintutiosniinaduaia (nner filter effect)

8. uAvsUNIUTNANINA oriadlesanidefnysifiansideuu vieiRnnms
aafamiiliazenn

9, UAITUNILINNETTUMIL BuAnnanssunuifogluasazane videans
AI8E

10. nsaatefavedanaiies s onaiAadudesanuasiliarsdiegeding
Ui fevegudagninatslneniseendiatuainuaa (Photo oxidation) vinl#indnlgsnin
mnuiduais mssansgavianefinanershilslneniaivanssegiduiiin viemsannsiia
wosormelusnegesensliivgnogeguuse wagmssuindiaudiuestawiuiinudes uas
annsznuludiansdedns lnslanzodadsnslivasanudauaeiidunasnialoosnuii uas
iawpsazihangasiegaldnnnimasslidulnuawindy

11, M3aremidsy (Quenching) induiilasnnluanavesansvigooisaimut
ande ndsnulviduluianavesasazatevielianavesa souitegluasazatenin vilvaanu

I IGERIRGRAN RGN

2.8.3 WgoaisawuAnlIaunugan (Fluorescence quantum yield)
WaeaLsawudrIaufilgad (Fluorescence quantum yield, FQY) WHumdilddmsusn
UseAnSn1nBeUsHnaeddan Wy NMSIRTIEinTinInkaEnITIATIEInaN sunmg Tagen
sgeaisaudneufuBasmifnn sdnsdwsenissnulineuiignuanUdesoonuniavan
NE5L509UEN (Photong,,) Giaai’wmuivmauﬁgﬂ@mﬂﬁuimmsﬁamm (Photon,,,) Ha¥aIN13n

a5unelaRIPINUELNUS

K, Photon,,
®F — =
k. +k, Photon,,

(2.40)

dla K, fie nsuanvdeslnneu
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k,, Ao mslivandaoslnneu

r ic

S A J
0
JUM 2.51 UHUAINLARAITEAUNAIY

d S A 1 L2 v 1
dlo k; fla msuanudesinmoulusziundsau Si- Sy visenisUanUaosuasrigoassd

\UR
ks A Ly [y (% 1 1
A9 nsulasrunelusEAundnu S, - S, wagnishivanuaselvinou
k & o [ v = !
o A8 NMIaRTEAUNaIUTNaaurLazliiinisUanvasslvinou
T | (%] [ 1
K, o nsvanvasslnpeuluseaundsanu T, - S, Wsalseninneanasisawud

T = U U U 1 1
K, Ao nmsuvasiunegluseaundsnu T, - Sy wavldivanUaeslvinau

Tunsmaigesisawudmouiudaduesaisozargagldinaia Relative ilesaini
nsdawlensruumsTaiilidudon MWaarlunseaestes Snedindaldulugdhedosn
wAtla Relative Lﬁumiﬁﬂmmmé’uﬁuﬁ‘mmﬂ"mlqaaLiaL%uﬁmauﬁm%ﬁﬁummiﬁmLLmﬁm
aulaFeudisuiuasBesuasinsuamgosisawusineusiidas

3% Single-point WarnmsiuanriuilinsvesnuduiusssrinennuenaL
ﬁ"ummLGZJ’;JLLaaWQaaLiaL%uﬁLLazﬁwmﬁlﬁmﬂmiﬁmammL‘LJ%EJULﬁwﬁ’umié’wﬁﬁﬁmm
Fududenidaiuitihowend  wilivideiedonnisl]  Wasenddimududuien
FelunsmnaesAnsganduuaserafimananmiadould

BrswSoudleu (Comparative) azimuannududuvesansiidosnisinuasay
Wntuvesansadwatea Tdhalunisiauundnis Single-point usliadugnasausiugingy

Fanada Relative Nlathnunlglunuidsdsneazidennad
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AMNAUNITN (2.41) arunsadaulaidu

D, =M (2.41)

() Photon,,

il & fe AAsvesduulineuignUanUaeeanin

=

£ A9 Aasnvesduiulneuiignganiu
fANIAANTULEIYRIENT (Fraction of light adsorbed: A) 1eularaauns
A=1-10" (2.42)

44' 2 = A Av v %
1o b AD ﬂqiﬂﬂﬂauuaqsﬂaﬂﬂququﬂaumlﬂiﬁ_}ﬂqiﬂigcﬂu

dmsugeaisawudreuANafi et IfIngn (X) wazansa19de (R) iudsauns

!
Dy s = {;TXA} (2.43)
D ) = {—;:Lz } (2.44)

Waun159 (2.43) misimeaunsn (2.44) lnldfiansand @ wae B uazdnglaunis avla

| A
Dy =Dy [I_K} (2.45)
R

winldivihasarefiuandneiu sudsuaunismsuiugosisawudlaedsnsiuioudisulidu

2

| A
(DF - (DF(R) I—Kn—z (246)
R R

5

dl' a i ¢ o a ¢ o |
LB q)F(X) Ae ﬂ']W'G:jE)@Lialfﬁumﬂ?@u@uﬂﬁ@%@ﬂaqimjgﬂqﬂ

Dpry PR AVigROITATUARIBUALTAAYDIATTO 19D
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= dy i ¥ ¥ 1 U 1
| 9 NUNANTINAMULTULEITBINTIUAILEIUDIAITAIDYNY

¥

I, e Mudldnsvlanuduuaswesnisiaawasansondds

A A9 AMIAANAULENEIEAYRIANTAIRENS

Ar Ao An1sganAuNAYEIanvetEnIE1NBe

3

I v oA

n A AATHANLIALAIVDIANTFHIDYS

R AD AIAUUENIALEIYOIEIT019D

2.9 nauiiasasdenléiauaziiaszi (81-83)
2.9.1 dwnnsiiwmes (Spectrometer)
anlnsines (Spectrometen) s asilatniilitinseansidaswiand i
msnstanuanTRemzesuadliud anpsunduwimantui deuhluldlunsieseia
WninsalnYniftessyriiavesasiinnanasdunaansieiu Tneasaduadnaiuiu uay
a599TARIINeIRAuTUALdY dnusold i el dana SeTununn SedSnd WUHesed
Burlsusn gruruivesnduanasufinuestiu 3enia Spectrophotometry
2.9.1.1 #dnn TN TuTEUn Nl es
UV-VIS Spectrophotometer 1 uia3 aaflofi ldlunisdiassvinarnsiain
USunauuas (Radiation) wazAnasidiauas (ntensity) lugae3sde? (423n11m81008L 400-800
Wlwns) Layaudsrauasfinnueadiuls (Visiole Light, VIS) 1A87 A11L81908 ULEIaES]

v 6

AMUAUNUSAUUSUNUwariaueIals Deultlun1sitAsIeiaIsaunse a15UsenauLdetou 3o

[y
v aaa A v

a1seduvsd Mandduaslaiiid asudazyiinazinisganauidluguanuenindurioguniud
MunnaiuuazUiualun1sganiussdnuuegiuANUTNYe e T N1IAANFUIIIYRIATTA
q 1 Wudndlnensaiuanududuresans suaunisves iWesuamdsn saansainseilaly

WA INLAZIIUIHN
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Mirror
D;lamp | Tungstenlamp Reference
Mirr‘%@i Photo diode
Datareadout
e Filter %
Data £
Processing =
<Y\
| ’Tﬂ Wavelength (nm)
K i Photo diode
; Beam LL£|
litter Sample
Monochromator 5p

JUT 2.52 ununmuansnsinanuvesauninsiines

2.9.1.2 @rulsznavrasaninsiines
1. uwnasnilanay wsesalninslwlpilinesagaaslnsedlugaenuei
« A a v | oA a 1 o = = a % o a =
AAULASTIIALTLINNWO BE IR BB LaZAIT Lazsadadiasnisiaenldrasnnitilnuead il
wanvangviinauaNteIAauLEs Wivavatdviunisaanauvesitet ety
2. Monochromator Wuduisznounldmunuuas lnsazviliuasmed
lasw@nanduidafusadululaswin Fadunauuasiau o veuafiilaueninduien
3. waanliussgansazaie (Cell sample) 30 AL (Cuvettes)

4. Detector imhiinanuiduvessadnignganaulagnisulainasanu

A v ad [ A LYY Aoy =
maufeddundsnuliieIewnsindudyaanssesaninlig

29.2 né’mqavri’iﬂﬁ ¥in Fluorescence microscopes
Nd94aNsIAUNGeBLTALYUA Fluorescent microscope WNIEAINTUNTITATIIN
AdTInvuIAEn NEunsaiseuaala
2.9.2.1 #ANN15VNUVRINRD39anTIAL ¥lla Fluorescence microscopes
Al Yo | o a ada (% 1 (% 3 < J
dalasunasnunasnidaffindanugs wu uas UV dnguufazvanddey
o < ~ & [ . = ° A aaa

nanueenuwdunamasauisanasiiula Visible light 3sgninluldlumsmadidinvuin
< dl o 1 %4 = dd‘d aaa U 4 o Y a =) é’ Y dl
Wan NEnansavitn1sdend ENNUHATeTuLas UV) uawihliinnisisesuaiuld asandlugun
2.53
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detector
ocular
emission
filter
excitation
filter
dichroic
mirror
light
source
objective

fluorescekll/
speciment
|

JUN 2.53 LU nLaRIanMITnuvesalUnlusiiines

2.9.2.1 dIUUTENOUYBINADITANTIAY UARITIUALLBEARAITUN 2.54

1 @ndee

2. uvywAUF

!

:
.

3. waud lnddeg 10X ; =

4 &auzﬂnﬁ:'mq 40X : s

11 wrunedlad
5. aud in&3mg 100X
7 12, Juudunmvenu
6. Twiivalad Ml - .‘l 3 I
7. epulewed « 0 13, Juddumwasiue |

- -
8. vaealu -
O

LN

UM 2.54 drulsznauveanaeganssny

& ] = v

1. &nded (Body tube) WudufiegroaniieduiidnuvazJurianads

a

Uaeiuuuiiiaudlnanaitegauuudnimunildiyavesaudlnaingddnegiuaumyun

Y 9

1367191 Revolving nosepiece
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2. Mumywaud (Evolving nosepiece) Wuduvaindeiilddmsumyu

BRI UANSIVY8VDIAUANA IR

q
[ LY

3. 1audlnding (Objective lens) azfnagduaiuaumu dadudiy
yoandesiiusznoueiaud deiuuasidessiiuanainingitan@n (Specimen) ileduassinu
audlnding leudlndngazvenenmuesingiu wagvilknmilfiduninadetindu (Primary
real Image) lngiaudlnaingaziiidavenasing o fu laun

4 audlnadngi Suenesn (Lower power) fdseny 4X, 10X

5. taudlnaingmaseneas (High power) 40X waudlnddnguuu Oil
immersion YA 100X

6. fivilualad (Stage clip) Mnilvaladlinegfuuriunsing lundessu
Inslazdl Mechanical stage meﬁam‘ummm?{aualam“[,ﬁazmﬂﬁﬁu

7. saudTiuuas (Condensen) uihiinuuasidutudioddussingi
ABIN13AN®A

8. iaoall Juunasiniauag

9. iodlndan (Eyepiece lens 130 Ocular lens) inudiavauogiua
nded Tiavuanitiaavengegsmuuy Wy 5X, 10X %3e 15X lusiu

10. wvundes (Arm) iudwBadindesuargiulivneiu THdunduim
\ndoudhendoganssetl

11, wiunnsdlad (Stage) |uuriudmsurnalasdognsiidesnisdnm
fdnuunduwivdvden visunaunsnadisliuasnuaonlndesiu inquiiianasaidou

Juatlaiuluresiunneingasiiesudmsuinaladuaziiaunsaitglunsidoudlan Sund

9

[
N v A

Mechanical stage wenanilduiiainavandvisvasaladuuinuineing viliaansaven
FLveInINULE lad A

12. YuuFunmmieny (Coarse adjustment knob) T%Lﬁawi’%mﬂwaq

! v = - v 2 < v o A ! 1l v v o

wiweinguuas Weegluszeslnia Nazuewiunnld Junivunalvajazegisnudnsvesiy
QG0N

13. YudFunmazien (Fine adjustment knob) Wuluwuadnagdn
PNYUUFUNNTMEIUEBNIIMNIIMUUBN TR LUFEI U MTenaeIuNYiline1adzegling o fiu
d' v Y 1 U 3 Y =2 1 U a o £ o
diaUsumeluusunmmenuauieaiunnudidmyululiunmasidenaziialan neaudn

£

97U
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14. g1undos (Base) vinthiisuthmiinstoueuesndesganssmi
sUs1sAImADY videnanay igiuagiitudmiuTadaluidi
2.9.3 115A5797LAS1LY R 28LNAL A Fourier Transform Infrared Spectroscopy
(FTIR)
Fourier Transform Infrared Spectroscopy (FTIR) Jumadeiildlunissiwundssiny

=2 a 13

a ¢ a a6 ) ~ =3 PRy
Ye3a158uUN3d a1sefiun3g uaviussiailuluana sudsaunsovendsUiunaesausenaund
agluluanavesansuauisgninsuyialagviininsiaianisaaniusid@dunsisavesdiieg1g
Qll QAI 1 d! <3 [ Y] I ] a 6 ¥ a o
Annnudang 9 Fadudnuazianiz@ivedusayiiusy NMIATERmamata FT-IR @1m150vnns
JAszvidegalluvIwde vaavad kazigld wazilumeianldag1unesdntaslunis
Iaszvdnnedaldinanlunisimsiziog 1975 azwaiue

2.9.3.1 ¥ANAIVNIUVOLATEY Fourier Transform Infrared Spectroscopy

'
=) % A

1A309 FTIR Spectroscopy fidiutsznaufadnagy As tlesiddunsisnndvaiy

= { A o aa [l v v a a s o ' <) 1 |
ANDANUVaIRaUSEduNs1Ie dhudilugdumesinlsiwesduaszgnuualu 2 diu diu
A & 5 o = = ' LY A = o A a M Ay vy
MUu Beam splitter duaspInileasnnludanszaniinseegivivasnszaniindouilan e
AU oaasdsyiounauan?l Beam splitter agiinnsunIndenkuutaiuiy Msons
WVSNADALUUNNGIDUAGEAIINENIAGY WakawIuaIA a9l Ug I Indyaafisulann
AUDNSauAUTNARAUTEINSTANlnesnTINSHUTRd a0 WaZAINILSIVeINTTANTILAG BUT
Ioaggnarunuliinnugnaes wazaAw Sendaauedniindygaiinanvasn He -

Ne Laser 11 Internal reference laser deyarasisyindeysasulanageglusudumesinlsunsy

gnuuld daunandlugud 2.55
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Fixed mirror
Beamsplitter
IR source
= Laser
Moving \ Laser diode
mirror
_WJ Sample cell |
Detector

gﬂﬁ 2.55 WNUNNLERIN1TI9UTBATBY Fourier Transform Infrared Spectroscopy

2.9.4 N15952931A51R A8 MATANA B I aNssAYBLANATOURUUNSUaT T
(Transmission Electron Microscope, TEM)

Transmission Electron Microscope Liundesganssaduuunisildluns@nwidadn
9 Tusgauunlulums Immﬁami%é’wﬁLﬁﬂmaumqmu%umuﬁaasiwﬁﬁmmwmfm 9 (Wou
171 100 Wluwnag) e?fqé’m&é‘ﬂmauﬁmqLLazLﬁymLuumuﬁaasm%gﬂﬁmma%ﬁqLi‘]umwé’aa
NI AR VUM UALNLIA NLALRIBATUURINSUN N

2.9.4.1 ¥aNNISVINNIUUBY  Transmission Electron Microscope
NANN1IAIIUBY TEM ad e una eeyanssAduuulyuas (Optical

Microscope, OM) Tngunfindas OM aglduauluunasinidalunisdewinu vioazviouaining

1 v

warlfiaudyudmsuinuuaaiievensvunaingiigaddnns dmndes TEM agldadidnnsou

Y Y

lunisdewiiuing wagldiauduimanlunisideauuddidnasowiovengvuin ngudig

&

05UNN 1119991NDLANATIUL ANEMAA UFUNILAININ TV THnaee TEM fndavey

= v

(Magnification) Wagmdauenuee (Resolution) 89071889 OM 110 lag TEM wag OM Hinda

wenlerUsTUNM 0.23 wiluwasuag 0.2 lulaswas Auaay
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Light Microscope TEM

Lamp
- I, |
s o lllumination Source

CondenserLens E

——— Specimen —————

(3]

Objective Lens

Intermediate & Projector E /
Lenses \
/N

Eye Viewing Screen

) 1

3UN 2,57 pmSeuliigudiusenauraended OM wag TEM

2.9.4.2 @ ulsgnaudiAgoinaes TEM

naed TEM Ysgnausmsdiudayang 9 1 wiasnindedianasou syuu
audilvan szuvgaania wazssuunasiiu Wudu wiluidaznandsdmdsznoundnd

LAEIUDIAUNITANBAN LAYNITIATISANALYIIUY
whasnlindianaseu diuuugavenIes TEM Usznaumeuvadinie
a g A A I3 | Aa o A o8 va & i A
ddnasau viseNaluus (Filament) NanvausUansuvauieinlvdidnaseunaneenunladie i
ALUUABI99171977 LaBy (Lanthanum hexaboride) Inaluwnuglvsiuaylvainussunvaneilan
¢ A Y va & . . x V. & qv = = ]
wud Liensedulididnaseungaesnun (Thermionic emission) 3Nt daunulihAsgauivess

danmseulinsludeiegafioginuans duandluzui 2.58

fm‘ -

e-beam

http://www.ammif.org.au/myscope

JUT 2.58 nndnaeanisinauvesiiatuud (€1e) uardnuazvesiiauudvila LaB, (131)
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aunssaud i il 98 nasewsundn A1usefuise (Accelerating voltage) finuaenu
Budnasauliad (Electron Volt, eV) Tunisldauaies TEM agfondonindosfiliniusedusad
wnganfufiegn nszdlegsusazadafinununusrendsnuresdndidnaseuiiunnei
fu fegradunididlelasmsvoududiuuszney uazsuiadiedelndmeursdaiden
yaouvanrsimuudendinuvesdBilnasouisgnyimansldie dufuTsieddndanus
3 0ALIIAULTIIUY8 80-160 keV druding1satiunid lawn lavy wsin sonlysd %o
asUszEnousng 4 fiflgevaeuimatgeainInnumudedBiannseuldinnnindienalindsugs
vioAusasdlugie 160-200 keV nszadidnasouiindsnuilome iz nzasiudiogiads
annsadaszishetheiy « 16

auduwindn (Magnetic lens) taudwimdnidududsznauiiddsy
atanilaweandes TEM vimiifiidouuud1did nnseuliludwumianng 4 Tneialuiaud
wiwmdnUsgneudevnainnesunadiduiinaudensauusnainunateades TEM fign
Budnasouiewiy dennsluaies TEM azdsenaudisaudwindndiuiunin dedienszuann
ae q Wildnelurnaianssunsaginliiinauinudivdnsou 9 nariuvesedianasoulay
aunsuivdniinaniaudulindnudaziagmuaufiamasndidnaseuliideauu viselnialy

Aunanangaula dandeudunisvinuvetauduulundss OM ssuandluzuin 2,59

Magnetic lens Optical lens
Electron Source Light Source
Soft iron e il
pole pieces
N 7imi N

copper coils /|

Image is inverted Image is inverted
and rotated

http://vevews.ammrf.org.au/myscope/tem/introduction

JUN 2.59 nmSeudisunsinumesindidnaseusieauduivian (@1e) wasn1sinmues

WaImBlAUEYY (137)
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2.9.4.3 ¥aNN15ATNN MBI TEM
amdileann TEM Tnealusinduninluséflas (Bricht field) Fadunmene
ﬁ’mé’wmaqaﬁLﬁmmﬂa"wﬁLﬁﬂmaumqmu%mmLLazL’gmLuu Tngdndidnnsoudingquiu
frogaanazgnlniauazveneseiaudusivin uazasasuuainiuifionansnimuuae Tu
Hesunrsinanudilatienudfyuesssuiu 2 ssuuiivhilianam dil
58NN (First image plane) luszuuusALARNNTa$19n N
n¥rnddudnaseuimeariutuny Ssnmusniazgninluduidaeelfnntudeyaaud
wilmdndalusuansmnuauminzay wazaeilunmlusdiladasuuain
ssurukunlilda (Back focal plane) DuszuuiiAnnssauiuves
ﬁLﬁﬂmauﬁL?T&J’JLuuﬁé’qmﬂwzqchu%umuuazmaawumﬂ awitldainszuuiie sULUUNS
A eauudidnaseu (Diffraction pattern) @ e afslaseasnandnvesiieg e o uSiimdian

BidnmsouRnnIzNy Aawandlugui 2.60

Object plane

Specimen

Objective lens
Back focal plane
"= objective aperture

1. intermediate image
SAED aperture ™ -

Intermediate
lens

Back focal plane

2. intermediate
image

Pro'|oc!ivo
ens

v Image plane

http:/www.ammif.org.au/myscopetem
Viewing
screen

Image Diffraction pattern

http /iwww. microscopy. ethz ch/TEMED htm

JUN 2.60 nmiLansuviaszuuiunda wagszuinuamuwsnnelunges TEM (He)
ol = ! sa & & a «
ﬂ’]WL‘UiEJ'UL'VlEJ'Ui%‘VI’J'Nﬂ’ﬁﬁ']ﬂﬂ']Wl‘UﬁG]W’d@ﬂ‘Uﬁ‘ULL‘U‘Uﬂ'ﬁLaEJ'JLUuEU’eJ@Laﬂmiau

U

(¥77)

2.9.5 N15A5297LAIZRA28WATiA Dynamic Light Scattering (DLS)
Dynamic light scattering (DLS) \uwmaiiainnisnsyiienvoannuiduuas #3eisenin
Photo correlation spectroscopy (PCS) @ aiumaiafldinvuinuesaisieegslusyauunlu

waslasaws 0.005 - 5 lulasiuns dwsueyniafidauindnnin 5 lulaswunsaziinnis
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un3nsza18ee13l3ians (Randomly diffuse) luiaianans lusazifsadusyninaiunsa
AelmAnnsnszsisweuadldiduiy auivesnmanszsiientu-asansonradulagldvasani
wdauas (Photomultiplier) Tuvaigfivunnveseyniaasnsadnildananuilagldaunisa
Tnnauazlealn (Stokes- Einstein equation) #a8n1591A 11U ITANS N1TUNT LA DURIULS
(translational diffusion coefficient, DT) 49381 717 & 98U US A UIUIAYOI0Y 1A
(Furngudnatawiniu a)

2.9.5.1 nann1svMIuYasnAilan Dynamic Light Scattering (DLS)

madoufiveseynianaenainuuusTiilou (Brownian) ddswansgnureniuidy
yosuasiinszidsnnounia eunavuelvgdeiiaidulseansmsundidousumia (translation
diffusion coefficient) i1 aztAdoURITINTIBUAATUINIEN MFoR1ANALH I BuMATUIAlYY)
A pufidwhliiAnnsaanudlunisnsaiiendu-aswemasinsziderin wazoyninvuinidn
iAeufilfisfiaruilunisnsefionvewasiinssdgindt Kudnsinisudeuuaseuasd
msL%qazﬁqﬂdwﬁmmwmﬁlﬁawﬂmsi’mmmL%ﬂJLLaﬂuﬂiNizazL’gmgu 9 YBIDUNIATUIALAN LA
aruilunisnssfiondu-asvesnudunasiazgnasluds correlator fauanslugy otily

AIaAduUsEaNSnIsuNsRawIwtsuazi lUmvinenesely dedninvesnalintife

(%
a

A9 @1591081990961UNISAS UL BT LA AL TUT UL D19 LI MUNTEN UBNIINUUWATAL

fafaen1IAINNaLRINEY LHB313INN15UBeUNITIUNIUIINNITNTLIIDIUNAKUVTOFIANUSN

Sample

Lens

Photon
A Detector

JUT 2.61 uanan1svinnuvesemAlln Dynamic Light Scattering (DLS)



91

2.10 9uideiieatas

Haguuiinmsineulumelulad Fadunsldimaluladluseduunluns (Nanometer
scale) il lugrunmsumdifiuanniuniedi3enduin Nanomedicine tHunsiiennly
welulafitmuszgndliiielinsnsieitdads destu wagdnwlsadulueguiuszansam
wnftan wazantgminulumsldonaiitidaiftesnuitaelseusSeisildnanluuddu Jui
fiausuunAnluniseonuuy Nanocarrier videmadeseiifvunmdnlussivuluumsfiazldlu
mauindelinmeluienniddlugiinantvang Jwuenanaztrelostudunsofion
Anduiuimaduniuda Ssannsa reandgmludesaiuasiivesen e lignindnvie
vhangneufidsasiumsll fefaaadisesnimssnwiieisuiunisldonlaghiddnids
(Free drugs) n¥auvedsanansavaslinisihdse s s naidosmsiiniuldagesumnis
AANBItu Nanocarriers Aivanlddwsurudsentuldsuauanlaognann eshenisld
wvugdmnzaslumsvudsoriiunlifninazanunsaiilinisdeenfiuszavsnmuazanansogn
vl lueadlanty steiitenisododuiiuandfifiuin Nanoparticles (NPs) Huganunsatae
diaszAvsannlunnsvudseuasiisannadnafestd 1lesinnisouds Ausiusiunduasds
Preliifegmindiluldlumadléngtu sogdy

6

Das WagAuy (2013) YIIN1589bAS1EY ZnO NPs 18351158818 7119A211U5 90U hae

va v a

m’sﬁlaammﬁmi’wﬁqmamummawmuﬂ UV-vis spectroscopy, XRD, SEM, EDX lag TEM
uenanildadinsnaasugudiuoyyadassdiuis DPPH assay Han1sANWINUT ZnO NPs 7
Fuasgituiilaseadiauuy Wurtzite Svunneyniaadses 46.49 urlumns Useansnmly
n3uaYYadaTEYes ZnO NPs agifisdumunnduduiiiindueyniauansaauanunsely
msidneyyadaseasia 91% Tunan 90 uni uarfimuduiiiu 2,56 Tadnsusefiadanses
ZnO NPs azvanewgadilinidonuns (84]

Smijs wag Pavel (2014) 51897719 U WA (Anatase) 984 TiO, dnszuiunisinlaainila
Angendnging (Rutile) vasaumauily TiO, wag ZnO lussuiuuanludsnidvd [85]

Lu uagany (2015) 14 TEM Wilelinsgfieyniauly ZnO uag TiO, Afvuinsening 1
nm uag 100 nm TupSuduuanidandivd egelsinudasyinnisdeansiiegeneunmagey
(86]

Bisht waz Rayamajhi Z (2016) 51891u319yn1AuIlY ZnO fuualiudnaziduansdiu

1z15a0991niNa EPR nstAaluiades wazanudunusowad [87]
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Bogdan tazAmg (2017) $18971429N15HUWIN Monoclonal antibodies AU TiO, wag ZnO
gnihaldidudathdselunisshwisieuas (PDT) waznisurdasmendsuulawidn (SDT) PDT
uay SDT Usuupamanszneuuudeniuefngvidawadidhvine fufulssavsnmmstinded
Hu 188)

Babu wazAny (2017) 189uIeu1AUIlugAeenlys (ZnO NPs) dnansenusouun
YouvadiindenundlagianiziaduuIniosndn 50 WILAT VOUATDINISINAIROUOUAS
msasveyyadasy ayiuSoondiauidedly (ROS) Tumadifiadonuasiudeutnem Wolfivud
sumauludedoenledsaniunsainegdn (ZnO-ferulic acid conjugates) fisinsvinanedifuLe
uaznsaiseyyadasy syiuseandiauiiedh (ROS) mnnieynauluBsdeenlesifisosis
WP [89]

Jiang kazAny (2018) T18vuI10UnIAUluTIAeanles (ZnO NPs) lananeidudnenin
Tunsdedunzifauazuuaiiss wnlwamnsansedunisnaneyyadass oyiusoondiaud
Jodla (ROS) Mniiuluddes zn* uaznsedunismeveasad [90]

Martinez-Carmona avAmy (2018) 57841U3139AvanlenAIoUANAEY (ZnO QDs) il
ananiRdouasiilaniduduyus anumdufivan uazarudfuldnisinm wenaindeynia
uludedoonlasmoudunen fussansaiwlunisiswiisengs masatunsalunisgadud
uaunss uarqeleledidnmings anautfvaiviliddoanladasusunon ufudenndn
dnsumsdseninulsnfndonuafiouazass (91]

Chacko wagAniy (2018) 18a1uitUselevtingnvadnisldans Non-onic a15aaKIaFaR7
Polysorbate tadpusynmnluidufinmvzvesen Wesnuuinamesenlugusiiadimme an
asiduiiy asUSinaewesiLuMsinY annathafeswedeianas uaziinandTinyee
Tuidlosenluanes [92]

Ancona kagAny (2018) 51891u3luy Bilayer irdauiigeunauiluginoantyn
(ZnO NPs) gnvinlvegnelumaduziSadeyfesinud (Hela) IdognsiisavBamsnmmaiiu
Lysosomal wagifiansaisviinuesayyadasy euiiusesndiaudiiosh (ROS) melulwaduziss
yliadaefiuiu (93]

Lu wazAny 51891U31 (2018) Fedeenlas (zn0) lugduvunslideyamandiidndds

Jutdeddglunisusulssszavsnmveseuazanmnuduiivuesen [94]
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Yang uagany (2018) s1e1uinlnllaazaglasin (Photocatalytic) vesoun1nunludede
onledt (znO NPs) Alaiflendfiuznelfuasiiiiu 10.8 gademmasufiuns dwansenuse
NM5HAIRUBY Acinetobacter baumannii ag13iiledAgy [95]

Wozniak wazamuy (2019) 31897431015 33UAUVDILEIEN (411 uluuns) wasuasad
Be7 + Rose bengal (515 wluiuns) v fidusaslnfifiuszansamsauduen Doxycycline
LﬁamUﬂu Acinetobacter baumannii maﬁuﬁﬁy@m [96]

uennfeadivrinaslunafulazeedvrindennysiaudldsunayatinisldlu
m3sneuzsslussuuadoseImeauniauly oy

Ahmed wagpatie (2014) s181uUszdNTAnveauIAuIlunedosdlanaiiu
Polyamidoamine Wuanfiu AStunaifiu NRFeUUWERLZ WA Retinoblastoma [97]

Shome wazAy (2013,2014) ﬁﬂ‘w’laqmﬂuﬂu Polymethylmethacrylate ﬁu%qm%
TunanAudmiunssnvamiseeussamnilugnaifiuszansnwlumy Sprague-Dawley uaz
Tusywe [98]

Kalita wagang (2014) wuridiauniauily Apotranferrin kag Lactoferrin ﬁmaqm%
Tuwaniu dvfunissnwidusednsnnildneaeuiadugisa Retinoblastoma Yoy ue
aumﬂu’ﬂu Apotranferrin ﬁUﬁif\; CP (Apo-nano-carbo) wag aymﬂuﬂu Lactoferrin (Lacto-
nanocarbo) LLa@ﬂﬁLﬁuﬁﬂﬂ’]i@J@%Mﬂ’]EJFLUL"?JaﬁﬂJﬁﬂ%u nsvivsnwegnedaduiasn1snevaues
HOAMUNIA3aLYadUBLYaRNzis Retinoblastora [99]

Karanam wagane (2015) lamIuuauniauilu Poly (e-caprolactone) (PCL) 904A1%
Tunanfiu (CP) wandugnaaduedreivsz@nianuazuansamnuiuiivaeivad U-87 MG
(Human glioma) diawfisuiupslunaifuiissesnien Turaed CP annszuaunIs Hemolytic
Tuwadidadenunsveany [100]

Duan wazAny (2017) 51897431 Liposomal kagayniauluvas@anaiiu (Cisplatin)
I§Sunsinwiiiesnseiunisturuiiiad uwasmsiivshe (EPR) wa iieuiiunisidendan
adulunsihvieaduzsdesldiunadawfomazanunduiv [101]

Song wagAne (2019) lawTeueyniauily Fe,Odnangaiiudnnislunaiiiu (NPs @
carboplatin) nageuRy waduzisedly A2780 uaviwaduuiseSslyfinoen A27800DP Taeds
MTT A1SVInaeuandtmiiuil NPs @ carboplatin LLammmLﬁuﬁwgwialfnaéﬁgmmﬁaﬁm waglal

WuRiusawaduni [102]
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Salaamn wavAng (2014) lawwFououniAu1ly ND-DGEA nudniueal u1dn
Doxorubicin (ND-DGEA+DOX) virvtiiliussuuihdse il enaaeunudufivieivaduziie
maugnnu1n (PC3) Wag human Mesenchymal Stem Cells (hMSC) HaNSNAFBUNUIN
waduzifsazgnyinane 2.5% T 12% lunsdilfiamzenaivava widenuan DOX Ly
aun1AWILlL ND-DGEA ansnsavianeisaduzialad 11%-34% [103]

Guo wazAme (2015) lawnseneyniAully Lipid-coated poly D, L-lactic-co-glycolic
acid wuang AT v1TAR o309 (Doxorubicin) §wmididuszuuidsifiuszansam
dmsunisinuugiselen mamimaauLLaquﬁLﬁuﬁqqm§¢TwuﬂﬁiLﬂ%ﬁgLLazmié’ugami
Wiivlavoniosenlunyfitiidesanyiia A549 [104]

Cai uazAy (2016) ba L5 ouoy n1Aaualy Hyaluronic Acid-ZnO quantum
dots-Dicarboxyl-Terminated Poly (Ethylene glycol, HA-ZnO-PEG) wurniiniugnadivrdng
ong30%U (Doxorubicin) svimihfussuvihdsifivszansamdmiunssnuiuziseen
nansnaReULAR LR nas UM RS kasmsusinsadyiulavouyad A549 [105]

Liu wazang (2018) lévinnsfinun ZnO NPs Tuan DOX lun1sidnisadugiSenann
(MDR) #1u31 ZnO NPs Tnian DOX (ZD NPs) astievhangivadziisios MCF-7 Tutnedi
iwaduziagnvinaneiies 10% lunsdifilfianizenesivnde (Free DOX) msnaaesdauandlifiiu
301514 ZnO NPs Tuian DOX Tinsmavawesfind Free DOX lunisynaneiaduziss MCF-7S
Anouauseléd [106]

Locharoenrat (2019) vinnsfinwraynmamysunluduivenengsdau lunisdiane
waduzL SRl (MCF-7) 10833 alUnlasiiiies nassganssauyda Fluorescence microscopes
wag weda MTT lunsasamarsidufivielsad nanisdnwimuieyniamysualudiduiy

s0FulivsyansnnlunsidhanewadusSusuulas waglien 1Cs 110.40 fadnsuy

Galam wazAnz (2020) livinnsieSeueun1AuIly Carboplatin Loaded Silk Fibroin Tu
NSNAFDUNULYAR LIS AU @8R US MCF-7 HanI1SANSINUIaaNSiin1sANeveYad
WUU Apoptosis laagrsiivsedndnm waglian ICs, iy 10-200 pg/mL [108]

Ouyang tazauy (2020) lavinn1sAnen DOX-loaded pectin nanoparticles ﬁﬁgﬂ’ﬁ’l\‘i
Hunsanauuaziauiauszana 150 uluwnslumaduzibiesn 91msAnemudn DOX-loaded
pectin nanoparticles fqu3nsiunziSaios1 MCF-7/ADR Tdaehadiuszansaim uaglien 1Cs

WU 1-5 pg/mL [109]
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fawinlutagtuiiassuiigianuaulanisfuaiddenertunmsiaunssuuiidse iy
WnTuuinuIdenanuidinseglussesisuiy §190n1IN15AUATIMNARBATNITYTUINIG

a i o = A as ¢ o s ) 4 ¢ & v 44' v
ﬂ?WN§IULLGUUQ?6U7W7\1 €] YU VILAU bAZ Wand 1d@aFanT INEYAIEAILaZNISULNNG LUUAY L‘WEﬂ'Vi

q

vy
v aA v v o

ansnsnilUIFlEese ddliimsimundnideniiaisdunntagie q Suscesiafifdefiuay
Toidounnsnafulufedildnanludraudineiy dmsvamnuvesnmssuiuvesaislunaiiy
(CP) Aeng3Tdu (DOX) wazeyniaunludadesnlas (ZnO NPs) dslailéfumsAnwifiofnw
TsauziSe WeRasannuaiBnaaiivaznisamuesiaqualy Wuoymauily ZnoO iwfineusin
WassIuAy CP way DOX @1wnsauiuusauszdninmlunsiangwaduziss Zno Tdlusu
mangagtum st nsunmd uagmanues uenanisudulinstuiundendas

AaaudRaudunivan n1359uduges ZnO CP uag DOX duwiliuiiazusudsenisimun

o 1%
LY ¥ =

Wananelunisvinanswaduzisalusuias sdaunisidnlanananssnurosnugugauman 1134

(% £
=

Judsithauladuiivey msdnwiludagiuidsenuiibfennisiiwiideduasinasasiiniu

= ¥ 1 ~ £ A [ 0o o aa ¥ o v o [ <
LLﬁ%lIﬂ']’]llLGU'ﬂT\]E]EJ'Naﬂ“lNLﬂﬂ']ﬂ‘Uﬂ'ﬁ‘U']‘U@‘VlllLLU’]IUZLIﬂ’]ﬁi‘UﬁWMi“UIiﬂlISLN
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WevnluuniiaveSuefwdnnisinuresianaunsaliazansiall N133IATEUUNITVARLY

¥ U

MAgtesivnuIferudnssuiunsiuniswseuasarargaunauludadiueneiivade Loy
a dy o U Q’lj
Afloymnaneadl

3.1 Januavgunsalnliluanuide

3.2 SEUVIATINEIVDY

[~ a 1 4 a ¢ 3 a o w

3.3 manaaeuaniluiivseaivaseunIaulugreanlynnuingaiivndn
ASluNaIRY (ZnO+CP) Melwaduuisidaosouyadase DPPH

3.4 MavegeuaMLluivsowaduzisunizifavesaunaulluddonlys

mu’mﬁ’umLﬂﬁﬂf}ﬂmmﬂuwmauuazmmﬁﬂwﬂ’ﬂﬁaﬂsggﬁ%u (ZnO+CP+DOX)

3.1 Yaauazgunsaitliluauase
3.1.1 Yanasadinldlunuide
1. gnafvrvaaislunaifiu (Carboplating 1 uarsuseneud Junanidudy
p3AUsEnOU ﬁﬂLLamﬂugﬂﬁ 3.1 Wuhenseennidodniuaa la biddddmdedou aum
450 mg/a5 mL wanluussinad uln e lae Fresenius Kabi Oncology Limited 1a'Suaa1u

¢ a a a wa o ‘:4'
BUATIEVAINANZWINEANERSITINEUIaS M BURUIEwWAlY TraaudRdauandlunised 3.1

QOWEN

" \njection BP
Kemocarb

awismung

sterile

sUN 3.1 gwadvrUnaslunadunlsluanuide
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M13199 3.1 AaaudRvesenaivrdnmslunaniu

AaENUR A1slunanfu

Fomandl (SP-4-2)-Diammine[cyclobutan-1,1-

dicarboxylato(2-)-0,0’] platin

gnsiall CeH1N,O4Pt

WIaluana 371.25 g/mol

< a

2. yuafivUnneng3d%u (Doxorubicin) Wugiaialianewuafienendeludu Nl
Fo71 Streptomyces fanvauziTunsddy Muanaaauiiluns1ei 3.2 910U58W Sigma

Aldrich an3gelusni dawanslugun 3.2

5UN 3.2 gnafivrdanenysiaunldluanuide

a wa a o v & aa
M19719N 3.2 F’]ﬂJEﬁll‘LJWU’eNEJ’]LﬂﬂJUWU@@@ﬂﬁE‘U“IJu

AMENUR fany303u
Fomandl Adriamycin
gnsiall Cy7HooNO 4
WIaluana 579.98 g/mol
ANNEIAALTIgANAULATIUAAS 485 nm uag 595
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3. gseyyadasy DPPH Wuaseyyadaselidnwazilunding T dunuudiass

waduzLse auandlugun 3.3 uasinaaudinuandunsnd 3.3

U 3.3 a1seuyadasy DPPH 7ildlunuide

M1519% 3.3 AnaTRvesaITeyyadasy DPPH

AMANTR DPPH
Fomaundl 2,2-Diphenyl-1-picrylhydrazyl
QGﬁLﬂﬁ C1gH12N50s
UIaLuana 394.32 g/mol
mmmm?uﬁ@mﬂﬁu 517 nm

5. aynAuntudeAsentys (ZnO NPs) fidnvueidunsdvn dou1ain usEm Sigma

1Y

Aledrich Asuansluguin 3.4 uarilnaaudinuandunisiean 3.4



JUN 3.4 aumaunludedeenlenildlunwidy

Ad' U a ¢ (3
M19199 3.4 AasaudRveseunAuIludAeenlys

100

AMENUR ayn1auludedeanlyn
Jomaiadl Zinc oxide
gnsiall Zno
YUINOUNIA < 50 nm
WIALUaNa 81.39 ¢/mol
ANNENAAUTIgANEY 387 nm

6. WYINUBA AINUTANS 99.99% NNUTEN Merck KGaA asuandluun 3.5

SUN
U

3.5 lUNUBA ANUUIAND 99.99%
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7. 4nde 0.9 % viadadnduiond daandluguil 3.6

R .
NSS | NSS | NSS

A LIRRITY Ay

A R

Ut 3.6 1unde 0.9 %

8. Lwad S LNIZIA B9 Usynousas waduzi5eanldlng (Human colon
adenocarcinoma) a@newug HT-29 LLamﬂug‘Uﬁ 3.7 waauziSslugesuan (Human oral cavity
carcinoma) ma‘ﬁuﬁ: KB LLamﬂugﬂﬁ 3.8 WaaNgL5 AU (Human breast adenocarcinoma)
aneiug MCF-7 wanalugud 3.9 wwaduzissdugesay (Human hepatocarcinoma) aneus
HepG2 wanslugud 3.10 uas lvadusissUinungn @a1eWus Hela (Human cervical

adenocarcinoma) LLaﬂﬁiugﬂﬁ 3.11

JUN 3.7 waduziSsanldlng) (Human colon adenocarcinoma) anemiug HT-29
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JUN 3.8 waduziselugaddn (Human oral cavity carcinoma) anemug KB

gﬂﬁ 3.9 [ waduzi$ud1ul (Human breast adenocarcinoma) a’laﬁuﬁj MCF-7
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JUN 3.10 waduzi5eurednu (Human hepatocarcinoma) a1emus HepG2

gﬂﬁ 3.11 Lsdaﬁmﬁm’mzmgﬂ A@N89WUS Hela (Human cervical adenocarcinoma)
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9. lwaaun@ (Human keratinocyte immortal cells) maﬂ’uﬁ: HaCat LLaﬂﬂu'gU
7 3.12

gﬂ‘ﬁ 3.12 wadunf (Human keratinocyte immortal cells) angiug HaCat

3.1.2 gunsalfililusade
3.1.2.1 widealle
1. w583 UV-Vis-NIR spectrophotometer (Avaspec-EDU) ¥witifiin

USUNUBAEIAZANULTLLES TUYINANNENAAUNANUARD 200 UITULLAST D9 1100 ULULLAS

g‘U‘I‘?‘i 3.13 1303 UV-Vis-NIR spectrophotometer (Avaspec-EDU)
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[

2. 1599 UV Chamber (Model CX-21) ¥imififuuvasininsdyin

ANENIAAU 256 nm Aekanslugun 3.14

sUfl 3.14 1A383 UV Chamber (Model CX-21)

a o aa | / ° v Ao v a P
3. LASBNUIFNINABA JU Pioneer YINAUINTI M9 anstulaniuyUsunnd

AoIN13 Rakanslugun 3.15

5UN 3.15 1A30999a1359m@a JU Pioneer
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4. 1ASPUVENE1S Vortex mix Yuntnanauatsazatglunatduy salana
lusui 3.16

5U7 3.16 1A38EENT Vortex mix

5. iaseatuiegsdusunenans (Centrifuge) Yvitinnuenansaiuindu

Ypaudeanandrunduvatad Aauandlugui 3.17

Ui 3.17 insestiuissdmiunenans (Centrifuge) Ju Force 1418
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6. w3nsdansladia vimihfazansvunneynauludsdeenlen iy

asuwvIuARYRIgAUAIND wandlugun 3.18

5UN 3.18 \nTasdansileiln

7. \3091PRYT U Pocket refractometer Yiwihfidneaudvininues

AN5678814 é’fﬂLLamﬂugUﬁ 2.19

g‘ﬂﬁ 3.19 1A309IARYY U Pocket refractometer

8. lnlanlUaauas (Light Emitting Diode: LED) lalaniUauasdidend

ATNENIAGY 530 Wil imihiinsgduenaiitvianengsSaulmAnnisiuasuas
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9. luTAsTUn 2w 10-100 plL waz ¥uIm 100-1000 ul viunthdise

IS 1

USunsvesansaraneildlunismaaesdeiiniuusiugngs

¢ v !

10. N9049an55A 8% Nikon U Eclipse Ti viwithiidesgnisiiendng

Y

waduse wagaren et lulinssinadereuitunes duandluguil 3.20

UM 3.20 Ndoe3anssA Bvie Nikon 31 Eclipse Ti

11. 1A593 Microplate Readers 8vie Biochrom 1 EZ Read 2000
Y Ao 2 13 2 & 3 < a A a ¢ ! 2 a
Mm‘l/lmmiﬁ;]ﬂﬂauuﬁwmL‘daa:uzl,i@L‘WWSLaEN LaSLEaaNZLIIUNA LNBAATIEVUIANANUUUNY

fowan

\ :

gﬂﬁ 3.21 Microplate Readers §%a Biochrom ﬁu EZ Read 2000
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12. 1A384 FTIR U Perkin elmer spectrum GX vhuthitiinsien
PuunUszianvesansdun3d asetuviduayiussiaivenyilaituluaisiegns wandlugun

3.22

gﬂﬁ 3.22 1399 FTIR isu Perkin elmer spectrum GX

13, 1A39INABIYANTIAIBLANATOULUUABIHIY (Transmission Electron
Microscope, TEM) 3u JEOL JEM-1400 Y19 53980ulAseas19v30adAusenousn 089403

fogy wandlugun 3.23

JUN 3.23 1A309ndeganssAidiannsouluudeniu su JEOL JEM-1400
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14. \3esinvuInaunIAkaAIANETA (Particle size analyzer

Malvern) $u Zetasizer Nano ZSP hwthirinvuineuniasgauwiluunslalugie 0.3 uiluuns

U U f ¥

61 10 luaseu ldnaaeumeaAnddivesansnenasen Nilmdndddagluyis -200 fa +200

fadlad wandlugun 3.24

5UN 3.24 1A383930VUIRBUNIALAZAANETAT JU Zetasizer Nano ZSP

3.1.2.2 Yanildluaiide

1.

a

JANB39UIA 50 kay 250 Jadans

_9IALNITUIR 10 way 20 Jadans
A (Cuvette)
. WNUINALIN (Cuvette rack)

2
3
a
5.
6
7
8
9

aenaaasazay (Tips)

. viaaalulaswuARa (Micro centrifuge tube) aun 2 Nadans
- UWZRETHn 24 vy
. NTLATWNTOENT

1 a6
. BNUWIS WU

10.n3¥A% Kimwipes

11. YOURNANS

12. AS¥UBNAA Ethanol 75%

13. gadle

14. vilhnnUaayn (Mask)
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3.2 ssuudaifeadesiunuise
Tusadall avefursfsszuusing q ildluenuids 1dun szuuinnisganduuases
asavany uay ssuuiamailauawesasazats ufgunsadildlumady fuaninuiade
saluil
3.2.1 S3UUIANMSYANAULEIYRIETATANY
lunmaaeafiefnyiausinisganduuasesansazans fqunsaifldded
1. unasnudauas Tfurasndauasainnaea lWisaiau 31nU3En Schott
Megalight 100 lifaUnasumasluguanuenindy 400 fv 900 uiluns Wuswulnih 12 Tad
19 nszualviin 0.9 weuuus
2. dulounidnasvuinduriududnais 0.8 daduns ludnsuiiuasain
WAL ALAINEIANTFDE
3. ALINVINAERAN JU Macro cuvette 31nU3EY Brain ldussyansagaie luns
Toatunasuues windudafaani Tddmsviadumtavuazaeiveangloniaiinas
4. ilgumidueas Ywindurugudnans 600 lulasuns Tddmsuihdawasain
asfegelumnninduasesauninsfives
5. 1a3 osaUnlnsdines Ju Avaspec-EDU 91nuswn AvaSpec Tddmsuin
avnesuuas Tughupuenadu 200 1 1100 uiluwns
6. ane USB i wmsuidstonaiildarnmstninginiesneuiiomes
7. indesmeniinmes Tdmsulstananarinmsgandunas felusunsy Avasoft

7 ATelaTasEuUNITIANITAANTURANAIIUN 3.25



> B T e R e T
| FpEST—

2 ‘ Aacadhe 100

(n)

4. JSulsufniuas
@ = 600 pm

2. duloudniuas
@ =-08mm

6. &y USB

1. unasnLtaLEs 3. AIMUTIES 5. awnlasiines

7. Uszunana

(v)

5UT 3.25 52UUANTAANAULANUEIANTAEAY () ANAT (V) LHUNINTZULIR
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mﬂLqumWizuumﬁmamﬂ’ﬁms@ﬁﬂﬁuuawaamiazma gﬂﬁ 3.25 LA991n

uwdaiillanawisamuaziunissuanglouimiuamaduriiuguinatg 0.8 fafuns el

LmemmmﬁﬂLﬁmLLENmé’maﬁaaéwﬁa@uﬁanwﬁ LAIIEHNATENUAURNSFHIDU1NHATADINIU

panindauasfiniueanutdulzgniies ssanlasiimesasansloniniuasruiaidusu

¢ N v = a s a 1 v 1A a 5 1
Qu&ﬂaq\‘i 600 13JI@§L3J§13 LLaQWLsU']LﬂﬁaﬂaLUﬂImillL@@iﬂ%ﬂﬂ'ﬁLﬂi']g'ﬂa\'iL%']ﬁLﬂﬁE]QﬂE]ﬂJW'JLG]@?N']u

Y

Y

ag USB uagihnsiiasiziiainisgandulaavesaisavatenelusunsd Avasoft 7 lagaunis

I
Al= <log="
o

e A A9 AINIAANAULENYRIANTATAY
| Ao USunauasinIueenaIn@uang

ly Ao Usunauwaaieinudn lulumnmm

3.2.2 S2uUInnsUaduEasvasansazane

Y

lunsneaesiefnwantfinisiUawuatesasazale Tgunsainlaeiail

(3.1)
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1. wasnuilauas Trunasniilauasainiaiees 39nUs ey Thorlabs GmbH &
Ansdnasgeaninuedy 520 uluwes Wuadiden lunsnssduansidosuas

2. Anvinaadn (Brain-Macro cuvette) WaghiudIugnALINg

3. angloumiuas uadusugudnans 600 lulasuns

4. \3esanlnsiwes

5. @18 USB

6. \A30sPOURINDS

7. in3eiafaditnm (ATAGO - Pocket refractometer) TddnsuSadaiivnum

999815 19 1.3306 — 1.5284

(n)

P ﬂ 1. unasnndauey

3ufuloufanhuas
q_@-60oum ﬁ sewuse |/ N\

2. Auamiussgans 4. awnlasiaes 6. Uszunana

(v)

5UT 3.26 spuuinnsivdauasuedansazaty (n) AINAT (1) WHUAINSEUUIn

(Y]

lumsinawnasuniswaduawesaisazate §338l0AnTeUUNsIANSIUUARIFUN

3,26 NLHUNINTZUUNTINFUUANTITHUAILAIYDIE15AAY ;;Uﬁ 3.26 WAIIALAAINLLALAS

laweszannsenuivasiteg ey luAdimsiludievingy 90 asm uazdeiiueenundig
wmsesanladimesaeanglouiiuawuiaduiiugudnats 600 lulasiuns uasiidased
awnlnsiiwesazgniiesendudnginIoanauiines U1y USB uavinn1siAsienaInig

Wadkasuasansazaneneluswnsy Avasoft 7 wuny
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<, a 1 < a 4 3 a o W
3.3 ﬂ'ﬁ‘l/lﬂﬁ'ﬂUﬂ"J’]NLﬂuWUﬂaL‘Uaa%aﬂauﬂﬂﬂuﬂiu%\‘iﬂﬂaﬂlaﬁﬂNu’)ﬂfﬂLﬂﬁJU']Uﬂ

A1slunaIRu (ZnO+CP) AlBlwaauziTdnansayuadass DPPH

14 k4
= a = o

luidellageiurefstunaunisnisuaisazargayniauniudefeanleanuanivenad
thifamflunaniu ufimmnaeunvddnueyyadassvesasazarvounauludsdesnlaiiy
maniitidansTunaniu Inelduvuhaoneadusis dudoselud
3.3.1 NMswsENd1TazaIgaunIaul ludideanlynnuingativntaaslunaniu
naweuasararsaunauludsdeentesuuanfusuaithdaaslunafuidunen
Sauandluunuiegud 3.26 wasdiBmawsoudidl

1. Fseynaunludedoonleisanm 0.0200 ¢ usmusay3In¢s 10 mL
mniuthldedessansloia Hunar 30 wiit evilvieynauTulsdesnledifuasuiuaoy
wlamnudutuvesasazansouniaulugfeantenwiniu 2 meg/mL

2. ymsideanenudutureseunauludedeenlasniunsed 3.5 (35
AUIBLARIIUNIARLIN )

3. Fonsenaiivinaslunariuannarandy 10 me/ml fevunde 0.9 %
T dudununaad 3.5 Gidwnuandunianin a)

4. shansavargeunauludsdesnlud (ZnO NPs) A mdudunnIsad 3.5
USuns 1 faddns sudvenaiurtamslunaifiu (CP) Usuns 1 daddns ludnsidiuaiy
dadu ZnO sio CP e 5:1 1lU Vortex 3 Wil iftelarsaraneiduidaidendu anduiislii
pampfiteaduiian 24 Falus WeliiAnmsdusiusgnineuniaunludsdesnladiueiadl
Urineslunaniu (ZnO+CP)

5 dhasavageynieuiludsdeenledfidufugiaslunaniu (Zno+CP) sy
wiBsTlenui$n 5000 seudewndt e 15 unit ileusnila (Free CP) fungneu (ZnO+CP)
28NN

6. thaufdulauinanasunisganiuuas fewrdesieiriosaunlng
fimef delszuumsiadegy 3.25
7. dhdwiidusznouveseyninunludedsenledisuiugiadlunaiiu

(ZnO+CP) s ueaUIHNSg 1 faddns U1lU Sonicate 5 unil LielnSeunaaaugnsAUDYYa

asy



A1997 3.5 ANUTLTULAYERTIEIUYBIENTAYANY ZnO Way Carboplatin YiABIN1TVAdDU
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AMNTNTUVDIATAZANADEN ans1dIU

ZnO NPs Carboplatin AULTNTY
mg/mL uM mg/mL MM ZnO : CP
1.0000 12286.5200 0.2000 538.7205 5:1
0.5000 6143.2600 0.1000 269.3603 5:1
0.2500 3071.6300 0.0500 134.6801 5:1
0.1250 1535.8150 0.0250 67.3401 5:1
0.0625 767.9076 0.0125 33.6700 5:1
0.0313 383.9538 0.00625 16.8350 5:1
0.0156 191.9769 0.00312 8.4040 5%
0.0078 95.9885 0.00156 4.2020 5:1
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nswisnaunauluddsanlednuineuaiviiaanilunaniu

ZnO+CP

ansasatuayniautiuiiooanlos

0.03125, 0.01563, 0.0078 me/mL

dvgaratsunaiiiiiarslunaiFiu

1.000, 0.5000, 0.2500, 0.1250, 0.0625, 0.2000, 0.1000, 0.0500, 0.0250, 0.0125,

0.00625, 0.003125, 0.00156 mg/mL

1 mLwag ZnO

HELAUAIE AR TR LY

1 mLwaaCP

' Y

ZnQ: CP
5:1

b

Vortex 3 Ui

—

Uuwed 5000 saunauU

sl ingamaiivios 24 4alug

Wauea 1 mL e

¥

Sonicate 5 Ui

l

VRABULNSAUDUYADATE

7 15 u#
|
l k J
fzAau ZnO+CP wAla free CP
!
watiranlnsalnl

1
' '

NSRANGY AR LAY

JUN 3.27 wnulauaninsinseuansazageyniauiluiedeanlanningnaividaanslunaiiu
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3.3.2 NIVAFBUANSATUDYLADESE

3.3.2.1 MIANTMINATFIUVRIENTOUYADATY
TUMSAUINUSEAVEAINNTANAIYEIANTEULABATY DPPH* 98ABangIusi
wUsenarandud (O ddiaudiiusiurmmananiuuas (A) dafudlelimsuisrmamnuduty
yosansavans DPPH* dufusfurinisganduuas Ssdesiing1nlanmgiu (Calibration curve) Lite
LERIAUFITUSAINET
W/NIMARBS
1. Faenssouyadase 0.0020 g Taluviau udufuumiuea 50 mL
sxldfansazanefiaududu 100 M GERuauanslunianuan n)
2. thansagangeyyadast DPPH 11%1n13 Sonicate shpia3asdansily

a <, a A 1y I3 g o o
Ua WuU|aT 5 U L‘WEﬂ‘Via’]iazmEJLUuLuammﬂu

3. ¥N13399 @ TALA8OULADETE DPPH Aunn5199 3.6

M13199 3.6 ANTNUARINITITBINEAITAXA8DULABATE DPPH* NAUUNTUs 9

AL UNTY DPPH DPPH MeOH Aududy DPPH 7 USNINg
Buduy (mL) (mL) foIns (mL)
100 1.8 0.2 90 2
90 1.6 0.4 80 2
80 1.4 0.6 70 2
70 1.2 0.8 60 2
60 1.0 1.0 50 2
50 0.8 1.2 40 2
40 0.6 1.4 30 2
30 0.4 1.6 20 2
20 0.2 1.8 10 2

4. wanansenstumieinIes Vortex 2 Wi agloansazaueyyadasy
DPPH* fianaiuiu 100, 90, 80, 70, 60, 50, 40, 30, 20 Wag 10 pM AUa1RY
5. dnansazangayadasy DPPH* fienuidudusig q dufuaslufinm

U3u1ms 2 mL NUUUAMIELRUNISINANLNTATOUALIN



118

6. thansara1eeyyadasy DPPH* IANudutusing o u1inAnisaanau

sheseirdosadnlnsines Inglduvasininuanisany faflszuumsiadegy 3.24
7. ihAmsganduasildluainsnsmbnpsgiussninsanuidudui
ANENAALTTINIgANAULaIgITigavesasaraneLlemaunsTady
3.3.2.2 Tnnaeugvisiuoyyadasy
Funsumanaaeugriinueyuadassvesasiegiueyyadaseiitunou

NsNAAUAARULAUAMIUT 3.28 Uavanunsaeduiglaeail

ef -
ﬂ’u'mﬂﬂauq*ﬂﬁﬁmaqgaaﬁ'iz
fredaansiuaydaTe
PFuwms 1 mlL
DPPH* 100 pM
YSums 2 mL
N il : —
Sonicate 1\ 90 i SRUELE S
Falufifiadunan 1440 wnit 1440 uA
fuwde 5000 seUFauNT
q 15 U N
ila AENaU
| !
wiatia awninsalnd i
MIRANGY QRERTERTEE

JUN 3.28 WHUNNLARITUABUNINAADUY VBN UBYYABasyUataITiagsluaduzs1daeq
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1. asavareinognsazgnnseundu 2 ga fe
yad 1 \iuasazanedogeiianudutusing 9 aduriaui
Usums 1 mL
quﬁ 2 \nasazanefiegneiinnnududusiig 9 adlu 24 Well
plate Y3ums 1 mL
2. \fiu DPPH e 1aldud 100 iM U3ums 2 mL luansiedeisansa
4afl 1 UlU Sonicate 90 U7 A gaunnd 27 ssmnvaldya
niuisliluifauna 204 $9Tug Weneasugudduougadase
yai 2 Danaesdaenisfaner19dada tudged
Sansihlowan vunn 8 ShdTiauenady 254 Wiluwes (Spectroline: CX-21, Germany) sieli
Annszurunmstilnazagladatuasazanefegadunar 24 Halug

3. ifivansediann 9 15 unit (Wunan 1440 unil ndhuslesiianu
5000 saUstEwT U 15 wiii Wiowsndufidungnoutasdla

4. sharwiiduinlas fawnasunsgandunas feiaiosdeiad s
awnlnsfiwes deflszuunsiadegy 324 thatnisganauuasiialalumenuidudy lnens
WeUaInngmiinesgIu (31nTe 3.3.2.1)

5. Armududuresansaratsfi ldainnisiisunsmunasgiusn

ATUIUNIAT %Remaining DPPH 91n@uns 3.2

[Css-100]

is

%Remaining DPPH = (3.2)

g7 C, AD AN USUALYDIAITarany DPPH*

C,; Ap AmuuduannueBuivesasazaly DPPH Mifleulaainnsmmunnsgu

6. AMUINMAIMAIWP U YYADATEVBIANTHI0E79 (ARP) 21naUNTs 3.3

(Ao - Amean )

(20)

Dependence of % inhibition = 100 x (3.3)
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0  Aerganduudteysaddsy DPPH®

Amean FRANISAANAULASANTAEANENARDUNNENTAUBYADATY

Tned A

7. a$19n91M AU U US $¥ 719 %Remaining DPPH AU 13877
Ao olinsnzsiuTinas DPPH fianiugdudh

8. ihdeyaiildainds 7 mairansmauduiussening %Remaining
DPPH at steady state fU §n31d1uluavesd1sazalsfiag196e DPPH Ll 031A5 2% 11A7
UsgAnsnwannuiduduresarsiodwiiinasonisandiuiuveseyyadaszasiua3anisain
ﬁﬁmuﬁluﬁumma%a@ais (ECs0)

9. AUIINIAT USHIAUETEUWUGS (Stoichiometry) 31n@uNT 3.4
Stoichiometry = 2*ECs, (3.4)

10. AUINNIANS LN DPPH* fianas Number of reduced DPPH* 911

aun1s 3.5
Number of reduced DPPH* =1/Stoichiometry. (3.5)
1. Spseriendildannniseiuia

3.4 mavadauauluivdelwaduzunizifssvasaymauiludedaanloduuan
Augnaiivndaaslunafunazenaivntnfenysidu
3.4.1 MSLATBNETATANY
Tudedaziinanisuasagateioun 3 41U Usznoudae nandsuaisazans
aunAulugsReanlearuIngaluIiaMSluNaTRY (ZnO+CP) NSNS HLANTa¥aDUNIAU
Tudsdeanlernuinivenaiivntnneny3ddu (ZnO+DOX) wasn1siwsenasazalsaunIAUIlug
speenlednwaniveneadvitnmslunaifuwazenaiiuntnneng3ddu (ZnO+CP+DOX) fawand

(%

TUUHUANGUT 3.28 FeldA1AuduuYeanTaemunns N 3.7 wasilIsnisiwseudsil
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A19197 3.7 LRI ULTNTULAZ R TIE@IUTENTAZA1E ZnO CP DOX uag CP+DOX

AMNTNTUVDIANTAZANADENY ansndruaududu
ZnO NPs cpP DOX CP+DOX |  vasdEnsazay

Zn0O: CP:

pg/mL uM pg/mL uM pg/mL | pM pg/mL CPADOX bOX
31.25 | 388.9538 | 3.1250 | 8.4175 | 3.1250 | 5.3881 6.25 5:1 1:1
31.25 | 388.9538 | 4.6880 | 12.6276 | 1.5630 | 2.6949 6.25 5:1 3:1
31.25 | 388.9538 | 5.4690 | 14.7313 | 0.7813 | 1.3471 6.25 5:1 71
31.25 | 388.9538 | 5.8600 | 15.7845 | 0.3906 | 0.6734 6.25 5:1 15:1
31.25 | 388.9538 | 6.0550 | 16.3098 | 0.1953 | 0.3367 6.25 5:1 31:1

3.4.1.1. mawseneunAuludheanleniuealividnnislunaiiu

1. HeeynauludadeanleduTun 0.0025¢ HsLMIueaUIINT 5 mL
wansneLesasdanslada 1uan 30 Wit shmsidensauididiuveseynauilugsdeenlss
Mu§1eR 3.7 @Eduanuandlunianuan n)

2. \Fevsenaiivinenslunanfudetdunde 0.9 % Trfienadudy
AR 3.7

3. ihansazangaunauludefeanlen (ZnO NPs) A UETUAINANTI
1 3.7 U303 1 faddes saufusnaivitaaslunatiu (CP) Usuas 1 fiaddns ludnandiu
Ay ZnO 1hlU Vortex 3 utit itelfansazansifuidlaiioatu anduidlitgnmgivies
Hunan 24 Falu deliiAensdudatus snineynauiludsdeenladdugaividaaslun
AU (ZnO+CP)

4 hansazanvoynauludsieenlednduiugiaslunaiiu (Zno+Cp)
intumisafiniug 5000 seudeund 18uiad 15 w7 Aty Weusniila (Free CP) fu
ngnau (ZnO+CP) aonannu

5. thauiifuilaninadnniunisganiuuas Mewrdosierios
awnlnsiined Fsflszuumsindagy 3.6

6. thauiidunznouveseymauludedesnladiduiueiaslunaniu

(ZnO+CP) Wit ueaysung 1 faddns Uily Sonicate 5 Uil LivewnSeunaaeugnaAUDYYa
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Sasy aulufivawadunsumeiiio uasfinydnuuslasaineveseynadsduluoonledd
HWAINAUELARTUIUR
3.4.1.2 nMswseuasazargaunauludsdeanlediveiaiivninnenysidu
1. yhesduneulivhded 3.4.1.1 usUasusnaivadady DOX Fa
pududumunseil 3.7 GEnswieunnududuves DOX wanslunianuIn)
3.4.1.3 mIwseuasavarweunaunluddeanlenuuinivenaividansiun
anfusazeaivitnfony3idu
Lihasazasguadivntanislunaifu (CP) Usuans 1 Jadans siudu

a

guafitinnenggiau (DOX) Ysums 1 Jaddns ludnsidunnnududu CP e DOX aum1sng

'
= )

7l 3.7 4lU Vortex 3 il wielwansaranadudaidoaty vnduiislifgumaifenduine 1
Falug il eliiAnnisduiatusgninenaivivadengsdsuivenadvitamslunaiiy
(CP+DOX)

2. \inasazatgauniauiludedeantes Usuans 1 4adans adlu
asazaneenaiivrtnarsiunarAudumivenaiiuntnfonty 0%y (CP+DOX) Usuns 1 Taddns
Tudnsndrunnuidudiures Zno e CP+DOX A 5:1 1hlU Vortex 3 it titelsiansazanandy
dowdeniu andudisidenmniventuna 24 dalus ielmAnnsduitusewinsoynauily
Fadeenlyanuenalithinasiunanfusassnaiiviinnenasiy (ZnO+CP+DOX)

3. thensazageuneuiludsreenludiisuiven iedvitnaslunaiu
wazeadivdareny3tau (Zno+CP+DOX) sndumissiinnais 5000 seusieund Wunan 15

Wl enenduidunyneu (ZnO+CP+DOX) wavinla (Free CP+DOX) 9ananiu

a

4. hdauiduila (Free CP+DOX) 11ipannasun1saAnG uLaIne
\AsessgiATesaUnlnsiine Bellszuunsdnsiagy 3.25
o 1 o a ¢ s o a
5. thdwidunzneuveteumawiludedsenlannduiveimislunani
wazgnalivnUnfeny308u (ZnO+CP+DOX) iinlmMUeaUsNIns 1 Badans vilvinduuiluans
wviuaegdnasilagldinTesdanileila Sonicate 5 unil ielmTeunAdaUNIAUBYLADATE
anuduiissiaaduzsansdes wasfinundnuvaglasaiswetoynindaduilueanleniinuin

AugwadvUn



ZnO+CP+DOX

mswssuaynauilulsdsanleduuansnaiivndaarilunativianysisu

[

asazanpeueiiumin CP
3.1250, 4.6880, 5.46%90,
5.860, 6.0550 pe/mlL

1 mlyas CP

|

3.1250, 1.5630,

0.3906, 0.1953 pe/mL

ansazansenAlUUR 00X | —

0.7815,

1 mL w849 DOX

L £ L
HEUAUAEERTIETUATITNTY

CP : DOX

11, %1, 71, 151, 5121

Wilifgampiivias 1 9l

1 mLvey CP

)| 1 mbL wea CP+DOX
r

w

Wums 1ml

asazaney 2n0 NPs
AT 31.2500 pe/mL

1 mL 984 DOX

Y

fial Wanmnivas 24 41lus

Vortex 3 U

l

fhuwise 5000 sawiaudi 15 wadi

-

mENDY

. '

!

Wuwwmuea 1 mL, Sonicate 5 W

|

vila

l

DPPH assay MTT

characterization analysis

wailrawninsalnd

|

l

¢4k—l

FTIR

TEM

DLS

QUETEHE

AsLEanas

UM 3.29 uanunuianswseuasavasaunaunluddeenleniuenaividn

123
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3.4.2 M3IAVoaLTALTUARIDUANEAR
WNINAADY

1. Ww3euansazany Rh6G fianandudu 5 x10° M iluinanpsunisganau
wazanadunsiaanas wieldfuanseneda

2. thansazats DOX CP+DOX w3ewlusadefl 3.4.1 mumns1ed 3.7 uazih
druinduilavesansazans Free DOX Awsealutived 3.4.1.2 uas Free CP+DOX Mm3osily
vwedl 3.4.1.3 iniaanndunsgandulasuazanasunmsidmadaslfindonunlnsiimes

3. TARIATERNLALES (Refractive index) U8981988a188 1984 Rh6G, DOX,

v a1

CP+DOX, Free DOX, way Free CP+DOX #aeia3oeinsail 31 Pocket refractometer a1nuSem

9

ATAGO
o 1 6 v a (3
4. AMUINMIAMRBLTAYLAAIDUANTANINNANNIT 3.6
I n’
Dy =Dy —i—z (3.6)
I, Ang
~ 2 ] [ U a ¢ o |
e Dry Ao AMmlgestsAltUineUiNEan e IaNTHIBE 1
Drr) Ao AvlgealsasUAAIRUALNTAAYDIE1391989
| Ao NunlAns AN LA YDIN1 S UAUAIUBIaN TR 981
I Ao Nudldnswanuduuasvesnsalasvesansenedy
A A8 AINIAANAUKANENEAYDIANTHR0EN
A fo An1sganAuuLANEIanvesEnSNeBs
N A9 ARTIANIALASDIA1TAIDE S
N, A9 AIATLANLULAIVDIAT 19D
5. @3enTneuduRus T NAItuY et sarang iU HaB oL TaLYUA
wal 6
AIDUADAR

6. AAIIZAANLA
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3.4.3 MsvadaUaVERUoYyaBesE
1. yhmsvaaeusuiite 3.3.2 yauszans usidsuamsazaneildannnzneu
YosasipIeuldainite 3.4.1 (hdegend 3.4.1.1 90 6, 3.4.1.2 90 6, 3.4.1.3 40 5)
3.4.4 nMsvadeuaMUUuRYAaIYas
ANIRIBUETIFDE
1. thansazanefildanagnaunes ZnO+CP ZnO+DOX way
ZnO+CP+DOX fiw3euldantiate 3.4.1 (Fadedesdl 3.0.1.1 98 6, 3.4.1.2 90 6, 3.0.1.3 98 6)
2. 139919@19720819 LAINTBIAWLAUNTEIVUIA 0.45 lulaTiuns
dwsuldlunisneaeu
Bnsnegeumnuduivrewas
1. Ugniwaalad 91u3u 1x10° Cells/mL adlu 96-Well plate U3u1ns
100 pL/Well 37u7u 2 plat
2. wds91nAsu 24 7l grenIeandnusaYaN ntuRsas
fhetnanandudusing 9 Usims 100 ul/Well senmiinnudugiansondes Inverted
microscope with Fluorescence system Mntuthluty
2.1 Plat 7 1 Usiwadluguy gamail 37 ssmiwaidea 5% CO,
W 24 4l
2.2 Plat 71 2 Unwadlundes UV anuemimdy 256 uilulns
W 26 4l
3. levnadasumsanTitnun andennEnass
4. 4@y MTT Agbiudy 5 me/mL, 10 pl/Well wariiluvadunan 4
Flaa
5. Jlevuwadly MTT asu ¢ 49lu9 AnaNsaraly MTT 79 uaviiuansi
azanenan Formazan MUl 100% DMSO:10% SDS $ms1du 9:1 Usinns 100 pl/well
6. thlU¥nan OD Fimuenandy 570 uiluwns sausunsuwen 5 undl
nowinA1 OD

7. AMUIAY % Cytotoxicity vesasusazain lngldannis 3.7

A-B
% Cytotoxicity = [T}doo (3.7)
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A FiB AIN1IAANFULEINDIMRNAIUAN (VAUTITwadlumNSNNZIAL)
B fie AN1sRanauLaamguiiigadluansieguusiazuin
lagen A wag B agdaniAn1sganiulasreas Blank (luill Aeviauiiiy

a15a¥ane 100% DMSO : 10% SDS) dnsinaussnnau antudsiiluamuiaminaunisanasy

3.4.5 nsAnuvyilsidunasdnuuzmeduguinerveseyaauTudsdesn]ud
NUINELANUIUR
3.4.5.1 mylmngiaemaidanisesniudresudunssaaiunlasalal
(Fourier Transform Infrared Spectroscopy, FTIR)
1. ﬁwmiazmaﬁlﬁmﬂmzﬂaumm Zn0O, DOX, ZnO+CP, ZnO+DOX Lay
ZnO+CP+DOX Thwdealdininainiiade 3.4.1 (dedesil 3.4.1.1 40 6, 3.4.1.2 90 6, 3.4.1.3 4o
6) thleuflgamail 100 ssriwadea unan 24 Falug axldnsvasansietis
2. Feneesansfag1eUs i 0.002 g wuanufulnunadeululyd
(KBr for Spectrometer) flauiandag1uan 0.5 ¢ vinisuslviaziden
3. 91t ldlundfud Ga3enda Die dagudl 330 wdaudaios
é’mﬁmﬁag‘dﬁ 3.30 nelaranuau 10 ke/cm? w5 Ul
4. Yudaansdaegnseenainuifiun udniluindewses FTIR

5. s 1iveyanlaannnsin

| Tablet frame }

Gas Outlet

=l
N

[

UM 3.30 LansdIulsenauvadulfun (Die) dmsusnidin

CaN
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Manual Hydraulic Press

JUN 3.31 kandiA3esdaln

3.4.5.2 N13ATIADUA U IUINYILATIATIES 199 801AR 8N B9 aNsIAYl
BlanmIpuULUUdeINIU (Transmission electron microscope, TEM)

1.4a15aa199 b annnzneuaes Zn0, ZnO+CP, ZnO+DOX, hag
ZnO+CP+DOX Tesauanainiide 3.4.1 (Fdedesil 3.4.1.1 90 6, 3.4.1.2 90 6, 3.4.1.3 40 6)

1MEAAIUUIMUASUBY Neliwraduian 24 Fala

2 il inseiesesqanssddianaseunuudoinsia TEM gu JEM-1400
Flash

3. Apszdeyanlannnisin
3.4.5.3 nsnsvaeunuluaswuiuassreseynasiemada Dynamic light
scattering (DLS)

1. vansazaneileannnzeu Zno, ZnO+CP, ZnO+DOX, uay ZnO+CP+DOX i
WRHLRINTITe 3.4.1 (detendl 3.4.1.1 90 6, 3.4.1.2 18 6, 3.4.1.3 10 6) WMLARIFIM
2. 1hlUfnadneLres MALVERN Ju Zetasizer Nano ZSP

3. Aasgvideyanlaannisin
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NAN1528LaZAUS1ONE

& & a = a v = a ¢ ¢
L‘L«!E]VT']IUUV]'UQZ@ﬁUWEJﬂQNa%l@'ﬂqﬂﬂ']ﬁﬂﬂ‘b"]f}\lasll@\‘i@‘léﬂWﬂuqiueﬂﬂﬂ@aﬂlﬂﬂWImUﬂqi

a o

wdsenadvitaasiunarfusazenadvitadentygidu Wdneaduziiadmune lnefidon

wdneiail

4.1 wanisnageuauduiivraigadveseyniauludsdoanleduuing el
Urdaaslunaniu (ZnO+CP) mewaduesid1aoseyyaddss DPPH

4.2 HamsanwauautinuaesseymaulludreenlyanuIniugalviin

< a

mslunarfuwazeniivdnnengsiau (CP+DOX+Zn0)

[

4.3 wan1sAnwmyilendukardnvaznadaguing1veeuaIAu B en

Y

lasnwanenaiurtn
4.4 nansnedeuauluiivdewadveseyniaunluddesnlysuuiniveiad

Urdpanslunanfunaseuafiintnneng3idu (CP+DOX+Zn0)

Y

[ a 1 < a d 3 N o w
4.1 wams‘mﬂaaummwuwwaLsziaasuaqaqmﬂm‘[umﬂaan‘lwwmnmmuuwﬂ

ATSUNATRAY (ZNO+CP) AaBLsaaNSIiIa0saULadas2 DPPH
4.1.1 wan13fnwaNURNIMEIYaETATaNY
4.1.1.1 nsAnwautinIduasvesasazatvayn auludadeenlen
HansinannsuNsaRnaukatvesasaraaumAuIlugreanlen lur

AULTNTY 0.0078 19 1.000 mg/mL LLamﬂugﬂﬁ 4.1
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—— 1 mg/ml
—— 0.5 mg/ml
2.0 ] 0.25 mg/ml
1.8 —— 0.125 mg/ml
| — 0.0625 mg/ml
1.6 0.0312 mg/ml
1 0.0156 mg/ml
L4+ —— 0.0078 mg/ml
3
8 1.2 1
o
e 1.0+
3
5 0.8
7]
S 06+
0.4
00 e

g T y T 2 T iy T > T T T T 1
350 400 450 500 550 600 650 700
Wavelength (nm)

JUN 4.1 awdnnsun1sganfunadazANNEIAIUYesEarangaun AN luBReen A TIAY

LUNUUFIN)

DA a ¢ | = a
nnTuansliliudt ansavaweunannluddeenluniinisnanfuuadaaninl g
Ny 1.0000 mg/mL hagnuidnAnIsganausasdzanauilieansazalgiianandudumas 91Ny

ANsgANGuLAuRGelingsgnnsaiuaLeIARUsEINIM 379 nm BalndiABadMUNARAUTDT

Y 9

Fereonlon (3.2 eV %58 380 nm) [110]

Lﬁaﬁmmﬂwwﬁé’fm’fwummiazawLﬂué’wﬁauimamiaﬁuﬁWﬂﬁi@mﬂﬁumwé’ﬂmi

(% ' [

AAT1EYingvo T I-waulsn AeiudaA1nnututureeynIAuIlugIdeanlenda iU A

nagandunasnaziinTuluse

4.1.1.2 msfAnwaudAiniuasvedansavageyyadasy DPPH

HANMTInaUNASUNSRANAULAasESavaTeeYYadasy DPPH lugisniny

WUTY 10 89 100 pM LLamﬂugﬂﬁ 4.2
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DPPH’

o
o]
]

o
o
1

Absorbance (a.u.)
o o o o
w i =Y w [¢}]

0.2 4

100 uM
0.14
0.0 — , , : 10 uM
450 500 550 600 650 700

Wavelength (nm)
5UM 4.2 aUnasunmTnanfuLaILAZANENIATUYBIENTATAIERUNATATY DPPH IANuidudy

10 uM D9 100 pM

INNTMNUIN eTazmgeuLadasy DPPH insaandunasgeannadnududy

100 UM wagnuIAMITYALENIZaRRLIDETAZANEHAMTNTUANAY TULEATINAINTNANTY

I [ 1

Judagiulaenseivuanuudunungueades-uaudsn (Beer-Lambert law) 31n3UAINTT

gandunasdifingsaansafuaiueniadulssana 517 nm [111]
dleArfinnisganauggnueausasaududusndounsmianuduius oz

I@nsmasuiiisuninsgiu fuanddugudl 4.3 aannsmudn Amsganduvesaisazaiseyya

a

a5z DPPH wisiumsstumududuyesaisazatveyyadase DPPH fuwiliuiudwduwuy

Y

Wadu Tnefaun1si@adufe y=0.072x+0.0132 uazilardulsednsnisonneeidadu R?

WINAU 0.9999
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0.8 4

0.7 y =0.0072x +0.0132 /'

] R?=0.9999
0.6 - /

0.5—- /
0.4—- /

0.3 4 u

A
Ale

O o B
0 10 20 30 40 50 60 70 80 90 100 110

Concentration of DPPH" (M)

Absorption peak intensity (a.u.)
|

g'ﬂﬁ 4.3 nyaeusieutes 2,2-diphenyl-1-picrylhydrazyl (DPPH¥) firmnududsingg

4.1.2 wamvagauauduiviaigasuzizednaasayyaddszs DPPH

Ufisensenineeyyadase DPPH * uagansiiueuuadase Usenaulume auniauily

Y]

ZnO aunAunly ZnO+UV enalividaanslunanfunaueyniauilugeneanlan (CP+Zn0) uas

[ =2 Y

CP+znO+LV il uluaunalnaauaians daiue3dadane e uiasn32980Us5IUT 1A VeS
WANIIUIAUAIANTVRUJATENTENINeeULaddTY DPPH * Uagiunuediueyyadassusaz

yiln N1smdneuyadasiuvIaumanslianniunisdmsugInueyyasaseuiazyinaun s

' '
= a % =)

f99ndusn Wenududianasgiandves ayyadase DPPH* wWisullegruiulddn 91ndaing

q

& a | ~ a ¥ a a Y v o & ) a
W UALADI9 D UL DU IUTDIE A TUDUYADATELUFBUIINAMUUNTUA LT UG muamlugﬂm

4.4
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H > O

G, D, E, F, G uag H unu 0.03125, 0.0625,0.125, 0.250, 0.500 uag 1.000 fiaansu

Aofladdng veteunawIluddoenlyd audiau

gﬂﬁ 4.4 mswasuluues 2,2-diphenyl-1-picrylhydrazyl (DPPH *) fiAenfuasidudud

wanssiuYesan1AUIlUGAean Ly

JaunaraniveIUisouanslunsiaudiiusseninamsganduiiunainsesiad
ndufvesnLduiLAnd s uvesueLyadasy dsuandusUfl 4.5 andiulddn ns
¥neuyadaszaneumauilu Zno Tu DPPH* Madusgumnsailerududuraseyniaun
Tu Zn0 Wfisiu atnevausieinganuzanududuAntuil 420 wiit Turasideatudmsy
oun1Auly ZnO + CP Gananlunismevaussiidedliiielifaaniugasiafife 420 urit lumis
psafudm Zno + UV laifisanagdumi 420 uiil Tnstanngegnsdsiieuidudu Zno + UV 1
i1 whheuannsalumsmineyyadaseiinnududuginiy Zno + UV azgandniiany
Wty Zn0 + UV #idindn usdanuzaiudusdadlaife 420 wiil Wudeadiu Zno + UV uas

[y |

ZnO + CP + UV l3ifisqndudail 420 ininuSinagegauesensueuiadasy 11.0 Sadinsuse
fadans dwmsuennmeauily ZnO way 0.2 Tadnsudeliaddns dwsupaiivndnaislunaisiu
(CP) saulun1s@nwidagdulnuaniatnevaussnsil 420 mnldmungdimsunisusediu

AMANURAYDIEIRIUBUNATATUATAITTAITANANUEAINT 1440 UTIunY uaziuraulafe

USinawes CP wiry 0.2 Sadnsudefiadans lunmsAnvitagtuliosninfiseaulunisaaey
fulwaduzi5e retinoblastoma a4 Kang LLagAe TUsIaemslunaniuil 10.0-37.5 meg/mL
Shome wazamz TdaluuSuna 10.0 me/ml waz Kalita wionaaes Menfiusuna10 me/mL
[112,98,99] usivu1aves ZnO 7 1.0 fadnsusefadans lunsAnuitagiulildivszansam

[y

AuSuATIe [113] wagadluselovulundnd a5 a9d1019n et Uiy [94,86]
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°81 ZnO+DPPH’ (n) 08 ZnO+DPPH +UV ()
2
—~ 074 —
> S
- .
;’ 0.6+ \g
8 8
(e C
@ 05 @
el Qa
B —
B 044 A 8
o] Q0
< v < e
037 o "H 0.04 —=H
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600
Time (min) Time (min)
0.8 *
(ZnO+CP)+DPPH (V) o .
. ' (ZnO+CP)+DPPH +UV
—_ 0.74 0.7
3 -~
8 06 S 06
o S w
O 0.5
S o5 8
3 = 0.4
o o0.4teeney A 2 4]
2 Etrmmsanes $ s
< 0_3_t“_‘ . QO 024
"H <
0.1 L
0.2 — 77— -IH
0 200 400 600 800 1000 1200 1400 1600 0.0 . . . ; ; ; . ,
Time (m|n) 0 200 400 600 800 1000 1200 1400 1600

Time (min)

AMULNTY A, B, C, D, E, F, G uaz H wnnafis 0.0078,0.0156, 0.03125, 0.0625, 0.125, 0.250, 0.500 uaz 1.000 dadnsume

faddns veseunIAuIlL ZnO mud1du snsaduluaves ZnO de CP fis 5: 1 CP Ao A1slunaliu uaz ZnO Feddennlud

JUT 4.5 nuanspnuduiusseninansgandulaasgadaduiaidunaineuauesain

AUNUEIAILOULADATETIUANGNIY

o o

#11SU DPPH* Mndefianiusanududimiuianndulaanisusuiiisunalatslauldds

a a I

U7l 4.6 Talud (Ascorbic acid ) iingnldiduluianamivaulunisussidwdSouiiay

@l

aaa I a a o

Uszaniamnisvihauvesnsnageuliianaveseyyadase Unsenseninadnnduduag DPPH*

(%
1Y

wusiagaunnawsavufiserduaisluliiud dnludaduiidaiauiisaunamansves

¥
LYY

UfATePuegiuanuaeUeIaIIUBULABATEAINIUNTNAARY 1IA1UATe18IN15M3A DPPH*
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A28 ZnO uaz ZnO + CP 153N ZnO + UV uag ZnO + CP + UV fatiuasiueyyadasy

[

prauvsladuansUszinnAvauamaninatsiazdi Tun1sfinuil wednssuvatadausndnazi

o
1

UfATe1 U DPPH * wazifientas ZnO uag ZnO + CP Asanslugun 4.6 UfAsenvaiifsaniug

AN 420 WifkazgnisENINaUmansnaall aleuiuIniug wednssuaatvianasstia

a [

W 8yMU A58 U DPPH * wagiigadeiu ZnO + UV kag ZnO + CP + UV LH8931147a0
novauesdsnsadunalui 420 il Yeyamisazgniaivdinaliauninvsisaniugasiiiive

nanfeslarAnaInveIdeya anurAIate 1440 uidmTuuiisenvisassil wgAnssuns

= A v & a
LARBDUN LL‘U‘UGU']‘NLL?{@QIWEJLLNUﬂ']W‘lgLTJ@ﬁ‘Uaﬂ

N .
o™ £nO+DPPH ) 10 zno+DPPH~LY  (A)
T
o 904 «I
o o
o 804 o
o @)
£ g
@ =
£ , A ‘©
o S
o X o 304
X = f 20
30 — = o] T X
0 200 400 600 800 1000 1200 1400 1600 0 - H
. . o~ 200 4oo” 6oo” doo” 1boo” 1200 1400 1600
Time (min) _ _
Time (min)
100 1 *
(ZnO+CP)+DPPH () o0 (ZnO+CP)+DPPH*+UV  (4)
T 904 . 90
I
& 80 o 7
&) % 704"
8) 704 o 60
= c
5 - £
E ‘A @ 40
& so-m . % 30
: K
R oo : c ™
H > 104 ol S
30 ————————————— =H
0 200 400 600 800 1000 1200 1400 1600 0 T T T T T T T J
i i 0 200 400 600 800 1000 1200 1400 1600
Time (min)

Time (min)

ANUNTU A, B, C, D, E, F, G uag H muneiie 0.0078,0.0156, 0.03125, 0.0625, 0.125, 0.250, 0.500 wag 1.000 dadnsuse

$addns vesoun1Auly ZnO mud1au 8n1auliaved ZnO fe CP fe 5: 1 CP Aa mslunaniiu uag ZnO Fedeanlen

JUN 4.6 nauanspuduuSIEinaesidus DDPH* Mwdeadiuiial nedueuya

DATTHNNVUANU
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DPPH* iwdeiian1usdusa uwanidauasidudves DPPH * Mindesyfianiuzdusiinig
naUfATEIINAMIENTUA 9 veseduenYadasY AIiuAT ECs, Faduntinivesdiuiuly

avesunuiuayyadasydonilaluaves DPPH * lagnimualidwiumunumsdesiueyya

v a v

dasvusiaziifauwanslugun 4.6 ECs, lumsdnwdagtuianunaienisiu ICs, lun1snaaey

a {

N19TAMLAEANITUIINT LA UTUN TUTEANS A s T ulunisanaududy DPPH *

¥
a A

SUAU 50% ArdeulusUvessnsdiuluavesansiiueyuadasese DPPH * Jadudediunis

Ql‘oud v 6

AusuyadaseNdAydInUsensuilevesiununisAefuayladasy uUTiuasduius

]

(Stoichiometry) gnAImuAIINAT ECso Faagaiuan ARP {un1sUssanainniuaesl ECg, A

'
a v

ARP 71890 und1889n15058YIA 10U adaseNdUTEaNSaMIInTY AYSIaNaN SRS

o

(stoichiometry) HulfinNMIAMA1 ECs, Yosansinuaugadaseusaziiimeans AuUsunens

v v

uius szszyinnuliavesansiueuyadasensdulunisaavilsluaves DPPH *

(n) (m)

56 ZnO+DPPH 7 ZnO+DPPH+UV

I
54--\ 70
n

60

]
504 &
;\

52

50 f---- .
48 '\
46

il \.

2] ECys=16.2152

40

404
| ]

\

204{: =

30

RN

104 .

. lEC,,=35455 — =

o

% Remaining DPPH’ at steady state
% Remaining DPPH’ at steady state

T T T T T T 1
20 40 60 80 100 120 140

o

T T T 1
0 20 40 60 80 100 120 140

mole ZnO / mole DPPH’ mole ZnO / mole DPPH’
56 4 *
ol (ZnO+CP)+DPPH () 0l (ZnO+CP)+DPPH'+UV (1)
52—.\. 60
50 4 -XF
] I\ P1LEC,, =1.7182

]

Wl N

427 \

40 ? "

38 ECq = 6-415N

36

30
\.

20 \

104

o

o4 . . . , : : .
0 20 40 60 80 100 120 140

mole (ZnO+CP) / mole DPPH’ mole (ZnO+CP) / mole DPPH’

% Remaining DPPH’ at steady state
% Remaining DPPH’ at steady state

T T T T T T 1
0 20 40 60 80 100 120 140

JUN 4.7 naluansmudiussevinaUesidud DDPHY Nwidesgaaugdusinase ECs

VoAU YadaTy Nudndiuluavesenfueyyadasesia DPPH *
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= 1 L a dl ! gj 1 o aaa o
INNTTIANWYINUIN EJ’]G]’M@H&J@E)EI?%V]N’W?W?VIﬂﬁ@‘U‘VNM%J@IZLILﬂEJ‘Vl’]‘UgﬂiEﬂﬂ‘U DPPH *

Y

1INNT1 75% VIAULNTUABAL AU ECsy F931TuifoIn1s msfinwndagiuduandlugud
6 AIINITIATIENUTLANTNTTUIUNTANURUYADATLILYNILATIBTIMIUANNFURUS TEN T

s & & a o ~ s aaa i a o ~ v o s
LB EunYee DPPH* aum7 Luaﬂg\]qﬂ"ﬂau@qﬂ@'ﬁﬂaﬂﬂaﬂi87@%1“3377]391]@3LLagﬂJﬂTl'}@JaﬂJWUS

v v ]

vdnsaluaveseniueuyadasere DPPH * Tuvazfeaiuilnnuduiiussening ECy, uae

v YV a

Mdsiueyyadasy (ARP) ARP wavioiludnlnguszunniues ECs, vatusiafunue1fiuayya

(%
LYY

davy Ay ARP euansfiadnsrdiuluaras DPPH * desunugmuesyyadase Tumanduiuem

a

ECso azgnimumludiuauresiiwnunisdesiuayyadassisndulunsanmnududusudu

989 DPPH * 84 50% L3181 ECs, U0 ARP 98LiuaUN AIluduegiua1 ARP 8UAUTDINISAIIN

Y

auyadasyveesueuYadasEInlaugnlu ZnO <Zn0O + CP <ZnO + WV <ZnO + CP + UV

[ Y

Miaulaen ECs, 71 1.72 Wesamauniauilugsdeanlganuaislunaifunielaseddansallewan

(Zno+CP+UV) Tun1sfnwataglunansliiiugn nismdnouyadassvetensueyyadasziu

a s A = = 9} a A s o &
ﬂ'ﬁL"ﬂiQJfU@ﬂL“Uaaﬂeﬂu&@LU?EJ‘UW]EJUﬂU@Hﬂ']ﬂu’]IUIﬂﬁmuw'Uifiﬁﬂu cP IUL"UaallgLiﬂLW']gLaEN

retinoblastoma (ECsy = 4.20) [97]

v A a ¥

UadendrAnydnedrmilevainisindneuyadaszveserniueyyadasehie Usuinans

'
a | a ==

duiusveseinusyyadassunazailn JuandalSnavesarsinuauyadasenindusoddny

VUL 0aNAMTUTUSUAUYDI DPPH * 91 100% A1USuNMasdusius (Stoichiometry) tu

lpanarnmseniA1 ECy, Yaseniuaudadasuiagylianisaes

M13199 4.1 NANITNAABUAMIIITINDTANN BN TAINUBYLADATY

Antiradical Kinetic Effective Antiradical | Stoichiometry Number of
test behavior concentration | power (% (=2*EC50) reduced DPPH*
(ECso) ARP) (=1/Stoichiometry)
Zn0O Intermediate 16.2152 60.2222 32.4304 0.0308
ZnO +CP | Intermediate 6.4158 63.1528 12.8316 0.0779
Zn0 + UV Slow 3.5455 94.0278 7.0910 0.1410
LZJCO TP Slow 1.7183 96.5667 3.3466 0.2988
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a1

INENTNN 4.1 @159 UULABATENHIUNTNAAB ULAAINGANTTUIAUAMEASHRIUTELAY

£
(Y

wiwegivduiuveseznaulalasiaundeylunqulansenda (OH) ANuEINNTIVRIANTHY

q

ﬁ@e

ayyadaszlunisliesnaulalasiauuaznisaneloudidnasoundunuansiueyyadase 819

o a IS S

ulugnisilunansves DPPH * anfiu@lifinguiluednlansenda (Phenolic hydroxyl) wazsi

q

v
[ % v Aa a  a

UA3e71u DPPH * aedudmduddadin1siiufisead195aniiisinss mnaweausuimans

'
v o 6 o 1 a =

FuusBegediuauvengunmhaufiinniulunisiueyyadassuagmarndnoyyadase i
Fu lunsinwd Adlunandiu wie 1,1-cyclobutyldicarboxylate UsENaumeunguansdunse
(mFuenda) uaznguefiunid (P nilduianaves CP anunsnadanguilansendedistiosanungy
dioasluana DPPH * 1nfudmanslusudl 4.7 Inuasedulnanavesnisnszyues CP 819

Nedesiuanudsdhlumsvhuiasernaainazesngnsdiueuyadasenuaunisin (1)

NH; NH; NH; L0
\ Hydrolysis \ Hydrolysis \ /{
/Pt I Pt — + Pt
NHz l\H3/ H,O COOH N-Hs/ \HQO

NH;

NH; /HO

v Pt

NH. O codu / \
NH; HO

JUN 4.8 Uisensuandiveseadiundaanslunandiu (Carboplatin) lungulansenda

vdyﬂlvd !

wenMNUGWiiLINgu dioxy desnguunasiuseatouleaiuluasinguues Ketonic
Y99 CP danasionauUAnisaaduiiastu [114,115]
dg" a"a 1 Y B £ a a a" o
nsazanelasiuniIvalrgvessyn1Auily Zno wandiiuddnsnandAylunis
afiunisiueyyadasy Wewnanunsavandaey Zn®* uag OH (ROS) whdluana DPPH *

ANUNTZUIUNSAD LU

ZnO + H,0 = Zn(OH), = Zn(OH)}+ + OH" (4.1)
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Zn(OH)* = Zn*" + OH"- (4.2)

Wesnnisaeidenavilviiindnenmvesansdueyyadassvessuniauily ZnoO
[95,96] aut@lnlanzmlafinues ZnO nmelduasdansilalean (UV) Jadunalndidgydnusznis

= ¥ a = a & =% o o = _
viuwmﬂizmumsmua%aaaiz LuaqmﬂqaLaﬂmaumﬂmimmm ZnO a@unsatlagu OH

Ldulansen@asuyadasy (OH) Fadu ROS [93] Nudwnsefian viliiinainudiaslives

[
= 1

URATe U955
= ° i s a S R TN 1Y) o
Werinduiunguiledduianiziatzasiuiinnuduiusogsuiniu ECs, lngonde

UHUUNIIABUALBINITUITUTIANSATUOULABAS YA SAMYsTUY DPPH * Aeiwandlugun 4.9

ol
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& (Y ] % o v a v a

aumsfiwesidAydmiunsidneuyadassresansdmueuyadasy nsidneuyadasy

o

Db

¥
(Y] 1

Yuediua ECs, Uszansnimnisiinuvasansivenyadaselddmdu Zno + CP + UV> ZnO
+ UV> ZnO + CP> ZnO ZnO + CP + UV §U52@NSAaWu1nn31 ZnO + UV USeU1ad@adsyin
ZnO + CP + UV dUsg@nsAnuannian ZnO + UV Uszunaadadinn ZnO + UV dUszansann

111131 ZnO + CP 29889411 ZnO + CP AUS¥ENSAMUINNTT ZnO @73y #9ty ZnO + CP +

¥

LV Feeglumnangvesaatmansdiluasinuauyadaseningn Faldiugianveanagulens

(% '
'3 Y Y o

anfia ZnO fguasinueyyadaseniifnenmdsenianiey S1uiungulansendatusiuazeasly

mnanyvesatindaulriseiunas
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JUN 4.9 wavesnnudnduniuszavsam (ECs) lunismdneyyadasy uazdiuiu DPPH

]
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Manasluansinuenyadasyayinunneneiu
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PNMIANGINUI UsEN15usn AaduduvesasiueuLadaseNldlAmuInnIINIY

WNUUYas DPPH * Usensfiaes 1UadninvesuSunaanududuresasiueyyadass fatuds

Y
(%

Fufudeansnraoutnuiinuiivssansamyesluanadiiunsmaaeumaiineuiiaging s
naaouIwazidualunasnnnassuazlusnanie Usen1sfiawisnis DPPH gnesnuuvuLile
naaoUU AT NmnzaNLazIamouALe eI LB AUBYYaDaTE LavanTeledain
38013 DPPH Fuogfunalniildainaaunamans 420 unit (ZnO uag ZnO + CP) 1IN 1440
Ui (ZnO + UV uag ZnO +CP + UV) onasndudasldvanuzasii msvadeuaisdoyya

a =

dasydu 9 91anurinnsIIdeuANAINNTaluN SN UeULADATE Rt AUB Y dATHLVENT]

4.2 wan13AneIRMaNUANIILEIvaIaunIAUl lugsAsanladnuInivgLAdivIUn
aslunafuuaseaiviinfenysidu
4.2.1 Han13AnwIRENUANILEsvaIt AU Uakazayn1aul ludAaanlyn

KansAnwINIgANTuas ez swaasvetasavargenalivrdnfenyss

<

Fu (DOX) asavanggiaditrUamslunaiurauiveaiuntnnengsidu (CP+DOX) Nouuas
asgaduaunATeRBanlYn LanmasilenIiansnNduiusio kAL naINITAATUOUATAU
Tugadonnlud luguil 4.10 :1nsEnwImUIn awnmsunsge nAuLaILaznsIE LAY doulay
ndagadueymauily ZnO vesansazatoeaiiiatin DOX wag CP+DOX flFnsganauuaay
WauasiaagMnAaY 485 uaz 594 ulung mudidu TasAin1sganduuaiazatua e
dndud e udnduresansavats ndaindueyniauily Zno asluaisazaiseiadl

U DOX uaz CP+DOX agsilvimnisganduiagnisilaiuwasvesasazaisgiaividn DOX

Y ]

wag CP+DOXanas Lasdniinnisindeudngluanavesasazange Al undnundaiivesaynia

wludedanles uaiianisimeiiiiveseuniruiludedsanlednisussimaseninaduiana

lutanavesguad yiinaiuisainizey sou 9 Avesaun1nuIludedoonled bananedu

[%
[V

(Multilayer) viseluudaztuvetluanaasgnaadulzinegiutuveduianavesasgnaaduludy

Aountil Ineduautuaziludadiuiuanududuresasgngadu uwazaziingInunualy

¥ 1l
= IS

Wntuiguvesansazangenaivndn Wessesnarinlunuhdwuluanavesnaividaly

v '
T~ a v 4 a

ingAafuiuiImgaduiinindy Tuvaeriuluanaveseaividauisdiuiiniziniu

Y
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¥ '
%4 I v U IS 4

#ui19zAeanin (Desorption) FIMIINTANBERNUNALIARTRENINERTINTAATU WeUdeelv

nsrvIumMIgaduaniiuluisey 9 aunsemadnsnisgaduiiiudnsinisageenusyuuasdng

aneauna uazmdednnuluanavesasazarvenaivivnanas lneuIunm (Capacity) wag

Usyansnn (Efficiency) ves81taivrdn CP+DOX ludnsidiuvesenaiivntn CP:DOX Wiy

v
v A a

1:1 3:1 7:1 15:1 uag 31:1 Mmzfnduiuiiavesoyniauily ZnO wwandlumisnei 4.2 970
ASN9 4.2 AznUINgnsIdIuveseaiviia CPDOX 1 31:1 4Au@11150luN15UTIEN
(Loading capacity) iiivasaun1auIly ZnO lagegaiis 77.81% waziliusgansainlunisussy

81 (Loading efficiency) 99.05 %

225 DOX

0.20 - DOX DOX before ZnO adsorption DOX before ZnO adsorption
Concentration of DOX (pM) 200 - Concentration of DOX (M)
0.18 4 ——53881 2.6941—13470 = ——5.3881 2.6941——13470
0.16 - 0.6735——0.3362 s 175 0.6735 —0.3362
- 2
g 0141 DOX after ZnO adsarption 2 150 DOX after ZnO adsorption
— 012 Concentration of DOX () aq-:J 125 Concentration of DOX (pM)
5 TrhaEEl ereetRn g T ---53881 - 2.6941 - --13470
S o010 0.6735 ---0.3362 8 : : :
£ % 100 0.6735 - ==0.3362
o]
@ 0.08 2
g & 75
0.06 4 5
El 4
0.04 - L 504
0.02 Y VR 254 A "
¥ N e T ) A
0.00 fradeperar 77 - 0 n:'\\ rrigt 'n"r\'v\' \‘I's"\“ .I,:J‘ r\j‘

T T T T = T T ]
400 425 450 475 500 525 550 575 600
Wavelength (nm)

. e
550 575 600 625 650 675 700 725 750
Wavelength (nm)

(n) swnasunispanaungdsaznsUasasiauLazranIsaaduaynIauily Zno Yasgaiivndn DOX

CP+DOX
0.10 - CP+DOX CP+DOX _ 140 4 CP+DOX before ZnO adsorption
+ ) before ZnO adsorption Mass ratio of CP: DOX
Mass ratio of CP: DOX iy . -
. . ! 5 ] —111 3 —71
—111 31 — 71 T 120 : 391
0.08- —15:1 — 314 & 1 3t
2
& 1004
CP+DOX after znO adsorption & CP+DOX after ZnO adsorption
0.06 Mass ratio of CP: DOX = 80 4 Mass ratio of CP:DOX
---11 31 ---71 o -==1:1 31 - 71
---151 === 311 2 -=+151 == -31:1
©
0.04 8 60
e
5 404
0.02 w
20
0.00 = 0 v
400 425 450 475 500 525 550 575 600

5%0 660 eéo 700 750
Wavelength (nm)
() ﬂLﬂﬂﬁ%’uﬂ’]iQﬂﬂauLLaﬂLLazﬂ’ﬁL‘UﬁﬂLLENfiE]‘LlLLﬂSMﬁﬂﬂﬂiQﬂ%’UaHﬂﬂﬂuﬂu Zn0O ‘U'é]\‘i‘c’l']l,ﬂﬁ

Wavelength (nm)

Y1Um CP+DOX

5UN 4.10 rasinsvesaUnafumsaanfunauarnsiuadananaunasnaensgaduaunauily Zno

Y

293gAdUTn
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A151971 4.2 P519ARINATEY Loading capacity wag Loading efficiency lunsdives CP: DOX

Tudngdiusingg Ndanzuuiitaynauludadeanlen

ZnO CcpP DOX CP:DOX = Loading Loading
(pg/mL) (uM) (uM) CP:1 capacity efficiency
31.25 3.1250 3.1250 1 66.15 81.13
31.25 4.6880 1.5630 3 74.98 94.55
31.25 5.4690 0.7813 7 76.24 97.52
31.25 5.8600 0.3906 15 77.43 98.19
31.25 6.0550 0.1953 31 77.81 99.05

4.2.2 wamsfn¥IAIVgaaLsaUAnlauANEan

dathamsganduuasiiuiilinsmueinisdsawosmsazmesuaivida DOX
uay CP+DOX Varouuazvdinisgaduayniauilu ZnO uasthlinArdadrnmuas udily
AuanAINgoBLIAsUd MauRuBadnINaNnTTl 3.6 ntduadnsdanadIRuS sEnIng
amnudduvesmsazansenaliv1ln DOX Audmgesisalwudmeufidas fauandluzui 4.1
wazasunsmanudunusseninensdiuves CP:DOX Aurvigealsalguinauiudan AaLand
Tuguil 4.12 amnnsmnudy Weifiumnuituvesensazaneeiaiivita DOX ﬁaﬁauuawé’qaﬂ%’u
oumAuly Zn0 mnuannsalunisidsuasazantiosas (Quench) ilesanimnumuuiuyes
Tuanaunnifuly dwalvianvigesisawuinlsusugananas lngmngesisaisuiaaudiuganves
DOX fiaun1sgaduaunIauily ZnO dawindu 0.302 - 0.170 wagAngosisaluiAlIaudugan
93 DOX wdsn1sgaduayneuily ZnO Sy 0.403 - 0.241 Tuvaigiidleriumnandudy
vesEsazatggnalu1dn CP+DOX ﬁaﬁauuawé’qmmﬂ%aumﬂuﬂu ZnO AuaE1dnsaly
mawduasmesasazmeaziiudu (Enhanced) Amgeaisaisusnoudufadiaintude Fadn
WgeaisarudnIsufugannaunTanduaunIAUlY ZnO Yasansara1egAiivitn CP+DOX il
AR 0.226 - 0.642 wazAvlgeaisaluinlauRLEanvatasazateeLailuItn CP+DOX

aaMsgadueaunIAulY ZnO AR 0.399 - 0.860
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JUN 4.11 Avlgeaisawudimaududadiouagnainisaduayniauludsdeenlen (Zno)

vosgnasithUnanangsidu (DOX)
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=

JUN 4.12 Algeaisaudaaududadnounasndinisgaduaunaunludsdeenlen (ZnO)

ﬁuaqmLﬂﬁﬂwﬁ’@mﬁuwmammzﬁaﬂsgujgﬁ%u (CP+DOX)
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4.3 wan1sAnwnyilendunazanvaenedugIuIne1veeYIALI lUGIAe

anlaanuIngaliviUn
4.3.1 Han133Aseaemaliayisesniudwasudunsusaanlasalal
(Fourier Transform Infrared Spectroscopy, FTIR)
HansIAEinsmatiaiiFesnsudnesudunstisaadnlasalal (FTIR)
wud  awnedu FTIR vasenafividniveyniauludadeanlenuuseaniduaudnlng 9 Tuud
Y9993AUTENBUYDI8T Usznaudie syataunly Zno uansiusisaiunadud 400-500 cm!
shefusy Zn-O uazaagsaaninad 3331-3441 e sesiusy O=H [116,117] awnnsy FTIR
yospuaiiv1infonysiau (DOX) wanwiumsainnui 1285 cm! feuszC-0, 1414 cm'®
metiuse C-C, 1617 cm™* mesiuse N-H, 1730 cm™ fetiuse C-0, 2933 cm* metiusy C-
H uag 3331-3441 cm’ sesiuse O-H [118] awnn3u FTIR vae CP ﬁﬁ;mqqumaqmﬁ 1379
cm? AERUSY Pt-NH,, 1634 cm™ aagfusy C-0, 2990 cm™ alaWusy C-H way 3266 cm’
A18NUsE N-H [119] anasanvesann iy FTIR 283 8UN1A CP+DOX+ZNn0 WaAAIA WAL
annfud 1159 cm fagwusy C-0, 1379 e MaeWusy C-C, 1628 cm! #ag3usy N-H,

1735 cm! AaeWuse C=0 way 2936 cm™ sagiusy C—H fkrusalnasuinisild suwlag

a

v

anioe 1H199aINdunsAIEIveINsWeNladamesTEyIneaivIdafivaunIAuluYes ZnO
o 1 v a & [ ¢ P A el' 5 a o W v

sundsainasufiiduendnvalinariguduinluananvevuivessaivringnanduaiuy
fuRaetoyna ZnO lednsa ns3esizdt FTIR Buduiiaidudimanaiunsatunisivanvesen
wivdaluneliianisilasundadle 9 Tudrvazndnvasuily ZnO MAsduandlunis
duavifiou 9asganineg 3331-3441 meiiuse O - H o dunaunainnisidoudievesad
Uinludsseuuenves ZnO wisuiuluanaveniuarAuuluussenne [116] Awanslugud

4.13
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CP+DOX+in0

Transmittance (a.u.)

L | 1
4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber (cm)

;3:‘1]17; 4.13 awne3u FTIR 989 ZnO, DOX, DOX+Zn0O, CP+ZnO Wag CP+DOX+Zn0

4.3.2 namInsivseusagIuIneuazlasadisganiadisndesgansaudianasou
wuUdaIn1U (Transmission electron microscope, TEM)

INNTIATIER NYUETNTILINEIvaRUNALITUTianles (ZnO) Wul1 aunIA
wiluganeanlend 2 JUKUY AB kuunsinay (Quantum dot) wagwuuwyis (Nano rods) dvwin
pumAdsiniy 50 wiluuns Sn1snsearefireudisasiiase Tiinendy vldiuiiunnme
dwsunsidusngadu (Adsorbent) Tumsinansazaneeniaiivatn eldiduszuuirdsonai
srialugatmaneditmun duaniguil 4.14 oymeaululsdoonlediidouseudeturesen
wiitdadunainanenduduresansarasenaiivitn Ssdmadenuudusmeuseitldly
nsEawilorfuseninseynauludsdeonleduazenaividn sgnuitvunvoseynaunlug
sreanlaazdvualungiudevnunussqenaivhdatsaosmin WesnguaividaasTun

a1du (CP) fdwlunsiiunisiaineiuenaiividnfony3idu (DOX) dwalidnsndiunisia
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nsziusgnineuaiividanslunafunesiaivivanenlegddu (CP:DOX) fuwiliiugady

' ¥
aAa A a (4

dmsumsimedntuounauiludadoonled (zno) lesnnuinaiiiuisnnzamnsaged

Tuanaldfniuinadifuiatos wedloduuinasessuaiviinssaninmuainagady
sadsUsgansamlumssuiminagiiiudy insgiuiiiveseyaeuludsdeanled (zno)
wazaududuvesenaividadigannranna Tasvuinveseyniaunluiiussqonaividead
vaade fiil sunauludsdoonlesitussaenaiivhdaaslunaniiu (CP+zno) fuuneynia
ldowindu 68.6 = 3.69 uiluluas synauIlugsdeenled ussgonaivivadenys 03y
(DOX+Zn0) fvunneymARAsntU 74.0 + 032 wilums uazeymauiludsdesnladiuss
siafiirtinanslunadutazeaiiv1indong3iu (CP+DOX+Zn0) uwineyniARALYNfy
81.6 + 2.00 wiluns Falandlusuil 413 symamdiifuiivensvdmiunisluaidouvennd

9

Tran1aviaanasnmog1aduszuy (50-300 Uluss) [120]

Zn—0

Microscope
JEM-1400

N. ZnO
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HO
N

Pa
Microscope lerating Voltage|Magnification
JEM-1400 80 kV 300000 x

U. CP+Zn0O

i pe A ing Voltage Magpificati
JEM-1400 80 kV 300000 x ——200 nm——

A. DOX+ZnO
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[ | aling | i i
JEM-1400 | 80 kV | 300000 x ——100nm——

4. CP+DOX+ZnO

JUN 4.14 7 TEM vaseunIaulluganeenlennsutasnaanuinivgnaiiuidn

o/

4.3.3 HanN15IAITIRemAlAA1ANTR (Zeta potential)

HANTIATIERMBATARIANEZs1 (Zeta potential) wandluns1eil 4.3 §1usumn

v A v Id I A Y @ ! Y 1 = Y 3 =
vpfndT@mn LHuARLanslmiuItansieg1slussuulILaneiinuasinteefiada 910

N Y 1

M1599 4.3 wuheunaunludedsenles (ZnO) Ainszatgdiegluil daAndndddvindu 35.97 +

0.71 fiadliad eunpiinsnszatmilan Wesnuszaauveseunauludsreanled (Zno)

¥

o = A o v v A T a vt a
anunsnaseusRsaaililessuuszquin (Wevanseiudi) fegludniadmnmladainnis

a a

wednvadlosaulszuinlnaizeuniavihlveunaulugsdeanled (Zno) ditadesnmes e

aunAuluTReanlenulane it iaviliiinnsgadueiaiitiin Nk ve ey 1AUILLE

% U 3

afpantys MlmAnsveineseninuswsgainivateuniaiulossulseguin dwaliendng

Y

Y a1

IS 3 ! a o W a = [ a da
FRAUAIANA ‘U%LﬂU’JWEJWLﬂiJU'WUﬂﬂ']ﬁ‘UWﬁWWU (CP) Nﬂ?WNﬁWQJW§QIUﬂW§Q®“UULﬂ’]%ﬁ]ﬂ‘ﬂ&lﬁ]‘ﬂ@\‘i

V.

aunIATataunIALIlugFeanlynls

o [

A Adnd@anwiniu 17.37 + 0.21 Taaliad aun1AiANIg

o w & N ¥ ]

nszangiaganazneu enalivitnAengsiau (DOX) uansAnddniviiiy 21.87 + 1.02 fad

186 auNIAIANIINIEANEMKaTANANaUABUT 1N wagiiliniheadividnnslunalfukaze
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a o v & aa £% LY ! A [ Y a =2 Aa
Lﬂ?,J‘U’]‘Uﬂﬂ@ﬂﬁgU%uu’]NﬂﬂJﬂ’Jﬂ@@iﬁﬂ’)u CP:DOX Mwisngay gy lAinnIsEaNIZNRIueg

a1 U c ¥V I

aunmauludsdeanlaaninliounialuasuviuaesia lneladnddaminiy 24.43 + 0.31

fiadlad edaziuiussiildlunsiamilenifiveteyninsdiveganududunasanunie

Y99a15ara18g AU UAMEUNY

A19199 4.3 UAAIAN Zeta potential VBIEITFI0L9

d19729819 A1 Zeta potential (mV)
Zn0O 3597 £ 0.71
CP+Zn0O 17.37 £ 0.21
DOX+Zn0O 21.87 = 1.02
CP+DOX+2Zn0O 24.43 + 0.31

4.4 wansnagauaaduiwiawasvasaynauludersenlasnuiniueiail

GV a

ﬁﬂﬂ’ﬂﬂqﬁuwmauuazmLﬂﬁﬁ'mmaneggus?m (ZnO+CP+DOX)
4.4.1 \WASNI39188IBUYADATS DPPH*

U a

UfNTe13sminseuyadase DPPH * Lagansniusuyadasyrsegaiiv1dn (Chemo

aaa [

drug formulation) tulununalnsaunamansvesufisedauanslunisied 4.4 lngeadl
o v o 1 I ' 1 1A oA < 3 aaa
Urdans 9 ansgnuuseaniunaulvgq 2 nquae nqudl 1 1uvessaunamansvewliisen
52AUNaN (Intermediate) Yfjisenvesealunguilazuansbiiuitaunaveauss@nsninnisgadu
TS Usznausie CP, CP+Zn0, DOX, DOX+Zn0 wag CP+DOX nquil 2 iluvesvaumans
aaa ¥ v g [ a a ) [ oA
29U AT8191 (Slow) wanslsiiudinasainvesussdnsamnisgaduuiuniingud 1
Usenausme CP+DOX+Zn0, CP+ZnO+UV, DOX+ZnO+UV uag CP+DOX+ZnO+UV Tungui 2
WU CP+ DOX+ZnO+ UV mnngdmsuingussasatunisdndsenaiividaiiinsminyilvdiuiu

DPPH anasilrgedn Aa 135.135
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ICso (Mole Number of
Chemo drug Reaction ICsq
drug/mole reduced
formulation kinetics (pg/mL)
DPPH?*) DPPH*
ZnO Intermediate 0.0765 2.515 6.536
CpP Intermediate 0.0817 2.410 6.120
CP+Zn0O Intermediate 0.0644 2.390 7.764
DOX Intermediate 0.0516 1.895 9.689
DOX+Zn0O Intermediate 0.0254 1.473 19.685
CP+DOX Intermediate 0.0447 1.278 11.185
CP+DOX+Zn0O Slow 0.0052 0.301 96.153
CP+ZnO+UV Slow 0.0184 0.683 27.173
DOX+ZnO+UV Slow 0.0127 0.736 39.370
CP+DOX+ZnO+UV Slow 0.0037 0.214 135.135

AMUTUTUN UANFTULAEN1TAITReYYadase DPPH 9nguadvrdausazvilad

Nepsiunantumsifialfisewanstilusun 4.15-4.17 arlunisnevauesdie 0-720 Ui

WALEMINAIULLAVDY ZnO ABEWANUIUALYIINY 5: 1 AILINYUNTUTEENS N wlunisanalny

i v99 DPPH * a3 50% wandlugui 4.18
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+ + *
DOX +DPPH* ) o] (DOX+ZnO+DPPH (V)
130 = s
3 1 8 120
S 120 2z
%‘ 2 110
g 1104 2
= "= 1004
5 100 .%
2 5 90
o 90 2
% 5 80
o
5 804 B (E)
L S 70
s = él’n::;mz:._ T
5) 704 IS
42 A R (A)
~ 604 A T T T T T T T 1
0 100 200 300 400 500 60O 700 80O
T T T T T T T )
0 100 200 300 400 500 600 700 800 Time (min)
Time (min)
DOX +DPPH* ( )
(DOX+ZnO)y+DPPH UV (@) 3
130 100 ¢
S
120
> 90 -
= *
7 110 I
: 3
= -
< 100+ o 8o
S =
g 90 =}
§ % 70 (E)
2 80 o)
3 ¢
T 10 B > 604
[=))
£ o0
= 504
(A) 501 (A
50 T T T T T T T 1 . r r . r r . .
0 100 200 300 400 500 600 VOO 800 0 100 200 300 400 500 600 700 800
Time (min) Time (min)
(DOX+ZnQ)+DPPH" @) (DOX+ZnODPPH™ UV (@)
100 ¢ 100 4
90 90
* *
T T
O go o 80
o o
=) [m]
= © 70
| =3
E 70 3
3 3 60
r 604 r
60 - (E)
® (TE) 2
50 1 &::ﬁm:r,;‘:;
(A) a0 (A)
40 T T T T T T T 1 T T T T T T T 1
0 100 200 300 400 500 600 700 800 i 100 200 300 400 500 600 700 800
Time (min) Time (min)

ANUTUTU A, B, C, D wa E vuneda 3.1250, 1.5630, 0.7813, 0.3906 way 0.1953 lulasnunsuneiadans ves DOX

auddu sie ZnO 31.25 lulasniusiefiadans DOX fe fengy3ddu uaz ZnO Aedsrvenlys

Y

Netasiunalunsinufizen

JUT 4.15 ananduduiuansneiuiagnsmineyyadase DPPH 989 DOX uag DOX+ZnO
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CP+DPPH*
CP+ZnO)+DPPH*
130 (n) 130 ( ) V)
ERN ER
© 1201 © 120 1
2 2
% 110 ‘% 1104
(= =
= 100 < 100
) S
a o 90
5 901 5]
w [0}
S a0 t: < 30
o 1 (E) o >
,“_.c; ; vy —¥ 7 % 70 4 b (E)
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130 (ﬂ) 100 4
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© 120
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= 100 o
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% 704 (lf) I: 1
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5 704 2 70
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4.4.2 nsnageuanulufivrewagusaniziaes

nansnageuauiufivrolwaduzidanizidosia 5 via uaz wadund 1 vile
Usznouse wadueissanldlug aneius HT-29 waduzisslugesiin aeiug KB waduzsas
wi @neiug MCF-7 wadusaunnungn aneiius Hela lwaduziSaiu aneus HepG-2 uax wad
Unf @newus HaCat vesenafitndn wandumsnad 4.5 91n0151992udn CP+DOX4+Zn0+ UV
szlidlisionismavauesvengadund ateug HaCat LazWUIITZAUNITABAIUTBNIARUZLST
ana lednsanededariiuanumduiivnewaduziSelduind ulneanizeg 198 sdmduy
AN AATUN @18WUg MCF-7 @1 ICso 83 CP+DOX+Zn0 HAuA 0.208 pe/mL A1 1Cs
Wasuwlaadu 0.137 pe/mL wdnldsused UV luwaduzsaduy MCF-7 #1 ICs, vedenadl
U11% DOX A9 1.528 ug/mL AN I1Cs 989 CP+DOX+ZnO+UV anasuszunad 1.5 wag 11.1 i
Slauisuiy CP+ DOX+Zn0 uay DOX. mud iy Fogaua1fiveddn CP+ DOX+Zn0+UV 1#5uy
nsUanlasgegeiluseans nnuaz danannaduiudeiwaduziSelduinnia CP+DOX +Zn0

A0AAOINUNITANAIYDITINIY DPPH Ngeandauanslumisnsd 4.1

A15199 4.5 NANISNAFRULMALUITA T UAaNSISWNILLAE

ICsp (ug/mL) Cell viability

Chemo drug formulation (%)

HT-29 KB MCF-7 Hela | HepG-2 HaCat
UV (% cytotoxicity) - - - - - 91.73

(7.175) | (8.982) | (8.984) | (7.011) | (7.899) (8.27)
Zn0O 1.979 | 2.014 2.002 2.349 2.025 71.25
CcP 1.924 2.019 1.975 2.311 1.950 70.05
CP+Zn0O 1.828 1.963 1.944 2,162 1.885 71.84
DOX 1.594 1.661 1.528 1.484 1.375 71.55
DOX+Zn0O 1.173 1.361 1.210 1.140 1.364 71.05
CP+DOX 1.065 1.258 1.111 1.075 1.129 71.05
CP+DOX+Zn0O 0.241 0.224 0.208 0.221 0.209 71.06
CP+Zn0O+UV 0.590 0.551 0.390 0.492 0.456 83.77
DOX+Zn0O+UV 0.749 | 0.650 0.516 0.619 0.594 84.08
CP+DOX+ZnO+UV 0.173 0.150 0.137 0.144 0.140 88.11
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wadupsvoaywefuandsfuienulidesafividausasgasuansieiul uog fu
SEAUANUUANALAEANLLANAYRIlATEIwBILad A1mAUANYR (Contrast images) kA
n19303uas (Fluorescence images) Taaaduziiuazadunivosuyudfimzdedunsdues
CP+DOX+Zn0O+UV wdsanyiimssnuidunan 24 $alusazuandlusuil 4.19 uaz 4.20 ay

NU31 ZnO nuundnluluwas [121] azUasansisawasngluiududainain DOX

' '
'3 =

iloRnnaeadfifidin [107] luvagdl CP Faeifiunns Oxidizers neldnnsanesd v [122] 1s
Tnnanadu (Cytoplasm) veuadifidindseiududuns wadunfveuywed aeug HaCat
dlngjdsndiinoglivdsansinisinvidunan 24 $2lus ilosanlafisuuuunisimun
W mneleaduzL silanzianzasd haus iy Zn0 waranuiidinvelsadenaiinainnns
waneendlaudifufisonmniuld wansguil 4.19 maddinvenvadves aiesiug HaCat 7
$nwilag CP+DOX+ZnO+UV iy 88.11% wandlumisnedl 4.5 Usdannsaldenaividn
anstidwiumslieedvatnemthmsld iWesnnfansuigeuas UV iisadniiosly

. o P . ~ 2 v = a a ¢ v O fa a
TNNY LUBDINNAITTUNIUYBDILEAY UV 1u5qQﬂWEJLWENLaﬂua&]fﬂ\imﬂqiﬁLﬂiqgﬂﬂ’ﬁaUﬂQLs(jaaV]Lﬂﬁ

a A

9nsedeTeioidunismiuau wiidiuas UV 400 unluwunsazlaivinlid DNA/RNA idevieleing
dominiingrendninousi naniildsused UV uan q e1aviily DNA/RNA demendntios ey
mnuluiivsewaduoagadimunmeldnmsaesed LV Jeogiuszanas 8.20% Founsians
iwaduzSwessiaiiivanelduas UV Tu CP+DOX+Zn0 Feagiivssanm 3.69%
Tuussagaauisiveayee waduzisadul dewug MCF-7 Tanulnsgnaivntn
1NTign 91nR15197 4.5 aznvuin Weldeynaunly ZnO swrsg1afe azdsuannuuiiv
mowraduziSuATUNlA ICs, Wity 2.002 pe/mlL wardinamnnduiurowadugSimisund
Yoy we (HaCat) (MU 28.75% dioldaiaiivhdn CP uaz DOX axlsian IC, tMAdy 1.975
ug/mL uag 1.528 pg/mlL auasu dewandnuiduiiuwsowad HaCat 11U 29.5% way 28.5%
anuasu leld CP+DOX+Zn0 19 1Cs, 0.208 pg/ml dwmanudufivsowad HaCat Wity
28.94% waziiavin13278598 UV (CP+DOX+Zn0O+UV) 9513 A IC, Wiy 0.137 pe/mL uas
daanuduiiviaigad HaCat winiu 11.89% a1ndayaninaniaeiiuin n1sldenadans
CP+DOX+Zn0O+UV @11150aaA" 1Cs; 4 Lﬁam%‘amﬁsuﬁ’uaqmﬁuﬂu ZnO WinAU 14.61 i
gUANUIUR CP winAy 14.42 1 swaly1dn DOX wirdu 11.15 1 wag CP+DOX+Zn0 1.52
Wi nenanimedanmnrndui uiewadfmisunfuywe (HaCat) as ieaiudsuiisui

ZnO WNAU 16.86% CP e911AU 17.61% DOX tM1AU 16.61% hay CP+DOX+Zn0 LN1AU
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17.05% ety CP+DOX+Zn0+UV Fednindusiendiduszans nmlunisyaneisadidua
(MCF-7) uazanmnuluiivrawaaniviesund (HaCat) 10

CP+DOX+ ZnO+UV ndsa1nynissnvnduiian 24 $9lus nanareidasuas
(Fluorescence images) wandliifuiwadfiddinfeddfiwaddwdienuiufiviowadgegn
guafv1TnRUdesaanu1ain CP+DOX+Zn0+UV H1unnsiiaufaseneged1quagvinane
Wwaduz ISR alansizy 4.20 MmaFowasdundunmdiléiain DOX ndsnvihmsinwudunm 24
Falus Frelfansofnnuadiaainld uenaind A1 1Csx, 989 CP+DOX+Zn0 Wiy 0.137
ug/mL Tu MCF-7 §esinndrdataedisneeulunisdnsinoundail Galam et al uansliifiuga
aUNIAYY CP-loaded silk fibroin particles & 1Cs; 91U 10-200 pg/ml Tuwwad MCF-7 [108]
Ouyang et al 5184971131 DOX-loaded pectin nanoparticles & 1Csy 111U 1-5 pg/mL Tuiwad
MCF-7 [109] Locharoenrat $1847131 DOX-loaded nano diamond Wans 1Csy 0.4 mg/mL Tu

waa MCF-7 [107]

(n) Contrast (¥) Fluorescence images

JUN 4.19 amigaaunAvesywd aieug HaCat vaannsnwnlgenaiundn
CP +DOX + ZnO + UV 1Juiian 24 v melauas UV
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Contrast images Fluorescence images
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HT-29

JUT 4.20 nMsazARUNIIARvURTASLZIS LAY NTNLToUABITAdUBS AT NS UNNS
Snwngeaiivatn CP+DOX+Zn0+UV 1Tuan 24 4alus anelsiuas UV

o lnwaduvswasdniainzie wiutduaLag

[ £
v A

Mt 913na191a 37 N139ATR CP+DOX+Zn0+ LV lugadanslunasavnaedlae

13 | v '3 o s v Y a s . R
AR NELSAAUNYRINYYE @1eWUS MCF-7 nseduliiAnn1smevesaaaiuy Apoptosis Laaes
= a a = = Y] = a = ) a Lo
fuszansamdlawiguiunisluansiiiesgtinifes wazdiendinalnniseangns§udanis
duaszilusAnlunisasruead n1391809 DNA vawaduess nszuaunisiiegluingins

'3 < . = o v '3 < 1 v 1 1
\waaueLSeluszey Preparation phase %38 Interphase vivlvilgaausiselaianansadngseosuus

4 . . L2 Y a & < a a [
\wad (Mitotic phase) I d@waliinn1sAIevpRsaaNElSe MNIUIBUBUTEELURINITI NN

<@ (Y o <@ a = Py (=] %
ugis sinenanusasnwinglSaleluseesi 1-3 eswrniusyezn deluiinnsnsgaiedives
waduzse Usgansamlunisfudemsiiulavedilesontunisasauvoansiuuzseilinnain
amnnasialuil

1. anuduivdewadunilngoyniauilu Zno audulildiaonauduiivues
ZnO Faduluaumaisrenulunisinuwineumting [121,122]

2. DOX 1 JuMusTnsiiuduiureawaauayeznenlnin (Apoptosis) Iidaygimnis
Foauasilanizlanzas Usingmsaldinaniinaindeianssnin DOX dedqyaaiseuasduns
W wlusgauanudutuiazannisidinegeudnsndudmsunisidaulunasanaasuay
Tus19n18 uenantuTuna DOX 0.1953 pg/mL TunisAinwilvasndudmsunissnelsamlad
AnannsinUnAvesnauiionila (Cardiomyopathy) 8n51gUFn15aives Cardiomyopathy i
1A 4% WagUaglasunisshuwime DOX vuin 49.11-307.70 mg/m? [123].

3. 893N UIRRYNIAYRsE AT UIUANTYWIN 69-82 uTlwwAs Bun1AuILlY ZnO i

guadvivnaggndalagiuilugeviuwadvoswadiUmungs1unie Endocytosis AMuR38n13
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Udeslutanaveseiadvidni i udassdnlululelnnardy (Cytoplasm) vosiad neld
anmundeandifian pH Awaznieldnisanedsd UV muildfunsduduainnguidoves
Meshkini [124,125] #181931815U58n8U ZnO - Fe,0, filuan Methotrexate n1glfinisans$ed
UV PliAnnsmeveusad MCF-7 wuu Apoptosis Wunnndn Wewieuifu Free methotrexate
way UV ilssegaiienlnglifinasewadund uway ZnO-hydroxyapatite filuan DOX 9aeidial
MsMEveaTad MCF-7 WWeiflsuiu DOX way UV Lilsagaiien

4. m”wqmamﬂ’ﬁmaama?faﬁaﬁﬂ (Semiconductor) %94379uaU (Band gap) 984 ZnO
aunsaainagdidnmseu - 1aa (Electron- hole) aneldnisanssed LV audinguidonanengs
Budfuroumiing (126-129] Bifinmseugnasrstulunaunisiilai (Conduction band) Tuauii
Toagnasrstuluuauniaud (vValence band) Ussqmiantivnsdruundnseasludanuimdnues
Zn0 wagviUfisertuluanavenifigaduiiieansaswugoondiauiiiufazen (ROS) Favin
wihlduasiy uasimhineliifemimdemeguissiaeiusy N-H lulndealunaision

5. matfiulivesaduziiaazgndudalanisunsnssaeuuumian (Passive diffusion)
Yoy navUalugiedes

Faun1sIdialv1Uns AUt azanTeAUAISENTNSEAN8URIaa LS IdNalwadanne

' 1%
saa a 1 S

warillesnnauauURlunsiueyuadaszuazluiivroitadNfbeutes CP+DOX+Zn0 siaiile
& 1% a P! Ao W e P R VP oo o
sanvesuyednelduated sruumsindeenaiivitaveseuniaunlulidadudiaeniadmsu

MI3NINTSAAUNTEIMLLE dpiug MCF-7 laagsiuszansam



uni 5

A3UNAN13IBuAVaLEUBLUL

5.1 #5UNan15IY

[ dyd = L7 o | v a [ [
M3viidelfignymhgiienaunssuuidweimesyaiauiludsdeenlen (ZnO NPs)
Dudunilunisussgguaiividaaisiunaiiu (CP) uazeaiviinfiony3i8u (DOX) LUy
3 < a v Y o =2 1 [ v Y oA = a !
waduzisudming lnganddelaimsfneudsld 2 Mdefie 1.nsfinwinismageunuiivsie
3 a ¢ 3 a o W a 1% 3 & o
wanveseunIAuIluBreanleanuInguadudnn1slunaIiu (ZnO+CP) figlgaduziSIdnaed
auyadase DPPH ngldnnsaiefiddansilaleian wazn1sfnwinisnaaeuaiimduiivse
waduziswnzassessunauludsdeanladnuinivgnedivitaaisiunatiu uazeiadl

[

Urdaneng3ddu (CP+DOX+Zn0) meldinisanessddansililown nan1s3deaiunsaasuniu
lanail

5.1.1 asduanisAnwinisnagauanaluivrowadvesauniauiludedsanten
HuINgART1UAAISTUNETAY (ZNO+CP) AlelwadzisI1aasayyadase DPPH neldnis
21e39ddans1lalelan

UsgdAninimvesgidueyyadaseatiieunaulluisheanied way snalvivaaisiun
iy (CP) Tuanuegdiduazlifinasdanslalotan (UV) gnimuslaes DPPH Tagldsunuy
oyyadase DPPH * Faifunuudassanafgiuveswadusissdmiunisusegndldnissne

2 < ' £ v a S0 o o v
Ispugiiaveyszamailuin nan1sveasamuingranmsinuendadazvetnaiivdaidulule

Y

U DPPH * Juag A UAMNANUAYDILATIAS 1Y A15UN19Amauauaalamny DPPH * Tnagandiuiu

Y 9

'
a

DPPH * uazaennaednuuTunuvesngulensendaniley luussamiunugidiueyyad asens

¥iAUsENOUAIY ZnO CP ZnO+CP war ZnO+CP+UV aun1aunludadsanlediussyasiun
a 1% o Y & a a a = -

andunglamslivasdansilalodn (ZnO+CP+UV) duliuseanSamunniian Tuvagiauniaun

lugsreanled (ZnO) ieteg1uieniiuszdninmiesfign oyniauludedsanled (ZnO)

\/Lyo./ v A v

AsusddansihlomnnszAuliiannisasne ROS saufiveuyalensendadaduaeiugeendlad

o

aa
NUANYANIN
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5.1.2 agUnansAnwmanaseuaniuiiviawasuzianzismaseynauly
Fedeanlyanuinivenafivitaaislunanfuuasenaiivninfonysddu aeldnisanesd
dans1lalalan

Tuns@nuilinaeisneyniauily zno flussqenaividauasdignsduues e
dutlasnsie¥edyTluradusiwasyed 5 aeiug liun wadusnedldng aetus HT-
29 waduuisslugesin a1eiug KB waduzisauinuagn aiewug Hela wadusisusuy ag
g MCF-7 uasiwaduziSafumenug HepG-2 Wloussednlulueyniaunlu Zno synaays]
findu neganndosganssmBidnnsounuudsiiu (TEM) ssyuinaindeveseyninu
Tu ZnO Wintuann 48 (Ju 69-82 uiluwms wdanmagaduenaiivnia annsdnelagld
watladanslalewaauazifidaaiuningalal (Uv-vis) Wudn AUaEsalunITuTIREIves
CP+DOX+2Zn0 Winfy 77.81% FaldSunisfudunisinegdfuseninseyniaunlu Zno uazen
wivae CP+DOX Taunastdinadla FTIR spectra snadvainiie 9 yilngnualunagsuly
waduzifwanyuduaglisunsinviduia 24 Falus MmuanisveaeudeiBanmaaoy
audufivierwad (MTT) luussaienaividans 9 9iia euadvatn CP+DOX+Zn0 neld
uas UV uandliiiuiniuszansnmilunisyaneugiSafiun aneiug MCF7 uasfiqniduda
UZA59 TIWAN 1Csy V89 CP+DOX+Zn0 Wiaky 0.137 pe/ml n13gagugalivIUalueagann

aunaunluYes ZnO lasumsBudulaanisinnisisauas wazosidunuszaninmlunisussy

[
C T = B Y|

#1999 CP+DOX+ZNn0 Wiy 99.05%  fatudsduduivsuusndndulunisifausnaiile
sondudwmunsduvinladnsa niseunuidlriuIeailvitn CP+DOX+Zn0 n1eldnisant

$98 LV wansbidudeusyavinmlunisyihanewadussusiiug aeiug MCF-7

v

5.2 YalduaLuy

5.2.1 lun13vin1maaeen1 39U Asenssndne dueuyadase DPPH* mIsvinluniile
A 9 v aaa A ¢ o y = - v g v i o a ¢
eliuAseauysal uagvihnstumisaieusnlaveminlinnazneu neutlulmsey

5.2.2 MawseNasaIswssunseuiunneds wasldluasafes liaswieunalimeldly
Tudnly nsigenadmanien1sinwagInTen

5.2.3 919uinUTINUANIdRTUYasuNAuIlugIdeanien eualivitn wazaniaily

NNIRIYLLENAY
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5.2.4 9naldeynipurluniosnadvidavdad wiledwndussuuihdwenluduyad
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AMANUIN N

nsnsguansiine l4luauide
AU 1
L= a '3 3
nsnsBNaTazaIsaunIAUlugeReanlyn
Feeunaunlugreanlenu3una 0.0200 g lANWMUBAUSHIAT 10 mL ndwld
wsesdansleila Wual 30 il Wievilieuniaunludsreenledduaisuyiuasy azldnu
WnduvesansazaigaunauIlugsdeenlanyiniu 2 me/mL

ATN15ATUIUNISEIDRIEITAZAY
anasafleaIngns CVy = G\

do ¢, Ao Anudiuduresansasats ZnO By (me/mL)
C, fio prnududuvesansazate Zno Aifeans (me/mL)
V, Ao USunpsvesansazans ZnO  Budu (mL)
V, Ao USuesvesansavans ZnO - Aidnudean (mL)
WEARINITAIUIN
1. 938uaNaza1y ZnO ALY 1 me/mL U3uns 10 mL (1nesagangnig

WU 2.00 mg/mL USuams 10 mL)

ﬂ’]ﬂéj}@]i C1V1 = szz
Agla (2mg/mL) (V;) = (1 me/mL) (10 mL)
V1 = 5 ml_

Aatl ansazaney Sample 2 AMNENTY 5 me/mL lda1nnsanatsazaty ZnO
U31195 5 mLukaslAunIuea Ysuimns 5 mL
2. 1938NE13aEaNY ZnO AMULINTY 0.5 mg/mL Usums 2 mL (@nansazaisadnu

WU 1 mg/mL USums 10 mL)

ﬁ]’]ﬂ%ﬂ@]i C1V1 = C2V2
Agle (Img/mL) (V;) = (0.5 mg/mL) (10 mL)
Vi =5mL

MY @1sarat Sample 3 AN 0.5 mg/mL lhannnispaansazany ZnoO

US11915 5 mlL wazduuniuea Ysuies 5 mL
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3. W3UNETAZANY ZnO AULINTY 0.25 mg/mL USu1es 10 mL (31na158zangali

WU 0.5 mg/mL USums 10 mL)

NNGA3 CiVi = GVy
Agle (0.5mg/mL) (V) = (0.25 mg/mL) (10 mL)
Vi =5mL

fatl  ansagane Sample 4 AN 0.25 meg/mL ldRnnisaaatsazaty ZnO
U31195 5 mL wagtiuuyniuea Usuims 5 mL
4. W3ENA1TATAIY ZnO ANULINTY 0.125 me/mL UsNms 10 mL (nansazalsalnu

WU 0.25 mg/mL Usums 10 mL)

"\]’]mj@]i C1\/1 = C2V2
agld (0.25 mg/mL) (V) = (0.125 me/mL) (10 mL)
Vi =5mL

AT @15ara1e Sample 5 AN 0.125 me/mL lAaInnsgaansazate ZnO
U195 5 mL wasiuuyiuea Usums 5 mL
5. 16R8NATAZAY Zn0O ANULTNTY 0.0625 mg/mL UTu1as 10 mL (31naisazans

AUTNTY 0.125 me/mL USums 10 mL)

T\]Wﬂ%j(ﬂi C1V1 = szz
azla (0.125mg/mL) (V4) = (0.0625 mg/mL) (10 mL)
Vl = 5 ml_

MY -~ d@1varaty Sample 6 AIUANTN 0.0625 me/mL laann1sgeansazatey ZnO
U319 5 mL wagiiumiuea Ysuns 5 mL
6. LWILUAITATANY ZnO AULUNTY 0.03125 me/mL Usuns 10 mL (@nansazany

AULTNTY 0.0625 mg/mL Usuns 10 mL)

NNGA3 GV =GV,
azla (0.0625mg/mL) (V) = (0.03125 mg/mL) (10 mL)
V,=5mL

Mty @1sarate Sample 7 ALY 0.03125 mg/mL laannisgeansazatey ZnO
U195 1 mL wastiuuyiuea Usuims 5 mL
7. W38UE158%a18 ZnO AULUNTU 0.015625 mg/mL Usuas 10 mL @1nansazane

AULTNTY 0.03125 mg/mL U3ums 10 mL)



181

‘\]’]ﬂqmi C1\/1 = C2\/2
awlg (0.03125 mg/mL) (V1) = (0.015625 mg/mL) (10 mL)
V,=5mL

AIly ansaraty Sample 8 ALY 0.25 mg/mL liannnisgeansazany ZnO

Y311915 5 mL wagduuniuea Ysuies 5 mL

nswseuaNsazatgealiunUanlslunalau (CP)
AN5AANUANSIUNANANILLASYLIINAMUTNTU 0.8 mg/mL 1NETATA1LAULTLTY
10 mg/mL
WIsNA1IAZaY CP AT 0.8 mg/ml USHAS 2 mb (R1NE158LaI8ANLTNUY
10 mg/mL U3u1»s 45 mL)

ﬂ’]ﬂé;i@]i C1V1 = C2V2
azlg (10 mg/mL) (V,) = (0.8 mg/mL) (5 ml)
Vi = 0.4 mL

Aty ansazane Stock ANHdETY 0.8 me/mL laRnnispaasazate CP Usuns
0.4 mL uagifuiinge 0.9% U3uns 4.6 mL
Limsvuansezany CP AULINTY 0.4 mg/mL Usunes 10 mL ([nd@rsazaisniny

WUl 0.8 mg/mL USH1%s 5 mL)

T\]Wﬂ@;ﬁ C1V1 = Cz\/z
agle (0.8mg/mL) (V4) = (0.4 mg/mL) (10 mL)
V, = 5mL

AU @13araty Sample 1 At 0.4 meg/mL liannnispaansazany CP
U955 mL uaziuunde 0.9% Usuns 5 mL
2. asNasazay CP AMALNYY 0.2 mg/mL Usuas 10 mL (A1nansazaigalny

WU 0.4 mg/mL USums 10 mL)

ﬁ]’]ﬂ%ﬂ@]i C1V1 = C2V2
azla (0.8mg/mL) (V) = (0.4 mg/mL) (10 mL)
Vi, =5mL

AU @1saraty Sample 2 AN 0.2 mg/mL lannnisanansazany CP

U3u195 5 mL waziuunas 0.9% Usuims 5 mlL
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3. W3ENETazany CP ANINTY 0.1 me/mL USuas 10 mL @nasazaieainy

WU 0.2 mg/mL USums 10 mL)

GD’]ﬂéijli C1V1 = C2V2
Agle (0.2mg/mL) (V1) = (0.1 mg/mL) (10 mL)
Vi =5mL

fatl ansagane Sample 3 AMMKNTY 0.1 mg/mL lda1nnseaansazate CP
U31195 5 mL uazifsniinge 0.9% U3uns 5 mlL
4. wisNa1Tazaly CP ALY 0.05 mg/mL USums 10 mL (A1naisazaiuniny

WUy 0.1 mg/mL USums 10 mL)

"\]’]mj@]i C1V1 = C2\/2
azla (0.1 mg/mL) (V4) = (0.05 mg/mL) (10 mL)
Vi =5mL

At @1arate Sample 4 AN 0.05 me/mL ldarnmsanansazany CP
USRS 5 mL uaziuuinge 0.9% Usuns 5 mL
5. eReNaTazany CP A2MLNTY 0.025 meg/mL Ysuias 10 mL (A1nansagansainy

WU 0.05 me/mL Ysuaas 10 mL)

T\]Wﬂ%j(ﬂi C1V1 — C2V2
azla .05 mg/mL) (V) = (0.025 mg/mL) (10 mL)
Vi = 5mL

MY - @1varate Sample 5 AadNYN 0.025 me/mL laRnnsgaansazaty CP
U915 5 mL uagiudings 0.9% Ysnins 5 mL
6. LW3LNAITAZANY CP ALY 0.0125 me/mL Usu1ms 10 mL (InansazalsaINu

WNTU 0.025 mg/mL Ysums 10 mL)

NNGA3 CVi = GVs
azla 025 mg/mL) (V;) = (0.0125 mg/mL) (10 mL)
Vi, =5mL

MY @15arate Sample 6 ALY 0.0125 mg/mL lavnnsgaansazate CP
UTu9s 5 mL uaziuunde 0.9% Usuns 5 mL
7. W3Luasazany CP ANINTY 0.00625 mg/mL Usums 10 mL (A1naisazany

AULTNTY 0.0125 mg/mL UTums 10 mL)
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‘\]’]ﬂqmi C1\/1 = C2\/2
agle (0.0125 mg/mL) (V;) = (0.00625 mg/mL) (10 mL)
Vi=5mL

AIly ansaray Sample 7 AMLINT 0.00625 mg/mL laannisgaansazale CP
U195 5 mL uaztiuunds 0.9% Usuns 5 mL
8. W3ruaETazany CP AutNTU 0.003125 mg/mL Usu1as 10 mL (nansazany

AULTNTY 0.00625 me/mL Usu1as 10 mL)

‘\]’]ﬂqmi Cl\/l = C2V2
Aglel 0.00625 mg/mL) (V;) =(0.003125 mg/mL) (10 mL)
V1 = 5 ml_

Aty @1sarate Sample 8 AU 0.003125 me/mL lpannn1sgaasazane CP

U3u1ms 5 mL waztAuungs 0.9% Usums 5 mL

NSATBNEITaYa8aUYadHTY DPPH

\ASEsaNsazate DPPH 1 100 pM U3ues 50 mL 91ngns
¢ = (Ny x V; x MW ) /1000

d‘ A 2 v Q.
19 g - fAp Ysuaansnaeanis (nsu)

MW, fig snalaanavesans (ialiianaves DPPH 394.32 ¢/mol)

V, Ao Usunsasazaie (Hadans) (50 Jaaans)
N, Ao At ufigesns (uans)
azla g = (100 x 10°x 50 x 394.32)/1000
=0.0020 g

Fatuazdosds DPPH 11 0.0020 ¢ wdufuwmuea 50 mL
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faufi 2
NSIRINE1TAZa1Y Doxorubicin

1 DOX 311 0.0002 ¢ Wiutiunds 0.9% 5 mlL a¥ldansavans DOX fimnududu 40
pe/mL

Lin3guansaans DOX ANULINTY 6.25 pg/mL Usias 10 mL (@nansazalsainy

WU 40 pg/mL UTuns 5 mL)

‘\]’]ﬂqmi C1V1 = C2v2
azla (40 pg/mL) (V) = (6.25 pg/mU) (10 mL)
Vi =1.5625 mL

MY @15arany Sample 1 AN 6.25 pg/mL lannisgaansasany DOX
USRS 1.563 mL waginungs 0.9% Usuins 8.437 mL
2. w3sNaTazane DOX AULTNUY 3.125 pg/mL USu1ns 10 mL (na1sagalsnau

WU 6.25 ug/mL USuams 10 mL)

Q’]ﬂqmi Cl\/l N C2v2
Azlgl (6.25 pg/mL) (V) = (3.125 pg/mL) (10 mL)
Vi =5mL

MY @1sazany Sample 2 AALTNTN 6.25 pg/mL liannmsaaansazany DOX
USuI99 5 mL uazinidnge 0.9% Usnins 5 mL
3. W3ENA1TaEanY DOX AMNLUNTUY 1.5625 ug/mL Usues 10 mL @1nansazale

AULTNTY 3.125 pg/mL USuns 10 ml)

ﬂ’]ﬂ@@]i C1V1 — C2V2
Al (3.125 pg/mL) (V) = (1.5625 ug/mL) (10 mL)
V1 = 5 ml_

fau  asazans Sample 3 eududu 15625 pg/mL Idannsgaansazaty DOX
V31193 5 mL wasiiutinde 0.9% Usuns 5 ml
4. Ww3sNa1Tazay DOX AMILUNTUY 0.78125 pg/mL U3unns 10 mL (31nansazany
AUUNTY 1.5625 pg/mL Usums 10 mL)
NGNT CVy = GV,
ala (1.5625 pg/mL) (V4) = (0.78125 pg/mL) (10 mL)
Vy=5mL
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AIly ansazay Sample 4 AMILINT 0.78125 pg/mL lAannsgeasagay DOX
U195 5 mL uaztiuunde 0.9% Usuins 5 mL
5. W3EuaENTazay DOX AUULTU 0.39063 ug/mlL Usies 10 mL (na1sazany

AULTNTY 0.78125 ug/mL USums 10 mL)

NGAT Vi = GV,
g (0.78125 pg/mL) (Vy) = (0.39063 pg/mL) (10 mL)
Vi=5mL

Ay ansazaly Sample 5 AMLNT 0.78125 pg/ml ldannsgeasagae DOX

U3u95 5 mL wazsuings 0.9% Usuans 5 mlL

NsIA3NENTAZaNY Carboplatin
WIBNETaYa1y CP AMUITNTY 20 ug/mlL U3nas 30 ml (Inansazaignnaduduy
100 pg/mL Usuns 8 mL)

Q’]ﬂqmi Cl\/l N C2v2
Azlgl (100 pg/mL) (V;) = (20 pg/mL) (30 mL)
Vi=6mL

MY @1sasay Stock AU 20 pg/mL leannisgeasasane CP U3unns 6
mL waziAnidings 0.9% Usuing 24 ml
1. w3euaEnsarals CP AuNgY 12.11 pg/mlL USunes 10 mL (31nansagangainy

WU 20 me/mL U3ums 30 mL)

ﬂ’]ﬂ@@]i C1V1 — C2V2
Al (20 pg/mL) (Vy) = (12.11 pg/mL) (10 mL)
Vi = 6.055 mL

fadu  asagans Sample 1 st 12,11 pe/mL Idainmsgaansazane CP
V31193 6.055 mL uazintiinde 0.9% USu1ms 3.945 mL
2. W3ENa1Tazany CP AMIULTY 11.72 pg/mL USu1as 10 mL (@nansazaisainy
WU 20 meg/mL U3u1es 30 mL)
NGNT CVy = GV,
ala (20 pg/mL) (Vy) = (11.72 pg/mL) (10 mL)
V, = 5.860 mL
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Aaly ansazay Sample 2 AMILINTN 12.11 pg/mL lannnsgeansazane CP
USRS 5.860 mL waztinungs 0.9% Usung 4.140 mL
3. m3gua1Tazany CP ALY 10.938 ug/mL Usu1ns 10 mL (1nansazaieniy

WU 20 me/mL U3ums 30 mL)

‘\]’]ﬂqmi C1\/1 = C2\/2
Agle (20 pg/mL) (V4) = (10.938 ug/mL) (10 mL)
Vi = 5.469 mL

Aatly ansarale Sample 3 ANILINTY 12.11 pg/mL lainmsgeansazane CP
USUI95 5.469 mL uagtiuiings 0.9% Usuing 4.531 mL
4. \Ww3gNa1Tazany CP AN 9.376 pg/mL USu1as 10 mL (@nasazalsainy

WNTU 20 meg/mL U3ums 30 mL)

ﬂ’]ﬂé;i@]i C1V1 = C2V2
azlg (20 pg/mL) (V) = (9.376 pg/mL) (10 mL)
Vi = 4.688 mL

Aty ansazane Sample 4 AMdNTY 12.11 pg/mL leRinnispaaisazaty CP
U9 4.688 mL waztinunge 0.9% U3uins 5.312 mL
5. W3ENa1Tazany CP AMIULTY 6.25 pg/mL USu19s 10 mL (31nasazansniny

WU 20 mg/mL UsH1ms 30 mL)

T\]Wﬂ@;ﬁ C1V1 = C2V2
azla (20 pg/mL) (Vy) = (6.25 pg/mL) (10 mL)
V, = 3.125 mL

AU @15araty Sample 5 ALY 12.11 pg/mL ldannmsanansagany CP

J311915 3.125 mL hagtiudngds 0.9% Jsuins 6.875 mlL

nNSLMIENEITaTa1Y ZnO
FreunAuIlugreanlanusuin 0.0025 ¢ WnwMueal3u1ns 5 mL anduiild
a ) a <, o A o v a ¢ ¢ & Y
w3esdansleta Wunan 30 wil iWevihlvdeyniauludefeanlenduasuviuacy aglaniy
WnduvesansazangaynauIludsdeanlanvingu 500 ug/mL
WIBNAITAZAY ZnO ANUINTY 62.50 ug/mL USums 20 mL (A1na1sazaeniny

WU 500 pg/mL USuns 5 mL)
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ﬁ]']ﬂ%jﬁl'ﬁ C1V1 = C2V2
azle (500 pg/mL) (V) = (61.50 mg/mL) (20 mL)
Vi = 2.46 mL

fatll - asarang ZnO ANt 61.50 pg/mL lda1nnisgeansazany ZnO Y3uns

2.46 mL wagliuuniuea Ysuias 17.54 mL
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ABSTRACT

The main objective of this study was to assess the antiradical properties of zinc oxide (ZnO)
nanoparticles upon exposure to ultraviolet radiation with carboplatin, an anti-proliferative
drug used in the treatment of retinoblastoma. For the purpose of this study, the decompo-
sition of 2,2(diphenyl-1-picryhydrazyl) radical (DPPH*) was used to assess the free radical
capacity of antioxidants and was followed by MTT measurements. To test the antiradical
capacity, the effective concentration, antiradical power, stoichiometry, and number of
reduced DPPH* were investigated. DPPH* has a peak absorbance at a wavelength of
515 nm, which disappears upon the introduction of the antiradical agents. Four agents
were reacted with DPPH* and represented the possible reaction kinetic categories. ZnO
nanoparticles and carboplatin-loaded ZnO nanoparticles reacted more strongly with DPPH*
and approached a saturation state at 420 min. The remaining two antiradical agents, ZnO
nanoparticles under UV radiation and carboplatin-loaded ZnO nanoparticles under UV
radiation, reacted a bit slower with DPPH* and approached a steady state at 1440 min.
Among the different four antiradical agents, carboplatin-loaded ZnO nanoparticles under
UV light had the highest antiradical response with the lowest effective concentration value
to the reduced DPPH* molecules. ZnO nanoparticles alone were found to be poor antiradical
agent. Possible mechanisms were attributed to the number of hydroxyl groups available to

decrease the number of DPPH".
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1. Introduction

Retinoblastoma is the most common intraocular problem in
children globally. The most recently reported five-year
survival rate for retinoblastoma was 95%, as informed by
the American Society of Clinical Oncology [1]. Early diagnosis
is imperative to reduce morbidity. Retinoblastoma therapy
has dramatically advanced over the past decades, and
significant trends away from systematic to intra-arterial
chemotherapies are under development [2,3]. Among the
systematic chemotherapeutic treatments for retinoblasto-
ma, hybrid carboplatin (CP) compounds have recently
demonstrated their ability to reduce morbidity. For instance,
Ahmed et al. reported the efficiency of CP-loaded polyami-
doamine nanoparticles in murine retinoblastoma [4]. Kang
et al. used CP-loaded topotecan for the effective treatment of
ophthalmic artery chemosurgery in retinoblastoma [5].
Shome et al. studied the CP-loaded polymethylmethacrylate
nanoparticles for the efficient treatment of intraocular
retinoblastoma in Sprague-Dawley rats and in humans
[6,7]. Kalita et al. introduced CP-loaded apotranferrin and
lactoferrin nanoparticles for the efficacious treatment of
human retinoblastoma cell lines [8]. The CP-loaded apo-
tranferrin (Apo-nano-carbo) and lactoferrin (Lacto-nano-
carbo) nanoparticles showed greater intracellular uptake,
sustained retention, and high anti-proliferative response to
the retinoblastoma cell lines.

There are several uses of nanoparticles in the biomedi-
cine. The differences in chemical and physical properties of
these molecules in the context of their applications have
recently been reported as follows. Wozniak et al. reported
that a combination of blue light (411 nm) and green light +
rose Bengal (515 nm) serving as the effective phototherapy
together with doxycycline controlled the extensively drug
resistant Acinetobacter baumannii strains [9]. Yang et al.
reported that the photocatalytic zinc oxide (ZnO) nanopar-
ticles without antibiotics under 10.8 J/cm? blue light signifi-
cantly affected the viability of Acinetobacter baumannii [10]. Lu
et al. reported that ZnO in the powder form provided
physicochemical information, which was an important factor
to improve drug efficacy and reduce drug toxicity [11]. Ancona
et al. reported that the lipid bilayer coated with ZnO
nanoparticles were effectively internalized inside human
epithelial carcinoma cells (HeLa) via a lysosomal pathway.
The generation of reactive oxygen species (ROS) inside cancer
cells leads to an increase in cell death [12]. Chacko et al.
reported that the main benefits of using the non-ionic
surfactant polysorbate coated nanoparticles as drug carriers
included preferential accumulation at the target site, reduced
toxicity, decreased drug dose of the therapeutic agent,
reduced drug side effects, and increased drug viability to
the brain tumors [13]. Martinez-Carmona et al. reported that
ZnO quantum dots had outstanding luminescent properties,
low-cost, low-toxicity, and biocompatibility. Additionally,
ZnO quantum dots have high catalytic efficiency, strong
adsorption capability, and high isoelectric point. These
qualities make ZnO quantum dots primary candidates for
drug delivery of bacterial infection and cancer treatments
[14]. Jiang et al. reported that ZnO nanoparticles have

emerged a promising potential in anti-cancer and anti-
bacterial fields. They can trigger excessive ROS production,
release Zn+, and inducing cell apoptosis [15]. Babu et al.
reported that ZnO nanoparticles exhibited a size-dependent
impact on the red blood cells, particularly for cells <50 nm in
size. The extent of DNA damage and ROS generation on red
blood cells was comparatively low for ZnO-ferulic acid
conjugates than for ZnO alone [16]. Duan et al. reported that
the liposomal and nanoparticle formulations of cisplatin
have been explored to leverage the enhanced permeability
and retention (EPR) effect in order to enhance the selective
accumulation of cisplatin in tumor cells without increasing
off-target effects and toxicities [17]. Bogdan et al. reported
that the attachment of monoclonal antibodieswith TiO, and
ZnO was used as drug carriers in photodynamic therapy (PDT)
and sonodynamic therapy (SDT). PDT and SDT improved the
selective distribution into the targeted organ or cell; hence,
the therapy effectiveness was improved [18]. Bisht and
Rayamajhi reported that ZnO nanoparticles were promising
anticancer agents due to the EPR effect, electrostatic
interaction, and selective cytotoxicity [19]. Karanam et al.
prepared poly (e-caprolactone) (PCL) nanoparticles of CP.
They were efficiently absorbed and displayed profound
cytotoxicity to U-87 MG (human glioma) cells compared to
free CP, while reducing CP-induced hemolytic activity in rat
erythrocytes [20]. Guo et al. prepared the DOX-loaded
transferrin-conjugated lipid-coated poly D,L-lactic-co-glyco-
lic acid nanoparticles, which serve as an efficient targeted
drug-delivery system for lung cancer therapy. They showed
anti-proliferative effect and inhibition on tumor growth in
the A549 tumor-bearing mice [21]. Lu et al. used TEM to
analyze ZnO and TiO,nanoparticles with dimensions be-
tween 1 nm and 100 nm in commercial sunscreens; however,
samples needed to be diluted before testing [22]. Smijs and
Pavel reported that the anatase TiO, showed higher photo-
catalytic activity than rutile TiO, and ZnO nanoparticles in
commercial sunscreens [23].

To our knowledge, the combination of CP and ZnO has not
yet been studied for the treatment of retinoblastoma. When
considering the physicochemical properties, nanomaterials,
like semiconductor ZnO nanoparticles combined with CP,
could improve globe salvage rates compared to CP alone in
retinoblastoma therapy. ZnO is used in many applications,
such as wastewater treatment, biomedicine, and agriculture.
Additionally, it is also environmentally friendly due to its low-
toxicity property. A combination of ZnO and CP is likely to
improve tumor targeting in the near future. Therefore,
understanding the effects of this new hybrid complex is of
particular interest. This present study reports the available
and upcoming therapeutic options, and offers a deep
understanding into promising therapy for retinoblastoma.

To classify the antioxidative performance of the aforemen-
tioned antioxidant complexes, the complexes will be permit-
ted to react with a radical, 2,2-diphenyl-1-picrylhydrazyl
(DPPH*), which served as the putative model of cancer cells
[24,25]. A decrease in DPPH* is detected by observing a
reduction in peak absorbance at a characteristic wavelength
during the reaction time. Absorption of DPPH" at a wavelength
of 515 nm relies on the appropriate amount of antioxidant
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Table 1 - The details of the numerical values of antiradical parameters of the different tested antiradical agents. CP is

carboplatin, and ZnO is zinc oxide. Antiradical power is considered with respect to the maximum concentration of ZnO
nanoparticles of 1.0 mg/mL.

Antiradical Kinetic Effective Antiradical Stoichiometry Number of

test behavior concentration power (% ARP) (=2"ECs0) reduced DPPH*
(ECso) (=1/Stoichiometry)

Zn0O Intermediate 16.2152 60.2222 32.4304 0.0308

ZnO + CP Intermediate 6.4158 63.1528 12.8316 0.0779

Zn0O + UV Slow 3.5455 94.0278 7.0910 0.1410

ZnO + CP + UV Slow 1.7183 96.5667 3.3466 0.2988

(AH) and/or a radical species (R*). The dissipation of absorption
is described by the following reactions :

DPPH « + AH = DPPH-H + Ax, (1)

DPPH * + R* = DPPH-R.(2)

Herein, we describe the research on selected antiradicals
for the treatment of retinoblastoma. The well-known DPPH
method to assess the antiradical properties of ZnO-CP was
used. We attempted to clarify the antiradical activities of four
different antiradical agents, including CP and ZnO nanopar-
ticles under ultraviolet illumination. The number of hydroxyl
groups required to reduced DPPH* free radical scavenging
assay played a role in antiradical activity. The general plots for
fast, intermediate, and slow kinetic rankings will be intro-
duced and discussed. The best antiradical efficiency of
antiradical agent was determined. Lastly, we provided a
description of the mechanism for the antiradical agents.

2. Material and methods

Two antiradical agents (ZnO > 99.0% purity and CP in a
solution form) were tested in the present study. ZnO
nanoparticles with a diameter of approximately 100 nm and
DPPH* as a putative model of cancer cells were purchased from
Sigma Aldrich, USA. Methanol (>99.9% purity) was purchased
from Merck KGaA, Germany. CP was a kind gift from Faculty of
Medicine Ramathibodi Hospital, Thailand. The 0.9% saline
solution was purchased from General Hospital Products,
Thailand. In order to achieve the completion of reaction
kinetics as much as possible, a slightly higher concentration of
DPPH" was suitable to provide all essentially numerical values
of antiradical parameters of antiradical test as shown in
Table 1.

ZnO nanoparticles were dissolved in a polar medium
(methanol) for the preparation of the first antiradical stock
solution of 1 mg/mL, whereas CP was added to a 0.9% saline
solution for the preparation of the second antiradical stock
solution of 0.2 mg/mL. After that, ZnO nanoparticles were
diluted to 0.0078, 0.0156, 0.03125, 0.0625, 0.125, 0.250, 0.500, and
1.000 mg/mL. The molar ratio of ZnO to CP was 5:1 [26]. It was
noted that the concentration of these two antiradical agents
was kept as minimum as possible, because low concentrations
result in a good evaluation of antiradical parameters linked to
antiradical performance. Next, 1 mL of each prepared antirad-
ical solution with different concentrations was mixed with

2 mL of a 100 uM methanolic DPPH* solution by sonicator for
90 min at the ambient temperature of 27 °C [27].

Each mix solution was introduced in a 8 W, 400 nm UV
cabinet (Spectroline: CX-21, Germany) as a source of photoex-
citation of ZnO. Four antiradical agents were tested. Using a
spectrophotometer (Avantes: AvaSpec, USA), the decrease in
peak absorbance of the antiradical solution was detected at a
wavelength of 515 nm for a time duration (0-1440 min) until a
reaction reached a saturation state, where a further decrease
in absorbance was not observed. A reduction of peak
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Fig. 1 - Absorption spectra (a) and a calibration curve of 2,2-
diphenyl-1-picrylhydrazyl (DPPH") at the different
concentrations (b). A, B, G, D, E, F, G, H, I, and ] denotes 10,
20, 30, 40, 50, 60, 70, 80, 90, and 100 pM of DPPH",
respectively.



896 BIOCYBERNETICS AND BIOMEDICAL ENGINEERING 39 (2019) 893-901

absorbance with respect to the reaction time was exponential
in nature and plotted for the antiradical agents at different
concentrations. The percentage of residual DPPH* with respect
to the reaction time was therefore determined according to
following equation:

%RemainingDPPH « = [Cgs - 100]/Cjg, (3)

where C;s and Cg corresponded to concentration of DPPH* at
initial state and steady state, respectively.

The accurate concentration of DPPH* (Cpppy+) Was deter-
mined from a calibration curve with equation, absorban-
Ces15nm = 0.0072 x (Cpppr) + 0.0132, in which a linear
regression represented a good fitting as shown in Fig. 1. Note
that we used cells and cuvettes (Brand GmbH, Germany) for
UV/Vis spectroscopy to determine the calibration curve for
DPPH*. Finally, the percentage of DPPH* at the saturation state
was plotted with respect to a molar ratio of the antiradical
agent to DPPH" in order to calculate the effective concentration
(ECsp) value. In order to determine the antiradical power (ARP),
we used the following equation:

Dependenceof%inhibition = 100 - (Ao — Amean)/Ao, (4)

where the absorbance Ayis the radical solution of DPPH; A pean
is the mean absorbance value of a test solution containing an
antioxidant.

It was noted that the characterization of ZnO nanoparticles
during the CP adsorption to ZnO-CP was detected by
fluorescence spectroscopy in order to show the uptake
mechanism of ZnO-CP complexes as shown in Fig. 2. The
optical setup was explained in Ref. [28]. The fluorescence peak
was found at 545 nm. Due to Brownian dynamics, a small
molecule of ZnO-CP excited by a 3 W, 450 nm LED light at
0 min could possibly emit high an intensity of fluorescence,
whereas a large molecule of ZnO-CP excited in the same
manner at 400 min could emit a small intensity of fluores-
cence.
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Fig. 2 - Representative fluorescence intensity of zinc oxide

(ZnO) nanoparticles of 1.0 mg/mL during adsorption to
ZnO-carboplatin (CP).

Fig. 3 - Disappearance of 2,2-diphenyl-1-picrylhydrazyl
(DPPH*) with respect to the different concentrations of ZnO
nanoparticles. G, D, E, F, G, and H represent 0.03125, 0.0625,
0.125, 0.250, 0.500, and 1.000 mg/mL of ZnO nanoparticles,
respectively.

3. Results

Fig. 3 shows the absence of DPPH* with respect to the different
concentrations of ZnO nanoparticles. The color of DPPH*
visibly develops from purple to light yellow, when the amount
of the antiradical agent changes from low to high concentra-
tions.

The reaction kinetics was plotted for the individual tests of
antiradical concentrations as shown in Fig. 4. The amount of
residual DPPH" at a saturation state was calculated from a
calibration curve, and then transferred to Fig. 5. The residual
DPPH* at the saturation state indicates the percentage of DPPH*
remaining at a saturation state with respect to the reaction
time from the different concentrations of antiradical agents.
The ECsp value, as a function of the number of moles of
antiradical agent to one mole of DPPH*, was therefore
determined for each antiradical agent as shown in Fig. 6.
ECso in the present study is similar to ICsp in a biological test
and is determined as the effective concentration necessary to
a reduction of the initial DPPH* concentration by 50%. This
value is written in terms of a molar ratio of antiradical agent to
DPPH"*. Another significant antiradical factor of the antiradical
agents, such as the stoichiometry, was determined from the
ECso value. For example, the ARP value is an inverse
approximation of the ECso value. Higher ARP values represent
more effective antiradical actions. The stoichiometry value is
obtained by multiplying the ECs, of each antiradical agent by
two. Stoichiometric values indicate the number of moles of
antiradical agent needed to decrease one mole of DPPH".

4, Discussion

A reaction between DPPH* and an antiradical agent follows a
kinetically driven mechanism. Thus, we first attempted to
investigate the nature of kinetic behavior of the reaction
between DPPH* and each antiradical agent. Kinetic scans were
performed for individual antiradical agents until the satura-
tion state. At saturation, the maximum decrease in DPPH* is
reached. In our experiment, the reaction time required to
reach a saturation state firmly depended on the nature of
antiradical agent as shown in Fig. 4. DPPH* radical scavenging
by ZnO nanoparticles quickly increased with higher concen-
trations of ZnO nanoparticles. The reaction time to approach a
saturation state occurred at 420 min. A similar result was
observed for ZnO + CP nanoparticles, where the reaction time
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Fig. 4 — Peak absorbance as a function of reaction time from
the different antiradical agents: ZnO (a), ZnO + CP (b),

ZnO + UV (c), ZnO + CP + UV (d), at the different
concentrations. A, B, C, D, E, F, G, and H represent 0.0078,
0.0156, 0.03125, 0.0625, 0.125, 0.250, 0.500, and 1.000 mg/
mL of ZnO nanoparticles, respectively. The molar ratio of
ZnO to CP is 5:1. CP is carboplatin, and ZnO is zinc oxide.
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Fig. 5 - Disappearance of 2,2-diphenyl-1-picrylhydrazyl
(DPPH") with respect to reaction time from the different
antiradical agents: ZnO (a), ZnO + CP (b), ZnO + UV (c),

ZnO + CP + UV (d). A, B, G, D, E, F, G, and H represent 0.0078,
0.0156, 0.03125, 0.0625, 0.125, 0.250, 0.500, and 1.000 mg/
mL of ZnO nanoparticles, respectively. The molar ratio of
ZnO to CP is 5:1. CP is carboplatin, and ZnO is zinc oxide.
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Fig. 6 - Disappearance of 2,2-diphenyl-1-picrylhydrazyl
(DPPH") with respect to a mole ratio of antiradical agent to
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ZnO + CP (b), ZnO + UV (c), ZnO + CP + UV (d). The molar
ratio of ZnO to CP is 5:1. CP is carboplatin, and ZnO is zinc
oxide. The effective concentration (ECso) value of each
antiradical agent is also presented.

required to reach steady state was also 420 min. In contrast,
ZnO + UV did not reach a saturation state at 420 min,
especially at a lower ZnO + UV concentration. Although the
scavenging capacity at higher concentration of ZnO + UV was
higher than that at lower ZnO + UV concentration, saturation
state was still not reached at 420 min. Similar to ZnO + UV,
ZnO + CP + UV did not reach a saturation state at 420 min at
the maximum dosages of antiradical agents (1.0 mg/mL for
ZnO nanoparticles and 0.2 mg/mL for CP). Thus, in the present
study, the fixed reaction time mode at 420 min is not suitable
for estimating the antioxidant properties, and a steady state at
1440 min should be considered instead. Interestingly, the
dosage of CP of 0.2 mg/mL in the present study is less than that
reported in the retinoblastoma cell lines by Kang et al. (10.0-
37.5 mg/mL), Shome et al. (10.0 mg/mL), and Kalita et al.
(10 mg/mL) [5,7,8]. Instead, the dosage of ZnO of 1.0 mg/mL in
the present study is not effective to living organisms [29] and it
is also useful in the cosmetic products [11,22].

Ascorbic acid is generally used as a control molecule in a
comparative assessment of antiradical performance of tested
molecules. The reaction between ascorbic acid and DPPH* is
extremely rapid and reaches completion within minutes.
Therefore, it is clear that the reaction kinetics are dependent
upon the nature of tested antiradical agents. Reaction times of
scavenging of DPPH* with ZnO and ZnO + CP are faster than
those of ZnO + UV and ZnO + CP + UV. Therefore, the anti-
radical agents possibly could be classified under two catego-
ries, intermediate and slow kinetics, in the present study. The
first type of kinetic behavior usually reacts with DPPH*, and
concerned ZnO and ZnO + CP as shown in Fig. 5. These
reactions reach a steady state at 420 min, and are called the
intermediate kinetics compared to ascorbic acid. The second
type of kinetic behavior slowly reacts with DPPH*, and
concerned ZnO + UV and ZnO + CP + UV. As the reaction time
is still progressing at 420 min, the data should continue to be
analyzed until a steady state is reached to avoid data error.
Steady state would have been reached at 1440 min for these
two reactions. This slow kinetic behavior is displayed by
hyperbolic plots.

One method to investigate the antiradical activity is to
calculate the concentrations of antiradical agents required to
reduce the initial DPPH* concentration by 100% (ECiq0). This
classification of the antiradical activity is not possible in the
present study, because all tested antiradical agents never react
with more than 75% of the original concentration of DPPH".
Therefore, ECs is preferred in the present study as shown in
Fig. 6. With this type of analysis, the antiradical activity is
analyzed based on a relationship between the percentage of
residual DPPH* as the reaction kinetics is approached at a
saturation state with respect to the molar ratio of antiradical
agent to DPPH*. Meanwhile, there is a close relationship
between ECso and ARP. ARP is calculated by Eq. (4), and it is
considered as the approximate reciprocal of ECso of each
antiradical agent. Thus, ARP represents a mole ratio of DPPH*
to antiradical agent. Contrarily, ECso value is determined as the
number of antiradical agents needed to a reduction of the
initial concentration of DPPH* by 50%. When the ECsq value is
smaller, the antiradical power is increased. Thus, based on the
ARP values, the overall rank of antiradical activities was
arranged as ZnO < ZnO + CP < ZnO + UV < ZnO + CP + UV.
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Interestingly, an ECso value of 1.72 when ZnO nanoparticles
was combined with CP under UV light in the present study
indicates improved anti-proliferative activity when compared
to CP loaded protein nanoparticles in retinoblastoma cell lines
(ECsp = 4.20) [4].

Another essential factor of antiradical activity is stoichi-
ometry of each antiradical agent, representing the amount of
antiradical agent theoretically required to reduce initial
concentration of DPPH* by 100%. The stoichiometry value is
obtained by multiplying the ECs, of each antiradical agent by
two. According to Table 1, the tested antiradical agents
showing two types of kinetic behaviors are stoichiometrically
dependent on the number of hydrogen atoms available in
hydroxyl groups. The ability of a substance to donate hydrogen
atoms and transfer electrons from the antiradical agent
possibly leads to the neutralization of DPPH* according to
Egs. (1)-(2). It is noted that ascorbic acid does not have a
phenolic hydroxyl group and reacts with DPPH* within a
minute. Therefore, it is not a surprise that ascorbic acid has
fast kinetic behavior. The higher the stoichiometry value, the
larger the number of functional groups on the antiradical
agent, and the stronger the antiradical activity. In the present

study, CP or 1,1-cyclobutyldicarboxylate is composed of
organic (carboxyl group) and inorganic (Pt) groups. One
molecule of CP is able to form at least three hydroxyl groups
to reduced more DPPH* molecules as shown in Fig. 7. The
molecular mode of action of CP might involve the radical
reactions that are expected to exert antiradical activity
according to Eq. (1).

It has also suggested that the two dioxy groups and double
bonds conjugated into two ketonic groups of CP might be
responsible for higher scavenging properties [30,31].

The dissolubility and large surface area of ZnO nanopar-
ticles show the important influence in antiradical action,
because it is able to release toxic Zn?* and OH™ (ROS) into the
DPPH* molecule according to the following processes:

ZnO + H,0 = Zn(OH), = Zn(OH)" + OH", (5)

Zn(OH)* = Zn?" 4 OH".(6)

Because the blue light irradiation can possibly trigger the
antimicrobial potential of ZnO nanoparticles [9,10], the
photocatalytic property of ZnO under UV light is suggested
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Fig. 8 - Contribution of effective concentration (ECso) and number of reduced 2,2-diphenyl-1-picrylhydrazyl (DPPH) in
different four antiradical agents. CP is carboplatin, and ZnO is zinc oxide.
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to be another important mechanism of antiradical action,
because the electron-hole pair from semiconductor ZnO
nanoparticles is able to further convert OH™ to hydroxyl
radicals (-OH), which is the strongest ROS [12]. This is expected
to strongly trigger the occurrence of radical reactions accord-
ing to Eq. (2).

Because the number of specific functional groups is
strongly correlated with ECs, relying on a competitive reaction
scheme in which the antiradical agent is able to compete with
DPPH* as shown in Fig. 8 is considered a key parameter for
identifying the antiradical activity of an antiradical agent.
Based on the ECsy values, antiradical performances of the
antiradical agents were arranged as ZnO + CP + UV > ZnO +
UV > ZnO + CP > ZnO. ZnO + CP + UV was about two times
more efficient than ZnO + UV. ZnO + UV was two times more
efficient than ZnO + CP. ZnO + CP was three times more
efficient than ZnO. Therefore, ZnO + CP + UV, which falls in
the slow kinetic category, was the most powerful antiradical
agent with the maximum number of hydroxyl groups. ZnO has
the least potent antiradical action with the minimum number
of hydroxyl groups and falls in the intermediate kinetic
category.

We note some aspects of the present study as follows. First,
the concentrations of the antiradical agents used were greater
than the concentration of DPPH*. Second, there is a limitation
of the volumes of the antiradical agents. It is therefore
necessary to check the efficient dosage range of these tested
molecules prior to performing detailed in vitro and in vivo
tests. Third, the DPPH method is designed to investigate the
appropriate reaction medium and reaction time of antiradical
agents. Finally, because the DPPH method relies on a kinetic
derived mechanism, 420 min (ZnO and ZnO + CP) to more
than 1440 min (ZnO + UV and ZnO + CP + UV) might be
required to reach a steady state. Other antioxidant assays
could be suggested to validate the antiradical capacity of these
antiradical agents.

5. Conclusions

Antiradical performances of antiradical agents, including ZnO
nanoparticles and CP in the presence and absence of UV light,
were determined by the DPPH method using the free radical
form, DPPH", as the putative model of cancer cells for the
possible application in retinoblastoma therapy. Experimental
results have found that the interaction between the possible
antiradical agents with DPPH* was dependent of their
structural properties. Certain agents react well with DPPH",
by decreasing the amount of DPPH* and conforming to the
amount of available hydroxyl groups. Among four agent
complexes, CP-loaded ZnO nanoparticles under UV illumina-
tion were the most powerful, while ZnO nanoparticles had the
least potent antiradical action. UV-excited ZnO further
induced the generation of ROS, including hydroxyl radicals,
which are potent oxidizing species. This was expected to exert
antiradical activity. Although, using DPPH* offers a simple and
speedy method to classify the antiradical performances of the
tested antiradical agents, additional pharmacological assays
(i.e. in vitro, in vivo, cellular assays) are necessary to

understand the true biological implications of these findings.
The comparative study will be presented in the future.
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ABSTRACT

This study aimed to examine the pharmacological profiles of multiple chemo drug candidates in sys-
tematic circulation to enhance their specific interactions with five human cancer cell lines. ZnO nano-
particles were successfully bound with chemo drugs via physical adsorption. The drug loading capacity
was confirmed by FTIR, whereas the loading efficiency was determined via UV-vis spectrometry. The
mean hydrodynamic size increased to 69-82nm after chemo-drug immobilization via non-covalent
interaction with ZnO. Among the nine formulated chemo drugs, the carboplatin (CP)-doxorubicin
(DOX)-ZnO complex under UV light irradiation exhibited high sensitivity towards human breast adeno-
carcinoma cells without affecting human keratinocyte immortal cells with an ICso of 0.137 pg/mL,
whereas the loading capacity and efficiency of CP-DOX-ZnO were 77.81% and 99.05%, respectively.
Fluorescence images confirmed that CP-DOX-ZnO using DOX served as a fluorescence enhancer spe-
cifically bound onto the cell membranes, which became almost saturated after 24h incubation.
Carboplatin-DOX-ZnO was possibly endocytosed by cancer cells and was selectively internalized into
the target cells; thus, free chemo drug was released in the cytoplasm, which induced acute apoptosis.
This resulted in complete inhabitation of growth signal of target cancer cells.

ARTICLE HISTORY
Received 21 July 2020
Revised 30 December 2020
Accepted 10 January 2021

KEYWORDS

Antioxidant; chemotherapy;
nanoparticles; semicon-
ductor; tumour; zinc oxide

Introduction cancer [2-8]. To further improve the killing effect in the
tumour microenvironment, a minimum dosage of multiple
drug-loaded nanoparticles is a favoured modality for long-
term anticancer therapy. It is hypothesized that their appro-
priate formulations can encapsulate or adsorb the antigen or
DNA and thus increase the cellular uptake and immunogen-
icity so that drugs can be released into the cell and distribu-

tion into the target sites can be easily controlled.

The development of effective chemotherapeutic agents
remains a top priority for biomedical research worldwide
because cancer still represents a significant threat to human
health. Although currently, numerous treatment modalities
are employed for tumour management, they have their own
shares of drawbacks, such as toxicity due to non-specific

action, side effects and chemoresistance that might develop
during the treatment. Furthermore, the dosage of chemo
drugs required to reach the targeted tumour site, which is
associated with variations in individual patients, tumour
microenvironments and complications in the molecular biol-
ogy of cancer, is still under debate (Table 1). Sometimes,
administering single chemo drugs for a long period of time
is a challenging task because of the development of chemo-
resistance and severe side effects [1-13]. A double-chemo
drug regimen is sufficient for very small tumours [14-18],
whereas other chemo drugs might be used if these method-
ologies are not effective [19,20]. Meanwhile, some research
progress has been made in nanoparticle-assisted drug deliv-
ery systems with different dosages for better treatment of

In this study, we classify double-drug loaded nanoparticles
and address some pharmacological parameters influencing
drug efficacy. A basic understanding of these relationships
will enable a more rational design of drug-loaded nanopar-
ticle formulations, including zinc oxide (ZnO), doxorubicin
(DOX) and carboplatin (CP); furthermore, UV light irradiation
could be used as a stimulus. The formulated drug-nanopar-
ticle complexes were prepared through physical adsorption
and were then tested on several cell lines and with an oxida-
tive assay DPPH. In addition, the mechanisms of molecular
pathways governing cell death via these complexes
are explained.

This study is novel because a combination of ZnO nano-
particles, which can response to light, and two types of
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Table 1. Reported studies on therapeutic agents used for cancer treatment in the past 5 years.

ARTIFICIAL CELLS, NANOMEDICINE, AND BIOTECHNOLOGY 121

Research group

Target cell

Drug carrier

Therapeutic agents

Smith et al. [1]
Galam et al. [2]
Ouyang et al. 3]

Locharoenrat [4]
Xia et al. [5,6]

Xia et al. [7]

Xia et al. [8]

Vu et al. [9]

Malky et al. [10]
Christowitz et al. [11]
Al-Harthy et al. [12]

Human retinoblastoma

Human breast adenocarcinoma (MCF-7)

Human hepatocellular carcinoma (HepG-2)
Human breast adenocarcinoma (MCF-7)

Human breast adenocarcinoma (MCF-7)

Cervical cancer cells (Hela)

Colorectal cancer cells (HT-29)

Human liver cancer cells (HepG2)

Cervical cancer cells (HeLa)

Human myeloid leukaemia

Human breast adenocarcinoma (MCF-7)

Murine breast tumour (E0771)

Human breast adenocarcinoma (MCF-7)

Silk fibroin
Pectin

Diamond
RGDfC-Se

Galactose-Se
Hyaluronic acid-Se

Carboplatin = 50 mg/mL
Carboplatin = 10-200 pg/mL
Doxorubicin = 1-5 pg/mL

Doxorubicin = 0.4 mg/mL
Derlin1-siRNA = 200 nM

Doxorubicin = 4 pug/mL
Doxorubicin = 4 ug/mL
Doxorubicin = 0.5-1 pg/mL
Doxorubicin = 0.25-1 pg/mL
Doxorubicin = 6-15mg/mL
Doxorubicin = 13-36 pg/mL

Matcovschii et al. [13]
Allen et al. [14]

Human glioblastoma
Mouse gonads

Kuittinen et al. [15] Ovarian cancer cells
Corn et al. [16] Human prostate cancer
Lopes et al. [17] Human and mouse ovary
Yu et al. [18] Bladder cancer (MBT-2)

Eroglu et al. [19]

Escobar-Resendiz et al. [20] Human lung carcinoma cell (A549)

Human breast adenocarcinoma (MCF-7)

- Doxorubicin = 2-20 pg/mL

- Carboplatin = 0.1-1 pg/mL
Cisplatin = 0.5-5 ug/mL

- Carboplatin = 0.1-50 pg/mL
Paclitaxel = 1-10ng/mL

- Carboplatin = 3-4mg/mL
Cabazitaxel = 20-25 mg/mL

- Doxorubicin = 1-2 pg/mL
Cisplatin = 5-10 pg/mL

- Doxorubicin = 0.62 pg/mL
Lipodoxorubicin = 130 pg/mL

- Doxorubicin = 0.01 mg/mL
5-Fluorouracil = 6 mg/mL
Propranolol = 30 mg/mL

- Carboplatin = 515 pg/mL
Cisplatin = 10 pg/mL
AMB = 29 pg/mL
A21 derivative = 67 pg/mL

drugs, which can enhance the anticancer effect compared
with one type of drug, is studied. We chose ZnO nanopar-
ticles as the nanocarrier in this study because they exhibit
good anti-angiogenesis and anti-inflammatory properties for
sustained drug release [21]. Furthermore, the cellular cytotox-
icity of ZnO nanoparticles depends on the concentration and
reaction time. DOX offers an excellent fluorescence signal [4],
whereas a combination of ZnO and CP with UV ray offers an
enhanced response of oxidizers [22].

Methods
Materials

ZnO, 1,1-diphenyl-2-picrylhydrazyl as the putative model of
cancer cells (DPPH*), and DOX were purchased from Sigma-
Aldrich (Singapore). CP was obtained from the Faculty of
Medicine Ramathibodi Hospital (Bangkok, Thailand). Foetal
bovine serum (FBS), Dulbecco’s modified Eagle’s medium
(DMEM), dimethylsulphoxide (DMSO) and phosphate-buffered
saline (PBS) were purchased from Sigma-Aldrich (Singapore).
Absolute methanol was bought from Honeywell (London,
UK). Physiological saline solution was purchased from GH
Products (Bangkok, Thailand).

Cell culture

Human colon adenocarcinoma (HT-29), human oral cavity car-
cinoma (KB), human cervical adenocarcinoma (HelLa), human
hepatocarcinoma (HepG-2) and human breast adenocarcin-
oma (MCF-7) cell lines were obtained from Scientific
Instrument Center, Faculty of Science, King Mongkut's

Institute of Technology Ladkrabang (Bangkok, Thailand).
Human keratinocyte immortal cells (HaCat) were used as the
control cell line. All cells were cultured in flasks in DMEM
containing 10% FBS in an incubator at 37 °C with 5% CO, for
24 h, according to a previous protocol [23]. After washing
twice with PBS to remove non-adherent cells, the adhered
cells were resuspended in the culture medium at the final
density of 5 x 10% cells/mL which were then ready for optical
microscopic and spectroscopic measurements.

Chemo drug preparation

Combinations of chemo drugs against DPPH* and human
cell lines were prepared as follows. Three stock solutions
were used: first, a nanocarrier comprising 388.95 uM of ZnO
nanoparticles dispersed in methanol; second, a chemo drug
comprising 16.31 pM CP liquid dissolved in saline solution;
and third, chemo drug comprising 5.39 pM DOX powder dis-
solved in saline solution. After homogenization of five differ-
ent concentrations of chemo drug combinations as displayed
in Table 2 (5min of vortex for 30 min at 27°C), ZnO was
blended in the mix of chemo drugs (5 min of vortex for 24 h
at 27°C). The weight ratio of ZnO:(CP + DOX) was preserved
at 5:1, in accordance with a previous protocol [4,22]. The mix
solution was centrifuged at 5000 rpm for 15min to obtain
the pellet-bound chemo drug compound. The clear super-
natant liquid was analysed via UV-vis spectrometry (Avantes
AvaSpec, Louisville, CO) to obtain absorbance and fluores-
cence data and determine the fluorescence quantum vyield
[24]. The first set of residues was employed for the physical
characterization. To the second set of residues, we added
1 mL methanol and sonicated the samples for 5min to form
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Table 2. Detailed preparation of chemo drug under various binding conditions.

Zn0 (uM) DOX (uM) CP (uM) Binding ratio of CP:DOX = CP:1 Loading capacity® (%) Loading efficiency® (%)
388.95 5.39 8.42 1 66.15 81.13
388.95 2.69 12.63 3 74.98 94.55
388.95 1.35 14.73 7 76.24 97.52
388.95 0.67 15.78 15 7743 98.19
388.95 0.34 16.31 31 77.81 99.05

CP: carboplatin; DOX: doxorubicin; ZnO: zinc oxide nanoparticles.
?See Ref. [4] for detailed calculations.

the suspension chemo drug that was used for the cytotox-
icity test.

Physical characterization

Morphological changes caused by each chemo drug -
DOX+ZnO, CP+Zn0O and CP+DOX+ZnO - in a compari-
son to a blank ZnO sample were observed via transmission
electron microscopy (JEOL-JEM-1400, Tokyo, Japan). The zeta
potential and size distribution were observed via dynamic
light scattering (Malvern Zetasizer ZSP, Worcestershire, UK).
Infra-red spectra were examined via Fourier transform infra-
red spectroscopy (PerkinElmer Inc., Buckinghamshire, UK).

Antiradical test against DPPH*

For comparison of antioxidant activity of each chemo drug
on DPPH* by the DPPH protocol [22,23], 1mL of individual
chemo drug solution was dispensed in a sterile test tube and
sonicated with 2mL of 0.1 nM methanolic DPPH* for 90 min.
Six chemo drugs were tested without UV exposure for 24 h
at 37°C, while other three were introduced into the 8 W,
400nm UV chamber for 24h at 37°C (Spectroline: CX-21,
Kleinblittersdorf, Germany). The treated solution was centri-
fuged, and the clear supernatant liquid was used to obtain
absorbance and fluorescence data using the same UV-Vis
spectrometer to determine the inhibitory concentration at
50% inhibition (ICso). The absorbance values of unloaded
drug and released drug in the supernatants based on these
UV-vis analyses were also used to determine the drug load-
ing capacity, loading efficiency and drug release rate under
pH 6.0 [4].

A calibration curve with a known amount of DPPH* was
generated at a wavelength of 515nm using the formula
Abs = [1.2221 x Coc,ec] +3.3711 (Figure 1). A reduction in
the absorbance peak of DPPH* caused by each chemo drug
was observed at 515nm under 0-720 min reaction time till
the reactant were completely utilized, after which no further
reduction in the absorbance peak was observed. A decrease
in the integrated absorption intensity corresponding to the
reaction time was plotted for each chemo drug. The remain-
ing DPPH* with respect to the reaction time was calculated
using Residual DPPH*:@, where Abs is the absorb-
ance value of DPPH*, Coc is the concentration of DPPH* at
the original condition and Cgc is the concentration of DPPH*
at the equilibrium condition. 1C5o was finally determined
using the remaining DPPH* at the state of equilibrium with
respect to the molar proportion of the chemo drug
to DPPH*.

Antitumor test against human cell lines

For comparative proliferation and apoptosis of human cell
lines by each chemo drug via the MTT protocol [25], 0.1 mL
of individual formulated chemo drug solution was exposed
to 0.2mL of the cell suspension in 96-well plates. The ranges
of concentrations of free DOX and free CP were 0.34-5.39
and 8.42-16.31 puM, respectively. The concentrations of CP
and DOX were maintained at 6.25 pg/mL. The six chemo
drugs were tested without UV exposure for 24h at 37°C,
while the other three were introduced into the 8 W, 400 nm
UV chamber for 24h at 37°C (Spectroline: CX-21,
Kleinblittersdorf, Germany). The UV lamp was placed at a dis-
tance of 20 cm from the cell line suspension in 96-well plates.
Then, 10 uL MTT (5 mg/mL in PBS) was added to the cells in
each well and was incubated for 4h at 37°C. After 4h of
incubation, the supernatant was aspirated and 100 pL of
100% DMSO was added to each well. The optical density was
measured at a wavelength of 570 nm after 30 min incubation
to ensure the organization of adsorption-desorption equilib-
rium between drug-loaded ZnO and human cell lines. The
cytotoxicity was determined as Percentofinhibition =
W x 100, where Absc is the absorbance value of the
control before chemo drug treatment and Abss is the aver-
age absorbance value of the sample after chemo drug treat-
ment. 1Cso was determined using the GraphPad Prism
Software (La Jolla, CA).

As UV-light penetration is weak in vivo, UV-induced cell
inhibition was analysed as a control in this study. After the
incubation period for the internalization of chemo drugs into
human cell lines, optical microscopy was performed to obtain
phase contrast images of the treated cells for quantification,
and fluorescence microscopy was employed to analyse the
position and integrity of the internalized chemo drugs into
the same group of cells. As DOX is a fluorescent probe with
a bright red colour when visualized with a red filter, images
of cellular uptake of the live cells were obtained without add-
ing any staining solution. The fluorescent intensity was quan-
tified by flow cytometry (FCM model: BD FACSCanto,
Piscataway, NJ). R-phycoerythrin (R-PE) was used as the fluor-
escence signal.

Statistical analysis

All experimental data generated and presented in tables and
figures as the mean value were obtained from triplicate
experiments using ANOVA followed by the Bonferroni post
hoc test (p<.05).
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Figure 1. (a) Absorbance and (b) calibration curve at the various concentrations of DPPH*. A, B, C, D, E, F, G, H, | and J represent 10, 20, 30, 40, 50, 60, 70, 80, 90

and 100 uM of DPPH¥, respectively.

Results
TEM and DLS data

ZnO has a mean diameter of approximately 50 nm (Figure 2).
Due to the high ratio of surface active sites of the nanoad-
sorbent to adsorbate, the numbers of active adsorption sites
were sufficient to accommodate adsorbates (chemo drugs),
making them more superior in the targeted chemo drug
delivery purposes. ZnO (zeta potential = 40 mV) surrounded
by the layers of chemo drugs is affected by the viscosity and
concentration of chemo drug solutions; thus, this affects the
binding strength of drug-loaded ZnO (zeta potential =
17-24 mV). The aggregated particle size of drug-loaded ZnO
had a mean value of 69-82 nm (Table 3).

FTIR data

FTIR spectra of ZnO nanoparticles (Figure 3) showed an
intense peak at 400-500cm ™' (Zn-0) and a broad peak at
3331-3441cm™" (O-H) [26,27]. FTIR spectra of DOX exhibited
multiple peaks at 1285cm '(C-0), 1414cm™' (C-Q),
1617cm™" (N-H), 1730cm™' (C-0), 2933cm™' (C-H) and
3331-3441cm ™' (O-H) [28]. FTIR spectra of CP showed mul-
tiple peaks at 1379cm™' (Pt-NH,), 1634cm™' (C-0),
2990cm™" (C-H) and 3266cm™' (N-H) [29]. The peaks of the
FTIR spectra of CP-DOX-ZnO complexes were slightly shifted
to 1159cm™' (C-0), 1379cm™' (C-C), 1628cm™' (N-H),
1735cm ™' (C-0) and 2936 cm ™' (C-H).

Fluorescence quantum yield

Figure 4 presents the absorbance, fluorescence and calcu-
lated fluorescence quantum vyield of DOX and CP -+ DOX
before and after ZnO adsorption. The absorbance and fluor-
escence peaks of drug-loaded ZnO nanoparticles were cen-
tred around 485 and 594nm, respectively. Similar to
CP + DOX, the absorbance of DOX was reduced after ZnO
adsorption because of the poor absorption of incident

photon energy by DOX-ZnO complexes present in the
ground state getting excited to the excited state. The inte-
grated absorption and fluorescence intensities obtained by
absorbance and fluorescence spectra at a reaction time of
Omin were used to understand the fluorescence quantum
yield and are summarized in Table 3. The fluorescence quan-
tum vyield of native CP was undetectable because it is a non-
fluorescent substance. The fluorescence quantum yield of
DOX was quenched and was further quenched after ZnO
adsorption, whereas the fluorescence quantum vyield of
DOX + CP was observed and was further enhanced after ZnO
adsorption.  The  fluorescence  quantum  yield  of
CP 4+ DOX 4+ ZnO (0.860) was the highest.

Cytotoxicity data

Based on the reaction kinetics shown in Table 3, the nine for-
mulated chemo drugs were classified into two groups. Group
1 belongs to intermediate reaction kinetics, indicating that
the equilibrium of adsorption efficiency is considerably fast
(CP, CP+2Zn0O, DOX, DOX+ZnO and CP+ DOX). Group 2
belongs to slow reaction kinetics, showing that the equilib-
rium of adsorption efficiency is longer than that of group 1
(CP+DOX+2ZnO, CP+ZnO+UV, DOX+ZnO+UV and
CP+DOX+ZnO+UV). Among group 2, CP+DOX+
ZnO + UV was found to be suitable for targeted chemo drug
delivery purposes because the number of reduced DPPH*
was the highest (135.135).

Although the loading capacity of CP + DOX + ZnO + UV of
77.81% indicates the saturation of immobilized drugs in can-
cer cells, the high loading efficiency of 99.05% confirms that
the required drug dosage needed to reach the targeted
tumour site is successfully achieved (Table 2). In addition, the
drug release rate of this formulated chemo drug under differ-
ent binding ratios under the acidic intracellular environment
(pH = 6.0) is approximately 80% (Table 4). Thus, ZnO is pos-
sibly directed to the tumour site and can selectively release
the chemo drugs under the acidic microenvironment of the
tumour tissue.
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Figure 2. TEM images of the formulated chemo drugs: (a) ZnO, (b) DOX + ZnO, (c) CP + ZnO and (d) CP + DOX + ZnO. CP: carboplatin; DOX: doxorubicin; ZnO: zinc

oxide nanoparticles.

Integrated absorption intensities and disappearance of
DPPH* from each chemo drug with respect to the reaction
times are shown in Figures 5-7. The reaction times were
0-720 min, and the molar ratio of ZnO to the chemo drug
was 5:1. Disappearance of the DPPH* peak with respect to
the peak of the drug-DPPH* interaction was therefore used
to determine the inhibitory concentration (ICso) of each
chemo drug, as shown in Figure 8. IC5, of DPPH* from each
chemo drug conforms to ICso of human cancer cell lines
from each chemo drug as shown in Table 5. Although
CP +DOX+ZnO + UV is not sensitive to the human normal
cell line (HaCat), it showed a significant decrease in cellular
antitumor levels, which increased its synergistic cytotoxicity

for all human cancer cell lines, especially for MCF-7. The 1Csq
value of released CP+ DOX+ZnO was 0.208 pg/mL, which
was improved to 0.137 pg/mL after UV exposure in the MCF-
7 cell lines. The ICso value of free DOX as a control group
was 1.528 pg/mL. The ICso value of CP+DOX+ZnO + UV
decreased by approximately 1.5 and 11.1 folds in comparison
to those of CP+DOX+ZnO and free DOX, respectively.
These data indicate that CP+DOX+ZnO+ UV is efficiently
released and internalized more than CP -+ DOX +ZnO, con-
forming to the high reduction in DPPH* shown in Table 3.
Different human cell lines have different sensitivities to
each formulated chemo drug depending on the differenti-
ation level and structural differences of cell lines. Phase



Table 3. Quantities of chemo drug in DPPH*.

Fluorescence
quantum yield

Number of
reduced DPPH*

ICso (mole drug/
mole DPPH*)

Zeta average (nm)

Zeta potential (mV)

Reaction kinetics

Chemo drug formulation

Zn0
CcP

48.133

6.536 35.9667

0.0765
0.0817
0.0644
0.0516
0.0254
0.0447
0.0052
0.0184
0.0127
0.0037

ntermediate
ntermediate
ntermediate
ntermediate
ntermediate
ntermediate

Slow
Slow
Slow
Slow

6.120
7.764
9.689
19.685
11.185
96.153
27.173
39.370

135.135

68.600

17.3667

0.170-0.302
0.241-0.403
0.226-0.642
0.399-0.860

3446.80

3276.59
293617

272340,

73.967

21.8667

CP+Zn0O
DOX

DOX +ZnO
CP +DOX

81.600

Transmittance (a.u.)
' ;

24.4333

CP+DOX +Zn0O
CP+Zn0 + UV

DOX+ ZnO + UV

CP+DOX+ ZnO 4 UV

CP: carboplatin; DOX: doxorubicin; ZnO: zinc oxide nanoparticles; 1Csq: inhibitory concentration at 50% inhibition.

Number of reduced DPPH* was calculated by the inverse value of inhibitory concentration multiplied by 0.5 (p<.05).
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Figure 3. FTIR spectra of the formulated chemo drugs before UV-irradiation
on DPPH*.

contrast and fluorescence images of human cell lines cul-
tured in the absence and presence of CP -+ DOX+ZnO + UV
after 24h incubation are displayed in Figures 9 and 10.
Figure 11 confirms the mean fluorescent intensity (MFI) with
corresponding cellular apoptosis, which was obtained using
flow cytometry analysis. A significant number of ZnO trans-
ported into the cells [21] emits intense intrinsic fluorescence
caused by DOX to track the live cells [4], whereas CP enhan-
ces the response of oxidizers under UV exposition [22]. The
cytoplasm of the live cells was therefore visualized in red.
Human normal cell lines (HaCat) mostly remain viable after
24h incubation because no specific cancer-cell targeting
motifs are functionalized with ZnO and cell viability is pos-
sibly caused by the excessive production of reactive oxygen
species (Figure 9). The cell viability of HaCat treated by
CP+DOX+ZnO + UV was 88.11% (Table 5), indicating that
the formulated chemo drug could be used for targeted
chemo drug delivery. As UV-light penetration is weak in vivo,
UV-induced cell inhibition was analysed as a control;
although 400nm UV light does not easily cause DNA/RNA
damage because of the low photon energy, long UV expos-
ure times may cause slight DNA/RNA damage. Thus, the cyto-
toxicity of all cell lines under UV irradiation was
approximately 8.20%. Therefore, the photochemical destruc-
tion of drugs under UV light in CP + DOX +ZnO was approxi-
mately 3.69%.
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Figure 4. (a) Absorbance, (b) fluorescence and (c) fluorescence quantum yield of DOX, before and after ZnO adsorption at a reaction time of 0 min. A, B, C, D and E
represent 5.39, 2.69, 1.35, 0.67 and 0.34 puM of DOX, respectively. (d) Absorbance, (e) fluorescence and (f) fluorescence quantum yield of CP + DOX, before and after
Zn0 adsorption at a reaction time of 0 min. Notably, DOX or CP + DOX remained in the supernatant after facilitating adsorption to the drug-loaded nanoparticle
complexes. Absorbance and fluorescence peaks are centred at 485 and 594 nm, respectively. See Ref. [24] for detailed equations of fluorescence quantum yield.

Among human cancer cell lines, MCF-7 is remarkably sen-
sitive to CP+DOX-+ZnO -+ UV after 24h incubation; the
fluorescence image showed few live cells, indicating the
highest cytotoxicity using MFI data along with the smallest

dosage (ICso CP-DOX-ZnO = 0.137 pg/mL). The chemo drugs
released from CP-+DOX+ZnO+ UV through slow kinetics
gradually kill the cells (Figure 10). As the intercalating antitu-
mor agent, it has to be in the target cells effectively. The red
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Table 4. Representative drug release rate of CP + DOX + ZnO + UV under different binding ratios (pH = 6.0).

% Drug release rate at different time intervals (min)

Binding ratio of CP:DOX = CP:1 10 30 60 90 180 360 720
1 20.15 29.41 45.2 58.76 68.94 78.15 80.18
3 22.08 35.05 49.98 64.20 71.98 78.48 80.05
7 30.05 41.22 54.81 68.94 74.52 78.01 80.01
15 36.25 48.82 64.32 74.94 77.64 79.55 80.06
31 41.02 52.70 68.48 78.19 79.89 80.06 80.12
CP: carboplatin; DOX: doxorubicin.
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Figure 5. Integrated absorption intensities of DPPH* caused by (a) DOX, (b) DOX + ZnO and (c) DOX + ZnO + UV as a function of reaction time from 0 to 720 min
at different concentrations of DOX. Disappearance of DPPH* caused by (d) DOX, (e) DOX + ZnO and (f) DOX +ZnO + UV as a function of reaction time from 0 to
720 min at different concentrations of DOX. Molar ratio of ZnO to DOX is 5:1. A, B, C, D and E represent 5.39, 2.69, 1.35, 0.67 and 0.34 uM of DOX, respectively.
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Table 5. Comparative cytotoxicity of chemo drug in DPPH* in comparison to human cancer cell lines from triplicate experiments, p<.05 using ANOVA followed

by the Bonferroni post hoc test.

Cell viability (%)

Chemo drug formulation DPPH* HT-29 KB MCF-7 Hela HepG-2 HaCat
UV (% cytotoxicity) - - (7.175) - (8.982) - (8.984) - (7.011) - (7.899) 91.73 (8.20)
Zn0 2.515 1.979 2.014 2.002 2.349 2.025 71.25

cp 2410 1.924 2.019 1.975 2311 1.950 70.05
CP+7n0 2.390 1.828 1.963 1.944 2.162 1.885 71.84
DOX 1.895 1.594 1.661 1.528 1.484 1.375 71.55
DOX +ZnO 1.473 1.173 1.361 1.210 1.140 1.364 71.05
CP+DOX 1.278 1.065 1.258 1.1 1.075 1.129 71.05

CP + DOX + ZnO 0.301 0.241 0.224 0.208 0.221 0.209 71.06
CP+ZnO + UV 0.683 0.590 0.551 0.390 0.492 0.456 83.77
DOX 4 ZnO + UV 0.736 0.749 0.650 0.516 0.619 0.594 84.08
CP+DOX+ZnO + UV 0.214 0.173 0.150 0.137 0.144 0.140 88.11

HT-29: human colon adenocarcinoma; KB: human oral cavity carcinoma; MCF-7: human breast adenocarcinoma; HelLa: human cervical adenocarcinoma; HepG-2:

human hepatocarcinoma.
Human keratinocyte immortal cells (HaCat) is the normal human cell line.

fluorescence in images derived from DOX was strong after
24h incubation, which allowing the tracking of live cells.
Furthermore, the ICso value of CP-DOX-ZnO was 0.137 pg/
mL in the MCF-7 cell line, which is lower than that numbers
reported in previous studies, especially when two chemo
drugs are loaded with the help of nanocarriers. Galam et al.

showed that CP-loaded silk fibroin particles had an ICsg
of 10-200 pg/mL in MCF-7 cells [2]. Ouyang et al. reported
that DOX-loaded pectin nanoparticles had an 1C5y of 1-5 g/
mL in MCF-7 cells [3]. Locharoenrat showed that DOX-loaded
nanodiamond . exhibited an ICs, of 0.4mg/mL in MCF-7
cells [4].
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(b)

Figure 9. (a) Phase contrast images of human normal cell lines (HaCat) after incubation for 24 h under UV light. (b) Fluorescence image of human normal cell lines
(HaCat) after incubation for 24 h in the presence of CP + DOX + ZnO + UV. Cytoplasm of live cells is shown in red. Scale bar indicates 50 pm.

Discussion
Surface characterization

CP tends to enhance the binding ratio of CP:DOX because of
the large amount of surface area available and the large
number of free adsorption sites provided by DOX molecules
and ZnO nanoparticles. The stronger binding sites are occu-
pied first, and the binding strength decreases as more sites
are occupied. With further increase in CP dosage, the adsorp-
tion efficiency including loading capacity would not increase
significantly because both the surface of ZnO and chemo
drug concentration settle to equilibrium. Drug-loaded ZnO
with a mean diameter of 69-82nm is finally obtained, and
this value cannot be further increased. Spherical and cylin-
drical particles exhibit the highest cellular uptake in terms of
weight and quantity, respectively. These particles are accept-
able for systematic circulation of intravenous chemotherapy
(50-300 nm) [30].

FTIR spectra of the formulated chemo drugs were divided
into three major fractions in terms of the compositions of
drugs: ZnO structure (400-500cm™") [26,27], CP structure
(1379cm™") and DOX structure (1730cm™"). The FTIR spectra
of CP-DOX-ZnO complexes were slightly shifted because of
effect of ester linkage between chemo drugs and ZnO nano-
particles. These unique spectral peaks confirm that the hydro-
philic molecules of chemo drugs are successfully adsorbed
onto the ZnO surface. FTIR analyses further confirmed that
the loading capacity of chemo drug does not cause any alter-
ations in the crystalline nature of the ZnO nanocarrier with
respect to vibration frequencies. The broad peak at
3331-3441 (O-H) can be attributed to the migration of the
chemo drug to the periphery of ZnO along with water mole-
cules and atmospheric moisture [26].

Intracellular uptake

The in vitro cellular uptake of CP+DOX+ZnO+ UV by
human breast adenocarcinoma cell line MCF-7 was signifi-
cantly enhanced, which effectively triggered the apoptotic
activity in comparison to loading a single drug. The strongest

efficiency of suppressing tumour growth through the abun-
dant accumulation of this antitumor agent was caused
because of the following reasons. One, the cell killing effect
by native ZnO nanoparticles is not caused by the toxicity of
Zn0O, which conforms with the results reported in previous
studies [21,22]. Two, DOX, as a cell proliferation and apop-
totic marker, provides specific recognition fluorescence sig-
nals. The phenomenon is attributed to the fact that DOX
emits a strong red fluorescence signal, even at low concen-
trations, and reduces the usage of staining solution required
for in vitro and in vivo applications. Furthermore, a DOX dos-
age of 0.1953 pg/mL in this study is safe for treatment of car-
diomyopathy. The incidence rate of cardiomyopathy is no
later than 4% when patients are treated with a DOX dosage
of 49.11-307.70 mg/m? [31]. Three, because of the particle
size of the formulated chemo drug (69-82 nm), ZnO nanopar-
ticles carrying chemo drugs are taken up by cell membrane
surface of the target cells via endocytosis, followed by release
of the free chemo drug molecules into the cell cytoplasm
under a low pH environment and under UV irradiation, as
confirmed by the research group of Meshkini [32,33], who
claimed that methotrexate-loaded ZnO-Fe,03; complexes
under UV light irradiation improved MCF-7 cellular apoptosis
as compared to free methotrexate and UV alone without
affecting normal cells. DOX-loaded ZnO-hydroxyapatite com-
plexes enhanced the MCF-7 cellular death as compared to
free DOX and UV alone. Four, a band gap containing the
semiconductor (ZnO) could create electron-hole pairs under
UV irradiation, as confirmed by numerous research groups
previously [34-37]. The electrons are generated in the con-
duction band, whereas holes are generated in the valence
band. Some of these charge carriers spread to the crystal sur-
faces of ZnO and react with the adsorbed water molecules to
generate reactive oxygen species, which act as toxic-peroxi-
dative substances and are responsible for inducing ss radical
damage and subsequently destructing the N-H bonds in the
nuclei. Five, the growth signal of target cancer cells is even-
tually inhibited by the passive diffusion of the chemo drug
into the nucleus. Thus, this combination chemotherapy
depresses the proliferation level of cancer cells, resulting in
cell death. Due to the excellent antioxidant and cytotoxic
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Figure 10.
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(a1) Phase contrast image of human breast adenocarcinoma (MCF-7) cells after incubation for 24 h under UV light. (a2) Fluorescence images of human

(a2)

| -

breast adenocarcinoma (MCF-7) cells after incubation for 24 h in the presence of CP 4+ DOX 4 ZnO + UV. (b1) Phase contrast images of human hepatocarcinoma
(HepG-2) cells after incubation at 24 h under UV light. (b2) Fluorescence images of human hepatocarcinoma (HepG-2) after incubation at 24 h in the presence of
CP + DOX + ZnO + UV. (c1) Phase contrast images of human cervical adenocarcinoma (HeLa) cells after incubation for 24 h under UV light. (c2) Fluorescence images
of human cervical adenocarcinoma (Hela) after incubation for 24 h in the presence of CP + DOX + ZnO + UV. (d1) Phase contrast images of human oral cavity car-
cinoma (KB) cells after incubation for 24 h under UV light. (d2) Fluorescence images of human oral cavity carcinoma (KB) after incubation for 24 h in the presence of
CP + DOX + ZnO + UV. (e1) Phase contrast images of human colon adenocarcinoma (HT-29) cells after incubation for 24 h under UV light. (e2) Fluorescence images
of human colon adenocarcinoma (HT-29) cells after incubation for 24 h in the presence of CP + DOX -+ ZnO + UV. Cytoplasm of the live cells is visualized in red.

Scale bar indicates 50 pm.

properties of CP 4+ DOX + ZnO against human tumours under
UV light, this nanoparticle-mediated delivery regime of
chemo drugs is a good candidate for effective treatment of
human breast adenocarcinoma (MCF-7).

Conclusions

In this study, we reported the preparation of drug-loaded
ZnO nanoparticles and its enhanced anticancer activity by UV

light irradiation in five human cancer cell lines — human
colon adenocarcinoma (HT-29), human oral cavity carcinoma
(KB), human cervical adenocarcinoma (Hela), human breast
adenocarcinoma (MCF-7) and human hepatocarcinoma
(HepG-2). The size of drug-loaded ZnO increased significantly
because of physical adsorption through non-covalent inter-
action between the chemo drugs and ZnO. TEM images indi-
cated the mean size of the blank ZnO increased from 48 to
69-82 nm after two-drug adsorption onto ZnO. For detection



(d1)

Figure 10. Continued

250
200 I
150
100

50

HT-29 KB MCF-7

e-

ARTIFICIAL CELLS, NANOMEDICINE, AND BIOTECHNOLOGY 133

(d2)

(e2)

5% Cells
uMFI

4 d L

HeLa HepG-2 HaCat
(Normal cells)

Figure 11. Representative median fluorescence intensity (MFI) and the percentages of cellular apoptosis treated by CP + DOX + ZnO + UV from three independent
experiments analysed by flow cytometry, p<.05 using ANOVA followed by the Bonferroni post hoc test.

of cell membrane potential and quantification of cell prolifer-
ation and apoptosis incidences, nine formulated chemo drugs
on the human cancer cell lines were performed after the cell
lines were treated for 24 h incubation determined by MTT
assay. Among the nine formulated chemo drugs,

CP-DOX-ZnO complexes under UV light showed a remark-
ably enhanced accumulation in human breast adenocarcin-
oma (MCF-7) and had a superior cancer inhibitory activity
(IC50 of CP-DOX-ZNnO = 0.137 pg/mL). Based on UV-vis stud-
ies, CP-DOX-ZnO loading capacity was 77.81%, which was
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confirmed by FTIR

spectra. The loading efficiency of

CP-DOX-ZnO was 99.05%, thereby confirming that the
required drug dosage needed to reach the targeted tumour
site was successfully achieved. Cellular uptake of chemo
drugs from ZnO nanoparticles was confirmed by fluorescence
measurements. This finding suggested that CP-DOX-ZnO
complexes under UV light irradiation exhibited excellent
chemo drug delivery efficiency to the target sites to attenu-
ate oxidative stress activity in human breast adenocarcinoma
(MCF-7).
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