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# # 6170483721 : MAJOR MECHANICAL ENGINEERING
KEYWORD: Impedance, 3-dimensional, Microelectrode, Colorectal cancer,
chemotherapeutic
Vorratun Jadsadakraisorn : Impedance measurement of 2D and 3D cancer
cells treated with a chemotherapeutic drug. Advisor: Assoc. Prof. WITAYA
WANNASUPHOPRASIT, Ph.D. Co-advisor: Assoc. Prof. ALONGKORN PIMPIN,
Ph.D.

Impedance measurement has been widely used in bioengineering which is
currently employed in monitoring several cellular processes such as cell growth,
cell adhesion, cell migration and effect of drugs on cells. Impedance
measurements are become more popular due to their remarkable advantages,
including label free, non-invasive, non-destructive and quantitative. However, the
main advantage of cell impedance measurement is to perform long term
monitoring that improve from conventional methods such as cell staining that
often effects cell destruction. In this work, we developed a measurement system
and microelectrode for characterize an impedance of colon cancer cells type HT-
29 in 2D and 3D forms. Five thousand cells of human HT-29 colon were seeded at
densities to yield 200 um for 72 hr. in both Round Bottom and Falt Bottom 96-well
plate. The electrodes diameter of 200 um was inserted to 20 mm. long silicone
tube that have diameter of 2.5 mm. with 2.5 mm length between each other. The
trial values were saved every 24 hr. for 72 hr. to shown the difference of
impedance between each day of experiment and difference between non-treated

cells and treated cells.

Field of Study:  Mechanical Engineering Student's Signature ......ccceeevvniennn.
Academic Year: 2022 Advisor's Signature ........cccccoveevnnne.
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* Add therapeutic agents
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Fagoonee et al condition wells

2.3 msdiaudiaaa (Cell staining)

Wasnnwadivuiafidnuasisirusenauiainvatedannaanuliluwsazviia

v 1 [y

YougaduanInUuwadinasisnvazegsiulungy Juilvinsdunauazfnyuuduly

Iggnliddnasifunisfinuzusne daudsenevveagad viensidinegvesad nsdoud

(3 .. Id a A o Y a 1 1 13 49! 1
1wad (Cell staininghJumaliaNvinlmiuaazldgALazANNLAIRIUDITAR LANINTY 1377
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Faanunsavilavianuaneio
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147um
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Merge

AN 8 N158audnsIEaUNsiTInYewaa(arvinen, Bonabi et al. 2020)
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MTT assay {wiSuandruueadndudlidined lnsendendnnisideud ndvies

aaa

Wuddae suineinndn formazan MAnainUjisenrveseuledainlulnasuinie

A Y =

(mitochondrial reductase) AU MTT MAuATJuAnaDe uar3uianandiing

2.4 @1 Fluorouracil (5-FU)
gfltlunssnulsauzSeiuiladunaneviinduiudnwaenisyinauesienliin
aziun1svinulagngani1sesyRulavewziss Tnv9n1sRULYad e sadusLsIvse
[ Y '3 < Y A o [ A [y o Yal | '3 < |
Matedigaauzisilaenss deienvinnuludnwasssiuviniiinadeiwaduzidweay

[

AR Teganakussientanadl

Antimetabolites Aadaevingulagidlusmdaiu DNA(deoxyribonucleic
acid) wagRNA(ribonucleic acid) tiadugenisdaasiziouladnlaluniswuasas vinla

waduzissliannsadindnnaule wazgniiangludian

Vinca Alkaloids Aamienivinaulaen1sguginisasiarsavinanedulenlaly

ASPUIUMTLULAS (mitotic spindle) YiliwaduziSslianuisaiiudiuaula

Steroid Hormones TuiziSamatsvianaduainseauaasluuniaunfnsaly

waauzSmaneyianisiisugesluulunguafivsesdamsadudinisasyfulanvossise

5]

L-asparaginase ARg1Nvineulag Guginisasiensnozdlulazaisdeuszam

YpdwasuziSuNovaewaduzISInngY

e Fluorouracil(5-FU) filassasimiluianafie C4HzFNoOg dadueingy

Antimetabolites Inefinalnniseangnsnaenga uilnenantuuasdugin1sdaunsizyn DNA

v

q8n1snsdugaeulesl thymidylate synthase ﬁgﬂﬂw@uima cell cycle proteins LLazgn

a Iz = Lo 2 LW
QﬁJﬂ'ﬂ']ﬂJ"ﬂ']LW']gmaLgﬂaaiusgﬂg S phase UBNITMNUNTATUNSLIIVDY 5-fluorouracil g4

e

NgUBIiuNSmeIuINTEUIUNIT apoptosis 1MNNTAIUANEUANTANNNEITRIU

NNINILAUNITZUIUNIT apoptosis VBuLaaueL3s (Manmuan and Manmuan 2019)
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 Lauaenigshwneswla 5-FU yan1snaasnlu 3 ganaasamvidnas 1.)n13
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U) Inglun1snaaeia 3 ganaasstunigesdu 4 ngu suainnquiildlasuen 5-FU wae
Aungunlasuen 5-FU wauasluluemisidgueadaignnududy 2.5 5,10 lulasluans
auanny 1S TaAaudRnelniiveusas K1utAses DGBSAQ Vector Network Analyzer

TunswanmanIULRNA1UIBULTgU

ANA 9 LATBIIAAIAMUANUNUNAALINNUDIALRLLTAR
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3.1 impedance sensor

a a
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fhagale Inglaaandidalnsadualsnawnsvuisaniiasainiainuaiuisalunistilada
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3D print

Copper wire
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fidnnsnuazviedalauiivunndecisnay 2.5 Tadlums $1uu 2 dea Mideuseriu
3.2 19 calibrate sensor

a ]

n15 calibrate LsejuL%@%ﬁummmmé’ﬁyﬂuﬂﬁmaaummLL;J'MJ’WJ@NL%L%% el
anunsatnaauiunuIeInasdldis el uaslirnuaaisadoumnntesualn
Tngvhnmsnaaeusensinddufinaud fenisldgunsallunmd 11 Tunsufuailugaed
0.01-10 MHz shuaneiaidafisiaudiuni 50 Tovia Tngvinisnageululusunsy VNWA 3

3 1.)0 Tevi (Short) 248n23993 (Open) 3)Ausunu 50 Taviyl (Load) fan il 12
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Premium 12 GHz
Calibration Elements
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gFluorouracil (5-FU) Tupnadudu 2.5, 5, 10 lulasluans auaisiu sedidalnsndiuiy
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Resistance vs Reactance of FM

0 200 400 600 800 1000 1200

-200 ...'.".llltn
°

-400
-600 °

-800

-1000

-1200

-1400

-1600 °
-1800

Reactance
[

Resistance
ﬂ']‘Wﬁ 14 mmﬁmmuuasmméﬁumu%ummwmwq@muam

Medium + 5-FU at 1.012 MHz

600
500

40
30
20
10
0

Y B By e -

o O O o

Impedance (Ohm)

-100
-200
-300
-400

B Imp M Resistance M Reactance

ANA 15 ADURLAUS AIUATUNTUBALAIANUATUNIATIIUANIN VDID1MSHRLLTAANI

g luANULNTY 0, 2.5, 5, 10 lastuais

(%
(Y%

1519YN15RATUNNANLD 1.012 MHZ 91007 14 LanslALiuIgusasng 5 69

JUAILNTDINAT DURLAUD ATANUAIUNIULAEAIAUAUNIUTRUA NN A INAAB Y way



15

Y = 1 . 3 M Y 1 % ng I3
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AT 16 WwadH-29 waviwad H-29 7ilasuens-FU

3.5 YANARBIIA viability

N3INTIUIULGAANATINAL8TT MTT assay Iun15nAaeInsel 13491015711
calibration curve Tag W38U@aAI1WIY 200,000 WAA LAYVINISLUIDIANARBITTLA 96
wau Tnauusesdldlunsazwguudiuau 100000 ,50000 ,25000 ,12500 ,6250 ,3125 waa

ANa1IU wardeiluinnnuiduvesdineiiiniunluiases microplate reader AN

1% v o

= =% o I _dAw < =~ = s
AAU 570 U TULUAS ﬂ\‘i‘lJ’]ﬂ’Wl'mbLﬂiJ']Wi’e)VlLﬂUﬂi’]WL‘USEJUWIEJ‘UﬂU‘\]’]U'JULGZIaa LAIUNIDNN

1 ¥
aa a =

aunIANuENTUSTaIRUTLENRRTUAVTIILEaANITInegld vilaganemsidtesn

v dl 2 s

wdndnans MTT Waldunudl Wrluldludounoumgl 37 ssawaidoa 5iUesidud
arsvaulaeenlyd Wuial 30 wail 9nludsiieenuiaingeu ga MTT sanuafiudas
DMSO 1l Uunuiina13siluinasuduuesdi19iinduaieia3ne microplate reader 4

AMUYIIAAL 570 WU LULIAT
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Calibration curve
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3 Yu Tngld¥uay 1 9n vilasthwadieguilfindeulidrsiuingremnadsagadesnain
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2DNN1NFOU At MTT ponudaldinet DMSO wluunudl 07 theauduvesdi

Wnduanngunaaedldunuanluaunisimilaain calibration curve WemuIugaa gl

Winog
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M9 18 YanAaes MTT
3.6 NM3IRABUNLALY

Fumsialagnisianuazeniididninsafenisivaduleanssed gy
wardisldliuiauaroruuasyifuna 1 Hilus JuSwinisindlas Bidninsnsuou 5 6
yhmafuendias 3 sy Tuis 4 anududu duaniud 1 Tedudmn 24 $3lug Bunan 3
u ifiudaud 0.01-10 MHz Tneifiumn 0.025 MHz sasiaviain 400 Asianisin 1 ade
Lazidonnsenansvluansdnil 1.012 MHz esanidurisiinsnszaedvesteyadeut

ey uazyinisaesulunsaz JuitaiSeumey

YA LA LU AL T UL TIALR RS LASYIALRASVDIDLANINTALAREAD LaU LU DSIUR
ALLANANUDIBENINTA UAaZAINAIAIUAN WIBnaUNAaINTisasidesaduslila

lawadadlulumgunnaes

ANA 19 NSNARDIIAAIDUNLAUD
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unina

QIANPYIZIIN

W untaSuren15naaseinmduiuwaugkuy 2 I aluainviin Flat bottom
kaz Round bottom 7U89A15NAA9LUU 3 37 1nelunISIAguYaswAazhUUTUgINNITIA
1 5-FU Tuanuduguisnaiu Tuaig 0-10 lulastuans Tunan 3 fu nsdnaudSeuisu

Aun13iA viability 91878 MTT assay wagiingl 3 A39 A LANAaNEUUININNTNAaD IR
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Adufiuaudildainnismaasaiuy 2 ff fmzdsduniamizeaduuy Flat

Bottom luAaa §1.012 MHz uansliiifiuiadufinaudiedeninldfidunnivaniunlu
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waznAIUANlA Aauansly nIn9 16 wag 17

Impedance of 2D-F at 1.012 MHz
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Resistance of 2D-F at 1.012 MHz
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WenasaunangUanevesanaaems 3 Ju Aldwandluning 19-22

RERE

AT 24 waduzieuin HT-29 lunquvnaewuy Flat bottom #ildsuen 5-FU AflAu

Wudu 2.5 lulasluans Tuiui 1-3 anuaieu
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Wyt 5 bulastuans Tudui 1-3 anuansu
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43 \wadaesdid lunmmiziAseuuy Round Bottom

nsnAasIluy 2 ff fnnzidssluoiamizisadiuuy Round Bottom Huyhdy
dosnnlunavasouuu 2 87 Tnevhlduasshluvaunaaesuiia Flat bottom sl
vguvaasafiinswilafulasUnsasaaInaumaae LUy 3 dAfsnegilungunnassuuy

Round bottom tien1igunsemaunaassiuiinanesuiiuaudnseliiuiinismaaes

I a a

wuy 2 16 Tungunaaeakuy Round bottom vilylanadnABuikausilatluAud 1.012
MHz fanulndlAesiunismaaswuy Flat bottom Aadufinaudiadeninladidiuinniigm
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Impedance of 2D-U at 1.012 MHz
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Resistance of 2D-U at 1.012 MHz
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Wiefiansananguarevesyannaens 3 Tu Alauandlunini 26-29
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Resistance of 3D at 1.012 MHz
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MTT of 3D
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AT 39 waduziseuia HT-29 Tunquvaaeswuy 3 6 lasuen 5-FU fflaaududu 5 1y

Tastuans Twiun 1-3 suainu

AT 40 waduziSeuila HT-29 Tunquvaaewuy 3 48 7lasuen 5-FU fflaaududy 10
lulasluans ludud 1-3 sudidu
amlun1sneaeLuy 3 IR dulzuesiiunuwanaaliiteigalunnnisnaaes L
! [ S S d' ! LY = s = v (%
Tzdurnnvesaiilesaesunndnaiu sUnswesilesasssiufiinsuandieanainiuves

nNauLEad



29

unns

UNaUNan1INnaes

5.1683UNan15338

[ !
v a1 N a a

nn1snaassasuladn yanaaesiulir1iafsvesduiivaudganityaniun

9 Y 9 9

(%
v

UBNIINUUNIANRAEVDIATTAUNUT LATANRREVOIAITLONUN UG lUYANAaBIdaTl AT
WINNIYAAIUAY Feo199za3U L NBLARAMSATILAILNTORENAUUANAIITENINYANAADINT

I3 Mo 1%
\waaLAzYRAIUANT T wad L

1 Q‘I v U % aa 1 nl'u 9/5 1 o

ALARINNNTIAAIEIT MTT assay AIALATULEAIAILLANAIYBIITUIULAATY
wiazTuld Tnedildainnisiadunanslidiuiialuiuusnvesnsmaassfiwadusisslalasy
g1 5-FU Juaziia1ena1entuiud 2 wag3 199n1590a09vinlrnuanlaindiuiuwasdinig
meummumﬂmmqmmam Agrudwadlun1seaesssdaiuuntuluyniueednis
NRABY wilunguNIINAaeilasuel 5-FU tundialuiud 2 waziuil 3 snndnaedeluiu
wInuuiy wilaglafsumiinsiindnnuvesaantosnitgaveassnlilasuelunnainy
Wady Fae19azyliuenleinanududuveseiidenldlunisnaasinseltuaunsavinle
nsiudwIuTeTaduziSiluanatly wiliauisad 1aduzSnuAns0ryANIIIY
° & < Y & W a v ) | A v e ' o A
uILresTaduzsla venntuddiauaenndesiusUirenduiinaweadluusiay Jud

Y & 1 v a L2 [ 3 Y d' Y o 1

wanaliliiudn Sdlwadeglunquneasmnaunaaedduns 3 fuldvinisnaaswudadne 5-
FU Tuanududunlaldasldlunisnaassasadiuliaiunsasnwaduzisaianuale welunis
VAa0INAULas 3 A Aeadadu 10 lulasluans u‘lﬁ‘dmﬁLLﬁ(ﬂﬂIW‘Vi‘UTﬁU%SQﬁLWEJiiE]EJ
VY ﬂfcjuLszjaawlmmmmia:umLiJumaﬂawammmwwmaawlﬂmum 5-FU uag@nl

14 a ¢ aa

IaTuATuultuaenndstuantinislniisaldannnisneasdlainasidumsuiuaud S8a

WU VIDIUBALNUD LA8lanIgAISLALNUGNL ﬂ’J’mﬁaﬂﬂﬁ@x‘iﬂ‘Uﬂ’]‘H’JUL%ﬁﬁ%’)ﬂiﬂ’ﬂ?ﬂ?Jg

MTT Assay ylsanunsavenlaindiaalnsatuaiunsaveniesuiuadnuanaeiula

nmsaeguinuaTtulsaz Uty wandliiuiernuuana1sweLsasgnnnasy Wy
lunmaasawuy 2 15 Tuvquneaeluu Round bottom WuaglanuuzuaIn1sieiives
AR UUTIUNANYGUNARBIUILLUNIUTINATLUEN fsiuluy 2 36 lungunaassuuy

Flat bottom 1agiin13ns¥nemvedgaaNadaeNIaunaaes



30

)

' a o i aa o
wiAnadslunisnaassdelinnunaisadoulasanizlunimaasiwuy 3 4 7
AUAAIALADUNINNAANTUNTIABUALAUTLAEAITIA MTT §991932LAn1nN157
Aoualesassiuauisavduldszninanismeassinliianueainadoulunisindui
wAUFIINELUINAAUYINAUIaE lekazuananllunisinal MTT dudnuazvaingy
sl & ¢ ) [ 1 ' MYy o o o 3

wasilualesaestuarvilvinduwadluladuiaiuingiasunnad wazlunismeasanis
ANUILIDBNINYAUNARBIUUAINITALAYIN AUBIVILNEBOIMITELUTAT W18 MTT

AnAdegauylrlalinsatudnuIugasas

wANANUUI8199 a1 BUNINARDN1TNARDY 19U N5 MNSTIRUTARTITEINEY

£
a1 =

wisluvilvidennmadiunlunisiavilidaud@nislifindifa@uniaung wagn1sdia
= a & A o v o a a a v ° °
U8V DIDLAALNTALUNITNAABINVIN LI 1UIUDLAALNIA LA UNITYINNNTNAADINDYIN
Trnanisnaassturaineaaulanndulaguiy G99 lRnoeyinnIsnaasIgIangsauLiiam

ANAINULARBULIANAY

5.2UaLEUBLUL
1 I¥nsiundiaalnseasluvasanaiidauvalsuasatuainigisaadiunguas
TUluvaaman 1ieann1SUAsUTIIVDIAIDUNLAUGIINDINSRENTAR VIoTALAY D1NTA A
= =l ¢ ada o = a YY) ' | 5
WALEIUDIATNDLAAINTAEARANUAIBE19NARB LT

2.91n15 Calibration auiialatguesdididalnsaiioldunisandygrusuniuain

[

AMeluYeIsEuU WUANUAIUNILYBIEE N N1 warREMNTIUNSTRUERDLEALNTA

3puANUNTUYe9 5-FU auisgaianunsaviiieaddiegamaasinelavianug

Wouansradngaainnelnaserduiuaudvsel Inewseudieu nquatunuilifiwad ngx

'
a

NARRINIAI NITINegUar NGUNTaANARDINENUALA?

4.MARDINIHTIUIULASTUAUNLINTY WBMIANUUANANNTALIUNINTUIINNGY

AIUAN



UIIUIUNIN

Arvelo, F., et al. (2015). "Biology of colorectal cancer." Ecancermedicalscience 9: 520-520.

Banfalvi, G. (2014). Cell Cultures. Homeostasis Tumor Metastasis. Hungary, Springer: 93-

132.

BAUMGARTNER, R. N. J. H. B. C. C. I. H. K. (1996). "Electrical impedance and total body

electrical conductivity." 79-107.

Bierwolf, J., et al. (2011). "Primary rat hepatocyte culture on 3D nanofibrous polymer

scaffolds for toxicology and pharmaceutical research." 108(1): 141-150.

Burdick, J. A. and G. J. T. E. P. A. Vunjak-Novakovic (2009). "Engineered

microenvironments for controlled stem cell differentiation." 15(2): 205-219.

Chen, J., et al. (2015). "Microfluidic Impedance Flow Cytometry Enabling High-

Throughput Single-Cell Electrical Property Characterization." 16(5): 9804-9830.

De Bruijn, K. M. J., et al. (2013). "Systematic review and meta-analysis of the association
between diabetes mellitus and incidence and mortality in breast and colorectal

cancer." British Journal of Surgery 100(11): 1421-1429.

Deng, L., et al. (2012). 'Diabetes Mellitus and the Incidence of Colorectal Cancer: An

Updated Systematic Review and Meta-Analysis." Digestive Diseases and Sciences 57(6):

1576-1585.

Dupont, S., et al. (2011). "Role of YAP/TAZ in mechanotransduction." 474(7350): 179-183.



32

Duval, K., et al. (2017). "Modeling Physiological Events in 2D vs. 3D Cell Culture."

Physiology 32(4): 266-277.

Edmondson, R., et al. (2014). "Three-Dimensional Cell Culture Systems and Their

Applications in Drug Discovery and Cell-Based Biosensors." ASSAY and Drug

Development Technologies 12(4): 207-218.

Ellis, K. J. (2000). "Human Body Composition: In Vivo Methods." 80(2): 649-680.

Ferlay, J., et al. (2015). "Cancer incidence and mortality worldwide: Sources, methods

and major patterns in GLOBOCAN 2012." 136(5): E359-E386.

Fu, J., et al. (2010). "Mechanical regulation of cell function with geometrically modulated

elastomeric substrates." 7(9): 733-736.

Fuentes-Vélez, S., et al. (2021). "lmpedance-based drug-resistance characterization of

colon cancer cells through real-time cell culture monitoring." Talanta 222: 121441.

Hamidi, H., et al. (2017). "Using xCELLigence RTCA Instrument to Measure Cell Adhesion."

Bio-protocol 7(24): e2646.

Irifuku, R., et al. (2017). "Impedance-Based Living Cell Analysis for Clinical Diagnosis of

Type | Allergy." Sensors 17(11).

Jarvinen, P., et al. (2020). "Simultaneous Culturing of Cell Monolayers and Spheroids on
a Single Microfluidic Device for Bridging the Gap between 2D and 3D Cell Assays in Drug

Research." 30(19): 2000479.



33

Krinke, D., et al. (2009). "A microelectrode-based sensor for label-free in vitro detection

of ischemic effects on cardiomyocytes." Biosensors and Bioelectronics 24(9): 2798-2803.

Manmuan, S. and P. J. J. 0. A. P. S. Manmuan (2019). "Fucoxanthin enhances 5-FU
chemotherapeutic efficacy in colorectal cancer cells by affecting MMP-9 invasive

proteins." 9(12): 007-014.

Myungjin Lee, J., et al. (2013). "A three-dimensional microenvironment alters protein
expression and chemosensitivity of epithelial ovarian cancer cells in vitro." Laboratory

Investigation 93(5): 528-542.

Nam, K.-H., et al. (2014). "Biomimetic 3D Tissue Models for Advanced High-Throughput

Drug Screening." Journal of | aboratory Automation 20(3): 201-215.

No, A. N. (2017). "xCELLigence® Real-Time Cell Analyzers."

Noguchi, T., et al. (2017). "Temporally Distinct PD-L1 Expression by Tumor and Host Cells

Contributes to Immune Escape." Cancer Immunology Research 5(2): 106.

Olejniczak-K€der, A., et al. (2019). "Effects of 5-FU and anti-EGFR antibody in
combination with ASA on the spherical culture system of HCT116 and HT29 colorectal

cancer cell lines." Int J Oncol 55(1); 223-242.

Pampaloni, F., et al. (2007). "Most of the cell-based data-harvesting efforts that drive the

integration of cell biology." 8(10): 839-845.

Research, N. I. 0. H. O. o. M. A. 0. (1994). Bicelectrical impedance analysis in body

composition measurement: National Institutes of Health Technology Assessment




34

Conference Statement, December 12-14, 1994, NIH Office of Medical Applications of

Research.

Scadden, D. T. (2006). "The stem-cell niche as an entity of action." Nature 441(7097): 1075-

1079.

Sheng-Yi, H., et al. (2012). "Chemical-Free and Reusable Cellular Analysis:
Electrochemical Impedance Spectroscopy with a Transparent ITO Culture Chip."

International Journal of Technology and Human Interaction (IJTHI) 8(3): 1-9.

Srinivasaraghavan, V., et al. (2015). "Microelectrode bioimpedance analysis distinguishes

basal and claudin-low subtypes of triple negative breast cancer cells." 17(4): 1-11.

Szaryr']ska, M., et al. (2017). "Therapeutic strategies against cancer stem cells in human

colorectal cancer (Review)." Oncol Lett 14(6): 7653-7668.

Tatsanee Phermthai, S. W., Sasiprapa Tongbopit,Athisek Reaugpracha, (2020). "Human
Amniotic Fluid Stem Cell In Vitro Inhibits Colon Cancer Cell Growth." Thai J Toxicol vol.
28.

Underhill, G. H. and S. N. Bhatia (2007). "High-throughput analysis of signals regulating

stem cell fate and function." Current Opinion in Chemical Biology 11(4): 357-366.

W. Aruni A, P. R. (2011). Growth of Cell in Culture. Animal Tissue Culture India, MJp

Publishers: 21-32.

Wang, L., et al. (2010). "Real-time, label-free monitoring of the cell cycle with a cellular

impedance sensing chip." Biosensors and Bioelectronics 25(5): 990-995.




35

Wu, Q., et al. (2018). "Bionic 3D spheroids biosensor chips for high-throughput and

dynamic drug screening." Biomedical Microdevices 20(4): 82.

Xu, Y., et al. (2016). "A review of impedance measurements of whole cells." Biosensors

and Bioelectronics 77: 824-836.

Yang, B., et al. (2010). "In vitro cartilage tissue engineering using cancellous bone matrix

gelatin as a biodegradable scaffold." 5(4): 045003.



AWIAINTAUUWIINY 1A D
CHuLALONGKORN UNIVERSITY



Yo-enNa
U oy U 10
An1uNLne

AAN15ANEN

nagtagiu

UseingLleu

21 @A 2538

l5amguaiuden nganm
AAITIINSIASeINE AMEIFINTTUAERS
UANINYIRUNEATAERS

144/188 vijinutiundu Uraviise lWAUIRYY N3N 10220



	การวัดค่าอิมพิแดนซ์ของเซลล์มะเร็งที่ได้รับยาเคมีบำบัดแบบ 2มิติ และ 3มิติ
	Recommended Citation

	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	บทที่1
	1.1 ที่มาและความสำคัญของวิทยานิพนธ์
	1.2 วัตถุประสงค์การวิจัย
	1.3 ขอบเขตการวิจัย
	1.4 ขั้นตอนการดำเนินงานของวิทยานิพนธ์
	1.5 ประโยชน์ที่คาดว่าจะได้รับ

	บทที่ 2
	2.1 การเรียงตัวของเซลล์
	2.2 อิมพีแดนซ์ (impedance)
	2.3 การย้อมสีเซลล์ (Cell staining)
	2.4 ยา Fluorouracil (5-FU)

	บทที่3
	3.1 impedance sensor
	3.2 การ calibrate sensor
	3.3 การทดสอบชุดควบคุม
	3.4 การเลี้ยงเซลล์
	3.5 ชุดทดลองวัด viability
	3.6 การวัดค่าอิมพิแดนซ์

	บทที่4
	4.2   เซลล์สองมิติ ในถาดเพาะเลี้ยงแบบ Flat Bottom
	4.3   เซลล์สองมิติ ในถาดเพาะเลี้ยงแบบ Round Bottom
	4.4   เซลล์สามมิติ

	บทที่5
	5.1สรุปผลการวิจัย
	5.2ข้อเสนอแนะ

	บรรณานุกรม
	ประวัติผู้เขียน

