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Abstract

Bone tissue engineering is the process of designing and constructing
artificial tissue replacements using biomaterials for treatment of bone defects. Although
hydroxyapatite is widely used to fabricate the bioceramics scaffolds due to its
biocompatibility with bone tissues, the disadvantage of hydroxyapatite implant is its low
mechanical strength so it can be used only in small bone defects. Improvement of
mechanical properties has been reported in the hydroxyapatite scaffolds containing
silica compound. However, the optimal concentration of silica compound in silica doped
hydroxyapatite has not been investigated. The aims of this study were to determine the
bioactivity of silica doped hydroxyapatite scaffolds containing 0 to 10 percent of silica
compound by weight with three different pore density (45 ppi, 60 ppi and 75 ppi). The
human osteoblasts were cultured in the silica doped hydroxyapatite scaffolds for 4 to 14
days. The cell morphology and adhesion were examined by stereomicroscopy after
crystal violet blue staining and by scanning electron microscopy. Cell viability was
analyzed by MTS assay and alkaline phosphatase activity was also determined. The
results showed that human osteoblasts were adhered and spread well on the surface
and inside the pores of silica doped hydroxyapatite scaffold after culture for 4 days. The
cell density in silica doped hydroxyapatite scaffolds containing 3, 5, and 10 percent of
silica compound was higher than the other groups. In addition, cell proEbtions called
lamellipodia and filopodia were observed in human osteoblasts cultured on silica doped
hydroxyapatite scaffolds. The analysis of cell viability in the silica doped hydroxyapatite
scaffolds by MTS assay revealed that silica doped hydroxyapatite scaffolds containing
3, 5, and 10 percent of silica compound had statistically significant higher cell viability
than the other groups containing lower or without silica compound (p<0.05). In addition,

the silica doped hydroxyapatite containing 0.5-5.0 percent of silica with pore density 45



ppi had significantly higher cell viability than the other groups with pore density 60 and
75 ppi (p<0.05). For differentiation analysis, alkaline phosphatase activity assays
demonstrated that, after culture for 7 and 14 days, human osteoblasts cultured on silica
doped hydroxyapatite scaffolds containing 0.5 and 5 percent of silica compound had
higher increase in alkaline phosphatase activity compared to the other groups. The
silica doped hydroxyapatite with pore density 75 ppi showed significantly lower alkaline
phosphatase activity than the other groups with pore density 45 and 60 ppi. In
conclusion, silica doped hydroxyapatite scaffolds used in this study have good
cytocompatibility with human osteoblasts and support cell adhesion. Finally, 5 percent of
silica compound and pore density 45 ppi is most likely to be the optimal silica
compound concentration and pore density to be used in silica doped hydroxyapatite
scaffolds based on the good bioactivity as well as the stimulative effects on human

osteoblast cell proliferation and differentiation.
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fyUsznaulndwas Aussdszneuwndn  wenanfgilins@nnIdvatnsdaiiia
d' U = 6 s 6 a v 2 ada
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nizanldss BevldTagasdznaumdrgnianllumsinmdesusunizgnatiig
AT91719 wazgInUIMIRNYSI M Nt asanTUsznavlasuaaidauna s ald
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v o ) a L A A& A A & AdA o =
dhauldnsinwedu@nuitaiianszgn hasanasddsznaumaadinddiuadaads
% dl I 6 a d;ﬂq' Aa v d‘d
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{ o o ' . % A &

\WadiaTRdaglassiegninlansandazwiing (Liu, 1997) mslfinaianmsdugdion
finaaulwy (ceramic foaming) 1 uas wananReIRNUIIBVI Nishikawa wazatwe bla¥in
MIN@WINIFINlaTIRT9WIRLULLTaNGaNY (interconnected)  283TRQA1TLUENAL

iwninuaaifoulaasanGazwilng (calcium hydroxyapatite ceramic) 1H3ngu 2 111@
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= 6 . o A 6 a a a
asandazw1 Ny (nano-hydroxyapatite) nuansUsznaulndwasnialniuaatandinuada
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& & ~ @ \ & A
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sanTndaimezuazadyidulalduuisgasdsznevlaasendosm Induuuiizniunasns
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WL RS9 T UIAT 5 W%
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(calcium phosphate scaffold) n"]mmwéﬁﬂﬂﬁaa'ﬂqammﬁﬁLﬁﬂmammuda@ﬂﬂ@ (SEM)
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(NN http://www.emeraldinsight.com/content_images /fig /1560110507009.png)
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TanduBsuduiwiumnandaduyilsianuiiuazionind1e g wenanialszney
Fandalunuinidanlusuiunisszauuis1qlufsizdia (biomineralization) L1
UYrm39 uazwinanelaezaay 1Iudu (Borum and Wilson Jr., 2003) #1%5U
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MINBIUASLNUANEN L%ﬁ]"lla\‘]ﬂﬂi%,ﬂﬂ'lsﬁauLL‘ﬁNﬂit(ﬂﬂ@iavlﬂ&L%auﬁﬂ@
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1.3 Janiszaed

= a v d‘y Ig =1 oA A [ 1
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s3Usznavlaasandarni Indiiad 888NN lATIRIISLLULEINANTINING LT R
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ﬂiz@ﬂﬂlaﬂﬂl&‘ﬂﬂ I@ﬂuj@q‘ﬂizﬁﬂﬂ(ﬂﬂ@]ﬂ‘lﬂ%

1. @nmuavesdIinaeslnaudinmdeansmeNNEMIIWINGT N TaAT83
\Bad wazmaudssnwassassinzgnueiniasaduuizglaielaasen

IS 6 A v an a 3
Foew Indidadredamlndsunmdna g

2. ?fﬂ‘lfﬂwaﬂlE]Gﬂ')’]ilﬁu']uu:umaﬂgWE%ﬁLL@lﬂ@hﬂﬁu@iﬂﬂqiagiﬂ@maﬁlfﬁaﬁ RSN
¢ o ea & \ 'Y . A &
LLﬂia.ﬂWW‘UaGLsﬁﬂﬂaiqﬂﬂizgﬂuvgﬂ'ﬂﬂlﬂﬂﬂﬂ%JHJ%']ﬁ@ﬂﬂidiqﬂqa@iaﬂ‘ﬁazwqqﬂ@
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1. 860 u,axqﬂn‘sm

1.1. &1351A4

=
GRELSZEY

USHNNHEAR

-Alpha-Modified Eagle’s Medium
-Fungizone (Amphotericin)
-Penicillin-Streptomycin

-Fetal bovine serum
-Trypsin-EDTA

-Crystal violet blue

-CellTiter 96® AQueous MTS
-Magnesium chloride (MgCl,)
-2-amino-2-methy-1-propanol (AMP)
-4-nitrophenylphosphate (4NPP)
-Sodium hydroxide (NaOH)

-BCA protein assay

Life Technologies Corporation, IL, USA
Life Technologies Corporation, IL, USA
Life Technologies Corporation, IL, USA
Biochrom AG., Berlin, Germany

Life Technologies Corporation, IL, USA
Sigma-Aldrich Corporation, MO, USA
Promega Corporation, WI, USA

Merck, Darmstadt, Germany
Sigma-Aldrich Corporation, MO, USA
Sigma-Aldrich Corporation, MO, USA
Finechem, Australia

Thermo Fisher Scientific, IL, USA
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1.2. gunIniuazia3asdio

ﬁﬂaam%m:ﬁu 2 : Microflow Advanced Bio Safety Cabinet
Class II, USA

ﬁlﬁ&ldlﬁﬁaﬁ (Incubator) : Heraeus i:u HERAcell 240, Germany

dutiiin 4 pamioaLfos : SHARP 3% SJ-D53M, Japan

dutuli -80 aarLTaLBow : Domestic 3% UF 756, USA

dutuds 20 asLoaLFoa : Puffer Hubbard, USA

LSasTwnIBg (centrifuge) : Savant 3% HSC 15R, USA

Lﬂ%‘aaﬁum%muuuﬂ%ﬂqmwgﬁ . Hettich zentrifugen ‘g'u Mikro 22R,
Germany

L3a9LENENT (vortex)  Vortex-Genie 2, USA

Lﬂ%aaé’mﬁnu%qmmu 96 % (microplate reader)  : Titertek Multiskan, Germany
UL ILTARIMA 24 wau : Costar, Sigma-Aldrich Corporation, USA
NULNIZLRLILTARIUNA 96 wad : Nunc, Thermo Fisher Scientific, USA

“U'J@]LW']zLEEIGL‘ﬁE]EﬁI%’]@ 75 AN TUALUAT Costar, Sigma-Aldrich Corporation, USA
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1.3. %uﬁ'aasi'lﬁaqmmﬁn%'smw

[ a =< &< X e o = ¢ A o P A =

m@mlﬁ’lumiﬂﬂmmamﬂmaqvl,amaﬂeﬁazm"lm@lLﬁlammiam RSN
Taq laasanGozw indniiasUsznaudanmludiunmensg iu Inanua 6 ngw fa 0, 0.5,
1.0, 3.0, 5.0 Az 10.0-1UasFuALlassinitn AILRAIIUAITIIN 1 I@ﬂi’ﬁ@ﬂmwimjm:ﬁ

mwwmLLuumaagwgquIﬂsaiﬂammi’a@ 3 ngw fa 45, 60 WA 75 ppi

fmSUsN Wt U ot fildlunsdnmnd anw s uiswnsnaudii
mu’]mé’umguﬁnmo 10 JARLUAT WAZNAMUAWY 5 NaRLNAT ﬁgw;uﬁ”’aﬁuﬁamwaﬂ
waznelu lunsaatueiatig 1°Emi%u3ﬂéh #3BN1TaaNUUY (replication method)
launI=uIuNNg Polymeric Foam %dﬁiﬂidi’mﬁmmu (Template) Tadfa@l 3151}
Polyurethane (PU) Foam ﬁﬁmﬁmmﬂ@mmaagmu 3 WUU fa 45, 60 WAT 75 ppi §1WIL
masgwaHIwadns 9 fu tieliiiamaiyidvlaveasadnielulasiivesiag
nnuassuazasrsssUsznavlaasandaznilng uszansUsznavdanewlasan o
(Si0,) lui/Sanm 0.5, 1.0, 3.0, 5.0 uaz 10.0 wWasiFudlagimngn Ihlwaindeuiuiam
a1789lATIT A UL ﬁamnfuﬁﬂﬂﬁuﬁaﬁqm%gﬁ 80 adaalTua LTuan 24
21409 lugauanuiaulwiluuuuis (Electric Oven) mnﬁf’uﬁw%uﬁ'a@y%"lmmﬁa Bgian
waad b (Electric Furnace) ﬁqm%gﬁ 1,300 asevmaLdos tHwan 4 52lus nauias
W luvin A Eu ﬁ%m%'umia%ﬁa%uﬁaashdLﬁaiﬂumiﬁﬂmﬂﬁ%’umwumgmﬁzﬁa’m
audinaluladlan: waziaquiemd dinnuinemaaiuazinaluladuiss@ asuaas

lugﬂﬁ' 9 uaz 10
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@3N 1 ueeIRanwoinulIualefifud lasininvasansdsznaudamnneau
il (> ‘;q' o 1 p.l' =
agﬂ,ma@;mumammlﬂummﬂm

San¥ol Usananlafiiudlasiawin
2098135U35enauBan
HA-0.0s 0.0
HA-0.5s 0.5
HA-1.0s 1.0
HA-3.0s 3.0
HA-5.0s 5.0

HA-10.0s 10.0
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3N 9 usasmwpesiag laasandozwindnluiladiodiny (HA-0.08) wWisuifisunu

Taq laasandozw IndfidadiudanludSunmgs (HA-10.08)

46 i

AR

_A RPN

1| R

CLI LT TITITT

A % a €A o  Aaa Aa , P
?jl]q(] 10 LRAINTNVDN ﬁ@]'vla@]iaﬂsﬁazqulaﬂ@] LRDAIYDAININNUAITURWN LL%%%BGEWEWH

LANEIN (45 ppi, 60 ppi, L8z 75 ppi)
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1.4. 1 BAaaN g lwn1I@nE

waanlglunsdnsidumadainonszgnuywsd (Normal human
osteoblast %38 NHOst) 91nL5%N Lonza Group Ltd., Switzerland lagiiuimaaninun
' @ . A Ao ' & o A
nnEwUNIznudy (tibia) Talanwaeglineranaad asuaadlugun 11

A & o & A A g & &
UM 11 URAILTRAFININIZQNU L W30 NHOSst MwziassluawwiziRaamasnnng
mymwﬁaﬂnﬁaoqamiﬂﬁuummﬂauw%’aﬁ (Phase contrast microscope) nfRsENg
40 uaz 100 L¥i1 (LALNNATEIY (scale bar) LAy 100 lulasiuas)
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2. AFNIININNINAADI
& ¢ v ¢
21 ﬂ'lilW'lZLaﬂﬂlsﬁaaﬁsﬂﬂﬂ‘igﬂﬂﬂwﬂﬂ

TN R UILTAR LUUIALANTLASIAUIA 75 AT RABINAT NTa1wT
VREILTAR TIUTENaUAI881MNTLas L TaaTia Alpha-Modified Eagle’s Medium (0-MEM),
Fetal Bovine Serum 20 iafifudland3anas, ;rufFrucinuiidadu (Penicilin) 100 ¢
adadadany, savUlansdu (Streptomycin) 100 JaANINGBAARANT LAZENAIWTETN
(Fungizone) 2.5 lulaIniudaladfny inmuwziisamadludiumiziioandanuz
Tupssmeauazlivsanufiganivenlasanlad (CO,) 5 Wafidud Namngll 37 asm

a o A & & o < A A &

wwados ndasuemafsauaas 1o 2-3 Tu awnsznildiinawesaasdszanm 90
Wasidudvasiunlurlramnsidoaaas anuuwiimssenisasbasltionloinsusu-24
fLa (Trypsin-EDTA) NAa NNt 0.05 1asidudlasyIunas uwasyinmstwizifesaas
L@ a2 oA A a & =2 i g o LA
juta W lunamwnzidelnd inadiulSanavessad laslunms@nsiazlfioadlujud

(Passage) 3-7 lumsiwnzifsslududiagiiafinsdaly

& ¢ v ¢ o ~ & &
2.2 NTFNIELA El\‘lL‘Iiaaai']\‘lﬂ‘izgﬂN%Hﬂﬂ%?ﬁQﬁ’]iﬂiZﬂElﬂiﬂﬂ‘iﬂﬂ%ﬂzﬂ']\lﬂmma

v aa
AYDANI

ﬁﬂﬂ’mwmﬁmLmaﬁa%amz@ﬂwgwﬁﬁaﬂmsﬁﬂ%ué’aasha"l,ﬂLLﬂumu
2 Ada kg & & a v & & &

PRNNZLABINHa MR BLTad IR 30 WAl NAIINUUYABIMITLALILTARBNLAS
Ugasna I lwuwsdszanm 5 w1 An1suantsaantaed bl wuI ot wIzL R ada 8Lt ks
N3UGu-269L0 NUAMNETNTY 0.05 tlasidudlaslSuay %é’amﬂﬂfuﬁﬂﬂﬂumum’im
A = ' P a a g &
71727132 8,000 sousawf Luan 5 wifl gasIazaIuanLalANeIMILALILTAS
Tnal vinnsvudrwuisaslasltdlulolalmas  (hemocytometer) NAUUAINULTAR
1% 10,000 1188 89 UBTWA8E79 N9 MUTZNII 5 U AW AN IRITLRUILTARR
/8T 1IN

2

S =
AINUDTULNS

& e . & & a a
FL%V\QNLQUGLTQ@TG@%GL%Q']%%QNLQEl\‘]LsﬁﬁaLL‘]_lll 24 ‘VN’%N ﬂilnm 1 U
n%’ ] 2( ai a a d’d
LW']zLﬂﬂGLsﬁaﬂﬁLug}‘UNLWq$Laﬂdﬂqm%ﬂN 37 2IALTRLDYR I%ﬁ.ﬂ']'lz‘ﬂ&l

USunos asuanlaaanlad 5 1asidud luussanme
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23, N1IANBITUIVUALANBULVDILBARAIWNIZANNRBETLNIZOHUBIFG

a1silsznavlansandazwiindidanradan

1 [ 3 6 3
2.31 ﬂ'l‘iﬁﬂisl"lgﬂi'lﬂ asangwsuald L‘ﬁaaﬁ%’]\‘]ﬂiﬁﬂﬂ“%ﬂﬂﬁ’)ﬂﬂgaﬂﬂqaﬂﬁ‘iﬂ%

wuyaEaasla (Stereomicroscopy)

PRINVINITWIZLR I TRRUUTUA 08T UTz oL 4 % n13a9
n‘i’ 6 & o [ U % 6
RNWLTRE LA g QAo MBI Tasaan NnwwhaNasessTaza e WatWines
a1 }asl (phosphate buffer saline solution) 2-3 @39 ﬁ’m’lil,aumm:mUﬂ@@ﬁi{é’aavlaﬁ
(glutaraldehyde) ffianuidutu 2.5 waiidudlasiiunas Nlgunnil 4 aseioaidus
A9y 16-18 Tl ﬁnﬂﬁfu@@msazmsaaﬂ LaIaaERITAza s WasNaTWinas
(phosphate buffer solution) LazitAslidseanm 10 wifi nauvinnIgaaan I TR190
3 31 nnuwhandaudioFaiadalalonaug (crystal violet blue) Afiauidutu 4
¢ = a a2 Mo A o & . v Ao o 4 [
WastdudlasdIunas A9Uszum 20 WIN “aINHRININIIAIREaNaaNA8EINAK
ﬁa"Li’Lﬁuﬁoﬁqmmgﬁﬁad Wwandszanos 30 w1 ﬁnﬂﬁfuﬁﬂﬂﬁﬂmﬁaUﬂﬁaa@amsaﬁ
LUURLGEI L NriNadueIy 40 waz 100 10

2.3.2 ﬂ']iﬁﬂﬂ']g‘lhl"]\‘] LATANBLEYDILDA afa%"m ﬂizﬂﬂﬂ%ﬂﬁﬁ?ﬂﬂé’aﬂ‘ﬂqaﬂiiﬁﬁ

A& 1 . .
DLAAAIDWLUUABDINIIA (Scaning Electron Microscopy)

V‘hmiﬁﬂmgﬂiwLLa:éTﬂHmwaaLmaﬁluﬁﬂwm:uuudaamm"l,ﬂuuﬁuﬁa
Taginguaa9RimMIwzLasamadiiuszoziaan 4 3% ¥¥NIs9dIgaTazane
Wamwaiiosmlad 2-3 ass mnfuﬁmwmamwﬁmmsazmUﬂg@lﬁé’ﬂﬁvlaﬁﬁﬁ
AN NTY 2.5 LWasiFudlasyTunas ﬁﬁqmv&gﬁ 4 aseaaifus 7913 16-18 T2lus
ﬁnﬂﬁ?ug@mm:mﬂaaﬂ wid s sazaswasWatiwed uazugieliUszanm 10
w1 nowvinnisgaaan ¥inTanedn 3 ase innstisainesn (dehydration) @28
MIRTANBLETINEA lasisuauAnu N 50 1WasiFud (Hwaan 10 wifl vind e
2 a%s MnswAuauETwu 60, 70, 80, 90 waz 100 wWasiFudaudey Tasluus
azauaaulfine 10 wifl uazyindininue 2 a3 danswidueratuuslu
RNIRTADLINTELNTA bA LTRLTU (hexamethyldisilazane) ﬁﬁm’]mfaﬁfu 100 1asidud

Wwadszunm 10 Wi ﬁﬂﬂuﬁg@ﬂi’uﬁqmﬁgﬁﬁauﬂunm 30 ¥19 Nawiu@any
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: o . P A Y o o = @ @ &
LNWINNAIDENY (stub) LN ﬂu'WVL‘]_JLﬂE‘]an@'J Uﬂaﬂﬂ’]LLﬂ$%7leJﬂﬂiﬂ"]@'l Uﬂﬂﬂx‘]i}ﬂﬂ?iﬂ%
=
N

ARAATOW LULFDINIIA NANRIVLY 300 — 1500 1N

a

[V ®) a 1 6 .. <
2.4 maaanatinineaatnaa (cell cytotoxicity) PG IMIGE| (MTS assay)
ﬁﬂﬂﬁii’@msagia@maamaﬁ LLazmmLﬂuﬁHmaai’a@lﬁﬁﬂmiﬂ@aaum
A8 lagn13ianiIndwsadiawlodiulanawiasodlalasdiua (mitochondrial
4 ' a o
dehydrogenase) TIF1NNTOLU RO BFITRZANULNTALAATZTORTALN G (Methyl  Tetrazol
4 . :
Sulfate w3 MTS) Tiligaia sl fa (3-(4,5-dimethylthiazol-2-gl)-5-(3-
carboxymethoxyphenyl)-2-(4 sulfophenyl-2H) -tetrazolium) Idduansazansnasunau
= AR A edaaa o o & &
(formazan) TIENNNTALITRIUTNUVRITRRNATIA lasnasanninmamzifeasaside
o o & & o, v o o &
L3871 4 1% N1NNIPABIAIIRLILTARDDN IINURNINITAIANT ganvacaanagtNauniwes
a1'last 3 A%9 LaSsuaTaraneNUsznaudsuTalaaTzTaaTalNe AN NTY 0.5

faansndeladany uazlunduwiulosaiWe (Phenazine Methosulfate) ANLTNT% 0.92

A a o A aa o . ® . & '
JaanIudalafaes ﬁnﬂ*’q@m’mmﬁﬁ]gﬂ CellTiter 96 AQueous MTS kit anuula
t-ﬂl % c? o 1 ;:l":l 6 1 o U ] U n:l' a
msa:mw"l,@aoslu*’mmamamlfnaaag u,azmmvlﬂuulu@umwwmqmuqu 37 29@

A aAa & o & & &
LEALTHE IWENIIZUITIINIANTANUT WA ITAT Uk laaanlaa 5 tUasiFudlas
USu1e7 10wan 4 12 la9 LﬁamuLamLLﬁamvl,ﬂi'@@hg@ﬂﬁuuaaﬁmmm’mﬁu 500 %
Tuluas @Twm%adiimmu%qmmu 96 Waw LLazﬁﬂﬂﬁﬁmmuamLﬂaﬁ%uﬁmiagjiaﬂ

°11aaLéma(%é'amﬂﬁfuﬁwvlﬂ%mezﬁﬁagaﬁ's ANTTUIWATANWI MNIRDG

2.5 N133LAIITRNIIN IR adlan g an launaantaa

N3N SUUTEAINYBILTAR LA BRINITILATIEA AT 9T UD B9

& o & o =2 & & a2 o \ &
ulodsaa lainaanas lasinnsAnsuoasniwiziaesuuinaredslua1nisiaes

G'Adld ' [ =Y . . % % [ 1
WIRRNAEIUNENVRINTALERABTDA (ascorbic  acid) aNTNT® 50 lulasniude
lulasfias Wuiam 14 Tu leasuiwuariinmigaaminidssasaan anuudaedae
sazaswesatwinasm lad 2 o33 inmsuadualethadudusmerdanuaian lads
twinas (lysis buffer) a3l iarildizaduan shludafigunnines iuia 15 wif
waziwdnduszor nuugastazaslalunssadniudunios Ngunnd 4 asen
EaLdos woun g Wuwaan 10-15 3wd i lddwwdsananaia 15,000 saudawil 9

a ) & P &, \ A o oA o @
qm%gu 4 23 NTaLTYR LUULIAT 2 W ﬁ]’]ﬂuuﬂqﬂqjl’l’ﬂ\jaqiazaqEW]VL@ L‘W'ﬂuqvlﬂ'g@]
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[

Usinalusauuasdinreinisinawsasienloisan laiWeavas Golunisdeaes
lds@uldransradnisagy BCA protein assay iedtezienysunaldsauluudas
f18819 FRSUNTILATIZANNIINIRYedaw laaa ladWaanias Knlasiasay
gIacanefidsznoudie LolBuR (AMP %138 2-Amino-2-Methyl-1-Propanol) anaisutin
0.1 Tua$ fifldranuidunsasswrinny 105 uszuani@ounaalsd (MgCl,) anuidudu
2 fadluan vimslaansazaoenadsasluaunquuun 96 naa @uamIaza1uialdui/
wuniitfonaaalsd (AMP/MgCL)  wazasacaelulasifianaaiwa (4-nitrophenyl
phosphate W3a 4NPP) anuidudu 4 Hsdnsudefiadses wawliidnnu vl
gaunndl 37 asmiwaiBos ludsaruquanngdl Wwaan 30 wifl dewdimInga

aaa [

Uiisenaslodsnlaasenled (NaOH) anududn 0.1 Tuas anuwihldsudas

=) =)

LﬂiaﬂLﬂiaﬂal']%ﬁnuﬁ@‘&lLLUU 96 ﬁq&]ﬁﬂ’n&lmﬁﬂﬁu 405 %’]IuLﬂJ@]i LLazﬂ']vLﬂﬁqu'JMﬁ']
¢ & € a & & o & & o o &
LﬂﬂjLT%@lﬂ’]iLWN”ﬂuTaﬂLauvlsﬁilaaﬂ']vLauwﬂaW’]L@]amﬂﬂLsﬁﬂﬂaiqﬂﬂjzﬂﬂ RRIIMNUY

ﬁﬁvlﬂeamﬂzﬁﬁaga@h PNITUIRMITANUIUNIIRD G

2.6 mﬁLm'l:ﬁ'ffagaﬁ’wns:naumiﬁﬁuammdaﬁﬁ

ﬁﬁa;&aﬁvlﬁmﬂmﬁ@mmLﬂuﬁuﬁﬁ@iamaéﬁm:mﬁLmﬂ:ﬁmiﬁﬂmu

6 o 6 o a 6 aa v AaAa o =1
vastaulodanan laineaanias wvimsienzinsaiiadoldsunsunsadiaddagy
lagvmidiwimninizanszastays (Normality test) dp3Tnisdiwinuuuuanills-
388 (Shapiro-Wilk test) ﬁ]’lﬂffuﬁ’m’]ﬂﬂ%ﬂuL‘ﬁEJiJﬂ’J’mLL@]ﬂ@i’]dL%ﬂﬂ%N’]Miz%’i’]dﬂﬁj&l
lagltnsienzdneai auuun1sianzianundsUsIunIsuuuaeIng (Two-way
ANOVA) #IaULUURIUNTY (Three-way ANOVA) LagNIINa&auaNuLanaIsa9aLane
WUUTUEWAA D (multiple comparison) WULNAL (Tukey's) waztaWiW (Scheffe) N3zeu

A ¢ & €& , o0 @ A . ! | @ P
anaTadu 95 Wasidud (Eruwiudratefldluudaznduiviiiy 4-5 uazn1nanasiinng

Yinesn)
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YSunmand g A Lwnanamue 4 34 sanynmsassmwiaas wazdaNFaoFaTaA
Iamsmg mnﬁuﬁnmsﬁﬂmgﬂiwLLa:é’ﬂHm:maamaﬁaé’nm:@ﬂﬁaﬂﬂé’aafgamsﬂﬁ
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VL;JVL@umiLammaaa‘mngﬂ AN WULINIUDIITALIU mmmmlugﬂw 12 FI%IU
& v g g e o ' = A ' a
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d' 1 v v (-4 a n:l' o [ ] >
3UN 12 nwinediendasansiaiuuuaiaeilefmdizee 40 i uaeINMMEIE9
v a 6 A v aa A = dy & v '
TaqlaatandazwiindidadioEimnlidndsussdaininizgn (uauananan (scale
bar) winnu 100 lulasiuas)

a | o o & a Ao @ \ '
sUN 13 mwmymzmaaaa;amsmuuuamaﬂaﬂmawmy 40 i useazUinuag
é’nwmwﬁaﬁaiﬁangnﬁL’&'muummwwuﬁmmmﬁ ARINNTINZL R BT UTz o8 4

Tu uazdondinaiada lilaimaug (Wouanamau vy 100 lulasiuas)
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n‘ 1 v v 6 a d' o e 1 1
3UN 14 mwdisdsndasganisaiuuusaailafiiidsnens 100 1w usasgiauaz
ANBULLTARFTINIZYNARBIUUNWNZR BT naavimIwziRsnduszozig 4
Tu uazdondinaiadalilaimaug (Wouanamau iy 100 lulasiuas)
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wasnMazidsawasaanazgnilung 4 mlmaq"[amanma:
W ndiasudan LmzﬁﬂmgﬂiwLLazﬁTﬂwmwaaLfﬁaﬁa%“nng]ﬂﬁLm:ag’uui’aqé’w
naasganTIaduuusmaeile Afaswme 40 i wud isadlansaznizanoanduidiug
& A a o a €A o Aan o = a A
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WUwan 4 1%

WaSlBuasam  ananwukngng Aady AN BguNAIAIZ I
HA-0.0s 75 ppi 22.11834 6.061559
60 ppi 21.78656 3.160869
45 ppi 24.99861 3.944940
Total 22.96784 4.475250
HA-0.5s 75 ppi 22.50173 8.838344
60 ppi 23.55731 2.581000
45 ppi 38.05262 3.521381
Total 28.03722 9.038844
HA-1.0s 75 ppi 19.65689 5.097500
60 ppi 21.05929 1.281510
45 ppi 29.51020 3.217490
Total 23.40879 5.580812
HA-3.0s 75 ppi 2561965 5.942001
60 ppi 30.67194 1.102949
45 ppi 70.41030 4.610305
Total 43.05982 21.670215
HA-5.0s 75 ppi 30.92365 8.011458
60 ppi 52.25296 1.719860
45 ppi 62.53351 4.738302
Total 48.30698 15.039865
HA-10.0s 75 ppi 38.07112 7.921567
60 ppi 41.45455 2618021
45 ppi 40.86312 6.334040
Total 40.12959 5.803667
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Tests of Between-Subjects Effects

Dependent Variable:% Cell survivor

Type Il Sum of
Source Squares Df Mean Square F Sig.
Corrected Model 18182.707° 17 1069.571 41.273 .000
Intercept 102569.777 1 102569.777 3957.983 .000
Gr 8482.800 5 1696.560 65.467 .000
Ps 5064.254 2 2532.127 97.710 .000
gr* ps 4513.013 10 451.301 17.415 .000
Error 1814.026 70 25.915
Total 122084.556 88
Corrected Total 19996.733 87

a. R Squared = .909 (Adjusted R Squared = .887)
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Post Hoc Tests: Pore density

Dependent Variable:% Cell survivor

Multiple Comparisons

66

() pore  (J) pore | Mean Difference (I- 95% Confidence Interval
density density J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD  75ppi 60 ppi -4.624827  1.337664 003 -7.82794 -1.42170
40 ppi -17.91283" 1.314399 .000 -21.06024 -14.76542
60 ppi 75 ppi 4624827  1.337664 003 1.42170 7.82794
40 ppi -13.28801 1.337664 .000 -16.49113 -10.08489
40 ppi 75 ppi 17.91283" 1.314399 .000 14.76542 21.06024
60 ppi 13.28801° 1.337664 .000 10.08489 16.49113
Scheffe 75ppi 60 ppi 4624827  1.337664 004 -7.97041 -1.27923
40 ppi -17.91283 1.314399 .000 -21.20023 -14.62543
60 ppi 75 ppi 4.62482 1.337664 .004 1.27923 7.97041
40 ppi -13.28801° 1.337664 .000 -16.63360 -9.94242
40 ppi 75 ppi 17.91283" 1.314399 .000 14.62543 21.20023
60 ppi 13.28801° 1.337664 .000 9.94242 16.63360

Based on observed means.

The error term is Mean Square(Error) = 25.915.

*. The mean difference is significant at the .05 level.




Homogeneous Subsets

% Cell survivor

67

Subset

pore density N 1 2 3
Tukey HSD* 75 ppi 30|  26.48190

60 ppi 28 31.10672

40 ppi 30 44.39473

Sig. 1.000 1.000 1.000
Scheffe® 75 ppi 30|  26.48190

60 ppi 28 31.10672

40 ppi 30 44.39473

Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = 25.915.

a. Uses Harmonic Mean Sample Size = 29.302.



Post Hoc Tests: % silica

Dependent Variable:% Cell survivor

Multiple Comparisons

68

(1) % silica

(J) % silica

Mean Difference

()

Std. Error

Sig.

95% Confidence Interval

Lower Bound | Upper Bound

Tukey HSD HA-0.0s HA-0.5s -5.06938 1.858841 .083 -10.51604 37727
HA-1.0s -.44095 1.858841 1.000 -5.88761 5.00570

HA-3.0s -20.09198" 1.891743 .000 -25.63504 -14.54892

HA-5.0s -25.33914 1.891743 .000 -30.88220 -19.79608

HA-10.0s -17.16175 1.858841 .000 -22.60841 -11.71510

HA-0.5s HA-0.0s 5.06938 1.858841 .083 -.37727 10.51604
HA-1.0s 4.62843 1.858841 141 -.81822 10.07508

HA-3.0s -15.02260 1.891743 .000 -20.56566 -9.47954

HA-5.0s -20.26976 1.891743 .000 -25.81282 -14.72670

HA-10.0s -12.09237 1.858841 .000 -17.53902 -6.64572

HA-1.0s HA-0.0s 44095 1.858841 1.000 -5.00570 5.88761
HA-0.5s -4.62843 1.858841 141 -10.07508 .81822

HA-3.0s -19.65103 1.891743 .000 -25.19409 -14.10797

HA-5.0s -24.89819 1.891743 .000 -30.44125 -19.35513

HA-10.0s -16.72080° 1.858841 .000 -22.16745 -11.27415

HA-3.0s HA-0.0s 20.09198" 1.891743 .000 14.54892 25.63504
HA-0.5s 15.02260 1.891743 .000 9.47954 20.56566

HA-1.0s 19.65103 1.891743 .000 14.10797 25.19409

HA-5.0s -5.24716 1.924083 .083 -10.88498 .39066

HA-10.0s 2.93023 1.891743 .634 -2.61283 8.47329

HA-5.0s HA-0.0s 25.33914° 1.891743 .000 19.79608 30.88220
HA-0.5s 20.26976 1.891743 .000 14.72670 25.81282

HA-1.0s 24.89819° 1.891743 .000 19.35513 30.44125

HA-3.0s 5.24716 1.924083 .083 -.39066 10.88498

HA-10.0s 8.17739 1.891743 .001 2.63432 13.72045

HA-10.0s HA-0.0s 17.16175 1.858841 .000 11.71510 22.60841
HA-0.5s 12.09237 1.858841 .000 6.64572 17.53902

HA-1.0s 16.72080 1.858841 .000 11.27415 22.16745

HA-3.0s -2.93023 1.891743 .634 -8.47329 2.61283

HA-5.0s -8.17739 1.891743 .001 -13.72045 -2.63432
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(1) % silica

(J) % silica

Mean Difference

(I-J)

Std. Error

Sig.

95% Confidence Interval

Lower Bound | Upper Bound

Scheffe HA-0.0s HA-0.5s -5.06938 1.858841 .205 -11.43518 1.29642
HA-1.0s -.44095 1.858841 1.000 -6.80675 5.92484

HA-3.0s -20.09198 1.891743 .000 -26.57046 -13.61351

HA-5.0s -25.33914 1.891743 .000 -31.81762 -18.86066

HA-10.0s -17.16175" 1.858841 .000 -23.52755 -10.79596

HA-0.5s HA-0.0s 5.06938 1.858841 .205 -1.29642 11.43518
HA-1.0s 4.62843 1.858841 .300 -1.73737 10.99423

HA-3.0s -15.02260 1.891743 .000 -21.50108 -8.54412

HA-5.0s -20.26976 1.891743 .000 -26.74823 -13.79128

HA-10.0s -12.09237 1.858841 .000 -18.45817 -5.72657

HA-1.0s HA-0.0s 44095 1.858841 1.000 -5.92484 6.80675
HA-0.5s -4.62843 1.858841 .300 -10.99423 1.73737

HA-3.0s -19.65103 1.891743 .000 -26.12951 -13.17255

HA-5.0s -24.89819 1.891743 .000 -31.37666 -18.41971

HA-10.0s -16.72080 1.858841 .000 -23.08660 -10.35500

HA-3.0s HA-0.0s 20.09198 1.891743 .000 13.61351 26.57046
HA-0.5s 15.02260° 1.891743 .000 8.54412 21.50108

HA-1.0s 19.65103 1.891743 .000 13.17255 26.12951

HA-5.0s -5.24716 1.924083 .205 -11.83638 1.34207

HA-10.0s 2.93023 1.891743 .790 -3.54825 9.40870

HA-5.0s HA-0.0s 25.33914 1.891743 .000 18.86066 31.81762
HA-0.5s 20.26976 1.891743 .000 13.79128 26.74823

HA-1.0s 24.89819 1.891743 .000 18.41971 31.37666

HA-3.0s 5.24716 1.924083 .205 -1.34207 11.83638

HA-10.0s 8.17739 1.891743 .005 1.69891 14.65586

HA-10.0s HA-0.0s 17.16175 1.858841 .000 10.79596 23.52755
HA-0.5s 12.09237 1.858841 .000 5.72657 18.45817

HA-1.0s 16.72080 1.858841 .000 10.35500 23.08660

HA-3.0s -2.93023 1.891743 .790 -9.40870 3.54825

HA-5.0s -8.17739 1.891743 .005 -14.65586 -1.69891

Based on observed means.

The error term is Mean Square(Error) = 25.915.

*. The mean difference is significant at the .05 level.




Homogeneous Subsets

% Cell survivor
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Subset

% silica N 1 2 3
Tukey HSD? HA-0.0s 15 22.96784

HA-1.0s 15 23.40879

HA-0.5s 15 28.03722

HA-10.0s 15 40.12959

HA-3.0s 14 43.05982 43.05982

HA-5.0s 14 48.30698

Sig. .089 .628 .071
Scheffe® HA-0.0s 15 22.96784

HA-1.0s 15 23.40879

HA-0.5s 15 28.03722

HA-10.0s 15 40.12959

HA-3.0s 14 43.05982 43.05982

HA-5.0s 14 48.30698

Sig. .216 .786 .184

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = 25.915.

a. Uses Harmonic Mean Sample Size = 14.651.
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HA-0.0S 75 ppi 7% 430.40 102.366
14 % 643.00 190.175

Total 536.70 182.446

60 ppi 7% 311.20 56.703

14 % 809.80 249.971

Total 560.50 313.459

45 ppi 7 % 236.60 47147

14 % 680.00 116.377

Total 458.30 248.232

Total 7% 326.07 106.644

14 % 710.93 193.744

Total 518.50 248.835

HA-0.5S 75 ppi 7 % 230.20 74.211
14 % 264.60 65.194

Total 247.40 68.304

60 ppi 7 % 182.20 17.210

14 1227.80 214.988

Total 705.00 569.528

45 ppi 7 1% 194.80 35.989

14 % 1667.00 214.333

Total 930.90 789.329

Total 7% 202.40 49.705

14 % 1053.13 628.562

Total 627.77 615.712
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HA-1.0S 75 ppi 7 % 290.60 57.400
14 % 471.80 107.255

Total 381.20 125.290

60 ppi 7% 242.40 37.984
14 % 953.60 131.196

Total 598.00 385.737

45 ppi 7 1% 291.20 20.401
14 % 443.80 115.770

Total 367.50 112.295

Total 7 % 274.73 45.085
14 % 623.07 265.898

Total 448.90 257.863

HA-3.0S 75 ppi 7 % 408.60 52.657
14 899.80 242.029

Total 654.20 307.065

60 ppi 7% 373.00 49.985
14 % 471.00 133.581

Total 422.00 108.208

45 ppi 7 % 309.40 52.823
14 % 373.00 65.158

Total 341.20 65.197

Total 7 % 363.67 64.088
14 % 581.27 281.280

Total 472.47 228.962
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HA-5.0S 75 ppi 7 % 289.20 36.065
14 % 588.20 53.570

Total 438.70 163.362

60 ppi 7% 392.60 66.116
14 % 1146.40 147.612

Total 769.50 411.660

45 ppi 7 1% 325.40 71.315
14 % 744.80 155.871

Total 535.10 248.834

Total 7 % 335.73 70.993
14 % 826.47 270.556

Total 581.10 316.310

HA-10.0S 75 ppi 7 % 458.20 155.453
14 529.60 193.049

Total 493.90 169.469

60 ppi 7% 235.40 37.407
14 % 523.00 111.043

Total 379.20 170.523

45 ppi 7 % 428.20 103.432
14 % 849.60 227.933

Total 638.90 277.799

Total 7 % 373.93 144.232
14 % 634.07 232.183

Total 504.00 231.449




75

' A ¢ aa ¢ & ¢ A & € o ¢
2.2 Gl']i']\‘iﬂ']ﬂ']i')Lﬂi']&:‘lﬁﬂ']\'iaﬂﬂLﬂﬂil‘ﬁ%@lﬂ"ﬁLWN‘ﬂ%“ﬂa\‘lLa%‘lsﬁNﬂaﬂﬁ‘la%waﬁquﬁﬁ

VBILHARHI1INIZAN

Tests of Between-Subjects Effects

Dependent Variable:% ALP

Type Il Sum of
Source Squares Df Mean Square F Sig.
Corrected Model 1.911E7 35 546137.996 34.789 .000
Intercept 4.970E7 1 4.970E7| 3165.806 .000
Silica 682234.911 5 136446.982 8.692 .000
Pore 423218.744 2 211609.372 13.480 .000
Day 8143432.200 1 8143432.200 518.737 .000
silica * pore 3839392.789 10 383939.279 24.457 .000
silica * day 1974397.667 5 394879.533 25.154 .000
pore * day 1033485.233 2 516742.617 32.917 .000
silica * pore * day 3018668.300 10 301866.830 19.229 .000
Error 2260594.800 144 15698.575
Total 7.107E7 180
Corrected Total 2.138E7 179

a. R Squared = .894 (Adjusted R Squared = .869)



Post Hoc Tests: Pore density

Dependent Variable:% ALP

Multiple Comparisons
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(1) pore  (J) pore Mean Difference 95% Confidence Interval
density  density (I-J) Std. Error Sig. Lower Bound | Upper Bound
Tukey HSD 75 ppi 60 ppi -113.68 22.875 .000 -167.86 -59.51
45 ppi -86.63" 22.875 .001 -140.81 -32.46
60 ppi 75 ppi 113.68 22.875 .000 59.51 167.86
45 ppi 27.05 22.875 466 -27.12 81.22
45 ppi 75 ppi 86.63° 22.875 .001 32.46 140.81
60 ppi -27.05 22.875 466 -81.22 2712
Scheffe 75 ppi 60 ppi -113.68" 22.875 .000 -170.26 -57.10
45 ppi -86.63" 22.875 .001 -143.21 -30.05
60 ppi 75 ppi 113.68" 22.875 .000 57.10 170.26
45 ppi 27.05 22.875 499 -29.53 83.63
45 ppi 75 ppi 86.63° 22.875 .001 30.05 143.21
60 ppi -27.05 22.875 499 -83.63 29.53

Based on observed means.

The error term is Mean Square(Error) = 15698.575.

*. The mean difference is significant at the .05 level.




Homogeneous Subsets

% ALP

Pore Subset

density N 1 2
Tukey HSD* 75 ppi 60 458.68

45 ppi 60 545.32

60 ppi 60 572.37

Sig. 1.000 466
Scheffe® 75 ppi 60 458.68

45 ppi 60 545.32

60 ppi 60 572.37

Sig. 1.000 499

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = 15698.575.

a. Uses Harmonic Mean Sample Size = 60.000.
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Post Hoc Tests: % silica

Dependent Variable:% ALP

Multiple Comparisons
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Mean Difference

95% Confidence Interval

() % silica (J) % silica (I-J) Std. Error | Sig. | |ower Bound Upper Bound
Tukey HSD HA-0.0S HA-0.5S -109.27 32.351 .012 -202.71 -15.82
HA-1.0S 69.60 32.351 .267 -23.84 163.04
HA-3.0S 46.03 32.351 713 -47.41 139.48
HA-5.0S -62.60 32.351 .385 -156.04 30.84
HA-10.0S 14.50 32.351 .998 -78.94 107.94
HA-0.5S HA-0.0S 109.27 32.351 .012 15.82 202.71
HA-1.0S 178.87 32.351 .000 85.42 272.31
HA-3.0S 155.30 32.351 .000 61.86 248.74
HA-5.0S 46.67 32.351 .701 -46.78 140.11
HA-10.0S 123.77 32.351 .003 30.32 217.21
HA-1.0S HA-0.0S -69.60 32.351 .267 -163.04 23.84
HA-0.5S -178.87 32.351 .000 -272.31 -85.42
HA-3.0S -23.57 32.351 978 -117.01 69.88
HA-5.0S -132.20° 32.351 .001 -225.64 -38.76
HA-10.0S -55.10 32.351 532 -148.54 38.34
HA-3.0S HA-0.0S -46.03 32.351 713 -139.48 47.41
HA-0.5S -155.30° 32.351 .000 -248.74 -61.86
HA-1.0S 23.57 32.351 978 -69.88 117.01
HA-5.0S -108.63 32.351 .013 -202.08 -15.19
HA-10.0S -31.53 32.351 .925 -124.98 61.91
HA-5.0S HA-0.0S 62.60 32.351 .385 -30.84 156.04
HA-0.5S -46.67 32.351 .701 -140.11 46.78
HA-1.0S 132.20° 32.351 .001 38.76 225.64
HA-3.0S 108.63" 32.351 .013 15.19 202.08
HA-10.0S 77.10 32.351 .169 -16.34 170.54
HA-10.0S HA-0.0S -14.50 32.351 .998 -107.94 78.94
HA-0.5S -123.77 32.351 .003 -217.21 -30.32
HA-1.0S 55.10 32.351 532 -38.34 148.54
HA-3.0S 31.53 32.351 925 -61.91 124.98
HA-5.0S -77.10 32.351 .169 -170.54 16.34
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Mean Difference

95% Confidence Interval

(1) % silica (J) % silica (I-J) Std. Error | Sig. | Lower Bound Upper Bound
Scheffe HA-0.0S HA-0.5S -109.27 32.351 .050 -218.42 =11
HA-1.0S 69.60 32.351 466 -39.56 178.76
HA-3.0S 46.03 32.351 .845 -63.12 155.19
HA-5.0S -62.60 32.351 .588 -171.76 46.56
HA-10.0S 14.50 32.351 .999 -94.66 123.66
HA-0.5S HA-0.0S 109.27 32.351 .050 11 218.42
HA-1.0S 178.87 32.351 .000 69.71 288.02
HA-3.0S 155.30° 32.351 .001 46.14 264.46
HA-5.0S 46.67 32.351 .837 -62.49 155.82
HA-10.0S 123.77 32.351 .015 14.61 232.92
HA-1.0S HA-0.0S -69.60 32.351 466 -178.76 39.56
HA-0.5S -178.87 32.351 .000 -288.02 -69.71
HA-3.0S -23.57 32.351 .991 -132.72 85.59
HA-5.0S -132.20° 32.351 .007 -241.36 -23.04
HA-10.0S -55.10 32.351 715 -164.26 54.06
HA-3.0S HA-0.0S -46.03 32.351 .845 -155.19 63.12
HA-0.5S -155.30" 32.351 .001 -264.46 -46.14
HA-1.0S 23.57 32.351 .991 -85.59 132.72
HA-5.0S -108.63 32.351 .052 -217.79 .52
HA-10.0S -31.53 32.351 .966 -140.69 77.62
HA-5.0S HA-0.0S 62.60 32.351 .588 -46.56 171.76
HA-0.5S -46.67 32.351 .837 -155.82 62.49
HA-1.0S 132.20° 32.351 .007 23.04 241.36
HA-3.0S 108.63 32.351 .052 -.52 217.79
HA-10.0S 77.10 32.351 .344 -32.06 186.26
HA-10.0S HA-0.0S -14.50 32.351 .999 -123.66 94.66
HA-0.5S -123.77 32.351 .015 -232.92 -14.61
HA-1.0S 55.10 32.351 715 -54.06 164.26
HA-3.0S 31.53 32.351 .966 -77.62 140.69
HA-5.0S -77.10 32.351 .344 -186.26 32.06

Based on observed means.

The error term is Mean Square(Error) = 15698.575.

*. The mean difference is significant at the .05 level.




Homogeneous Subsets
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% ALP
Subset

% silica N 1 2 3
Tukey HSD®  HA-1.0S 30|  448.90

HA-3.0S 30[ 47247

HA-10.0S 30 504.00] 504.00

HA-0.0S 30 51850 518.50

HA-5.0S 30 581.10|  581.10

HA-0.5S 30 627.77

Sig. 267 169 701
Scheffe HA-1.0S 30|  448.90

HA-3.0S 30 47247 47247

HA-10.0S 30 504.00] 504.00

HA-0.0S 30 51850 518.50

HA-5.0S 30 581.10|  581.10

HA-0.5S 30 627.77

Sig. 466 052 837

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square(Error) = 15698.575.

a. Uses Harmonic Mean Sample Size = 30.000.






