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CHAPTER |

INTRODUCTION

1.1 Background and Rationale

Vital pulp therapy is a m # t in which the exposed dental pulp is

@I injury and permitting healing

covered with a material pr [ e pap fr

elements in the or@}awty [1-6]. The m" p endodontics has been the

prevention or eliminaticfljb riﬂthe conservative treatment of

vital pulp is the best way to.ensure the preveftion of periradicular pathology [7].

PLUE IV BN INENN S

Traditionally, calcium hydrOX|de has been successfully used in capping the
cwoscalolil iy SUNNAIRUIRY o coms
material pnmarlly due to solid clinical documentations. Its high alkalinity provides the
anti-bacterial property and encourages tissue repair [8-15]. Success of pulp capping
procedure with calcium hydroxide depends on many factors especially microbial

infection.  Following proper disinfection, debridement and the absence of



microorganism, soft and hard tissue healing have been shown to occur at a very high
rate [1, 2, 14, 16]. Therefore, the pulp capping procedure is recommended only for the
sterile or mechanical pulp exposures in mature teeth. This treatment modality is
remaining controversial for the caries-exposed pulp because of the unpredictable
severity of the inflammatory condition of thesfunderlying tissue and variable long-term
clinical success [17-20]. Although dental pulp itself has a great potential of healing,

severe and long-lasting inflammatery reactions always-induce irreversible destruction of
‘I
1

the tissue due to lack of collateral blood circulation and Iow compliance environment in

- _—

unyielding hard tissue. Clinically, it is imbos'"sible to evaluate the extent of the exact

ol ol

inflammatory condition by, curfent e\:-/aluatiq.hi;cr'iteria such as sensitivity to electric pulp
add % ol ol ok

Ryt Fae s
testing, spontaneous pain or paih-characteristics, radiological signs of apical pathology.

e

o

However, these crite_ri-a may not reflect the status of the pulgﬂ and dentin bridge formation

[21]. Therefore, root;a'r_]al therapy has been accepted és the treatment of choice for
caries-exposed.pulps.

To achieve a goal of dental pulp healing in the unknown inflammatory condition,
further experiments ‘are neededitoldiscover an éffective.material that may provide
clinicians with additional options for treatment of the caries-exposed pulps. Anti-
inflammatory medicament mixed with a drug delivery vehicle would be an effective
direct pulp-capping material [22]. Anti-inflammatory agents, such as corticosteroids,

may be considered as candidates for reducing inflammation and stimulating healing.



The use of topical corticosteroids in vital pulp treatment was first reported more than 50
years ago by Rapoport and Abramson [23], with 80-93% success in pulp capping
procedures. However, a commercial product (Ledermix®; Lederle Pharmaceuticals,
Division of Cyanamid, Wolfratshausen, Germany) containing both 1% triamcinolone
acetonide and 3.21% demethylchlortetracyclinesin a zinc oxide-eugenol base, leads to
unpredictable and frequently. unfavorable results [24-27]. Despite the unpredictable

long-term success, the shert-term application of a corticosteroid to inflamed dental pulp
\
can be considered to résolve inflammation and consequently promote healing.

- _—

Fluocinolone acetgnidg is a syntheﬁic';corticosteroid commonly used for topical

ol ol

application in the management -of:- derme_itélo@ic disorders and oral vesiculoerosive
add % ol ol ok
J § i Tac s Sy
lesions [28-30]. The effects “of fluocinolone  acetonide on skin treatment are

e

o

concentration—dependent. High concentrations of qugiC_inoIone acetonide inhibit

epidermal mitotic aét‘iviiy, but low concentrations slightliy increase this activity [31].
Increased proliferation of ,cultured human, skif fibroblasts is.noted over a wide range of
concentrations [32]. Some promising effects on human dental pulp cell proliferation and
extracellular matrix‘formation haveibeéen shawn [33]:

The research interest has focused on the development of an experimental pulp
capping material containing fluocinolone acetonide (PCFA) to promote healing of
inflamed pulp tissue. The benefits of successful pulp capping procedures would reduce

the need for complex treatments, endodontic and restorative procedures. The main



purposes of these studies are to develop a prototype of experimental pulp capping

material and test some of its properties.

1.2 Research objectives

1. To develop a prototype of exper pring material containing fluocinolone

acetonide (PCFA) o —
——

2. To investigate the releas e anc nd hydroxyl ions from PCFA

3. To test some of of PCFA according to ISO

3107:2004

5. To determine the effect hditioned m from PCFA on cultured human dental
pulp cell proliferatio w‘

é, art|f|0|ally inflamed human

U

6. To test the effect o 0

I
dental pulp cells

ﬂ'lJEI’JVIEW]ﬁWEJ\’]ﬂ‘E

1.3 HypotheS|s

o ot R b A N FAUBIINEINE s

PCFA at the designated time.
Alternative hypothesis H,: Optimal concentrations of fluocinolone acetonide and

hydroxyl ions can be released from PCFA at the appropriate time.



2) Null hypothesis H,: The properties of PCFA are not different from the commercial
material (DyCaI®) according to 1ISO 3107:2004.
Alternative hypothesis H,: The properties of PCFA are different from the commercial

material (DyCaI®) according to ISO 3107:2004.

Alternative hypothesis Sin setonide and hydroxyl ions from

PCFA are different be ( 1d-aftenthe lerated stability test.

human dental pulp cell pro ratlﬁ RNA and protein synthesis

IS iEn g

5) Null hypothesg H,: The effect of c%ndltloned medlum from PCFA on induced inflamed
omen oo b U b 2ANYIAL.
Alternative hypothesis H,: The effect of conditioned medium from PCFA on induced

inflamed human dental pulp cells is different from the commercial material (Dycal®).



1.4 Scope

1. The main objective of this thesis is to develop a prototype of pulp capping material
containing fluocinolone acetonide (PCFA).
2. Some of the properties of PCFA are tested by following ISO 3107:2004 for cavity liners

(ype ). Vy/

3. The in vitro studies are to st Cts of PCFA on cultured human

dental pulp cells With I A synthesis such as dentin
sialophosphoprotein (

as dentin sialoprotein

1.5 Limitations
1. The studies are designed to developra pr pulp-capping material included

/ A
fluocinolone acetonide & ofling the inflammatory process

and stimulation of denta-l&ulp tissue repa} The interaction between fluocinolone

st g mam ) 4Tl R
o A AN B AT —

usage.
2. The actual ISO standard for calcium hydroxide base or liner material has not been yet

established. The ISO standard number 3107:2004, designed for zinc oxide/eugenol and



zinc oxide/non-eugenol cements, is used in this study. Furthermore, the design of the in

vitro studies followed I1ISO 3107:2004 may not be relevant to the clinical situation.

3. In the accelerated stability test, a product is stored at elevated stress conditions.

Temperature is the most common acceleration factor used for chemicals,
pharmaceuticals and biological g

\ wylty and pH also have acceleration

effects but the relationships are very cor‘ole uct may be marketed based on

accelerated stability dM

life prediction.

be done to confirm the shelf-

experiments have to beﬂwves gs

1.6 Benefits ﬂuﬂ q wﬂwﬁwﬂ’]ﬂi
R RN T TP TR—

environment. After the elimination of superficial infection and complete sealing of the
cavity, the pulp tissue tends to be healed by itself. However, pre-existing inflammation
may be persisted, uncontrolled and, later, cause tissue necrosis. Glucocorticoid is

interested because of its anti-inflammatory action. The previous study reported that a



specific range of concentrations of fluocinolone acetonide had stimulatory effects on
cultured human dental pulp cells. Therefore, it seemed to be beneficial in the application
in vital pulp therapy. Calcium hydroxide has been widely used for several decades as

direct pulp capping material because of its antibacterial and stimulatory effects, clinical

#/ ion, low cost and availability. The

long-term usage, practical us

incorporation of fluocinolon lide.. wrmal like product will be easily
accepted by the prM Il .-. and stimulatory effects are

expected on inflamed d “tissued healing. The benefits of successful pulp

1.7 Brief methodology |

-
Y A
1. Development of '.. aterial containing fluocinolone

acetonide (PCFA) o/

ahite ’mﬂm LANEL NS

2. In vitro releasqjo uocinolone a droxyl ions from PCFA
=9

2 R A AT RRINR FRLHE B 0 50

3107.2004
3.1) Determination of setting time
3.2) Determination of compressive strength

3.3) Determination of disintegration



3.4) Determination of acid-soluble arsenic content
4. Accelerated stability test
5. Cytotoxicity and cell proliferation assay, RNA and protein synthesis

5.1) Colorimetric (MTT) assay for cytotoxicity and cell proliferation

5.2) RNA and protein an ”//
6. Test of anti- mﬂammato

Flgure 1 Diagram shdmng brief methodology of this studys

ARIANNIUNA1IVIETNE



CHAPTER I

LITERATURE REVIEW

2.1 Vital pulp therapy and pulpal healing process

Vital pulp therapy may be broadly defined as any aspect of restorative dental

treatment intended to minimiz@‘l’% pulp, including indirect and direct
pulp capping, partial a@tom [34
obtain healing of a pu% .

S —
[35]. The exposure site tofl 51 o of " ppropriate wound dressing to

0 Jé_ctive of vital pulp therapy is to

The pulp capping prorgdure has been performed with ious types of materials since

that period of ﬂﬂcﬁ}a %ETW%{W@ sacﬂﬁ material of choice for

direct pulp capping in human permanent teeth singe it was introdaced by Hermann in
1920 [9, a4, 36]. Zander was the first to report the use of calcium hydroxide in treatment
of the exposed human dental pulps [8]. Other materials have also been tested and used

as pulp capping materials such as adhesive materials [37-41], hydroxyapatite [42, 43],

tricalcium phosphate [44], mineral trioxide aggregate (MTA) [45, 46], etc.



1"

Pulpal healing after capping with calcium hydroxide has been studied in various
animal and human experiments. When it is applied to the exposed pulp, the superficial
necrotic zone is seen within an hour. The zone of necrosis composes of three layers: the
compressed superficial layer, the liquefaction necrosis, and the zone of coagulation
necrosis. Migration of inflammatory cells into the wound area occurs between six hours
and a few days after the treatment and results in slight.to moderate inflammation. Then,
migration and proliferationsof pulbal cellsi are observed adjacent to the necrotic zone (3,
9, 47]. 7 4

Within the first four days,” bloodl'}cl‘é)t which forms at the time of injury is

i

completely resolved [48]./The nécrbtic tis;:.d,e is supposedly removed by phagocytes
il o

and replaced by granulation tissue, along with-the proliferation and migration of pulpal

J i

cells (such as fibroblasts, mesenchymal, and endothelial cells) into the wound area

during the following d;ay'_s. Matrix formation, i.e. collagen, iﬁs ;bsewed in association with
the zone of firm.necrosis after4.days [3, 47].

After 7 days, the newly formed matrix has cellular inclusions and lining marginal
cells. The sphericalifociiof mineralization.in the deepestilayer of the initial necrosis and
adjacent pulp tissue are seen. In addition, the matrix vesicles which indicate initial
mineralization are observed [3, 47]. About 2 weeks, the production of collagen matrix is
continued. On the periphery of this tissue, cells resembling odontoblasts appear to be

lining up. The pulp tissue below is normal and free of inflammation [9, 47].



12

After one month, the barrier is consisted of a coronal layer of irregular bone-like

tissue with cellular inclusions. The pulpal part consists of predentin-like tissue and is

lined with odontoblast-like cells. The one-month barrier shows mineralization of the

collagen-rich tissues with cellular inclusions. Along the pulpal surface, cells are seen

( mic reticulum (RER). Adjacent parts
n @ked collagen fibrils and cellular

which have well developed rou
of the barrier are predentin-

— ”
extensions [3, 9, 47]. /

The pulp cap roxide shows an advanced

. ontoblasts appear to be more
oduction of matrix appears to have

stopped. The barrier is two- ayé ’f coronally of irregular tissue and pulpally

of dentin-like tissue : h irre ww dew odontoblasts. The tissue

Y ik ﬂ IRYTRE ™

shown in f|gure

QW’]ﬁNﬂ‘iﬂJ UA1AINYAY

nearest the vital pulp is identica d conﬁns densely packed collagen
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PROGRESSIVE STAGES IN PULPAL HEALING

FIBROTIC REAGTION Reoetion

+ Tone of Ipl'rruplilﬁ
CALCIFICATION cakeification

vm‘»;;;

& [],, l\
Figure 2 Diagram's |ng S|ve 'n pulpal healing [49]

The origin of odontoblas

lich are responsible to dentinal bridge
-\5/‘“‘{“‘{’ ) 2

formation has been .8t 1phi ‘:.:i;";"fi ates that they may be
) Y

!

recruited from fibrobla%ike cells located deeper pmj migrated toward the site of

exposure andWﬁﬁﬁ%ﬂﬁ%ﬂﬂﬁﬂ?toblast—like cells [50].

These cells Ioceﬂé adjacent to bloodgsvessels and Endothelial cellswhich pericytes are
especiﬂ mli’clt@ [gff;ll ]fi@lsg’l)nit’)ll %tﬂlﬂ;ﬂ,@d&lelial cells, and
pericytes become de-differentiate and then re-differentiate into odontoblast-like cells [4].
The pericytes and myofibroblast transitional cells appear and migrate to the site of pulp
exposure and form reparative dentin. These cells can produce human dentin secretion

in the cell culture experiments [5, 52]. Dental pulp stem cells (DPSC), found by Gronthos
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and colleagues in 2000, are also candidates for repair and regeneration in dental pulp
tissue [53-56].

In mixed populations of dental pulp cell culture, cells which can differentiate and
produce hard tissue can express a number of markers for cell differentiation and
mineralization. These cells can increase salkaline phosphatase activity prior to
mineralization when they._are.grown intthe _presence of B—glycerophosphate. Other

markers of differentiationsinCluding fidronectin, is also secreted in the initial stage of
\
odontoblast differentiation andfemains throughout odentogenesis. Type | collagen up-

_—

regulates as the cells Jdifferentiate, ar'jd';osteonectin also expresses in young

ol ol

odontoblasts but not in pulp Ce||S.- Djentin s-_i.éi;lopﬁhosphoprotein (DSPP) as well as dentin
add v ol ok
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matrix protein 1 (DMP1), are€-expressed by differentiating odontoblasts. Dentin

e

o

sialoprotein (DSP) ar)d"dentin phosphoprotein (DPP) are Clgé"a_ved products of DSPP. The

DSP has been used as a late marker for odontoblast forme{tion [57, 58].

The exposed pulp reveals, typical feattres .of.primary.mineralization consisting of
young forming cells aligned with the,calcifying matrix. The cells are characterized by
large nuclei, abundant rough endoplasmic reticulum as well.as Golgi and mitochondrial
elements. Several long cellular processes form a network by intercellular
communications and some processes can be detected penetrating vertically into the
calcifying front. The cells are surrounded by a matrix, rich with collagen fibers. In many

areas, an abundance of extracellular matrix vesicles is seen. Hydroxyapatite crystals
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can be observed within the vesicles and dispersed into the matrix. Further calcification
is characterized by arrangement of crystals beside collagen fibers and calcospheritic
nodules to form calcifying front [3, 59-61].

The formation of a dentinal bridge may be related to the high pH of calcium
hydroxide which is similar to bone formation, where increased tissue alkalinity stimulates
calcification. The process may. start with.dystrophic.caleification of the coagulation zone

associated with blood caomponents and tissue debris. The necrotic layer has a functional
\
role as a surface where the pulpal Cells attach and subsequently polarize. It may also

- _—

act as a barrier, protecting the cells from If'.he';highly alkalinity and lethal environment of

ol ol

the capping material. It istalso béliéved tha; tissue irritation or necrosis may be more
add v ol ok
important than calcium hydroxidein-initiating dentin bridge formation or calcification

4
e -

o

[62]. The high pH cadses chemical trauma to soft conneotg\'}e_,tissue and initiates a layer

of coagulative necr(;éis'_ or mummified zone which is Céused by the initial arrest of
cellular activity.duge to early. suppression of pulpal. enzymes. However, high alkalinity
may not be an important factor in the bridge formation. As shown in a classical study,
successful Fbridgeformation fnigerm-free rats occurred. without lany medicament
covering the exposure sites in the absence of bacterial contamination [1]. Furthermore,
the proprietary cements with lower pH (e.g. Dycal®, Dentsply Caulk, Milford, DE, USA,;
Life®, Sybron Kerr, Orange, CA, USA) are effective in stimulation of dental pulp healing

with no or only a thin layer of pulpal degeneration. The soft connective tissue of the
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underlying pulp shows only with minimal inflammatory reactions followed by slow calcific
bridge formation [11, 12, 48, 63-65].
The histologic feature of dentinal bridge has been studied in human teeth. After

three months, the barrier consists of a coronal layer of irregular bone-like tissue with

#})«e tissue lined with odontoblast-like

cop’ th@dge is consisted of three layers

- —

cellular inclusions and a pulpal

cells. From scanning elec&
which are a superficiM

layer (fibrodentinal ¢ Sula ct i re, located adjacent to the
pulp. The superficial and | 7 r :: hi t and highest mineral contents,
while the last layer contai line Al 7 rresponds to the orthodentin of
the pulpal wall [66].

Formation p capping with calcium

hydroxide have beenﬁapo

communicates with the underlylng puép Thus, a serlous question arlses as the long-term
efflcacﬂ)m qﬁﬁﬁ&abﬁm uom ’]’g:tmdgal lﬂnglts or bacterial

products to the underlying pulp tissue with leaked restoration [67]. Several researchers

trﬁ hard-tissue bridge is often

have reported failure associated with an incomplete dentinal bridge due to the presence

of chronic inflammatory cell infiltration or necrotic pulp [68-73]. Even the dentin bridges
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are completely formed, the inflammation or necrosis of underlying tissues has also been

reported [63, 70].

In conclusion, pulpal healing process consists of early inflammatory response,

cell proliferation and migration, extracellular matrix and hard tissue formation. The

Ulﬂ)l defect with a bridge of reparative

|n formed around the exposure

optimal end result is the reconsti

area. The presence of ¢ idge after llp |s considered to be a sign of

extracellular matrix by t i ; 59 diffe entiate into matrix synthesizing

odontoblast-like cells and d 4 ar matrix. The later stage is the

Trad't"’ﬁ"ﬁaifﬁ*f/fﬁﬁ AN

agent [36]. Cal m hydroxide, in dgy powder, suspenS|on or cement form, has been
recom@ mqaﬂni mplj u’lg‘ m Elo’]ﬁlaﬂropemes such
as induction of mineralization and inhibition of bacterial growth [75]. The actual
mechanism of pulp repair using calcium hydroxide as a direct pulp capping agent is still
not well understood. Calcium ions released from calcium hydroxide may act as signaling

molecules to promote pulp tissue repair [76, 77]. High alkaline pH (about 12.5) causes
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liguefaction necrosis of the superficial pulp tissue and disinfects the superficial pulp.
Neutralization of the high pH in deeper layers of the pulp results in coagulation necrosis
at the junction of necrotic and vital tissues, with only a mild irritation to the pulp tissue.
This minor irritation stimulates an inflammatory response that, in the absence of bacteria,
will heal with a hard tissue barrier [47, 78]. High'pH of calcium hydroxide solutions can
also solubilize and release some proteins and growth factors from dentin. These events

may be responsible for the'pulprepair and hard tissue barrier formation [79]. Moreover,
\
calcium hydroxide may premote pulp tissue repair by directly inducing expression of

- _—

bioactive molecules that involve in dentin f(lj:,rrﬁétion [80, 81].

ol ol

Hard-setting calcium hydfo%ide ce__;rﬁ'#en'ts (e.q. Dycal®, Life®) are less caustic
add Y
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than pure calcium hydroxide and.do not cause the superficial pulpal necrosis. These
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cements have been shown to initiate the same type of héa_ling as calcium hydroxide

powder [36]. A majc;r‘ di_sadvantage of calcium hydroxide" materials is that they do not
seal the exposed pulp from.the.external environment. The inability of calcium hydroxide
to seal out bacteria may be a particular problem with composite resin restorations,
which palymerization shrinkage can: pull the pulptcapping’ material lout off the tissue
surface [82]. Therefore, an additional base material, such as a resin-modified glass
ionomer, must be placed to seal the pulp tissue against bacterial ingress.

However, dentin bridge beneath calcium hydroxide contains ‘tunnel defect’

which may be the cause of bacterial infection via microleakage again [67]. Other
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investigators claim that calcium hydroxide tends to soften, disintegrate, and dissolve
over time, leaving voids and other potential pathways for bacterial infiltration [83, 84].
Therefore, various other materials, including zinc oxide eugenol, glass ionomers, resin
adhesives, and MTA, have been proposed as capping agents for vital pulp therapy.
Pulp capping procedure with resim adhesives has become increased in
popularity over the last decade, and.clinicians. have reported relatively long-term

evidence of success [85]«#In recent years, scientific evidence from non-human primate
\
studies suggests that resinsadhesives can facilitate pulpal healing as long as bacteria

- _—

cannot invade into pulpal gavity (89, 86—93I]',. Testing in human also supports the findings

from animal studies [37, 94—96],-bl;lt cont-__ﬁdlled clinical trials, and even retrospective
add Y
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analyses, are relatively few reporis.-Calcium hydroxide provides greater evidence of

e

o

pulpal healing with _d'e‘-ntinal bridging, and less inflammat[én_, than the resin adhesives

[96]. Furthermore, it ¥rr‘1u's_t be noted that studies supportiné ;esin pulp capping typically
have involved exposure and. capping of uninflamed pulps..Success rate with inflamed
pulps is expected to be better for calcium hydroxide than for resin because resin is lack
of the inherent hemoastatic and! bactericidal properties which calCium.hydroxide is not
[20].

MTA, firstly developed in 1993, is a modified form of Portland cement composed
of calcium silicate, bismuth oxide, calcium carbonate and calcium aluminate. It is a

biocompatible material and its sealing ability is better than amalgam and zinc oxide
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eugenol. Although MTA was developed with the purpose of serving as root-end filling
material, it has also proven to be successful in vital pulp therapy. It can stimulate thick
dentinal bridging and appears to have particular promise as a pulp-capping material
[97-105]. However, MTA has slow setting time and high cost. In addition, some authors
have reported the similar result between MTAsand calcium hydroxide when used in
human teeth [18, 106, 107]. Further diregt evidence by well-designed clinical trials and

additional evidence of the"long-term clinical success from observational studies are

' |

needed for this material [105]. -4 : &

2.3 Calcium hydroxide bage/limer.cement

J

Calcium hydroxide base/linér ceméﬁt can be roughly classified into 2 types,
il o

et 222 44
non-setting and setting cements..Both calcium hydroxide/water slurry and proprietary

J i

setting calcium hydroxide base materials are capable of stéri_lizing human carious dentin

beneath silver amalga-m'_[108—1 <|=1e]8 Dyoal®, one of proprietary setting calcium hydroxide
base materials,.was developed.into.two. paste system, by Dougherty in 1962 (US patent
no. 3047408). The components of Dycal® base and catalyst are shown in table 1 [112,
113].

The essential cement-forming reaction in Dycal® is obtained by the esterification
of salicylic acid with glycols and other polyhydric compounds. Cement formation occurs
as calcium ions replace the acidic phenolic protons to yield a chelate structure with the

bidentate ester ligand. In the set cement, the divalent calcium ions are likely to be
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chelated by two disalicylate molecules, act as bridging units between the difunctional

ester molecules, and form a chain structure which can be regarded as a type of ionic

polymer (Figure 2). The reaction continues after set and hardness develops as chelate

formation. Although calcium ions may bridge disalicylate molecules to form a polymeric

structure, the weakness and friability suggest that the chelates are bound

Table 1 Components

Base Quantity (%)
1,3-Butylene glycol digalicylate . . . 43.00

v o
Zinc oxide 9.00
Titanium oxide-calciun 31.00*
Calcium tungstate 16.90
Iron oxide pigmehg 0.10

R TDLTTUIECTLTE = S

CQcium‘ hydroxide 51.00
Zinc oxide 9.23
Zinc stearate 0.29

Ethyl toluene sulfonamide 39.48
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O CH, O
lf—o—én-cu,—cn,—ob' +Ca(OH),—
oH (Glyeol ester of OH (Caleium
salicyclie acid) hydroxide)
0 CH, 0
|| | !
(C—0—CH—CH,—CH,0C <H,0
(¢} "

Figure 3 Proposed s il ' yl salicylate chelate [11]

When the mix/ d'tog oo \ sacted to form a hard, rigid
mass of calcium phenola ar\ th-unreacte Cée rh hydroxide which is in large

stoichiometric excess to .q“u’;,,- > reac \\ herefore, the amount of calcium
hydroxide exists for ready di iQn-th fout the he dy of the calcium salt when the
material is set [11, 114]. The ph d. is liquid which makes the final product

more homogenous and-rgic..a c liguid v chicle-or plasticizer is a compound which is

miscible with the appEpriate esters of salicylic acid, md serves to dilute the ester

without enterinﬂ;ug}ﬁi%ﬂm%; Wlﬂ‘ Myrﬂiﬁand the salicylic ester.

Such plasticizers are preferably liquid at room temperature andgare typified by the
compoﬂqjﬁt;]&aueg Zl]fo?a;wue.unMe’e]C:;w unasjt@cgrjried out in the
presence of inert fillers which consists of titanium dioxide, zinc oxide, calcium sulfate,
and pigment [11]. The hydrophilic nature of the plasticizer plays an essential role in

controlling the rate of diffusion of water into the material and disintegration of the cement
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producing an alkaline environment in the surrounding area [112, 114]. This is claimed by
manufacturers to be responsible for their therapeutic action in clinical circumstances.
After capping procedure, calcium hydroxide is released from the cement and
dissociates into calcium and hydroxyl ions. It has been shown that calcium ions from
medicaments do not become a part ‘of smineralized repair tissue. The calcium
component of newly formed tertiary dentin comes. from blood stream [115]. However,

calcium from the cementumay incorporate into the dentin bridge formation at the start of
\
mineralization [116]. Therefore sthe role of;calcium jons released from the material is not

- _—

well understood. It may bg essential for ce'J.I proliferation, blood coagulation, initiation of

ol ol

mineralization, or other fupctions [3] The hﬁlrdxyl ions are responsible for maintaining

4 -

i 75 )
the high alkalinity which affects the-healing process of pulp tissue. Neutralization of the

4
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acidity at the site of_ihflammation and antibacterial effect h"‘a_\_/e a great influence on the

repair of dental tissu¥e‘ [3 66, 73, 117]. The release of hyaroxyl ions can be measured
indirectly by pH.mgasurement. The antibacterial activity..of the material results from the
release of hydroxyl ions from the set material which generates a highly alkaline
environment ‘and effects the sunvival ofimicroorganisms [109,! 110, 1112, 116]. At 24
hours, Dycal® creates environmental pH around 10.9-11.4 [118-120]. Calcium hydroxide
can also suppress bacterial invasion of mechanically exposed pulp tissue which is

intentionally opened to the oral environment for 24 hours, thus allowing a normal healing

response [121].
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Two main properties which appear to affect the failure of calcium hydroxide
under the restorations are strength and solubility [118, 122, 123]. Compressive strength
is most commonly used to test the strength of the cement because of the brittleness of
the material. The compressive strength generally increases over the time particularly
from initial set to 24 hours. The compressive strength of Dycal® is 1427 psi at initial set
which seems to be sufficient for the condensation of amalgam restoration (greater than

170 psi) [113]. This valueds‘incieased to 11821-2424 psiat 24 hours, but decreased after
\
long term period of storage 118, 122]. Decrease in compressive strength may be partly

- _—

attributed to dissolution ogwater ab’sorptiollp during storage [124, 125]. The solubility of

-

Dycal” is 2.7-6.76 % after/submersion in distilled water for 24 hours and 2.65-4% after
add v ol
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immersion in phosphoric acid for60-seconds [118, 122, 123]. In the animal experiments,
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most of calcium hyquxide medicaments disintegrate and' wash out after six months,

leaving a void under¥ éhé_ restoration and leading to bactefial infection [67]. Moreover, it
allows long-term,softening ‘of the, adjacent composite resin.[85]. In laboratory studies,
the strength andisolubility of setting calcium hydroxide materials are significantly inferior
to intermediate restorative material (IRM) and glass ionomer cement.(GIC) [124-126].
Therefore, it should be used in small thin layer under other base materials.

Due to solid clinical documentation in a number of experimental and clinical
situations, calcium hydroxide has remained the gold standard as a direct pulp capping

material. Success rate of direct pulp capping in human teeth has been found to be
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range between 75-90% [13, 14]. However, the experimental pulp exposures are mostly

performed in healthy teeth. Pulp exposures in non-inflamed teeth may be found in

conjunction with trauma, a condition which occurs relatively seldom. Most often the pulp

is exposed due to caries, and the pulp is subsequently inflamed with various grades of

severity. Different results can probably be expegted when pulp capping is performed in

teeth with inflamed pulps [21]. J

2.4 Inflammation of dentalpulp.disstes

\
Inflammation is ongfof the self<defense reactions against infection or irritation.

These reactions are mediated by ifnmune‘}sy'stem, and characterized by inflammatory

i

cell infiltration and synthesis of ch-em:—ical me;d'jatbrs. The immune system is composed of
sl o

innate and adaptive systems. In‘general, accumulation of neutrophils, macrophages and

J i

dendritic cells, which4are typical components of innate ir‘h_munity, is observed at the

beginning of inflammétién. The number of inflammatory cells and the area of infiltration
are related to the virulent level of stimuli. Acute, inflammation..involves temporal host
reactions which are characterized by severe infiltration of such inflammatory cells. These
cells activelyisynthesize many: kinds of<chemical imediators. Theése mediators induce
vasodilation of blood vessels and upregulation of capillary permeability, resulting in loss
of blood plasma into tissues as well as the formation of edema and swelling. The four
principal effects of acute inflammation, namely redness (rubor), heat (calor), swelling

(tumor) and pain (dolor) can be attributed to vasodilation of small blood vessels. This
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phenomenon increases blood flow, accumulation of fluid in the extravascular space, and
synthesis of some specific mediators. Sustained exogenous stimuli which cannot be
removed by phagocytes cause a shift from acute to chronic inflammation. The major cell
component of chronic inflammation is lymphocytes, which belong to adaptive immunity
[78, 127].

Dental pulp is encased by hard.tissue which acts as physical and mechanical

barriers against antigenierchallenges from the oral cavity. Normal pulp posses an
\
immunosurveillance system¢consisting of dendritic cells, macrophages and natural killer

- _—

cells which are prepared to fight"'againslj antigenic challenges via dentinal tubules.

-

When the pulpal surveillance systém engér‘un'ters excessive invasion of exogenous
add v ol ok
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antigens, it evokes pulpal inflammation, which is'characterized by the inflammatory cell

e
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infiltration and synth_ésis of various mediators. These initirai'll feactions are mediated by

innate immune reac&i‘on'_s [128]. However, it is usually d}fficult for the innate immune
system to cope.with persistent and severe challenges. Thus,.adaptive immune reactions
predominantly mediated by lymphocytes are quickly initiated [129]. Although such
defense 'mechanisms exist in thelpulpi severe andilong-lasting inflammatory reactions
induce irreversible destruction of the dental pulp due to the scarcity of collateral
circulation and low compliance environment [60].

The initiation of experimentally induced pulpal inflammation, which represents an

acute inflammation model, is characterized by infiltration of neutrophils. The peak of their
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accumulation is seen at 3 hours after application of Lipopolysaccharides (LPS) to pulp
tissues, and then rapidly decreases. Following the neutrophil infiltration, macrophages
become the majority of the pulpal immunocompetent cells, and their number peaks at 9
hours. Inflamed pulp shows rapid increase in the expression levels of several pro-
inflammatory cytokines, including interleukin® 1salpha (IL-10L), IL—1B, IL-6, IL-12 and
tumor necrosis factor alpha-(TNE-0L), .\which-may..contribute to further activation of

macrophages and othegimmuntcompetent cells [78, 127, 130]. Nitric oxide (NO) also
\

plays a role in the progression/©fpuipal inflammation by accelerating the expression of

- _—

chemokines, which wouldfurtherinduce th'jra inIammatory cell infiltration and expression

i

of pro-inflammatory cytokines and-cyolooxy'éjénése 2 (COX-2) [131-133].
add v ol
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Upregulation of arachidonic-acid metabolites, such as prostaglandins E, (PGE,)

e
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and leukotriene B, (I__tB4), has been reported in experimerjfa.lly induced rat dental pulp

and human dental pul‘p;c_ells. LPS and inflammatory Cytoki’ﬁes are able to induce COX-2,
a key enzyme respensible for PGE, production .RPGs,produced by pulpal fibroblasts and
infiltrating macrophages through COX-2 expression are important modulators of pulpal
inflammation. They'are related flo the activation of the inflammatory response, as well as
pain sensation in pulpal pathosis [134-142]. LTB, may be involved in neutrophil
infiltration in LPS-induced pulpitis. Once circulating neutrophils are activated, they start

to produce LTB, which causes the activation of other neutrophils and their extravasation.
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It is possible that LTB, also acts as a modulator of the actions of other chemotactic
factors [143].

The two key components in pulpal inflammation are the microcirculation and the
sensory nerve activity. The response of sensory nerves to stimuli depends upon the

;%//wﬂammatlon Several neuropeptides

are important regulators  of

severity of the pulp injury an
released from senso

em, and repair of pulp tissues

infected by dental cariqj while e renﬁns vital with a varying degree

N i h (20 (4 i

pulp. Short- term irritants  will usuala/ cause acute inflammation Wh|ch will then be
foIIowea)ﬂ m\aﬁtﬂlimtu m ,]D’] nﬂ’lavcg.lhe irritant does
not persist or is no longer occurring. In contrast, long-term irritants will cause chronic
inflammation of the pulp or pulp necrosis which will then be followed by infection of the

pulp space [150].
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2.5 Corticosteroids

Corticosteroids are a class of steroid hormones produced in the adrenal cortex.
They are involved in a wide range of physiologic systems such as stress response,
immune response and regulation of inflammation, carbohydrate metabolism, protein
catabolism, blood electrolyte levels, and behavior. They can be classified into 2 major
groups, mineralocorticoids (such as aldesterone) and glucocorticoids (such as cortisol).

Both of them are synthesized ffom. cholesterol which-is converted into pregnenolone,
\
and then to the" end Jproducts: «of adrenal biosynthesis (aldosterone,

- _—

dehydroepiandrostenedione and Cértisol).:;Mbst steroidogenic reactions are catalysed

ol ol

by enzymes of the cytochrome P-45:-O famiI_S/f;They are located within the mitochondria
add v ol ok
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and require adrenodoxin as a cofactor (exegm'21—hydroxylase and 170-hydroxylase).
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Aldosterone and cor_ti&;osterone share the first part of their tj':lqsynthetic pathway. The last

part is either mediate‘d;_by the aldosterone synthase (fo{aldosterone) or by the 11B—
hydroxylase (forearticosterone),[151].

Mineralocorticoids control electrolyte and water levels, mainly by promoting
sodium retention! in' thetkidney. Glucocorticaids' controll carbohydratesfat and protein
metabolisms. They also have regulatory roles in development, metabolism,
neurobiology, cardiovascular system, immune system, programmed cell death, and
many other functions aimed at restoring homeostasis during stress. Once within the

blood, cortisol is transported to target organs where it elicits numerous metabolic effects
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including increased blood glucose levels, stimulation of gluconeogenesis in the liver,
and the mobilization of both amino and fatty acids [151, 152]. In addition to these
physiological roles, glucocorticoids are among the most widely prescribed class of
drugs in the world. The pharmacological benefits of glucocorticoids are primarily anti-

inflammatory and immunosup @‘W/}UCO@S reduce pain and inflammation

by a variety of mechams g d.pru arachidonic acid pathway and

blocking the productio . Inflammatory diseases are

characterized at the sed expression of multiple

cytokines, chemokines, adhesion molecules, and

111111

eters of inflammation are

effectively reduced bgtFéa mdsﬁy both direct and indirect

available for the%eatment of chromc‘mﬂammatory diseases [152, 154] Glucocorticoids
are als@ mf]ea ﬁﬂ iﬁm;&l;m ’];} nrﬂlﬂlﬁeﬂwhllst the anti-
inflammatory power of synthetic glucocorticoids derives from endogenous anti-
inflammatory mechanisms, the clinical usefulness of these drugs is limited by

hypothalamic-pituitary-adrenal insufficiency [155].
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Corticosteroid medicaments can be divided into 4 types according to their
usages, topical steroids, inhaled steroids, oral forms, and systemic forms. Topical
steroids are the topical forms of corticosteroids which have been successfully used in
treatment of various dermatological diseases such as rash, eczema, dermatitis [156,
157]. Some advantages of topical corticesteroids have been reported i.e. anti-
inflammatory action [23, 27,.158], pain reduction or pain relief [159, 160]. However, side

effects of topical steroids#aresreported such as allergic contact dermatitis, atrophy,

i
addiction or rebound”syndrome, ‘perioral dermatitis, ocular effects, tachyphylaxis,

- _—

vehicle-related adverse jeffects etc, Alhhéijgh some disadvantages have been

ol ol

considered to be anti-proliferative -arj-d immt__;ﬁpshppressive effects which are believed to
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retard tissue healing, the stimulatory effects have been reported. Steroids which
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possess  high gl_dgocorticoids activity  (such asf {riamcinolone  acetonide,

dexamethasone, co&iéoi_, corticosterone, and aldosterone)istimulate both DNA synthesis
and cell division. The, relative ‘potency of these active steroids s, related to their relative
glucocorticoid potency [161].

Thelbiological actions of glucocorticoids aré mediated through.the cytoplasmic
glucocorticoid receptor (GR), a 777 amino acid protein, which is a member of the
superfamily of ligand regulated nuclear receptors. In the absence of ligand, GR is
predominantly maintained in the cytoplasm as an inactive multi-protein complex. This

consists of two heat shock protein 90 molecules plus a number of other proteins
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including the immunophilins p59 and calreticulin. Entry of glucocorticoids into the cell
and subsequent binding to the ligand binding domain of GR lead to a conformational
change in the receptor. This causes dissociation of the multi-protein complex and allows

nuclear translocation of GR by virtue of the nuclear localization sequence within the DNA

”&binds DNA sequences known as

glucocorticoid response e @gion of target genes to activate

transcription of responM ed'to a N ation). The GR can positively

or negatively regulate or, de 1g On the response element sequence

binding domain. Once within

and promoter context. )¢ gl\- expression, independent of

eracting with other transcription
p

factors (e.g., activating protein Al P-1an lear factor NF-KB). It is often stated that the

metabolic effects of gl rticoids result from increa 'scription of genes such as

tyrosine aminotransferﬁe and ¢ ate oar’@xykinase, whereas the anti-

inflammatory pﬁﬁﬁeﬁt%t%tﬁe%ﬂWrﬁw pﬁnﬁeffects on inflammatory

gene express,lorﬂ152 162-164].
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Figure 4 Action modes of thesglugoc é \\\\ ocorticoid; GR = Glucocorticoid

receptor; Hsp = heat shoCkr ei —&a @‘ ’ fe \\.

all-i-l

2.6 Use of topical corticoste o'v.*‘.’f‘é!:.“i

The rationale © pends upon an ability to inhibit

kY )

inflammatory processeu z .[j- | edema, pain reduction, and

presumably induction of ﬁﬁlﬁalﬁgﬁ, 166]. Inflammatory change within the pulp is
the same as thatjelsewhere in the body but is different only by anatomic confines of rigid
¢ o
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on nerve ending and elicit pain.
Some topical steroids have been used for reduction of the inflammation within

the pulp tissue. Betamethasone applied on the dentin of rat teeth can reduce the

vascular phase of pulpal inflammation regarding vessel diameter and number of blood
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vessels [167]. Topical steroids show superior inflammatory effect than non-steroidal anti-
inflammatory agent. Dexamethasone antagonizes the effects of endotoxin and
capsaicin, while NSAID affects mainly the endotoxin-induced inflammation [168]. As
pulp capping agent, the corticosteroids can control the inflammation directly by
reducing the inflammatory processes, decreasing pain from pressure and enhancing
venous drainage in conjunction with thel removal of the source of irritation. Moreover,

favorable conditions for_pulpalswoeund repair require an environment free of bacteria,
‘I
1

absence of severe haemaodynamic/change, and absence of severe inflammatory cell

- _—

infiltration. Thereafter, the dentinogenic pote}ﬂiél of pulpal cells can be expressed [169].

ol ol

Many reports have preseritejd the Irifi'pehce of glucocorticoids on the healing of
add v ol

i =l
dental pulp. The use of topical Corticosteroids in the treatment of human vital pulp was

e

o

first reported by Ra_bpport and Abramson [23]. They apﬁblied hydrocortisone acetate

(saline suspension) ¥2‘5'_mg/mL administered either by I}quid or powder form to the
exposed pulp. The,results showed 80-93% .0f success.in the pulp capping operations.
Recently, several immunosuppressive drugs have been tested in inflamed dog teeth.
Only oral corticosteroidicouldireduce finflammatory: celllinfiltration 'and.'tissue necrosis
with comparable hard tissue formation to the control group [170].

Schroeder and Triadan were first proposed, and used successfully, a
combination of triamcinolone, chloramphenicol, 4% xylocaine solution and ointment

base in treatment of pulpitis [160]. In the same year, Schroeder developed the first
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proprietary products named “Ledermix ”, which is a combined preparation of 1%
triamcinolone and 3.21% demethylchlortetracycline. The Ledermix cement, formulated
for application to the exposed dental pulp, reveals disappointing results in rat molar
pulps [74] but shows different results in human teeth. When applied to normal pulp

tissue, it does not impair pulp@ ,//}@s a moderate calcific response after

prolonged period of co a;phe aIIy inflamed pulps, resolution

occurs in a proportion o ent is unpredictable. Relief of

symptom and contin ' response ' i t are found in chronically

Pt f
exposure with Ledermix” has been-re

1T
g-v;/ LAy

. ® .
. In rat model, Ledermix used in

cariously exposed t gtb results in pulpal n coronal pulp, and bridge

formation occurs in mﬁt 0 failure to induce reparative

RN 120 (e e

capping agentiln rats [172]. Otlc suspensmns comblnatlons of antibiotics and
hydrocalsmrlra ﬁﬂ im 14 mcq’g Mtﬂ ’]LQ in stimulate the
production of a hard tissue bridge in contaminated dental pulps [173].

There have been some evidences regarding the effect of glucocorticoids on
extracellular matrix synthesis. Cortisol and related glucocorticoids have two different

effects on bone collagen synthesis in vitro. Collagen synthesis is stimulated in short term
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cultures but inhibited in long term cultures. The low physiologic concentrations of
glucocorticoids may be essential for maintenance of the differentiated function of
osteoblasts, the cells responsible for collagen synthesis [174]. After short term
treatment, low concentrations of cortisol, corticosterone and dexamethasone increase
the incorporation of [3H]proline into type 'l collagen in cultured rat calvariae [175]. In
vascular smooth muscle_cells, 10" Ms dexaméthasone shows an increase in the

synthesis and secretion_oef‘collagen [176]. Therefore, specific concentrations of some
)
corticosteroids may have stimulatory effect on collagen synthesis. Dexamethasone is

- _—

able to promote fibronectin synthesis andllj,sd;ppress NGF secretion, suggesting that it

ol ol

may be used to reduce pain and bro}*note d_éF)tai pulp tissue healing [177].
add v ol ok
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However, the inhibitory effectof corticasteroids on collagen synthesis has been

e

o

reported. In rabbit d_e-r]-tal pulps, collagen synthesis is inhikj‘it_e_d by some corticosteroids

except prednisolone:‘L'e_dermix® also inhibits collagen simthesis in human teeth. The
different glucocorticoids may. exert different effects on, collagen.synthesis and this effect
is dose-dependent [178]. In rabbit dental pulps, collagen synthesis is also inhibited
selectively fby prednisolone dreatments It Imay tdisturb..normal’ development and
metabolism of teeth. The corticosteroid-induced inhibition of collagen biosynthesis
seems to be dose-dependent [179]. Moreover, dexamethasone strongly inhibits
collagen synthesis, but enhances alkaline phosphatase activity which is a marker for

hard tissue biomineralization [180-183].
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Glucocorticoid therapy may induce excessive dentin formation. Pulp
obliterations are observed in patients treated with long-term systemic corticosteroids
[184]. Dexamethasone may be able to stimulate osteogenic differentiation in human
dental pulp cultures. Although dexamethasone inhibits cell proliferation and markedly
reduces the proportion of SMA-positive 'cells,sbut it still strongly stimulates alkaline
phosphatase (ALP) activity. and inducesithe expression of the transcript encoding the

major odontoblastic maiker, awhich ‘is| DSPP [185]. Physiologic concentrations of
\
dexamethasone and “RydreCoitisone. induce differentiation of osteoblastic cells and

formation of bone nodules .in /rat calva'yia';cell culture [186]. Thus, some topical

ol ol

corticosteroids may be ablé tojinduce mine_r_a"lrjzétion process and hard tissue formation.
add % ol ol ok

2.7 Fluocinolone acetonide ——

a ]y
o

FIuocinoIone_épetonide was first discovered by Syﬁtex and marketed under the

name of “Synalar” b3; ‘Im'_perial Chemical Industries. The fulil chemical name is 6 alpha, 9
alpha-difluoro-16 alpha-hydroxyprednisolone=16, /1 Z-acetonide.. It contains two fluorine
atoms compared' to the one atom of triamcinolone acetonide [187]. It is a synthetic
corticosteraid: whichTis'cammaenly Used+as topicalimedication inttreatment of various
dermatologic disorders and also oral vesibuloerosive lesions [28-30, 188]. The efficacy
is superior to triamcinolone acetonide in treatment of oral lichen planus [189]. Topical
0.1% fluocinolone acetonide gel is safe, effective and easy to apply [28]. It can reduce

TNF-OU which is associated with the immunopathogenesis of oral lichen planus [190].
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When topically applied on the skin, 0.2% fluocinolone acetonide inhibits mitotic
activity of the epidermis but 0.025% fluocinolone acetonide does not. Slightly increase
mitotic activity is surprisingly found when low concentration of fluocinolone acetonide is

used [31]. In cultured human skin fibroblasts, a wide range of concentrations of

%/tbut additional produces a slightly

sient sti@ect on fibroblasts by promoting

fluocinolone acetonide has nq\'

increase in growth rate. |

an earlier entry into perj
substantial increase |

In human skin ¢
inhibited by ﬂuocinolone’

nce

)
LA

b?.\b_ine formation,

dependent. The 10 pyg/mL co

effect on hydroxyp

X'
fluocinolone acetonideminhl en fﬁnation [191]. Recently, the

stimulatory effeﬁe ﬁlﬁ?ﬁyﬁaﬁwwrﬁ pTrF %p cell proliferation and

extracellular maﬂix formation were ‘r‘eported [33]. A wide range of concentrations of
= /s
fluocin@‘nﬂc;lae\a).n‘i)MIw Q%m Eﬁ alla)ﬂble to enhance

cell proliferation, fibronectin and type | collagen synthesis. Thus, fluocinolone acetonide

may be beneficial to stimulate the early phase of pulp tissue healing [33].



CHAPTER 1lI

MATERIALS AND METHODS

3.1 Materials

The chemical agents used in this study were purchased from Sigma Chemical

>

Co. (St. Louis, MO, USA). T

ments used in cell culture were

—

purchased from Gibco B
3.2 Methods

3.2.1 Preparation of pulp eapping locinolone acetonide (PCFA)

The PCFA was expe 0 .\o Jing to US patent no. 3047408

. The of t\ A, a two-paste calcium hydroxide

and literatures [112, 11

cement containing base and catalyst
e

-

own in table 2. The 1,3 butylene glycol

disalicylate was prepaied-from—t3-buiyiene-giyeoi=(Sigima’Chemical Co.) mixed with
y Prepajessiens: e )

methyl salicylate (Sigrm Chemical Co.) in a boiling ﬂam which was fixed with reflux

condenser. ThﬁJ] ﬂﬂbﬁiﬁ%r&j\ﬁw;ﬂ 6% ﬁﬁ'sterification of 20 parts

of 1,3 butylene glycol disalicylate and 20 parts of titanium dioxide-calcium sulfate fillers.
AWNANN I NN ANE A 8

The reaoction was set at 110 to 210 C using sodium methoxide (Sigma Chemical Co.) as

catalyst. The mixture was heated slowly with stirring until gentle reflux conditions were

reached and maintained for approximately 48 hours. After the reaction was completed,

the substance was purified by multiple washings with deionized (DI) water to remove the

water soluble materials. The condensed material remained as light brown viscous liquid.
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After the synthesis, the reaction was preliminary tested by thin layer chromatography

(TLC). The final product was then separated from the condensed material by column

chromatography and tested by nuclear magnetic resonance (NMR) technique to confirm

the structure of the required substance.

Table 2 Components of P

Base ////‘\\\\ Quantity (%)

1,3-Butylene glyceldisa 43.00

Zinc oxide 9.00
a0
“ld'-l_

Titanium oxide-calCium phosphate .. - 31.00*
Cal {3 16.90
alcium tungstate —- .

st e
Iron oxide pigment !”" 0.10

,}T‘:’ pproximate ratio of 1:2

* A mixture of titariit

=

]
Catalyst J) iy

Ca'c'“”“FWEJ’J VIEWI?W El’lﬂi o

Zinc OXIde

ammmtu mﬂ']’mﬁl’]ﬁ&l

EthyI toluene sulfonamide + 50 mmol/L Fluocinolone 39.48

acetonide
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Fluocinolone acetonide powder (FARMABIOS S.R.l., Stabilimento e Direzione,
Gropello Cairoli, Italy) was dissolved in dimethyl sulfoxide (DMSO; Sigma Chemical Co.)
before mixing with ethyl toluene sulfonamide (Sigma Chemical Co.). Then, mixture of

ethyltoluene sulfonamide and fluocinolone acetonide was incorporated into catalyst

\ V///)de with zinc oxide, zinc stearate at

atalyst @as white cream paste. Freshly
prepared cements WGF/ : 4 ‘i\-‘i qual amounts of the base and

—' to form hard setting calcium

which was developed by mixin

hydroxide cement.

(@)

.ZI | | _;( _ ~
BB VT

fy

Figure 5 An experimental pulp capping material containing fluocinolone acetonide (PCFA).

(a) PCFA base [Left] and catalyst [Right] (b) Mixing of the PCFA
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The in vitro release of fluocinolone acetonide assay was modified from Haesslein
and co-workers [192]. The samples were mixed and immediately put into cylindrical
plastic molds (5 mm height, 8 mm diameter). Before complete setting, 1 mL of DI water

was poured onto the surface of each specimen. All specimens were kept at 37°C, 100%

, ’#f/u cinolone acetonide was determined

humidity for 24 hours. The amo

phase Inertsil™ C18, 5 ym

an). A water-methanol mixture

prepared as the standeH glef S somion of fluocinolone acetonide

in DMSO Mﬁﬁﬂﬁﬁlwrﬂingw. ﬂeﬂ]Oﬁeﬁration of standard was

proportional to fhe integrated area o} the correspondlng peak in UV absorbance. The
Calibraaqj n;]ralﬁemjrm(%\ mqoa m VEJ ’J a:cEJentratlon range

of fluocinolone acetonide between 1 to 100 umol/L.
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amount of ﬂuocinolons acetonﬁ&%’[’ééée} vas recorded, and a suitable concentration of

A

fluocinolone acetoni

i e i

3.2.2 In vitro release of fluocinolone acetonide

The in @jou&i 511%&'0%]@5:%&%@@0%% from Haesslein
and CoqurTﬁ @ﬁWﬂtﬁ'WﬁWﬁﬁTﬁ’ﬂe acetonide at

selected%oncentration from the former experiment were mixed and immediately put into

cylindrical plastic molds (5 mm height, 8 mm diameter). Before complete setting, 1 mL
of deionized (DI) water was poured onto the surface of each specimen. All specimens

were kept at 37°C, 100% humidity. The conditioned medium was collected at specified
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time intervals (4 hours, 8 hours, and 1, 2, 3, 5, 7, 14, 21, and 28 days, and monthly
afterwards) and replaced with the same amount of fresh DI water. The media samples
were collected until the results showed a constant rate of release. The collected media
was stored at 2-8 °C until analysis. Ten experimental samples were prepared for each

.

The in vitro relea | acstonide.was detected by HPLC system

group.

zu Class LC 10A; Shimadzu

3.2.3 pH measurementj

RN el ?ﬁf‘f‘i

[193]. Each spemmen was mixed angi placed in a cyI|ndr|caI stalnless steel mold with 2
mm he@v mdq rablmtjm umg]aq mﬂv\’/la ﬂd between two

microscopic glass slides. The samples were allowed to set in room temperature. Each

sample was taken out of the mold and placed into a separate vial, containing 10 mL of
DI water. The samples were stored at 37°C, and pH measurement was done at 1, 3, 24,

48, 72, and 168 hours (7 days) after the incubation. The pH value was measured by a
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digital pH meter (Orion Research 420A; Orion Research Inc., Boston, MA, USA), which
connected to a glass electrode to the pH meter (Orion Ag/AgCl 91 Series electrode,
Orion Research Inc.). The pH meter was calibrated with buffer solutions (Orion buffer
solution, perfect buffer 10, Orion Research Inc. [pH < 7,00; pH < 11,00]) before each
experiment. Ten samples were prepared fcl)r'_rgé}dfjgroup. The pH values were shown as

mean + standard deviation.compared with the control.. .

Figure 7 Model for pH measuremeént.

(a) Preparation 'of tested specimens (b) pH meter.model Orion"Research 420A.

3.2.4 Determination of setting time

According to International Standard ISO 3107:2004, the cylindrical specimens
were prepared from stainless steel molds with 2 mm height and 10 mm diameter. The
mold was placed on a flat glass plate and filled with the mixed material. The molds and

tested materials were placed on a metal block in a controlled chamber (3700 and 95%



46

relative humidity) within 60 second from started mixing. A flat-ended indenter needle

(100 g) was lowered vertically onto the surface of the cement. The indentation was

repeated at 15 second intervals in different area. The needle tip was cleaned before

each indentation. The setting time was recorded as the period of time from the start of

W18 SR A

3.2.5 Determination of compressive strength

The method used in this study was carried out according to ISO 3107:2004

standard. Specimens were prepared from stainless molds with 4 mm height and 6 mm

diameter. The cement was put in the mold and placed on a metal plate within 1 minute
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after mixing. Another metal plate was placed on top and both plates were squeezed
together. The whole assembly was transferred to the cabinet (3700 and 95% relative
humidity) within 2 minutes after the end of mixing. One hour after the completion of
mixing, flat surfaces of the specimen were prepared at 90° to the long axis. The

/I and examined for voids or chipped

edges. Any defective s @ specimens were used for the

experiment in each ng \QR vas measured and recorded.
ained at 37°C for 24 hours.

‘ c

specimen was removed from th

The specimens were gpﬂ o

Then, the samples were infaigtiffed. A I "v 15 minutes and blot-dried prior

I m‘d
to test. The flat ends of F?‘g%?ﬁ ‘- re p

universal testing machine

| between the platens of Instron
on corp Canton, MA, USA). The
compressive load ok S pecimen using cross-head
speed of 1.00 mm/miﬂe

The CompreSSﬁ ﬁ”ﬂf ﬁiﬁ Ej%ﬁ Wﬁﬂl(ﬁhﬁ between surface area

and load.

ammmmwm YR Y

e @aximum force was recorded.
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Figure 9 Model for determinatio Egogm'res_, trength. a) Instron universal testing machine

*
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3.2.6 Determination isintegration ;\J
- -

The disintegreﬂJICJn of testing materials was examined according to 1SO

height qdﬁ Ta‘t(ﬁﬁlﬁﬂ Tﬁ ﬁwﬁ%egrp]aéﬁgnmose acetate

sheet ba%ked by a flat glass plate. A stainless steel wire with 0.25 mm diameter was

inserted through the split ring at least 10 mm into the ring. The PCFA or Dycal® as a
control group was mixed and filled in the ring, then, covered with another flat glass plate

faced with a sheet of cellulose acetate, and firmly pressed together. After the complete
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set which was approximately 3 minutes after the start of mixing, the molds and plates
were transferred into the cabinet and maintained at 37°C and 95% relative humidity for 1
hour. Then, the specimen and attached wire were carefully removed from the ring. The

excess cement was removed from the edge of the specimen disc, and lightly brushed to

sample discs were pla/ L ARer ThE ey vere submerged immediately

beaker. pecimen was suspended by

the wire without contact tgf other, ﬁ 0 -“bﬁ oeaker. Then, the beaker was sealed
J‘da.u ¥ \
| E'f» > VR \
with plastic wrap and alums f.?ﬂ mers

3 'sing the discs for 24 hours at 37°C, the
.ﬁi‘ \

P,

. ‘ - . ‘ . .
specimens were removed from™ | eir surfaces were rinsed with 2 mL of

distilled water. Th‘— clean absorbent paper. The

Y |

our&nd reweighed. The final net

specimens were then m)re

IV Rk (1 (e 3

Inc., Cqumbus%H USA). The d|s‘|,ntegrat|on was calculated asdyercentage of the

oronalYoh T e boar o 20888
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Figure 40 Model.for detéir'_mination of disintegration.

' oy
(a) Weighing of samples before and afterimmersion(b) Immersion of specimens in 50 mL DI water.
; aesd

Il

3.2.7 Determination Of_iamdfsomble—arsemtrcontent

The method used in this study was according to«S0O 3107:2004. The complete
set experimentall cement or Dycal® as' a control group was pulverized and passed
through a 75 pym (200 mesh) sieve. Two grams oféthe sieved powder was dispersed in
30 mL of water with 10 mL of 37% hydrochloric acid (Merck KGaA, Darmstadt,
Germany). The mixture was maintained at 37°C for 1 hour, and filtered. The total arsenic
content of the sample was determined with the atomic absorption microscopy (AAnalyst

800, PerkinElmer Inc., Shelton, CT, USA). Ten samples were prepared from each group.
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é’mﬁi‘céﬁéorp
— .\

-
tion mieroscopy model AAnalyst 800.

PCFA was freshly p paiﬁ&%écord@he method in 2.1. Five batches of the

757 7
P f

. . R | - o
experimental pulp capping agent were then stored at 45°C for 3 months [194]. Then, the
‘E’f " !;J

- S 7 . X |
in vitro releases of fluitjlnolone acetonide anc asl-ljrement were done as in 2.2

|
el |

and 2.3 for 7 days. The @ameunts of fluocinelone acetonide and pH of the conditioned

e o piA i ANE S LA IEL))

and calculated as percentage of fre

result%gg;qa@@@@pgﬁcgqema@ LT TR—

caking, hardness, dose delivery per actuation) and chemical properties (loss of active

ycérepared materials. The

ingredients did not exceed 10%) were not changed.
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3.2.9 Cytotoxicity and cell proliferation assay

1) Cell culture
Human dental pulp cells were obtained from caries-free lower third molars

extracted for orthodontic reason at the department of oral surgery, Faculty of Dentistry,

’,/ﬁ consent. The study protocol was

approved by the Ethics fthQFac@nstry Chulalongkorn University,

Bangkok, Thailand. ThM ‘ \ i_ ith sterile phosphate-buffered

Chulalongkorn University with

0.25 pg/mL of amphojioin B s

T L et

outgrowth of hman cultured der}al pulp cells reached conﬂuence they were
subculaemtma ﬁltﬂ jsm ‘;J wﬂgl)magl’}a Elﬂfferent donors

were used in this study.

e oo_@ition of 5% CO, 37 °C. The

2) Preparation of test materials
The PCFA or Dycal® was mixed and immediately put into cylindrical

plastic molds (5 mm height, 8 mm diameter). Dycal® was mixed according to the
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manufacturers’ recommendation. Before complete setting, 1 mL of culture media was
poured on the surface of each specimen. All specimens were kept at 37°C, 100%
humidity for 24 hours. Then, the specimen was removed and the conditioned medium
was filtered by sterile 0.2 um pore diameter filters. The pilot study revealed that full
concentrations of conditioned medium from both PCFA and Dycal® were toxic to
HDPCs. This might be due to high pHwalue of these materials. In addition, the result

from the pilot study of inwitro.assay. suggested that PCFA could release 50 pymol/L of
\
fluocinolone acetonide, so_ifie €onditioned medium from PCFA was diluted 50 times in

- _—

order to obtain the conditioned medium clc'jnt'énining 1 pmol/L of fluocinolone acetonide.

ol ol

This concentration was the result ffom the_f;-:(';al'culation of fluocinolone acetonide from
add % ol ol ok

i vk
approximately amount of PCFA~“used in pulp ‘capping procedure. The conditioned

4
e -

o

medium was also (_di-ltuted 100 times to simulate in Casré__that released fluocinolone

acetonide was diluté;j'by fluid in the pulp tissue. The 5E) and 100 time dilutions of
conditioned medium form, PCFA was assigned as F20,and E100, respectively. The same
dilutions of conditioned medium form Dycal® were used as controls and were assigned
as D50 and D100, respectively:
3) Colorimetric (MTT) assay for cell proliferation
The 5 x 10 primary human dental pulp cells were seeded in 24-well
plates with DMEM containing 10% FBS and incubated for 24 hours. Then, the media

was replaced twice by serum free medium at 3 hours intervals in order to wash out the



54

serum. The cells were then treated with the prepared conditioned medium from PCFA or
controls (F50, F100, D50, and D100) for 24, 48, and 72 hours. Serum free medium and
DMEM containing 10% FBS was used as negative and positive controls, respectively.
The viable cells were detected by using the MTT dye, which was reduced by the
mitochondrial dehydrogenase presented indliving cells and formed blue formazan
crystals. Two hundred microlitres of AMTT solution. [3-(4,5,dimethylthiazol-2-yl)-2,5-

diphenyl tetrazolium bromide,#Sigma Chemical Co.} was added to each well, and

i
incubated for 4 hours."Subsequently; 900 pL of dimethyl sulfoxide and 125 pL of glycine

- _—

buffer (0.1 M NaCl + 0.1 M Glycine, pH 1OI':,'.5)';vvere added into each well to dissolve the

-

formazan crystal. The sumvival or p:roliferatio"p rates of the cells were calculated from
add % ol ol ok

s Tt |
spectrophotometer measurement-at 570-nm wavelength. Data obtained from the MTT

e

o

assay was shown as rélative optical density by comparing y(/it_h the negative control.

3.2.10 RNA and protein synthesis

1) Analysis of. dentin, .sialophosphoprotein, (DSPP)..synthesis by RT-PCR
technique [195]

The 1ix 10° primary’ human<dental pulp cells were.seeded in.DMEM with 10%
FBS in 6-well tissue culture plates, and incubated for 24 hours. Then, the cells were
treated with the conditioned medium (F50, F100, D50, and D100) and supplemented
with 50 pg/mL ascorbic acid and 10 mM B—glyoerophosphate. The medium with and

without 10 nM of dexamethasone were used as positive and negative controls. The
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medium was changed every 48 hours for 14 days in every group. The medium was
removed, and total RNA was extracted using the Trizol reagent (Gibco BRL) according
to the manufacturer’s instructions. One microlitre of each RNA sample was converted to
cDNA by reverse transcription using ImProm-II"" Reverse Transcription System
(Promega, Madison, WI, USA) for 90 minutes: at 42°C. Subsequent to the reverse
transcription, polymerase-chain reactiont (PCR) was._performed for detection of DSPP

cDNA. The primers speciii¢ toDSPP and glyceraldehyde-3-phosphate dehydrogenase
\
(GAPDH) were prepared #following: the:* reported sequences from GenBank. The

- _—

oligonucleotide sequences of DSPP and GAPDH primers were:

ol ol

DSPP sende § 5 AATCGGACTAAGGAAGCTG 3
Y

antisensé”~ 5' AAGAAGCATCTCCTCGGC 3

4
e -

o

GAPDH | lsense 5' TGAAGGTCGGAGTCAACGGAT 3

) é_ntisense 5 TCACACCCATGAEGAACATGG 3
The PCRwas, performed using Tag polymerase (Qiagen, Hilden, Germany) with
25 uL PCR volume. The reaction mixtures contained 25 pM of primers and 1 pyL of RT
reaction.'The'amplication profilesforlDSRP (38 cycles)land.GAPDH (22.¢ycles) were set
at denaturation for 1 minute at 94°C, primer annealing for 1 minute at 60°C, and chain
elongation for 2 minutes at 72°C in DNA thermal cycler (Biometra, Gottingen, Germany).
The amplified DNA was then electrophoresed on a 1% agarose gel and visualized by

ethidium bromide fluorostaining. The relative intensities of the gel bands were measured
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by imaging software analysis (Scion Image version Alpha 4.0.3.2; Scion, Frederick, MD,
USA). The experiments were performed from three different donors.
2) Analysis of dentin sialoprotein (DSP) synthesis by Western blot technique [57]
The 1 x 10° primary human dental pulp cells were seeded in DMEM with 10%
FBS in 6-well tissue culture plates, and incubated for 24 hours. Then, the cells were
treated with the conditioned medium and supplemented with 50 pg/mL ascorbic acid

and 10 mM B-glycerophosphate. The medium ~with and without 10 nM of
)
dexamethasone were usedsas positive an'g ‘negative controls. The medium in each well

- _—

was changed every 48 haurs for 14 days. 'Ihén, the cells were washed three times with

ol ol

PBS. The cells were lysed with RIPA buffer (50 mmolll TrisHCL, 150 mmol/L NaCl, 1

4 % ol ol ok

i e d
mmol/L EDTA, 1% NP-40, 0.25% Na—deoxygﬁol_‘ate). The total amount of protein from

§ A" =

o

each extract was detérmined using BCA protein assay kif‘(_l??ierce, Rockford, IL, USA).

Equal amount of pro%éirj_ from each sample was mixed w{th running buffer, loaded to a
10% polyacrylamide gel, and'separated by.electrophoresis-along with pre-stained high
molecular weight'standards (Bio-Rad, Hercules, CA, USA). The proteins were transferred
to a nitrocellulose membrane (Imimobilon=P, Millipore Corparation, Bedford,,MA, USA) using
a trans-blot cell (Gibco BRL) with a 180 mA current for 1.5 hours. Then, the nitrocellulose
membrane was stained for DSP by using goat polyclonal antibody (Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA) diluted to 1/100, or B—actin by using mouse

monoclonal antibody (Chemicon International, Temecula, CA) diluted to 1/1000. After
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washing in PBS, the membrane was incubated with biotinylated-secondary antibody
(Sigma Chemical Co.) for 50 minutes at room temperature, and peroxidase-conjugated
streptavidin (Zymed, South San Francisco, CA, USA) for 50 minutes, respectively. The

protein bands were detected using a SuperSignaI® West Pigo Trial Kit (Pierce, Rockford,

HWm (Pierce, Rockford, IL, USA). The

ds.was @and compared with the protein

IL, USA) and were exposed 0
relative intensity of DSP-
ty was determined by scion
image analysis soft ' ‘7 | density was adjusted to
percentage of expressio ( : The intensity of protein bands

indicated the relative a 'fﬁrﬂ ' ples. The experiments were

3.2.11 Test of anti-i f matory effect

1) Induction ofﬂ)x_ A m
{I ﬁwg W?%J (ﬁ aﬁ)%ﬁ ﬁl;ﬁwere seeded in DMEM

with 10% FBS in 6-well tissue cuItUée plates and incubated for 24 hours. Then, the
medmrﬂviﬁ ’lajﬂ/ ﬂbﬁ m um’] ’ltnﬂmﬁlﬂ order to wash
out the serum before exposure of the conditioned medium. The cells were then exposed
to 20 pg/mL of LPS of Pseudomonas aeruginosa (Sigma Chemical Co.) for 3 hours to

induce inflammation in the cell culture [136]. RNA isolation and RT-PCR were performed
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to confirm the expression of COX-2 mRNA which is a gene encoding the key enzyme in
the inflammatory process.

2) Determination of anti-inflammatory effect

After treatment with LPS for 3 hours, the cells were washed 2 times with serum

’lyﬁmoned medium (F50, F100, D50, and

D100) for 24 hours. Seru |unq’W|t ut LPS treatment were used as

controls. At the end of M Nand total RNA was extracted

free medium. The cells were the

ImProm-1I"" Reverse Transeri Sys P ‘Madison, WI, USA) for 90 minutes

were prepared following om ﬁenBank The oligonucleotide

sequences of ﬁﬁrﬁﬁ% ﬂﬂ%éw #1119

cox-2 sense 5 TTCAAATGAGATTGTGGGAAAATTGCT 3
ART8 S U HRAINYAA Y
GAPDH sense 5 TGAAGGTCGGAGTCAACGGAT 3

antisense 5" TCACACCCATGACGAACATGG &

The PCR was performed using Tag polymerase (Qiagen, Hilden, Germany) with

25 uL PCR volume. The reaction mixtures contained 25 pM of primers and 1 yL of RT
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reaction. The amplication profiles for COX-2 (27 cycles) and GAPDH (22 cycles) were
set at denaturation for 1 minute at 94°C, primer annealing for 1 minute at 60°C, and
chain elongation for 2 minutes at 72°C in DNA thermal cycler (Biometra, Gottingen,
Germany). The amplified DNA was then electrophoresed on a 1% agarose gel and
visualized by ethidium bromide fluorostaining. Fhe relative intensities of the gel bands
were measured by imaging software analysis (Scion lmage version Alpha 4.0.3.2; Scion,

Frederick, MD, USA). The.experments were performed from three different donors.
|

a3 |

3.3 Statistics

J

All experiments were oonduéted at-r_';lie;as't in triplicate. The results were reported
il o

as mean + standard deviations: Data vvere;-_"éﬁglyzed by using SPSS program (SPSS

J i

17.0; SPSS Inc., Chicago, IL) and Stats Direct software "(_StatsDirect Ltd, Altrincham

Cheshire, UK). Severél t_ypes of statistical tests were selected to determine statistically
significant difference, from_-the, data. .JThe .data ,from poH,.setting time, compressive
strength, disintegration, and acid soluble arsenic content were normal distributions.
Therefore, two independent-samples tests werel used {0 determine’ the significant
difference between the data from the experimental (PCFA) and control groups (Dyoa|®).
For MTT assay, all data were normal distributed, but the equal variances of 72-hour
group was not assumed. Therefore, one way ANOVA with Post hoc multiple

comparisons was used for the 24- and 48-hour groups, but Kruskal Wallis test with
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pairwise comparisons (Conover-lnman method) was used for 72-hour group. The
Kruskal Wallis tests with pairwise comparisons (Conover-Inman method) were also used
for the RNA and protein analysis, and test of anti-inflammatory effect because the data

was not normal distributions and sample sizes was limited. All statistical significance

was determined at p < 0.05.

AULINENINYINS
PRIANTUAMINYAE



CHAPTER IV

RESULTS

4.1 In vitro release of fluocinolone acetonide

The amount of released fluocinolone acetonide was determined by HPLC and

UV detection directly from the ¢ ned m. The HPLC method allowed for the
detection of fluocinolone 3 '(;,.nsf»“' t a retention time of 11.0 minutes (Fig. 11a). The
amounts of released” F v. lous concentrations of the
experimental materials he raw data was shown in
appendix, table 3. Cement ' lone acetonide could release

. . 9 2 .
fluocinolone acetonide at'a concentration o from 50 mm” surface area which

selected for further IMVESHEaHORm——————— = =
Y |

| il

ﬂUEJ’J’VIEWIﬁWEJ’]ﬂi
‘QWWNﬂ‘iﬂJNW}’JﬂH'}ﬂﬂ
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o}

it

Amnonnt of Muecinelone acetonide

: Al
Figure 12 Release of fluocﬂolone acetonide from experimental cements. (a) Chromatogram obtained

[
from HPLC andﬂa% E}(ﬁlcﬁ ﬁ%@{“&]%lﬁﬁ»f 50 mmol/L fluocinolone
Y

acetonide loading from various doses af experimental spulp capping materials. The result was

- ARAININ T NEAR D

The cumulative release of fluocinolone acetonide from the PCFA was
investigated in the in vitro release study over 6 months. The result was shown in Fig. 12a

as the mean = SD of the released fluocinolone acetonide. The raw data was shown in
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appendix, table 4. Fluocinolone acetonide was dramatically released over the first 5

days (Fig. 12b). This early rapid release also affected the cumulative release of

fluocinolone acetonide, especially in the first 5 days as shown in Fig. 12a. After 1 month,

fluocinolone acetonide was released from the PCFA at an almost constant rate of 0.029—

0.021 pmol/L/day.

(@)

—
=
=

—
]
&

—
=
=

Amount of fluocinolone acetonide
{(mmol/L)

G

ELANMENINYINS
) § B
Q WTQ \H g eleon v 1 a o 180

Time (days)

Figure 13 Release of fluocinolone acetonide from experimental cement over 6 months.

(a) Cumulative release of fluocinolone acetonide; (b) Fluocinolone acetonide concentration released

over each different periods of time. The result was represented as mean + standard deviation.
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4.2 pH measurement

The pH of the PCFA and Dycal® became increased from neutral after 1 hour. The
pH of PCFA was significantly higher than that of Dycal® at every time interval (p < 0.05).

The pH of Dycal® and PCFA ranged between 9.80 to 10.86 and 10.57 to 11.72,

g

Figure 14 pH vaﬁ u%dwFEjtwé{w m ﬂaias represented as mean +

standard deviationq!t each time interval. *Statistically sign@nt difference beWen materials.

ARAINIUNAINY A Y
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4.3 Determination of setting time, compressive strength, disintegration, and amount of

acid-soluble arsenic content

4.3.1) Setting time

The setting time of Dycal® and PCFA ranged from 60 to 90 seconds and 115 to

i )s of Dyoal® and PCFA were 75 and

150 seconds, reSpeotiv Thelsetting fiffie.of PCFA was about 2-fold longer
than Dycal”. The settiM W S 'sign 'her than Dycal® (p < 0.05).

The raw data was sho

165 seconds, respectively. The n

(a) A N Y ¥V LAy

Diycal PCFA

e e UEIVUNIWANDG. . . oo
- RIFIN TR AN INEIA Y



66

4.3.2) Compressive strength
The compressive strength of Dycal® and PCFA were 17.09 £ 2.91 and 15.11 £
1.25 MPa, respectively (Fig. 15). The compressive strength between Dycal® and PCFA

was not significantly different (p < 0.05). The raw data was shown in table 7 in the

appendix.

Compressive strengih (MPa

Figure 16 Compressive si nch.control (Dycal®). The result was

represented as mean * stﬂda d

L AUEAINENTNYINS

ation

- ¢ e .
QNG TR V1 4 4 015 022
q
respectively (Fig. 16). The disintegration between Dycal® and PCFA was not significantly

different (p < 0.05). The raw data was also shown in table 8 in the appendix.
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Disintegration (%40)

The acid-solubl v' ' . Dycal x\ ess than < 0.05 mg/Kg, whereas
uble arsenic content of PCFA was

. . “--"F B £ L .
approximately 4-fold.higher than Dycal « The om PCFA was significantly higher

 —-— g

¥, e

)
RIFRATUNRINY)A Y

than Dycal® (p<0.0 ’ table 7).

Diyeal FCFA

Figure 18 Acid-soluble arsenic content of experimental cement (PCFA) and control (Dycal®). Data
was represented as mean + standard deviation. *Data show statistically significant difference

between materials (p < 0.05).
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4.4 Accelerated stability test

The in vitro release of fluocinolone acetonide and pH measurement were done
after three-month storage of PCFA. No change in physical properties was observed.
However, minor decrease in the amount of fluocinolone acetonide and pH of the

‘ as noted. At 24 hours, cumulative

release of fluocinolone acetonide was 4 |Ch decreased 7.99% from the

conditioned medium over the peric

ere within 10%

,\

except the release of fluo g'at de at 4 S\which was decrease to 55.46%.

at all time periods,

The release of fluocinolon Was ‘ different at 4, 8, 24, 48, and 168

hours (Fig. 18a). The pH changea -;i Iy different (p < 0.05) at all time periods

(Fig. 18b). ,_w__, still in the high pH range
e e—

o

(9.69-11.65). All data wﬁ Show able 107

ﬂuEJ’JVIEJVITWEﬂﬂ‘i
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(a)
40 #
. 35
E}
z
E
g —a—Before
=
5
@]
()
z
—s—RBefore
PO, Aﬂ:er

96

Time (hours)

ﬂUEJ’JVIEWIﬁWEJ’]ﬂi
o QRTINS TR 2

Released 1uocmolone acetonide concentration over 7-day period before and after storage; (b) pH
values of PCFA before and after storage. Data was represented as mean + standard deviation at
each time interval. *Data show statistically significant difference between before and after storage at

each time interval (p < 0.05).
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4.5 Cytotoxicity and cell proliferation assay

Full concentration of the conditioned medium from both Dycal® and PCFA had
toxicity to the HDPCs. The conditioned medium was, therefore, diluted before evaluation

of cytotoxicity and cell proliferation. The diluted conditioned medium from PCFA (F50

and F100) slightly increased the c: | ifere with time. At 48 hours, the culture

media with 10% FBS signi " tly (p ‘ [ ell proliferation when compared

with the negative contro i he cultt e media with 10% FBS, F50, and

ifera r\'\\;wx- ‘ed with the media obtained
;- " ‘ ‘ ‘ »

) With 10% FBS and F50 was not

e
o

from the other groups. T. or il

4
=

significantly different (p a2 was shown in table 12 in the

appendix.

R
{

AUEINENINYINS
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12

33 42410

o
10 48h

B72h

Cell number (x10%)
Le3]

0_

D100

Figure 20 Effects of conditioned i A on cytotoxicity and cell proliferation

of HDPCs at 24, 48, and 72:ho ve control. F50 and F100 were the

01 mes, respectively. D50 and D100 were the

ively. The results presented as

. '5) compared with the negative

control group at 48 hours. * **Statlstloally S|gn|f|cant difference (p < 0.05) compared with the other

ﬂﬂﬂ g 'VlEJWﬁWEJ’]ﬂ‘ﬁ
ARIANIU UM TN Y

4.6 RNA and protein synthesis

The effects of diluted condition medium from Dycal® and PCFA on DSPP
expression and DSP synthesis were shown in figure 20a and 20b, respectively. The
gene expression resulted from RT-PCR revealed that all experimental and positive

control (dexamethasone) groups enhanced DSPP expression compared to the negative
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control. The conditioned medium form the PCFA increased the expression of DSPP
approximately 2.5 folds when compared with the negative control. The positive control
and F50 groups significantly (o < 0.05) increased the gene expression when compared to

the negative control and D50 (Fig. 20c). For protein analysis, the results from Western

1 ol the PCFA increased the synthesis of DSP
@ negative control. However, the

blotting revealed the conditionec

approximately 1.7 to 1.8 fi r a
among the experimental and control

O
effect was not signifiM < \\1 :
- ‘ \ N \
C \ ppendix.

able

groups (Fig. 20c). Th

1l

AU INENTNEINS
ARIANTAUNIINGIAE
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(a) Control  DEX F50 F100 D50 D100

GAPDH

(b)
1119 S — A )

ACTIN el s mMmpsgy Ssaes T SSm——

(c)
6 T '_".
ks -
i ey T L
|'l
= 4 dei b i T W
=
=)
IDSPP
g . mDSP
& o 7.. *. T
= $
= I
z )
MO
]
0 —
F50 F100 D50 D100

Figure 21 Effects of cenditioned medium' from PCFA and Dycal® on DSPP expression and DSP
synthesis, 0fs HDPCs. .The .results-from, RT-PCR.and-\Western .blotting«showed, the effects of the
conditioned medium on (a) DSPP and (b) DSP in HDPCs, respectively. (c) The graph showed mean
+ standard deviation of band density from three separate experiments. *,**Statistically significant
difference was found in DSPP expression compared with the other groups (p < 0.05). No significant

difference was found in DSP synthesis.
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4.7 Test of anti-inflammatory effect

The results from pilot study showed that HDPCs were induced to express the
COX-2 gene expression after treatment with LPS at 3, 6 and 24 hours. Therefore, three-

hour treatment of LPS was done before the experiments. The conditioned medium from

F50 and F100 of PCFA could :.\ ximate the expression of COX-2 to 43% and
59%, respectively when ompared with) @S—untreated) group as well as

——

63% and 74%, res '.\x he LPS-treated group. All
concentrations of conditioned’ mec o \

/= diur -."\‘\. lificantly decreased COX-2
diu ,@; v’u\u@so ot affect (p < 0.05) this

§ gl 1 ’
92 BN
B '7 w i

expression (Fig. 21a, b). The r. a as table 16 in appendix.

expression, but conditioped

ainks , "'--iﬂ’ 4

R

T :
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(a) Control  LPS F50 F100 D50 D100

COX-2

GAPDH

()

16 .
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Figure 22 Effects of condﬂtioned med_i—ur;n'from PCI-:A.and Dycal® on*COX-2 expression from HDPCs.

(a) The results from R’Fi"fPQR showed the effects of the conditiofied medium on COX-2 mMRNA
expression in HDPCs. (b) A?he graph showed mean + standard dgviation of band density from three
separate experiments! *Statistically significant difference was| found in COX-2 expression compared

with the other groups (p < 0.05).



CHAPTER V

DISCUSSION

Direct pulp capping or partial pulpotomy is treatment of an exposed vital pulp

with a dental material to facilitate the formation of reparative dentin and maintenance of

vital and healthy pulp tissue. It4
extirpation. However, long : ulp capping is much lower than
that of vital pulp extir 4 pping procedure is currently
considered controversial Slimicians. ease the success rate, a critical
need exists to develi v fofe jicall rapeutics that reduce pulp
inflammation, promote the co Mielst M, ntin-pulp complex, and restore
vitality by stimulating the regrow ‘_ 22]. Currently, MTA has been proved

—""._J‘ = ":::_.J.
(A

to have particular promise-as-a-puip- ¢ capping-maie ¥ good sealing ability and

can stimulate thick demnal bridge [9 04], evenm cases of irreversible pulpitis

[97, 99, 196]. ﬂ%@ﬁ rﬁ W@Wﬁ%ﬂ ﬁst. Some authors have

reported the similar result between MTA and calgium hydroxide when used in human
AW )ANT AU NV VIE A ¢

teeth [18; 106, 107]. Recently, a wide range of concentration of fluocinolone acetonide

(0.1-10 pmol/L) demonstrated positive effects on human dental pulp cell proliferation,

and both fibronectin and type | collagen synthesis [33]. With the known anti-

inflammatory effects, it may have some potential in stimulation of early phase of healing

of dental pulp tissue. Therefore, the new experimental calcium hydroxide base pulp
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capping material containing fluocinolone acetonide (PCFA) was developed. The
expected benefits of PCFA may be combination of therapeutic effect of calcium
hydroxide, control of pre-existing inflammation and stimulatory effect of fluocinolone
acetonide. The specific concentration of fluocinolone acetonide has been demonstrated

to be crucial for biological re@ 'W/)ulp cells [33]. Thus, the control of

corticosteroid release is or succe@f PCFA in vital pulp treatment.

9 I Nin promotion of early healing

The appropriate conce

111111

_-,la’,f,.j,"d“ tz -r,__ T_‘

8\ (0.1-1 umol/L) coqu_Aﬁ material within the first 5

days. Therefore, the in@lﬁbu

early phase ofﬁqu%fﬁavfﬂ % fw gfﬁ ﬁijhe constant release of

physiologic contentrations (0.0001 tgo 10 pg/mL) of fluocinolone acetonlde was found
[197]. a Wq arﬁ ﬂ ‘;\QAQJ m’};l meﬂ;l aﬂﬂe material was

preferred to prevent the adverse effects of the corticosteroid.

fluocinolone acetoni

e aﬁtonide would be beneficial to

The success of pulp capping procedures with calcium hydroxide was related to
its high alkalinity and it was suggested the rise in pH was the most important factor

conductive to pulp healing [8, 106, 119, 120, 198]. The conditioned medium obtained
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from Dycal® had pH values of 9.80-10.86 over the 168-h (7 days) duration of this assay.
This finding was in agreement with previous reports [114, 118, 124, 193, 199-201]. The
conditioned medium of PCFA also maintained high alkaline levels, with pH values of
10.57-11.72, which were significantly higher than those of Dycal® during the 168-hour
(7 days) duration. This difference may be due io the different amount of hydroxyl ions
released from each material. The higher pH Vvalue may have some advantages in

neutralization of the acid.at thessite of inflammation, antibacterial effect, and stimulation
\
of the repair and dentifn'bridg@e formation in the exposed pulp [120, 193, 201, 202].

- _—

The ISO standard for a pulp Cllg‘\pijing material has not been developed.

-

Therefore, 1ISO 3107:2004 was sélécted a__.'si;a guideline for evaluation of the material
add % ol ol ok

properties. The setting time of the P :'—'*"Jwas onger than that of Dyca s).
rti Th tting i T the PCEA (15@-35 I than that of Dycal® (75 s)

4
e -

o

However, some earli_e-rt-studies reported a longer setting tim'é_of Dycal® (145 s). This may

be due to the differé‘nt'_methods used in these studies ’[118, 203]. The compressive
strength of PCFA:(15.11, £ 1.25 MPa) was.comparable, to Dycal® which was 17.09 £ 2.91
MPa. Previous studies reported the compressive strength of Dycal® in a range of 14.5 to
36 MPa [[124-126] which'was inithe 'same range of this study. Howeéver,.the compressive
strength of both cements was much higher than the minimal strength required by the
ISO 3107:2004. They were strong enough to resist the average stress of 10.5 N/mm?,
which was applied through an amalgam condensation cycle [204]. The disintegration of

PCFA (3.16%) was equal to that of Dycal® (3.13%) and was also comparable to the
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previous reports of Dycal® (2.7 to 6.76%) [118, 122]. The solubility of this calcium
hydroxide base cement may be beneficial for the release of hydroxyl ions and
fluocinolone acetonide. However, this property may cause the dissolution of the material

and leave space under a restoration [122]. Due to the low compressive strength,

disintegration and lack of adhesi

thin layer and covered byﬁ
The acid- solubM tent Nﬂ mg/Kg which was higher

than that of Dycal® . . ic content in PCFA was

o
”.:u-4 e . . .
clinical use, according to the évsgmc_c After the incorporation of fluocinolone

could release in the dqﬂab J mechanical properties were

TN ANININYINT

The accelerated stability te%t is de5|gned to increase the rate of chemical
degrac@ W}ﬁ:ﬁn ‘; m utw ’]Jq mﬂ’]’@ﬂcal product by
using exaggerated storage conditions as part of the formal stability studies [206, 207].
In this study, the material was tested in a standard condition of temperature at 45°C at
ambient humidity [194]. Within this limited condition, most of the active ingredients were

decreased in a range of 10%. The shelf life of this material may be acceptable at about
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1 year, when stored at below 30°C. However, the results from these accelerated tests do
not always predict the physical and chemical changes. A wide range of temperature
and relative humidity must be included to increase the reliability of the stability test.
Furthermore, the intermediate and long-term stability studies also should be done [194].

Calcium hydroxide materials are normally caustic to the cells because of its high
alkalinity [208, 209]. The result from thisl study showed that conditioned medium from

both PCFA and Dycal® had cytotoxic effect to the HDPCs, which was different from the
\
earlier study [75]. This'maybe because of different method and period of experiment to

- _—

obtain the conditioned medium. The condhio’hed medium was carried out for 1 hour in

ol ol

the earlier study, but it was colleétejd at 24_.;-ﬁou'rs in this study. The high alkaline pH of
v ol ok

i =l
the conditioned medium may“have deleteriols effect to the cells. However, the

e

o

conditioned medium -\t/vas achieved from the plastic molcj‘ with 50 mm’ surface area.

Therefore, the diluteéj‘céj_ncentrations of conditioned mediﬁm of PCFA and Dycal® were
used in this experiment., After, the,treatment” of .,conditioned medium, the stimulatory
healing effects were observed in the positive control and PCFA groups. At 72 hours, the
diluted 'conditioned medium ©fromt RCFA" [groups significantlysincreased the cell
proliferation which was not significantly different to the positive control. The result
confirmed the stimulatory healing effects of released fluocinolone acetonide which

corresponded to the earlier study [33]. This implies that PCFA may cause superficial
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necrosis in the superficial dental pulp, but fluocinolone acetonide may have some
stimulatory healing effects in the underlying pulp tissue.

Dentin bridge formation is one of the criteria for successful treatment of exposed
dental pulp. In the absence of inflammation, the pulp tissue can repair and form hard
tissue to seal off the underlying pulp tissue [14, 42, 48, 63-65]. The DSPP and DSP were
selected to examine as mineralization markers in this. study because they have been

demonstrated as the impertant#markers of dentin formation [58, 210-214]. Increase of

i
DSPP and DSP activities weres/demonstrated in all experimental groups. These results

- _—

may be related with the high pH of'balciur;'j. hydrexide [11, 12, 48, 63-65]. Although, the

-

inhibitory effects of corticosteroids on tissgj-é'# héaling have been shown [215-221], the
add Y

conditioned medium from PCFA in thisé’tiffgy significantly increased the DSPP

4
e -

o

expression which c_o{responded to the earlier studies [fi'85]. HDPCs also exhibited

slightly increased in¥ bS_P synthesis, but the results werei not statistically significance.
The results from.these experiments revealed.that hard, tissue, formation was not inhibited
by PCFA.

Induced inflamed human dentalipulp cells canibe induced!by many substances
such as bacteria, lipopolysaccharide, or proinflammatory cytokines [139]. LPS of P.
aeruginosa was selected to use in this study because it has been shown to be effective
in stimulation of COX-2 gene expression. The result showed that PCFA decreased COX-

2 gene expression which confirmed the availability and anti-inflammatory effect of
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fluocinolone acetonide. The overall results from these in vitro studies imply that PCFA

may cause superficial pulp necrosis, stimulate early phase of healing in the underlying

tissue, decrease pre-existing inflammation, and not interfere with the hard tissue

formation.

——

However, the cell CU|’[U‘F\

//ytations including the finite doubling

potential of most norma e @Itu@ave tendency to change their

:,x. LA

A
—".J e -.J

PCFA on inflamed 52_@ pulp tissue.

PCFA also hasj;me isa e dI- integration and leakage of the

e T A MO N

required to |mpmve its mechanical %ropernes Add|t|on of fillers, m|cro or nano-fillers,
may m@ m\ﬂﬁ ghnﬁjm;lm r]h’g rxLVE\j mﬁjﬂlve property of
the material to dentin was important to prevent microleakage and increase the retention
of the material. Some studies have attempted to add poly(acylic acid) or adhesive

monomers to increase this property [200, 222-225].
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This study model was also developed as an example of drug delivery system

used in pulp capping procedures. It may be applied to other chemicals or biomolecules,

or other types of pulp capping agent such as MTA. A series of experiments were

designed after the incorporation of the active ingredients into the experimental pulp

capping agents. Some of its physice / |, and biological properties were
studied. Similar experim e er experimental pulp capping

n \,"7-,‘ it containing calcium hydroxide

(MTYA1-Ca), calcium i ‘\ e cement, calcium phosphate
cements [200, 203, 226] ] \ o useful in the development of

another experimental pul ‘agent w |s \o. ‘ ed as a drug delivery system.

ﬂUEJ’JVIEW]iWEﬂﬂi
QW?Nﬂ‘iﬂJ UNIAINYAY



CHAPTER VI

SUMMARY

entrations of fluocinolone acetonide
and hydroxyl ions can be ropriate time was accepted.

2) The null h
commercial material (

compressive strength a

PCFA are different from ' ®) according to 1SO 3107:2004

ions from PCFA are di@ent between before and after tr‘maccelerated stability test was

accepted, excﬂ ﬂrﬂeqﬁqfﬁm%ﬂ 61 ﬂﬁnd 120 hours.

) The nuII hypothesis: Conditioned medium from PCFAhas no effect on
ama\mim NNRVINEAE

cultured thuman dental pulp cells with respect to cell proliferation, RNA and protein

synthesis when compared with the commercial material (Dycal®) was accepted for cell

proliferation at 24 hours, and protein synthesis (DSP); but the alternative hypothesis was

accepted for cell proliferation at 48 and 72 hours, and for RNA expression (DSPP).
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5) The alternative hypothesis: The effect of conditioned medium from PCFA on
induced inflamed human dental pulp cells is different from the commercial material
(Dycal®) was accepted.

An experimental pulp capping containing fluocinolone acetonide (PCFA) was

developed as a two-paste ha Mu hydroxide cement. Fluocinolone

acetonide could release a range ita a‘uons from PCFA in the first 5

nt of PCFA were significantly

\. d disintegration of PCFA were

comparable to control. T S ptable at approximately 1 year.

Most of biologic effect of ' " -; \ but it could stimulate DSPP and

F’TUEJ’JVIEWI?WEHH‘?
ammmm UA1AINYAY
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Release C 100 150
1 0 6.552139 313449 20.16444 78.91043 | 97.57888 | 123.9679
2 0 6 1937 . . 6471 | 116.9144 | 121.2714
3 0 QSﬁijr:aGY ETII jﬁ 3.1 jz.4198 111.877 | 139.3516

& 49.0615 o/
1\ 3& N9t ﬁqf!’: ﬂé]f&k]@ﬁl

Mean q .583333 *1.552’9‘8 ’ 8.06016 | 39.1328 | 50.52246 | 90.864 7"#08.7901 128.197

SD 0 1.902598 | 0.124485 | 7.154356 | 5.681914 | 1.944942 | 11.31977 | 10.03059 | 9.753831
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Table 2 Cumulative release of fluocinolone acetonide at various time periods (raw data).

Release (hours) 0 4 8 24 48 72 120 168

1 0 14.7807 | 24.3155 | 49.8556 | 87.0521 | 103.4331 | 111.3168 | 115.2713

2 0 13.6524 | 23.8168 | 50.2393 | 857527 | 98.7246 | 106.1858 | 108.7139

3 0 18.0348 | 27.1364 | 523583 | 88.0615 | 98.9358 | 105.8409 | 109.861

4 0 121056 | 19.2874 | 493489 | 87.1243 | 96.6069 | 104.274 | 107.0133

5 0 17.1818 | 236791 | 517450 | 826991 | 92.5159 | 99.6095 | 103.0039

6 0 202941 | 29.3569 | /546109 | 863248 | 96.0654 | 103.3542 | 107.0694

7 0 17.8636 | 24.8395 | £0i7272 4 6.5079 | 96.5788 | 107.1256 | 110.4692

8 0 13.4278 (- 19.7807 | 408748 78,0665 | 912018 | 97.8261 | 100.3622

9 0 1206927 (“21.4037 |  49.766""|"B7'5414 | 1006751 | 107.3208 | 109.9919

10 0 181520 L of" 202447 || 607153 815201 | 93.5067 | 100.2981 | 102.7941
Mean 16'33336" | 2548507 | 50.92417 | 85.15504 | 96.82441 | 104.3151 | 107.4550
sD 0 200738 | f53288 | 1596604 | 8.031634 | 3.777700 | 4.124393 | 4.424393

Release (hr) | 336 504 672 344 2016 2688 3360 4032

1 116.7627 | 1187981 | 419.8719 | 1219111 || 128,139 | 124.2135 | 124.9208 | 1252151
2 1104398 | 112,190 1142358 1153;261 1166468 | 117.7919 | 118276 | 118.2093
3 1119721 | 113.62220| 1148554 | 1161864 | 117.3939 | 118.6601 | 119.3125 | 119.6603
4 108.2714 | 1009811 | ¥ih.0784 | 114.0706%| 1156491 | 1168925 | 117.2679 | 117.5484
5 105.5615 | 106.6613 |- 4087044 |* 110:467 1 f1113108 | 112.4036 | 112.8287 | 113.0832
6 108.3662 |.105829 | 1124422 | 114.241 | 11568371, 116.5536 | 116.7504 | 117.067
7 112.6576 |\ 48,7638 | 1156632 | 1156632 | 116/18632)| /1156632 | 116.1835 | 116.4004
8 1026842 | 1055915 | 107.8351 | 107.8351 | 107.8351 | 107.8351 | 108.0401 | 108.1105
9 1135457 | 116.8561 | 118.3575 | 118.3575 | 118.3575 | 118.3575 | 118.58 | 118.6939
10 105.4301 | 108.9696™ 110.4337 | 1104837 | 110.4337 | 1104337 | 111.0508 | 111.1654
Mean | 1096691 ||117.5944 | 113.4461 | 1144181 | 115.2062 || 1158804 | 116.3210 | 1165252
sD 4312225 | 4029739 | 3.935586 | 4.14575 | 4.379157 | 4.654309 | 4.731397 | 4.783418
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Table 3 pH values of Dycal® and PCFA at various time periods (raw data).

Dycal 0 1 3 24 48 72 168
1 7 9.87 10.05 10.27 10.46 10.49 10.64
2 7 9.81 10.06 10.53 10.77 10.8 10.91
3 7 9.89 10.17 10.64 10.87 10.94 10.89
4 7 9.89 10.1 10.59 10.81 10.84 10.93
5 7 9.69 10.08 10.62 10.86 10.91 10.94
6 7 9.78 10.05 10:63 10.84 10.92 10.98
7 7 9.7 9.98 1049 10.74 10.82 10.77
8 7 98 10.09 10.58 10.71 10.81 10.83
9 7 9:76 10,06 10.62 10.77 10.82 10.59
10 7 9182 10.064 10.59 10.97 11.01 1.1

Mean 7 9.801 10.065- ' '10.556 10.78 10.836 10.858
SD 0 0.074254 | 10,049272, | 0.110%75%] 0435072 | 0.139778 | 0.155263

PCFA 0 1 (= W24 48 72 168
1 7 10.46 10766 i, 1 1 3 11.53 11.6 11.64
2 7 10.73 10.98 1'11"‘.45 11.68 11.77 11.78
3 7 10,61 10.95 {41439 11.61 11.69 11.71
4 7 10.62 10.94 LEZ28 14472 11.78 11.81
5 7 10.48 10.89 11.34 11.56 11.64 11.68
6 7 10.36 10.87 1.4 11.62 11.68 11.71
7 7 1068 11.03 11.49 11.71 11.78 11.8
8 7 10.68 11 1147 1171 11.79 11.81
9 7 10.58 10.9 11.37 11.6 11.64 11.68
10 7 10149 10.84 11.32 11,51 1156 11.58

Mean 7 10.569 10.904 11.401 11.625 11.693 11.72
SD 0 0.117705 | 0.104265 | 0.069033 | 0.077352 | 0.083407 | 0.078599
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Table 4 Statistical analysis of data from pH measurement. The data was analyzed by
t test to perform pair wise comparison between 2 different groups. The results showed

statistically significant difference between pH of condition medium from Dyoal® and

PCFA.
Levene's Test for Equality
of Variances t-test for Equality of Means
’ 95% Confidence
Sig. (2- Std. Error Interval of the
F Sig. ot df tailed) Difference Difference
7/ Lower Upper
1h A 3.511 077 -17 651 18 .000 .04351 -.85941 -.67659
N -1(.651 - i"'4.815 .000 .04351 -.86084 | -.67516
3h A 2.403 138 Ps.007 -1 18 .000 .03647 -91562 | -.76238
N -23.007. ‘12.829 .000. .03647 -91789 | -.76011
24h A 480 497 =20:472 8% .O(?O .04128 -.93172 -.75828
N -20.472 15.074 .000 .04128 -.93294 | -.75706
48h A .633 437 A7ACT :"18 ' | .000 .04922 -.94841 -.74159
N <1467 14,330 .000 .04922 -.95034 | -.73966
72h A 271 .609 -16.650 18 .000 f .05147 -.96514 | -.74886
N -16.650 14.688 E ‘ .05147 -.96691 -. 74709
168h A 3.304 .086 -15.664 18 .OOOI_' .05503 -97762 | -.74638
N -15.664 13.329 .000 .05503 -.98059 | -.74341

A = Equal'variances assumed, N.= Equal variances not assumed
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Table 5 Determination of setting time, compressive strength, disintegration, and acid-

soluble arsenic content according to ISO 3107:2004 (raw data).

Dycal Setting time Compressive strength | Disintegration Acid-soluble arsenic content
1 90 19.19 2.452003339 0.05
2 75 10.89 3.196868374 0.05
3 60 16.46 3.161794977 0.05
4 75 19.28 2.799114343 0.05
5 75 19.26 31226880497 0.05
6 75 2725 3876611681 0.05
75 20043 3.805695551 0.05
8 75 15742 2.851700052 0.05
9 75 18.05 . | 3.687973765 0.05
10 75 187 1 | \27 77565251 0.05
Mean 75 17.094 3.13362078 0.05
SD 7.071068 2.907229 0 410.482716946 0
PCFA Setting time Compressive -strength « _Disintegration Acid-soluble arsenic content
1 150 14.33 | 2.919641223 0.235
2 165 14.51 | 3.324435817 0.22
3 150 17.36 2.788366945 0.22
4 150 14.75 3.014705882 0.215
5 115 14.65 3.095261615 0.19
6 150 1467 8.122034231 0.21
7 150 16.59 3.453936568 0.185
8 165 16.53 3.315588854 0.2
9 165 08 L 3.431989924 0.2
10 150 14.24 3.086178862 0.185
Mean 150 15.113 3.15521399 0.206
SD 14.49138 1.252615 0.220975379 0.016799471




Table 6 Disintegration of Dycal® and PCFA (raw data).
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Dycal Before After Diff m1-m2
1 2 m1-m2 Mean 1 2 3 Mean m1*100
1 1.2855 | 1.2861 1.262 1.277867 | 1.2465 | 1.2466 | 1.2465 | 1.246533 | 0.031333 | 2.452003339
2 1.2227 | 1.2233 | 1.2326 1.2262 1.1868 | 1.1871 | 1.1871 1.187 0.0392 | 3.196868374
3 1.2134 | 1.2132 | 1.2169 1.2145 1.1762 | 1176 | 1.1761 1.1761 0.0384 | 3.161794977
4 1.2195 | 1.2192 | 1.2196 | 1.219433 | 1.1851 | 1.1852 | 1.1856 1.1853 0.034133 | 2.799114343
5 1.2062 | 1.1988 | 1.1991 | 1.201367 | 1.1626 | 1.1624 | 1.1628 1.1626 | 0.038767 | 3.226880497
6 1.1662 | 1.1661 | 1.1656 | .1.165967 | 1.1208 j#1.1208 | 1.1207 | 1.120767 | 0.0452 | 3.876611681
7 1.2303 | 1.2303 1.23 1.2302 1.1896 [#171894 | 1.1896 | 1.189533 | 0.040667 | 3.305695551
8 1.155 1.1548 | 1.1548" | 1.154867 T‘.1219 11218 | 1.1221 | 1.121933 | 0.032933 | 2.851700052
9 1.2401 | 1.2399 | 1.2402 17240067 | 11.194 | 1.1945 | 1.1945 | 1.194333 | 0.045733 | 3.687973765
10 1.3105 | 1.2953 |#1.3149 143069 152705 1.2705 | 1.2708 1.2706 0.0363 2.777565231
Mean m7 12287 B/ L 1.18547 | 0.038267 | 3.13362078
s.D. L 0.432716946
PCFA Before f‘_ After Diff m1-m2
1 2 3 NMean 1 - 3 Mean m1-m2 m1*100
1 1.0932 | 1.0926 | 1.092 1.0926 1060]' 1.0605 | 1.0609 1.0607 0.0319 | 2.919641223
2 1.0985 | 1.0988 | 1.0995 | 1.098933 1.0625- -'_1!:_0622 1.0625 1.0624 | 0.036533 | 3.324435817
3 1.0855 | 1.084 | 1.0833 | 1.084267 1.053?’_. 1!.054 1.0542 | 1.054033 | 0.030233 | 2.788366945
4 1.0888 | 1.0881%{ 1.0871 & "1-.-088 1.055é 1_'05‘54 1.055 1.0552 0.0328 | 3.014705882
5 1.0123 | 1.0128 J-420448==4:0928=1-0:9844-0:9806-1-0:9812" | 0.980967 | 0.031333 | 3.095261615
6 1.0198 | 1.0177 |=4.0182 | 1.018567 | 0.9865 | 0.9868 | 0.987 | 0.986767 | 0.0318 | 3.122034231
7 1.0154 | 1.0162 | 1.0142 | 1.015267 | 0.9804 | 0.9799 | 0.9803 0.9802 | 0.035067 | 3.453936568
8 1.0161 | 1.0155 | 1.0116 1.0144 | 0.9809 | 0.9808 | 0.9806 | 0.980767 | 0.033633 | 3.315588854
9 1.0579 [#110592] |71.0589 1| 1.058667 | 1.0226 |*1.0223 | 1.0221 || "17022333 | 0.036333 | 3.431989924
10 1.0211 | 4.0276 | 1.0263 1.025 0.9933 | 0.9932 | 0.9936 | 0.993367 | 0.031633 | 3.086178862
Mean m1 1.0508 1.017673 | 0.033127 | 3.15521399

S.D.

0.220975379




126

Table 7 Statistical analysis of data from determination of setting time, compressive

strength, disintegration, and acid-soluble arsenic content. One-Sample Kolmogorov-

Smirnov Test was used for determination of normal distribution for all data. Setting time,

compressive strength, and disintegration were then analyzed by t test to perform pair

wise comparison between 2 different groups. Acid-soluble arsenic content was

analyzed by Mann-Whitney. U test to perform.eomparison between 2 different groups

(continue).
GROUP SETTING STRENGTH DISINTEG AS
Dycal N " 10 10 10 10
Kolmogorov-Smifnov,Z 1.265 .582 460 1.581
Asymp. Sig. (2-tailed) .'0_8_2_‘_ .888 .984 .013
FA N 10 10 10 10
Kolmogorov-Smirmneov Z 14784 1993 525 441
Asymp. Sig. (2-tailed) .125__ ; 278 .946 .990
t-testfor Equality of Means
Levene's Test for Sig. (27| Std. Error | 95% Confidence Interval
Equality of'Variances t df tailed) | Difference of the Difference
F Sigl Lower Upper
SETTING TIME A -
1.699 .209 18 .000 5.099 -86.713 -65.287
14.905
N -
13.056 .000 5.099 -87.011 -64.989
14.905
COMPRESSIVE A 4.960 .039 | 1.979 18 .063 1.00105 -12213 4.08413
STRENGTH N
1.979 | 12.230 .071 1.00105 -.19556 4.15756
DISINTEGRATION A 2.875 07 | -141 18 890 163647 | -.344394 | 301207
N
-141 | 13.395 .890 153647 -.352535 .309348

A = Equal variances assumed, N = Equal variances not assumed
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Table 7 Statistical analysis of data from determination of setting time, compressive

strength, disintegration, and acid-soluble arsenic content. Acid-soluble arsenic content

was analyzed by Mann-Whitney U test to perform comparison between 2 different

groups — continued.
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Table 8 Accelerated stability tests of PCFA. Release of fluocinolone acetonide and pH

measurement were reported after three-month storage (raw data).

Release of FA | 0 4 8 24 48 72 120 168

1 0 | 13598244 | 8.772016 | 23.496892 | 1517678 | 12.31052 | 7.253004 | 3.63814

2 0 | 12560208 | 9.351248 | 24.3087 | 15.192328 | 11.934148 | 6.864304 | 2.325852

3 0 | 17.512016 | 9.293472 | 23.204148 | 15.366944 | 10.924356 | 8.192692 | 3.698492

4 0 | 10217152 | 6.607256| 127 65858, | 15.433368 | 11.483992 | 7.053732 | 2.520156

5 0 | 15807256 | 5977516 | 258214568 44.676944 | 10.871456 | 6.526112 | 3.122848

6 0 | 19.500572 | 8387776 | 23.23368.45 376785 | 10.801352 | 6.705696 | 3.417984

7 0 | 16.4345129"5207828 | 235166847 "15438244 | 11.105228 | 9.703056 | 3.076112

8 0 | 11.433576 | 58a4066 | 27.686112 [ 15,724824 | 11.256476 | 6.094356 | 2.333212

9 0 | 11520884 | 8117052 | 26098316 | 14.6053681 12.083004 | 8.874044 | 2457412

10 0 | 124468 | #0668 | 27112952 | 154608164 11.027672 | 6.248088 | 2.29632

Mean 14.111294" | 744938987 |-25.243052 || 15.2452. | 11.37982 | 7.3515084 | 2.8886528

SD 3.0618281 4 1469872 | 1.8408635 | 0:9529155'(10.5471066 | 1.1919892 | 0.5662377
oH 0 1 5 ez 48 72 168
1 7 9.8 858 "r'_y“_jy;oa 11.19 11.51 11.59
2 7 9.69 151 =07 11.21 115 11.62
3 7 9.89 41,82 ;T_-.m;oa 11.22 11.52 11.58
4 7 9.88 10.43 11.01 11,23 11.54 11.58
5 7 710 105 11.04 1.2 11.48 11.56
6 7 9.83 10.56 10.99 11.18 11.53 11.56
7 7 Y971 10.5 11.08 12 11.48 11.65
8 7 9.86 10,52 11.1 11,22 11.52 11.55
9 7 9188 10.45 11 11.23 11.53 11.58
10 7 9.98 10,51 11.04 11.24 11.49 11.59
Mean 7 9.852 101508 114042 11.214 .51 11.586

SD 0Mo0532 | 0044422 | 0035830 | 018974l Pllo.621602 | 0.020889
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Table 9 Statistical analysis of data from accelerated stability tests of PCFA. The data

was analyzed by paired t-test to perform pair wise comparison between 2 dependent

groups. The results showed statistically significant difference in the release of

fluocinolone acetonide and pH measurement after three-month storage.

Sig.
Released Paired Differences t df (2-tailed)
fluocinolone Std. 4| 95%@offidence
acetonide Error Interval-of.the
Mean 8'D. Mean Difference
I‘
1 ‘Lower Upper
4 1.2271 46556 .14722 ‘ .{3_940 1.5601 8.335 9 .000
8 .6518 40645 .12858 l‘ .361 1 .9426 5.071 9 .001
24 21950 | .18008f | # 06062 'jj-2";'08-05 28096 | 43363 | 9 000
48 18.9857 | 3.376582 | +.06775 1%5703 21.4011 17.781 9 .000
72 2895 | 173539 | 54878 @5; 9 | 15310 | 528 | 9 611
120 .1393 1.02793 | -.32506 -596_"1 | 746 428 9 .678
168 2512 =17-.04924 O T .2160 2864 || 16.132 9 .000
pH
1 .7170 18768 .05935 5827 .8513 12.081 9 .000
3 3960 .13260 .04193 3011 .4909 9.444 9 .000
24 .35690 .06385 .02019 .3133 4047 17.780 9 .000
48 410 .08075 .025654 3532 4688 161095 9 .000
72 .1830 .08206 .02595 1243 2417 7.052 9 .000
168 .1340 .07849 .02482 .0779 1901 5.399 9 .000
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Table 10 Effects of conditioned medium from Dycal® and PCFA on cytotoxicity and cell

proliferation of HDPCs at 24, 48, and 72 hours (raw data).

24 h SFM 10%DMEM F50 F100 D50 D100
1 2.00571429 5.37714286 4.20571429 | 3.934286 | 4.062857 3.72
2 1.80571429 2.49142857 242 242 2.391429 | 2.434286
3 3.14857143 5.17714286 3.56285714 | 3.462857 | 3.262857 | 3.534286
Mean 2.32 4.34857 3439619 3.2724 3.239 3.2295
SD 0.72449842 1.6114387 0.90444857 | 0.774904 | 0.835969 | 0.694928
48 h SFM 10%DMEM y F50 F100 D50 D100
1 2.20571429 6716285714 427714286 | 4134286 | 3.877143 | 2.605714
2 1.92 4.2 12.94857143 | +3.477143 2.52 3.334286
3 3.57714286 8.66285714 | & 4.4.62 4.72 4.805714 | 4.362857
Mean 2.56762 6561 524 _‘é 3.JS_)4857 4.1105 3.7343 3.4343
SD 0.88586788 1 .99490549 ;5_.‘86.‘328294 0.621771 1.149534 | 0.882829
72 h SFM 10%DMEM “F50 F100 D50 D100
1 2.29142857 o¥ 0574429 Jf‘5"12 3.791429 | 3.662857 | 2.777143
2 1.79142857 6.43428571 5@3;42é‘571 5.077143 2.02 3.591429
3 3.30571429 115485744 4.9@'1'42857 4.82 4.548571 3.405714
Mean 2.46286 —7.69619. 5.04857 45629 3.4105 3.2581
SD 0.77156084 3.40175025 0.06546537 | 0.680336 1.28304 0.426742
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Table 11 The data from MTT assay was tested by Levene statistic to test of homogeneity

of variances between groups for further statistical analysis. The variance of data was

different when the significant level was more than 0.05.

Test of Homogeneity of Variances

TIME Levene Statistic df1 df2 Sig.
24 h w35 5 12 .281
48 h 2T 5 12 .359
72h [~ Q 12 .004

Table 12 The data fromgMTI assay was analyzed by One-way ANOVA to compare

means in 24- and 48-hour groups. The data was statistically significant difference at the

confidence level of 95%.

df

TIME Sumof.Squares Mean Square F Sig.
24 h Between Groups 6.236 5 1.247 1.308 324
Within Groups 11.444 12 954
Total 17.680 17
48 h Between Groups 26.303 5 5.261 3.930 .024
Within Groups 16:062 12 1.839
Total 42.365 17
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Table 13 The multiple comparisons of MTT assay in 24- and 48-hour groups were

analyzed by Bonferroni test. The data was statistically significant difference when the

significant level was less than 0.05.

TIME 24 h 48 h
TYPE TYPE Mean Difference Std. Error Sig. Mean Difference Std. Error Sig.
SFM FA50 -1.0762 79735 ' 1.000 -1.3810 .94465 1.000
FA100 -.9524 19735 |/ 47000 -1.5429 .94465 1.000
D50 -.9190 79735 1000 -1.1667 .94465 1.000
D100 -.9095 79735 1.000 -.8667 .94465 1.000
10% -2.0286 : 07 B5) .386 -3.9476(*) .94465 .019
FA50 SFM 1.0762 7 Jy 9735 1.000 1.3810 .94465 1.000
FA100 4238 ‘ 9735, |1 11.000 -.1619 .94465 1.000
D50 1541 | .79735 7 7 1.000 2143 .94465 1.000
D100 1667 {79735 +1.000 .5143 .94465 1.000
10% -.9524 79785 . 1.000 -2.5667 .94465 .281
FA100 | SFM 9524 79735 1 1.000 15429 94465 1.000
FA50 -.1238 e "'7.:‘ 1.000 1619 .94465 1.000
D50 .0333 79735 10100 3762 .94465 1.000
D100 .0429 7135 - /1.000 6762 .94465 1.000
10% -140762 .79735 1.000 -2.4048 .94465 .385
D50 SFM 9190 .79735 1.000 1.1667 .94465 1.000
FA50 -.1571 .79735 1.000 -.2143 .94465 1.000
FA100 -.0333 79735 1.000 -.3762 .94465 1.000
D100 .0095 /9735 1.000 .3000 .94465 1.000
10% -1.1095 79736 1.000 -2.7810 .94465 184
D100 SFM .9095 79735 1.000 .8667 .94465 1.000
FAS0 -, 1667 79785 1000 £6148 194465 1.000
FA100 -.0429 79785 1.000 6762 .94465 1.000
D50 -.0095 79735 1.000 -.3000 .94465 1.000
10% -1.1190 79735 1.000 -3.0810 .94465 102
10% SFM 2.0286 79735 .386 3.9476(*) .94465 .019
DMEM FA50 .9524 79735 1.000 2.5667 .94465 281
FA100 1.0762 79735 1.000 2.4048 .94465 .385
D50 1.1095 .79735 1.000 2.7810 .94465 184
D100 1.1190 .79735 1.000 3.0810 .94465 102
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Table 14 The data from MTT assay was analyzed by Kruskal-Wallis test to compare

means in 72-hour group. The data was statistically significant difference at the

confidence level of 95%.

TIME TYPE N Mean Rank TIME MTT
72 h SFM 3 3.00 72 h Chi-Square 14.427
FA50 3 13.67 df 5
FA100 3 11.33 Asymp. Sig. .013
D50 3 6.67
D100 3 2467
10% 3 16.67

Table 15 The multiple €omparisons of MTT assay in /2-hour group were analyzed by

Conover-Inman method. The data

significant level was less than 0.05.

was statistically significant difference when the

Groups Rank-difference Sig.

10% DMEM and SEM 13666667 >4597789 P < 0.0001
10% DMEM and E50 3>4.397789 P=0.163
10% DMEM and F400 5.333333 > 4.3977%89 P=0.0215
10% DMEM and D50 10> 4.397789 P =0.0003
10% DMEM and' D100 11 >4.397789 P = 0.0001
SFM and F50 10.666667 > 4.397789 P =0.0002
SFEM and F400 8.338333 > 4.397789 P =0.0014
SFM and D50 3.666667 > 4.397789 P =0.0943
SFM and D100 2.666667 > 4.397789 P=0.2111
F50 and F100 2.333333 > 4.397789 P =0.2702
F50 and D50 7 >4.397789 P = 0.0046

F50 and D100 8 >4.397789 P =0.0019
F100 and D50 4.666667 > 4.397789 P =0.0393
F100 and D100 5.666667 > 4.397789 P =0.0158
D50 and D100 1>4.397789 P =0.6292
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Table 16 Effects of conditioned medium from PCFA and Dycal® on relative amount of

DSPP expression and DSP synthesis of HDPCs (raw data).

DSPP | Control Dex F50 F100 D50 D100
1.000 1963 1761 1613 1542 1610

1.000 3.770 2.390 1554 1738 1634

1.000 5.050 4193 1533 2.005

Mean 1.000 2453 1.604 1750
SD . 506804 | 0.115948 | 0.221482
DsP | Control | Bex™ It | 50 | ki D50 D100
1 1000 2060/ N \ . 1047 | 1.024

2 1,000 ol ades | @02d | 2433 2.015

3 1.000 A ~ 1072 1774

Mean 1.000 i S 804 1517 1.604

SD 0.793089 | 0.516827

L
-

AU INENTNEINS
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Table 17 The data from DSPP expression and DSP synthesis were analyzed by Kruskal-

Wallis test to compare mean rank among the different groups. The data was statistically

significant difference at the confidence level of 95%.

GROUP N

Mean Rank

Negative c n roI

2.00
15.00
13.67
10.33

6.33

9.67

RA!

b Grouping Variable: TYPE
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Table 18 The multiple comparisons of DSPP expression were analyzed by Conover-

Inman method. The data was statistically significant difference when the significant level

was less than 0.05.

Groups Rank difference Sig.
Control and DEX 13 > 6.090869 P = 0.0006
Control and F50 11.666667 > 6.090869 P=0.0013
Control and F100 8.383338 >.6:090869 P=0.0115
Control and D50 4.333333.>.6.090869 P =0.1471
Control and D100 7.666667 > 6.090869 P=0.0178

DEX and F50 1.333333 >6.090869 P =0.642
DEX and F100 4.666667 > 6.090869 P =0.1209
DEX and D50 8.@66667 > 6090869 P =0.0092
DEX and D100 5,833833 > 6.090869 P =0.0806
F50 and F100 3.333333 > 6.090869 P =0.2562
F50 and D50 7.383333 > 6.090869 P =0.0223
F50 and D100 ’4j->-;6:_090869 P=0.178
F100 and D50 4> 6.090869 P=0.178
F100 and D100 0.6666-67r > 6.090869 P =0.8155
D50 and D100 3.333333 > 6.090869 P =0.2562
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Table 19 Effects of conditioned medium from PCFA and Dycal® on relative amount of

COX-2 expression from HDPCs (raw data).

COX-2 SFM LPS F50 F100 D50 D100

1 1.000 1.427 0.677 0.711 1.188 0.871

2 1.000 1.496 0.625 0.255 1.318 0.877

3 1.000 1.258 0.397 0.133 0.556 0.634

Mean 1.000 1.394 0.566 0.366 1.021 0.794
SD 0 0.122451 0.148984 0.304659 | 0.407629 | 0.138597

Table 20 The data frem COX-2 expression was analyzed by Kruskal-Wallis test to

compare means among the /different grbups. The data was statistically significant

difference at the confidence level-0f 95%.

TIME |AYRE N | Mean Rank
72 h SEM * 3l 12.00
FA50 3 16.67
FA100 3 5:00
D50 3 3.67
D100 3 11.33
10% B 8.33
Total 18
TIME MTT
72h Chi-Square 12.326
df 5
Asymp. Sig. .031

a Kruskal Wallis Test

b Grouping Variable: TYPE
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Table 21 The multiple comparisons of COX-2 expression were analyzed by Conover-

Inman method. The data was statistically significant difference when the significant level

was less than 0.05.

Groups Rank difference Sig.
CONTROL and LPS 4.666667 > 5.959554 P=0.1137
CONTROL and F50 7> 5.959554 P =0.025
CONTROL and F100 8838388 =.6.959554 P =0.0101
CONTROL and D50 0.666667.>.5.959554 P=0.8116
CONTROL and D100 3.666667.> 5.959554 P =0.2049

LPS and F50 11.666667 > 5.959554 P =0.0011
LPS and F100 13 > 5959554 P = 0.0005
LPS and D50 5;?;33333 > 5,959554 P =0.0749
LPS and D100 81333333 > £5.959554 P =0.0101
F50 and F100 1:333333 = 5.959564 P =0.6347
F50 and D50 6.338333 > 5.959554 P =0.0391
F50 and D100 3333383 >5.959554 P =0.2464
F100 and D50 7.666667 > 5.959554 P=0.016
F100 and D100 4.666-66’? > 5.959554 P=0.1137
D50 and D100 3 > 5.959554 P =0.2943
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