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To date, numerous hemostatic agents have been developed for bleeding control in oral surgery but
none of them have overall ideal hemostatic properties. Therefore, the research and development of novel
hemostatic agents are still ongoing. Chitosan and its derivatives have increasingly been accepted as suitable
hemostatic materials based on their biocompatibility, biodegradability, hemostatic properties, and the promotion
of wound healing. Moreover, they have been widely applied in the biomedical, pharmaceutical and food
industries. By combining N,O-carboxymethylchitosan with sodium alginate and crosslinked with calcium
chloride, the Calcium Alginate/N,O-carboxymethylchitosan (CA/NOCC) hemostatic sponge was developed. It is
cytocompatible, biodegradable, non-toxic to tissues, cost efficient and demonstrated good hemostatic properties.
However, to develop this CA/NOCC material for possible use in dentistry, cytotoxicity tests in cells of targeted
oral tissues would be required. Therefore, this study aims to investigate the cytotoxicity of the CA/NOCC
hemostatic sponge in human primary osteoblasts (OBs) isolated from alveolar bone. Human OBs, cultured in
direct contact with or in the culture-media extract of CA/NOCC were assigned to the experimental groups
(CA/NOCC+0Bs), and compared with the control groups (OBs) in all of the experiments. The proliferative
abilities of OBs were assessed by using MTT assays, while their morphologies were evaluated with scanning
electron microscopy. The functions of OBs were assessed by alkaline phosphatase activity (ALP activity) and
matrix mineralization assays (Alizarin red staining and quantification). The results showed that there were
no statistically significant differences in terms of cell proliferation rates, ALP activity and Alizarin red stain
quantification between the CA/NOCC+OBs and the OBs control groups. As for cell morphology, the OBs
attached to the cover glasses surrounding the CA/NOCC sponge exhibited flat and fusiform cell morphologies
with smooth surfaces which are relatively comparable to the OBs control. In addition, there were a few numbers
of cells adhering to the porous surface of CA/NOCC. Those cells were mainly spheroid-shaped cells covered with
small fibrils. In summary, the results of this study suggest that the CA/NOCC hemostatic sponge was non-
cytotoxic to human primary osteoblasts. Future in vivo and clinical studies are warranted to determine its overall

properties in being a suitable hemostatic agent for intrabony applications in the oral cavity.

Keyword : Primary human osteoblasts, Carboxymethylchitosan, Calcium alginate, Cell proliferation,

Morphology, Alkaline phosphatase activity, Matrix mineralization
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1.ATZUIUMTHINA DA (Hemostasis)
2.MIM18VKA (Wound healing)

Y] A A o
3. 019V NIEN (Local hemostatic agent)

4.999UA (Alginate)

[

5.3ﬁ@ﬁ1ulﬁﬂﬂ%1ﬂ1ﬂ1@%1u (HemCon dental dressing)

v Y

6. 39 uaeAINe YU 1n IAaU (Calcium alginate/N,O-

carboxymethylchitosan; CA/NOCC)

4 =
1.03ZVIUMITNNLIA0A (Hemostasis)
onaeaden lasuaduAI 18NN (Physical injury) $AANTABVAUDY TABIINNT
o 1 1% J < . . o a A
MUTWAUIZHNUNAALD DA (Platelet), endothelial cell (a1 coagulation cascade mﬂﬁ’mﬂam
v Y )
1dvgaidon (Hemostatic plug %50 platelet-fibrin plug) Yu Tasduaoulunisiiuaonss
Y g o & 9 o Y 1
ﬂi$ﬂ@ﬂﬂ'§ﬂﬂlu@]ﬂuﬁﬁﬂﬂ 3 UYUADUAWNU(S, 6) hlﬂ!!,ﬂ

1.1 MINAAIVDINADAIADA (Vasoconstriction): Primary hemostasis
1.2 M3e3 platelet plug: Primary hemostasis
1.3 NMsd $raaufon (Blood clot formation): Secondary hemostasis

1.1 mﬁméﬁmmmamﬁaﬂ (Vasoconstriction)

] Y
iienasa@angniaigaziian1sneudued laslin15HaAaIveIHaoAIAD AT

@

=} o 9y g = d' L] A ] d’w ]
UN %1ﬂﬂ1i‘ﬂNﬂlslj’élQﬂa1hluﬂliﬂﬂﬂ®§iﬁﬂﬂa@@!,ﬁf]ﬂFﬂuﬂﬁulﬂ‘ﬂNi%ﬂ’ﬂﬂi%?ﬂ‘ﬂ‘ﬂﬂﬂqh-

[ 1

@ o Y A = Ay Yo <3 9 & 2 dy
NINUYYALIU ﬂ11ﬁla@ﬂqﬁau1ﬂﬁlqmﬂulﬂﬁUU']ﬂlﬂUu@ﬂaq %Q%u@auuﬂﬂﬂgiuﬂﬁﬁUQUﬂ'ﬁ

MUADATLHZIT LT (Primary hemostasis)(5, 6)



1.2 M35a314 Platelet plug
' < A A g 2 ' ! 1A a 2
aIunaAaon (Platelet 1138 thrombocyte) Wusuaiuveuyaan lulitundea
12 . A = Ao o Y = A A =
1AW secretory vesicle 1170 granule ‘Vlﬁzf"fllﬁﬁT]ﬁmilﬂi.lﬂizﬂ’mmﬁrﬂmaﬂﬂ DUNINNVIA
A < A A 9 =2 a [ 1 o I 9 1
YNHADALADA INAALADAVSLTIUIVINIYANIS U TIUANNAD m"lﬂqmiﬂiz@mmzﬂmmzﬂqu
3 A < o Y A A a o q ¥ a ) |

Vo4 tndaaoalu platelet plug MHUUINYAUITNIUNUNITRNVIA mldmnamsimuaoaduly

[

a [ ) 1
52821150 1aena lnn13ina platelet plug aansausiuiy 3 Tuasu(s) Aell

1.2.1 Platelet adhesion
% & A 2 A Y = v ¥ . A A
L‘]Ju‘llu@l@u“l/llﬂﬁﬂlﬁﬂﬂ%%t"’lﬂﬂ?ﬂﬂlﬂ”@ﬂﬂ‘ﬁu subendothelial YUDINADALADAN
= é! v v o = A a = [ S .
%$QﬂLWfJW\‘]"’Uu11”I?filWﬁﬂﬂlﬁ@ﬂlﬂ@ﬂﬂ?ﬁﬂﬂ‘lﬂﬂ Tﬂﬂ@']ﬁﬂiﬂﬁﬂu von Willebrand factor (vVWF)
I v 1 Y a = o o Y a Y A ‘3 g dy a dg! =\
Lﬂuﬂﬁ‘ﬁ?ﬂﬂlﬁlﬂﬂﬂ'ﬁﬂﬂm?ﬁﬂu Vl'lﬂlﬁlﬂﬂﬂ'ﬁﬁ'lilla’ﬂﬂ"llu 611u%uuEﬂzmmlucluizﬂmiﬂuazn

9w 9 o o Y Ay = 3 A
ANUTAYNINTINIUNT MU UINIULADAUBDIUNAALADA

< o ¥ ]
AMN15EAY 2 MITAMLUBINAAEBANUTY subendothelial A11N14 glycoprotein receptor

A @ Jd A [ Q"' Y = a = =
NU1: ¥¥2108 AAITA (2555). N3N INADA (HEMOSTASIS): 1A 113 UAY A
LWNERNTASATIFNENVIA UM INENdeuTiag.
1.2.2 Platelet activation
S & A 3 A A o ] Yy a
Wuvuaeuninaaaeanegluniizwnazgnnizquineglugiluoan
. A Y o Y 9 A H dy a ds( o ~ v o J < A
(active) 1o 1IN TUMIHIEA TUADUINATUHAIIINUNTIUNUTZHINAALADA
AUADAANIY H3D vWF WIUN GP receptor Ta/lla 430 Ib/IX Fawavoanisvunuves luana
Y
1 1 o a ' o < . .
H1U GP receptor a1l v 1¥inansdeneadynunelunaaaen (Intracellular signaling
2 o Y a A ' g A A Y
cascades) YU uagzi1liianislasuniainieg veunaadaealuvaznignnszqu

' a { ' < 3 o <3
(nmilszneu 3) 1w inamsasuglseveunaa@eaiily pseudopod i ldindatdoaniz-



VoW YR S M A g 3 A ' ' o
nguiuldaau Imsvasansiinuazaulu granule ¥oUNaAR0ABONNT TINATIONTZAUNS-
[ 1 [ I~ a H
WauuazmImenguivueenaaaea tazinanslaeuntlainieInssadeues GPIb/lla
o Yy a3 A A o . . I . = v W .
liinaadean)dsunaaniiann inactive 11 active receptor FIA1W150IUNY fibrinogen

] I~} I
uaz vWE ldegrauaianss dudu

Release of
granule
contents

Activation of
GPIIb/II1a receptor

Shape change
(pseudopods)

A Aa o 3 A A £
ﬂTW‘iJiZﬂEJ“]J 3 ﬂﬁLﬂﬁﬂuuﬂa\‘mlﬂﬂﬂﬂmamaﬁlﬂLiJ’E]Qﬂﬂi%({!u

~ o d A o £ Y A a = =\
NU: F¥FIQY ATFITA (2555). NI (HEMOSTASIS): N1AIBIBUAN AL
dan a [ a
UWNIFNTATATIIFNYIVID WH1INY1DINHAR.
1.2.3 Platelet aggregation
o { I {
Wa491n GPIIb/ITa gnnszquldn)asuilugif active 1187 fibrinogen uaz
A v o [ A o Y A A <3 A 9y 9 [y o
vWF lui@eaazduny GPIIb/IIla vunaa@eataziinviinngen lesnaamoaniaieniu -
a 1 a3 a I a §
Glﬁ'mﬂﬂmmzﬂqmmmamﬁamﬂmﬂu platelet plug ¥19AVTIUNUNITANVIAVDIKIADA-
A 2 g Y A 3 A X oA a &
o (Mwilsznou 4) suluniinveunaaaonalu primary hemostasis NztNaIUN8 UM
I a A A~ = A
Ao UM ITeN 1801 aDAIA0A
platelet #TLI GPIa/Ila
[] GP Ib/IX
/'] 6P 11b/111a

t Collagen

£ wwr
endothelium

(T [

U < { a [ 1 [
mwilszneu 4 ﬂﬁlﬂ1$ﬂ’qmﬂﬁﬂlaﬂﬂﬁLﬂﬂﬂ1ﬂﬂ1i%ﬂﬂui$ﬁ’31\1 GP IIb/Ila N fibrinogen/

[ %

PN Faanasl @3852R (2555). N139HLAaA (HEMOSTASIS): AARa1daLaR AnLy

NN ANRRTAFIVTINLILND NUNINUNRLNAAE.



1.3. MIa3190aen (Blood clot formation or secondary hemostasis)

Yy A A = A a o Y 2 o A A
mIasanaeando Iusunannmsmanuveltensulediveuaoanso
. ° Y ¥ a A v 2 A I A A
coagulation factor #1114 18 Il uSuNvzanazneuassIuiuladeauasnatouauaon
y < 1 a A @
(Blood clot %30 fibrin clot) NUAMULITIazTaa Idedaldszansnn Tasifadenis

<3 o = Y A A A a @
LLGUWI’J"’IJ@QLa@ﬂiuﬂﬁ%ﬂjuﬂﬁﬁﬁ"lﬂaML@@@N@Q‘VI@W&%HQ ﬂ\iuﬁﬂ\ﬂuﬁﬁﬁ 1(5,6)

[ 3 o A
A1519 1 Y298 sHUInIve1aon

Factor Yoo dUq Haz/MI0TOIAN

I Fibrinogen

II Prothrombin

111 Thromboplastin, tissue extract, tissue factor

v Calcium

A% Proaccelerin, labile factor, accelerator globulin (AcG)

VI Accelerin uaifaiiuns1w3uilu activated form ¥04 factor V (Va) 34 lifims148nde la/
VI Proconverth, serum prothrombin conversion accelerator (SPCA), stable factor,

autoprothrombin [

VIII Antihemophilic factor (AHF), antihemophilic globulin (AHG), platelet cofactor
I,antihemophilic factor A

IX Plasma thromboplastin component (PTC), Christmas factor, antihemophilic factor B, platelet

cofactor II, autoprothrombin II

X Stuart-Prower factor

XI Plasma thromboplastin antecedent (PTA)

XII Hageman factor

XIII Fibrin stabilizing factor (FSF), Laki-Lorand factor (LLF), fibrinase

AU F¥1ad ASaTan (2555). N13WIWIADA (HEMOSTASIS): N1AI%1%51AT A

Jan a @ a
LANYATATATIIBNYIUIN WN1INI8UTIAQD.
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Y @ < A 1 dy o Y a .
HaveImInszaufadenmsudedrveudeamariiaziilfing proteolytic cleavage
{ o { g A a d a A
Y94 FI 130 fibrinogen N¥1111119110% precursor voamsadwauaeon Irinadlu vy wuazau-

9
v A

A o w = o A ' Y )
[a9AATNAIALY IﬂElilﬂ’a"lﬂm'i‘vn\ﬂmnmm!,m@@ﬂ"lﬂ!,ﬂu 4 YUNDU(6) AU

v
1.3.1 mumumﬁﬂizé’u Factor X (Factor X activation) N1UN intrinsic Qg

extrinsic pathway auaaslunwilsznou s uaz 6

contact™ L. jlikrein «—— prekallikrein

surfaces
Phospholipid i
XII —— XIIa (platelet)
HMK \
XI — XIa
IX— IXa

VIIia
(cofactor uav IXa) ‘ %
IXa/VIIIa endothelium

I exposed extracellular matrix
S s i o \ Ylufniiilsiaausunsanssou
X = Xa FXII 'lé 12iu kaolin, glass surface

% £ ' L
amilsenau s MINTTAUHGNTUDY Factor X WIUNN intrinsic pathway

AU F¥2108 dTaidd (2555). N15HINAA (HEMOSTASIS): N1A2%131AY AN

HWUNEIEAS A3 TIFNETLI UHIINIIaeNTaG.,

III (tissue factor) @ @

VII VII/III ‘ '
l autoactivation nfgbmf id
VIIa VIIa/II; . f e
?Eggebngfat l Ca+ / phospholipid : \ S %%Wm% \
n
total FVII X —Y— Xa [ HINIIS |

looo-'onouoco.o -ooo

'
amilseneu 6 msmwfuqmmm Factor X W1UN19 extrinsic pathway

AU F¥1108 ATaTad (2555). N1IRINIADA (HEMOSTASIS): N1A3%1321A1 Al

I a @ a
UWNYMAAIATINENYIUID WH1INY108UIAR.
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Y H Y
1.3.2 mu@mumﬁﬁ%’wmawu (Thrombin generation) FXa AT UIZINNY
1 o L g { . < .
$9u7 FVa &ilu cofactor anaesu prothrombin 113 thrombin
v v Y 1
1.3.3 mumumm%’n"lﬂmu (Fibrin formation) mauuuﬁmﬂﬁmmﬂﬁﬂu
. < . : [ . a g .
fibrinogen T¥ina1eiilu fibrin monomer H99z191115 AW fibrin polymer 1Nt u soft fibrin
A o (=) < @ 2 = & S . ..
clot N lHAANNUT 59 Ma91ANY FXIITa Failweu Tyl transglutaminase activity 3%
M 1¥ina covalent crosslink 511314 fibrin monomer ¥11% hard fibrin clot #49¢ANNLNDUAIN
o 3 A I A A A < v A =
5?]3Jﬂ‘]JL1]@LﬁE]@LL@\1ﬂﬁ18L“]J‘LlﬁMlﬁﬂﬂﬂllﬂ'ﬂhlﬁlﬁuiﬁLlﬁ$ﬁ'13J'liﬂW'liJlﬁﬂﬂ Ulﬂﬂfﬂ\‘]iJ
szansom

1.3.4 MINAAIVDIAVADA (Clot retraction) UTzuar 1-2 ¥ THAHAIAADA

v
v A

3 @ @ 4 [ @ A
U9 auaeArHARIlUT S Ueanu1 IUNTLVIUMTN (58031 syneresis N1THARIVOIAN-
A dy a . . < A A . o o [
19AULINAVIN contractile protein luin@adon Ao thrombosthenin HAA 1ABDIFINEIIUIN

[ Y . a Y { = Y a 2 o IS ya
ATP (UIABINY actin-myosin Tupd1utile) aeld Iusuluauaeanadraudunaliau-
A = Yt < Yo 3 A o 1 o 3 = o A A
oagniulitivinamnas Sillindadead1nit 5,000 A/mm’ dneg lilimsnadivesauien

(6)

2.M3MavddtNa (Wound healing)
2.1 YUIUNM T8V dtNa (Phase of wound healing)
2 g}} 1 a o a [l 1 4 I
VUIUDITHIYUDNUANG ISLTUANLANALLNGA meuuu”lﬂammmﬁmmunmum
9
AN NU ué’m@%ummuwa AUWNUY BagITNITINY VUADUATNE] UBINTTHIIUDILUNG
[ J = A Y o Y o dy
wiuilu 4 szez ueazszezonimsmasuanuld aati(22, 23)

2.1.1 szezNliaonsanLasMIoNED (Stage of hemorrhage & inflammation
A a v A = A Ay A 1 U
IUBLNAUIAUNANNUNITRNVIAUDINADALADALUATLUDLIYDTIUAIYLTUD
v 4
'5"Ix‘lﬂ"lfﬁ]$ﬁﬂﬂmﬂ?uﬂ"lﬁﬁ)"lﬂlﬁﬂﬂ Llagﬂ"IiWTEJqJ@QLLWaLﬂﬂﬁu
A a A A A o ’
LUBDINAUNALNALAS IO DAIDARNUIN Wﬁi’)ﬂlaﬂﬂ?j@ﬂﬂgﬁﬂ@]ﬁﬂgﬂigiﬂm 2-3
o < A . a A = . . 1 = a2
UIN ADUUUALADAULI (white blood cell) ICWANTDLIAY (chemical medicators) (YU TN U
(histamine) HasWSeaALNauAU E1 ag E2 (prostaglandins E1 and E2) #avzvi1 liviaoa-
A v A [ ~ o Y 1 1 c{d‘ g‘./
LaﬂﬂPj@ﬂmﬂTﬂﬁ?LﬂﬂﬂTii’)ﬂ!ﬁ”ﬂ‘ﬂll"lﬂllﬂa 1/]111(?1]5116\131\158W’J"nglfaalflﬂuslfu(lusllﬂﬁﬁﬁ@ﬂ-
. o I 4 <3 <
1809 (endothelial cell) ¥ 1vmaran, 9 lasl uaziliadeav1d (leukocytes) $FuoBNN1 U

d’d ] [ QJQ' tg =) = da! a
vIauRa wardungurIueanuvzi lvasdwdowveeuazinsds duu1nIuIuLa
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< { I a a . 1 I -4
215U Wadeavnesnu luszezusnazilu 121asWa (neutrophils) Aouilu TuTu e
X I 4 % I [V o W o w A
(monocytes) B9 na1e1iunualasiiad (macrophage) Futiluardriaglunisdivaas
! { - Y] a v J {
wlandasuluuwa W ilemanazuuanize wenanilluuwadadl auTnses (lymphocyte) 1
o5z uugiguiuvesiumelunmsiivadwandaoy (mwilsznou 7) Tag lymphatic flow
[ o w d a ¥ 4 g’z A
LHIATANINVOUMAIUD AR IWAY LuaNGouaziiiobonie sounsdeutlantdaou
Y Ao U [
pon 11 Sl wauun szszegamonenludnyazvorves
9IMIUAAIVOINMTBNEY 3¢H01M31Ia VI uad Fou szaziiimssniay
2 ¥ a ' 2 v g A a 2
YOIUHALUIIATIPNIFT8N “lag phase” 1N 12528z iluma 1iud s e iipeainaoaaaunaI
9 2K o = 9
Hogagmsganuueilaurai oy
Y [l
2.1.2 szezmsaailewedulovsosvaz4@nvene (Stage of fibroplastic 1130
proliferative phase)
dy = @ a a ~ [ A a
szozilazifaden151a3 oA I (growth factor) 1OOANININNAALADA -
) d I @ Y J Ady A A @ . . Y 1 J
TasavazuunTased ludinseduisaditiomone1wu (connective tissue) 1ALN 1¥AAVD
1 A
fibrocyte, 180 YA1UDINaDALA0AN DY (capillary endothelium) agNa 1101581 (smooth
] @ a 1 4
muscle) 1 utisdnazasad 11 luuma (awlseney 8) Ao waavyo fibrocyte 12
wasuulauilu fibroblast Feagsimihnadwaoaanau idulendanguls (elastic fiber) uaz
9 [ k4
(HeIEoNY (ground substance) (N NU5TNBY 9)
& T oA A o = A g dy A dy 9
AUATUN 3 130 4 vasnniuiauma a1siiluieonuazilsznouaie
mucopolysaccharide ¥ia18%%ia Hanymzaaieiu Fredadulonoaansvogalony aoaauau
9 tg <3 o 4 [ g’/ @ 9 9 = ~
gnasvuINIazZIMyluaesdian nawnuugaIMIa NIz Iaas N uaamn
[ 1Y) A 9 Lg dsj ) Y 3 <3
Mad 40 U ABAAUIUNYNATNVUTIZIN RIS A 8152
dy d‘ A 9 da! 1T A 9 49; dy
eansmeas U lvuusnauratzdsznouae oWy (ground
Jd o . g’z
substance) ADAAUIU naoaaeares T Tusuaa uazisadonay (inflammatory cell) NYIUA
== I o = 1 . .
vwglauadn 1wy 59058071 “granulation tissue”
d’ a d' a 9 d‘ (% a
woyrNveuuwasusend1 ldaguura Tasnaoudalduurives
granulation tissue VUVDVVYDUTOYAIMNFUNUIZHYANITIAAOUAT NTHYANITIADDUAIVD
d‘ a d' v dy = ' . g e,
WoUNIMIDNUITUNUU 138N “contact inhibition”
9y dy A 9 A dy A a d% gx To A
sreemsai1uiowodulonsescozsonveretloSUNATUALATUN 5
=2 o A [ a 1 dyl Y Aa ¢ A (]
AUDITUN 20 HAWININALNALRE F1HITNMeAINMTaTomsnllse Tevlmoyaeluns

LMIRTIRANIYA NS
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A A a 3 A A v o . A .
2.1.3 5% muawamtymwmmzﬂzﬂi‘um (Maturation phase 1138 remodeling
phase)
I 9 2 a;’ [ v o A o A A
L‘]Jui&’El&’fjﬂ“l/l'lﬂﬂlf)\iﬂ'liﬂ'lﬂﬂlﬂ\ilmﬁ LITUAUATTAIIUN 20 mmu"lﬂziasm

1 Y
uazunansaieumsasuudaslylIduiude 23 szectiinmsaaredrveudulonoaaiau

o

9 v A Y Y ld%’ Itﬂy Yo [ Y

wdounvimsadraduleasaarvulunivvuimauny asaawsulniiezialeslvdou i 14
< d’! 1 < Y A 9 dy A a (=) A [

VIAUHAUTTINNTY uavzudanse Iditesiooay 80-85 voulowoian uaz lilinnugangu

v < ' Y
Aupa Wiz lidmsadha elastin Vwumaunu'ld (mmilsznou 10)

Bosol epitheliol cells migrating
olong cut edge of dermis

Collagen bundles in dermis

Fibroblosts
Levkocytes

Leaking copillary

Cut copillory

=D
b=}
o))
o))
pO)
o]
o
=
)
ee
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>
EQ
o
s
~
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o
aQ
o
o
=
=
(€}
=
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=
o
aQ
o
&
—-
=
=
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=
=
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o
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Mwlsenon 7 svey

}— Epidermis

Epitheliol cells migrating
u ab

Fibroblast migrating
along fibrin sirand

Collagen bundles
Leukocyte

Capillary

Endothelial buds

Y [
mniseneu 8 szazmsas1aiiebeidulenioszo2a9nvene (stage of fibroblastic or

proliferative phase)
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Proliferation of epithelial
cells under scab

Fibroblost

Copillary

Copillory budding confinues

Epidermis regoins normol
strotificotion over wound

Epithelial coll (“nest™)

tropped in wound

Collagen remodels into pattern
more ablo fo resist tension

Fibeoblost

Restored vosculor integrity

X A 2 3 A .
Mnilsgneou 10 JEYLIUDIYDIIYIANN (maturation phase)

2.2 ¥UAVOINITHIBUDILHA (Type of wound healing)

as o 9 & ' & = ' ] Y
'J‘ﬁfni“VI'IG],WLLWﬁTﬂElHJuﬁ'JUWHQGUBQﬂ'li@i!ﬁlmﬁ "]N‘ﬂ%‘lﬂﬂ“lﬁlmﬁﬁ'lﬂhlﬂﬂfﬂﬂ
4 5 1y ) A a v o q ¥ T
ﬁiJ‘]Juﬁﬂ‘l 399437 ﬂfNﬂuﬂfgﬁnl“lflﬁﬂ%@uﬂ@WﬂﬂZ!ﬂﬂﬂTNNWqﬂ mwﬂmmamaumtﬂu 3

% dy
HUY ANU(22, 23)

2.2.1MIMENVVYFUYN (first intention healing) (MWTzABY 11)
| Aa 0 Aa o 12 =
Wumsmevewwantimnihvevuwamyany Taglitings@avouna una

v Y 1 1 k4 Y
azon lutidaluilounzidesdomsanronionas anvazinauma lilmsgadoiio l1-
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9
wIn vseimsgdsszausoanuasazinnihveuuwasanu 14 uwanintivznie-

3 I a X Y A 1
157 Wuwau (scar) mmluuaﬂma"lumaﬂ

5’ Y VoA IS A v A o Y A a I
mmmawaﬂu"lmm ‘U'lﬂ!,LNﬁNWIﬂVIQﬂLEJ‘U‘]Jﬂ, NITANUNNYNIAUVINIAN 13)u-

U

TR S &
R R

i "'}‘f‘;‘::'?: | '
ORI ANRICL
SRR .

. 52 e —
e ot 99N v TR b 4 2

V ol - v o ol v
LTAHA LTARHANEE LR PIAHRIWIELRTD

amilsznou 11 msvhldumaennulgugil (first intention healing)

a a

2.2.2MIMGLUVNABNVY (second intention healing) (ﬂ1W‘1Ji$ﬂ’e)‘1J 12)
I 1 2 A ' 1 = =
Wumsmeveamavinaluguazan J¥ee9sznivenuna Inmsgade

X A A A a dy a X ' o [ < a Y o

iiete wielimsAawoinay lumuzandmiumsiduunalla arsldmssnywnuuwa-

ila Tasaeslvtiaudon (blood clot) o Tuunanazasslimaeelaenisadia granulation

] 9
tissue 1AMV YUDUYBLYHY (epithelialization) 3Tauwa Msmisuuutazldnauni

Aa a d I Y 1 dyd a a dy Y " Y
LlU‘]J‘]Jﬁ11{]ML!aZlﬂﬂlﬂullﬂalﬂuqﬂﬂ"lﬂﬂ?'l 1!'0ﬂi]1ﬂ‘LlllIi’]fﬂﬁ!ﬂﬂﬂ']i@]ﬂlslfﬂllﬂll']ﬂﬂﬁ']ﬂ')ﬂ
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amiszneu 12 mavhlRuwamenuunAsgi (second intention healing)
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2.2.3MIMUUVUARYNH (third intention healing) (MWUTZNOV 13)

U

d‘dl J
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Lﬂuﬂﬁ“rﬂEJﬂJ’ENLLNEWIiJ“H@Q’JNi%WJNmem$ﬂaﬁ]81WLlwaﬂ1ﬂi$8$ﬁuwuu
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f‘nﬁﬁ%}']\i granulatlon tissue ﬁuﬂh’n\l %Q“I)”Jﬂﬁlﬁluwa‘ﬂ18!5’3%‘141@fJﬂﬁLEJ‘]Jﬂﬂ‘]JMLLNa (delayed

primary closure) #30llaniemsihAIMIialgn (skin graft)

- o & 1 .‘.d o o ™ as
VIALHA maunanimsaaitalng vaudandnsiiullaly nasanura
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Haduuda nimsaatealnluda

amwilsznen 13 mavhlRunamenuua@egil (third intention healing)

2.3 MSHILVBINADDUNY (Normal healing of extraction wound)
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v 9 2

1 Y 1 dslda( il
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o Y 1T W

VoY AuniaveIu 1y MugandedrIdaoen N3
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Aa U ' IS
Aaure annzgun el tazanueIndevesmsnouiy iudu(22, 23)
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2.3.1 Coagulative phase

2.3.2 Proliferative phase

2.3.3 Osteogenic — remodeling phase
2.3.4 Epithelium formation

o d o Y =2 1 Y=
fl]'lﬂﬂ'lﬁ/]ﬂﬁ@\ﬂuﬁ@'gﬂ'lclﬁﬂﬁ'lﬂEN53EJ%L'JEﬂGl‘L!ﬂ'li’i’i'lf]"]]'ﬁ)\ulwalmﬁg53631@ SN

[

] A Y A A o 1 J ] Y o 4 dy
mmw"lmwmuﬂuﬂ1imﬂﬂmmwa1uﬂummmuﬂ LL@W@@HIQN’NHT%%Gl,ﬂmﬂililﬂuhl@ NU

5229 1 Coagulative phase
[y dti' 1 Yo A A T W
nunnsemelasuanunsznunszineuInMsoo U U omMIAIAALINY
3 o F aan @ .
900 TUVMTUIIAIVDLADA (coagulation system) Lmzﬂgﬂimmiamau (inflammatory
. [ 2 . a
reaction) 929nnizAY Meluumansuilurzidnludreduden Falsznoudie iduleliuu
< A 3 A Aa A A v A A S a
adeauaazinaaaan NHIveIaNAAIEYNUNAQUAIBLUATNITY IvadNAY IS WDTID-
= 2 =W 4 v J 1A o
Tasamud i luuwa Jauv0ube1l51Ud (periodontal ligament) Hautnaooghniiauo -

aan o a .é’ A A @ A Y
ERTARAY Llﬁé‘iﬂﬂgﬂ‘i‘(’JWJ@\‘]ﬂ'li’f]ﬂlﬁ‘Ulﬂﬂ"Uu ADUNITUYIYAIVDINADALADANIY (ﬂ'lW“lJiZﬂ@‘]J

14)
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@ ] <
ANUTENOU 14 MNUAAUKNE 1 51 WAINTDOUNUT fibrin clot 131N WY

inflammatory cell (3R1U17) Lﬁmu clot (x 200)

IERE Courtesy of Dr.Carlos E. Nasjleti and Dr.Raul G.Caffesse, University of Texas Health

Science Center at Houston, Dental Branch, Department of Periodontics.)

ATINANVBIANIADALIAANIILVIABONFIIU (hypoxic) tN51e luillideau-
Y '
A3 HADTNIUVDVVDIAWA0ATINUTUIMANUNAAUYDIONFIIU (oxygen tension) FI0Y
[ d' 1 [ dy o Y= d 9 a dy
anunaauiaanuil ldasga I Tusuaraidunluusouil
1L 1 o A s A A o I ] 4
TWTusvarantuvasiuiiannwadigelsiuanandsed naznniwadves
dy A A o A 4 - 4 R ~ 1 A A g YR = Y
IUBLEIDINYINUVDUNIDN (connective tissue of gingiva) ﬂﬂgiﬂﬂiﬁm gantluaiseneli ll”V\l—
d s A a o a A 1 o
Tusvaadiuaziyaaigol@rveuduidon (endothelial cell) 1G5 HmaNEDA Taun Tade
n513 A Ta (growth factor) l1ALA PDGF, TGF-B n3ouiiu (thrombin) uaz v Tusiunau
(fibronectin)
- 14 o 4 aAa : v
wonanil W Tusuaranznasa1sd¥o a1l (laminin) Fa9gFr0nszauln

J v a d%'

iraditoyAIveududoad1udinoaaau LUNN3N (collagen matrix) NMAIgNHAATL TN
Y
Y
2 = s d A 9 N { A A

ﬁgﬂgufl]gﬂl“]fﬁam\lﬂla'E)ﬂsll13%3Lm1qﬂﬂ1ﬂﬂl%ﬂl!ﬂﬂﬂliﬂ ﬁ\?l!ﬂﬁﬂﬂﬁ@ﬂ Hag
&
IHUBDAY

@ I8 4
528 coagulative phase 3¢ 19a11/5zna 1 89 3 71 I Tusvaraiuaziaa

A a Yy A S oy A A . X AL A )
Lﬂ@uW?ﬂl@Qlﬁum@ﬂ%ﬁL'ﬂuﬂ?ﬁﬁW\uu@Lﬂﬂ granulatlon VHUHUNUNANIQDAUULIDN
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52829 2 Proliferative phase (WUsenoy 15)
. . dy =1 o 1 a ds! 9 1 %

Tuszeg proliferative 1 vz imgmssivatsediunadu laun nsaaiearves
A A 9 A A 4 o . . LA a Yy A 1)
audona Msa31aiodoNeIW (connective tissue matrix) IMswsyveuduwaon v 11

a s
Tunwa 3 osteoclast mi’mmsnmuwauazmaaﬁ%ﬁ%’m%aﬂiz@ﬂ (osteoprogenitor cell) &
{ J < a 14 d 1 4 a 2 o

naesugdiruiuooadTouatan (osteoblasts) Us1ngnisaia1ee martzimaiundons nu

v A F) @ v v dy a 1 = @ @
uaz'lmﬂﬂ'mamu 1nmMInaaedludainunszosiazinaluyig 3 D9 10 M HasNsnounu

-1 Now blood vessels
l (dye fllod)

Inflammatory
coly

MNUIZABY 15 MNLLAAY proliferative — osteogenic phase THIT51AAU (x 150)

ERE Courtesy of Dr.Carlos E. Nasjleti and Dr.Raul G. Caffesse, University of Texas Health

Science Center at Houston, Dental Branch, Department of Periodontics.

wenaniidadensnsaduIa 1y PDGF, TGF-[, bFGF Gavimiinaslu-
14 o A a o o a a 1
TusuaanuazadgoyArveuduaoariu luuwandd dalidetenswiagay Tauan
! %} 1 . v o f
aouiae laun epidermal growth factor (EGF) 8¢ nerve growth factor (NGF) 992911 1N
= Y Lil A . o Y J s A a 9y A =~ o
id@sumsadiies granulation, ¥114 I TusuaavinazisadigoyArvouduaeaisiuiu
2 ' Y Yy oy A ' . Y y ¥ d v Yt
1N azweliumsasiauduinonln (angiogenesis) A28 aziuia1e Wuaxeliing
a v (% 1 %; 1

meveananunaale latnisnaassludainaasslasdaneniilaiseon Wy uNanig

F1a30819F A
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A A . ~ gy X A Ad A Y o A
1119180 granulation NQnaF 19V NoUNUNANEADA vz Wy IdLszuaIUn 7
o A A . o /3 A 3 A A ¥
wasneulu lwiiede granulation venuNusaalafoauas aeav1d Iusu uazidu-
A < o sa ' 9 a XA . 1 Q) °
oaany unue Meluddaminass sgnuiutnsinWuliione granulation agilug1uIu
2 I 9 . = Y a A g A
n TuszeziiadNyroa519n5290 (osteoprogenitor cell) FIWD AU ABORUNTZAN 1T0-
A o J y 4 . B { @ I 2 £ ]
USudaziiieide granulation toaziFuimasuuilasdnes 11y osteoblast 193 Tagr1u
VVIUM TN inductive process) mﬂﬂaﬁuiunga Bone morphogenetic protein (BMP)
Ady A . A 9 ds’ A A @ o A [
1119180 granulation 3¥YAUNUNAIBIUBIBOINEINY UszuaIui 20 aI0oU-
Y ) ] Y [ 9
Wu iileweineiuiivzlszneudlsaoaanau uagidule reticulum Fagnasiesvumlaelul -
P { I a A {
Tusyaraniuwes asaanaudnwiusiiai 1, 3 uag 5 (collagen type I, 111, V) Tagilag Wy
1 v Y 1
aoaaausiai 1 uag 5 unlurriinaunaluiag 1niuszanaasosq Lazaznunoaal-
a d' A 49! d’ [ 1 1 a d' = d' 9 [
RUEHAN 1 uag 3 NAIuisesq luiuae 1 lasnuneaaldusiail 5 UaIune1deeny
mstnaduaealu (angiogenesis) LALNITHIBVDINTLAN (bone healing)
a dy A 4 o Yy A = o
N1510ALBLED granulation 919nUAY1 AT 1amARAgNY1a10]1 Tae
g a o a
YUIUNIT fibrinolysis Taatou lwsinaraiiu (plasmin enzyme) 3¢ 1dirareidule Ivusu
dy v A Ia = a a a) ' = Y a
wonnigetiion luiida1and (elastase enzyme) Fanan laesiiilasWa vevroasuliing
fibrinolysis 1aevi11¥waradi Tu-19u Twana (plasminogen molecule) LANNTZA1 TAVI1IAD
. . d' 1 A o Y a 1 ag a a . .
anti-plasmin magiuﬂsmmaewﬂﬁwmﬁnumumu navyIumsaats lWusu (fibrinolysis)
o9y 1ddszanariui 3 - 6 udamsaeuiy
52829 3 Osteogenic — remodeling phase
. EY a . . .
YUIUNIT osteogenesis 152n0UAIY 1. N1THAN osteoid (secretion of osteoid)
2. ﬂTSﬁ’zﬁiJWi’JﬂW“u"ll’tNLﬁ"ﬁ”lﬂ (mineralization of the matrix) 4o 3. mﬁﬂ%ﬂﬁﬂ1wéllﬂﬁﬂi$ﬂﬂ
Y
(remodeling of bone) laglI10aLIDEAAII
o 4 [ A o
Tudaviusnraaaeuilu crestal bone 9138UN139n111a181AY osteoclast
H 9 ] } H
Uszuaiui 7 vdsnoulu osteoblast 92 WAAIHBIIONUF1U (ground substance) Ngaw 1lAag
2 ~ a . . A ] Y =
ADAAAY 1INUUILIMIHAN extracellular matrix vesicles Neludy lMenanvedls- as
a g . < P . s
andor Ini (hydroxyapatite) 1©U'loya] alkaline pyrophosphatases 1i6i& ATPases o lasing 2
P2
e uIvesoasu 13 calcification Tael1¥umaves pyrophosphate Ltag ATP 11

Yt ) 2
Tria MU0 phosphate 41NV
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Welimsaze UWDNWUDE (mineralization) extracellular matrix vesicle 3% L1
= = ' 1 9
pon Kanva laasendozm Inazgniasseenuazaunenyu liadulonsaansn nay
R
VHIHWONYUUUIT O8]
A Y 2 ] Y S Y
Tunszgnignaiaunlvi szwuiduleousy trabeculae N3 marrow space N1

U3z 80 — 120 um 1W@IU trabeculae 9T osteoblastic lacunae A28 (MNUsTNOU 16)

Ls Corvective

‘2 sasue Inwine
W

New bone
formakon

Uye hlled
vosculor charmwln

?MNWU5ENOU 16 A 11az B LA 2 Lﬁauﬁﬁamsaauﬁum%ﬁmm connective tissue matrix g

Ay A g X '
LL‘VIuﬂﬂﬁﬂﬂi%ﬂﬂﬂgﬂﬁiﬁ‘ﬂuiﬁu (x 125)

nun: Courtesy of Dr.Carlos E. Nasjleti and Dr.Raul G. Caffesse, University of Texas Health

Science Center at Houston, Dental Branch, Department of Periodontics.
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A 9 49! dy 9 1 A a a o A Y @
NIEANNYNAITWNUUUICTATNNOUNUINIUFANVLDNNNTSHN LASTOU] WU

111151994 (along socket walls) (MN1/5EABY 17)

A 1 (3

[ Aa Y A 4 .
FINITLYSIAINUNITAINNTEANNINNGA ADYIN 4-8 dia (active bone

4

¥ ] < {
formation) 910U uaziin1siddeundasldiffunszaniauysal (remodeling) ¥YUIUN TS

U

. Y a}’ [ 4
osteogenesis 32 1HIANIHNAYsENIY 12-16 dla

tssoe malnt

Fomotiasts Wi | e 2 5 - oy
manse connectve é]% ~ = % A R A PR
AR # : Tg : "~ 4
SR N \ z 3

Y
awilsznew 17 A taz B uwa 1 doundimsnouiu uaaenszgnignadisvuluisens

wiahs Wy (x 30)

nun: Courtesy of Dr.Carlos E. Nasjleti and Dr.Raul G. Caffesse, University of Texas Health

Science at Houston, Dental Branch, Department of Periodontics.
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nnmsnaasslunynud nasenoeuduluds 22 9u luawisousn
[] 9 a 9 A = d‘ 1 [
Youlwavenszgn ez nszgnnsnludy1a tazmelu 3 on wulimsireuaenuves
Y 1 . 9 4
529 IninNTzgnINT (remodeling) TRod19auysal (mwisznow 18)
52z 4 Epithelium formation
A a A A Y A 3’1 1
M390AVBUEBYAINIBIBD11A (mucosa) 20ONNVOVINTINNUITUAIUA
v A o A A A K A . oA y X
Tud 4 nasnounu Tagsoneen liimiloanidon Haziiio1do granulation NYNA3 19U
o o [ a 2 & 1o 7’
AWNITTNWIVITIAY Tuuranouluvabn unavzasiauadilanaes luukanou-

Wuvnalvgentaludlaninawwied

Y
Mnisznen 18 A uag B uma 3 ounaInIsnouiy i osteogenic remodeling phase NAYY

C4
auYsu (x 150)

A Courtesy of Dr.Carlos E.Nasijleti and Dr.Raul G. Caffesse, University of Texas

Health Science at Houston, Dental Branch, Department of Periodontics.
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3. MITMaeANINTN (Local hemostatic agent)

v A A A o Y A ] A A ~

asiden Aeasnemivayulididoangalva Tasensmuidonlugaunanis-i

UszAnsnm ansogaaais lddredaiues Ianutasaneiieldiusianmenaz141dde
! . o I o 1
Tagasuaonmmei (Local hemostatic agent) 31399 wun Ity 2 Uszian il

3.1 esuuuunasW (Passive agents) 3.2 @1500ULANH (Active agents)(5)

3.1 s anuuINa sl (Passive hemostatic agents)

o & ' { o { < a 4
Nanvaziluns e (Framework) Nvivinlinaadoauidanizudunailu
A A A ~ ° o 9 A 2 Ao |
audeaniinnuiades na lnmshauranvesasiudealsznilazlianyuzitlugdunuy

I 1 ]
nnmenmdsznoudulnssite (Lattice-like matrix) 1¥idoau1dain1z nazsionszdu
o . . ’ o Yy I A ~ [ o A
NFEVIUMIHNUVON extrinsic clotting pathway T 1iinaaoaned lnssouusuaas 1ha
I A 2 @ o a 5 { 1
WuaudeatuTagerdonisiauves Musuasmuaealszinnimangauieg 14 udihe

A . . @ 3 Y A A o 9 I v v A
MU intact coagulation cascade Tmmﬂ'amﬂumimmaawg’ﬂmmﬂlmﬂuauﬂmwﬂ IHBDNIN

Y v A

o 9 ¥ ' - Ao o q 99 Y Y A 29 vy
annsobnldlanui ldanuderaziismgn Iawuzihldldamsihudenlsznniildios

' ]
A o 1 a =

A 1 k) Y o A [ ~ [ Y a = 9

g lduag ldihdriunuimaondsnnnanso lfinansvga lvave udeands

pon osnnifuinatiudes ldnalassadeuSnudnufes wu idulszam idu-1dea
Y

A10d19d1siuaonlszianil 15u Avaa1au (Collagens), i¥ag lad (Cellulose), LIA1AU

(Gelatins) 1oz woauwsan 3¢ ailes (Polysaccharide spheres)(5)

a 1Y '3
3.1.1 HaANUNIINADAAUIU (Collagen-base products)
Id a Y] P 9 1 <3 Y] . A [ Aa
L‘}Juwa@ﬂmcw‘nllﬂmmﬂﬁau!,aun (Bovine tendon) ¥139A9AQUIUTIUNT
Y] 1 I
¥9377 (Bovine dermal collagen) waalailu 1idulensaaau (Microfibrillar collagen products)
tazAraIUTiaazas laled (Absorbable collagen products)
3.1.1.1 dulenvaansu (Microfibrillar collagen; Avitene)
I a Y] a £ g’/ a o Y]
L‘]Juﬂﬂ@ﬂmﬁﬂ?ﬂﬂ@ﬁﬁ?ﬁ]uu’iq%‘ﬁﬂ?ﬂ%uﬂ?ﬁuﬂﬂl@ﬁ?? (Purified bovine
=Y I Y o 9 A = <3 A Y Y
dermal collagen) uaﬂymmﬂumuiﬂwa’ms’] ‘Vl11(71!"I‘VI11!ﬂTiﬂ\‘l@jﬂlﬂaﬂla@ﬂiﬁu"ﬁﬂﬂﬁﬁﬂuuﬂ3

= ] ' 1 9 a & A A dﬁf . .
ganz eIy udu lunalluauaeaiu (Physiologic platelet plug)
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3.1.1.2 AR UIULU VALY (Absorbable collagen; Helistat)

[

<3| a o J a Lay v < .
Lﬂuﬂa@]ﬂﬂ!“ﬂﬂl@Qﬂ@aa1l%u1Jiq%‘ﬁﬂllﬂll'léﬂ']ﬂ!,@u"ll@\ijj (Bovine flexor

o a <3 . . o 1
tendon) tags11¥ieTao 5 n15:80nuA (Purified and lyophilized) Tanyaiz iy Tdu1 dangu

q

Yy = ) v ¥ ~ wa = Yo =~
ulﬂ "lmﬂiw MIﬂﬁ\?ﬁﬁNﬂa'lfW‘Iﬂ\‘]u'l u,axwﬂmﬁumﬁlumi@ﬂ%m@Qmaﬂmmmum asgy

o Y A

% 1 4 @ o g’z 1 a
ﬂWiﬁQWEJ@I?@fJ']QﬁiJ‘IJ“imGlH 14 - 56 WU “I/INTLAI@fJﬂTiﬂWﬁuWﬂ@ﬂﬂULﬁﬂmmzﬁ\ma11?7}Lﬂﬂﬂ13

3

v v W Y

2 o A . A A o Yy g
HUNRNIVNA DA (Coagulation process) Iﬂ&llllﬂlﬂﬁ]@ﬁllﬂﬁﬂﬁ?ﬁﬂ ADAAUIUISNITA TWinaa
9
o Y o Y <3
180ANTTINAY (Aggregation of platelet) azdUALIFUloADAAUINIINIUNIN 31NN ULAAA
1A9AITAaY (Degranulate) 1az1ane factor 99NN 14U Thromboxane A2 ¥49z381¥IAANS
Y A A 2
ATNAV[AVU
a [ <
3.1.2 HannuMaInerag lad (Cellulose-base product)
3.1.2.1 Oxidized regenerated cellulose (Surgicel)
I a ] S Y A =
Wunaasuan launiniy (Plant-based alpha-cellulose) HAIUTINITD
[ o I (] ¥
Tuns gady Hdun dnvazadiedan iWulnseiiedasaideo (Sterile fabric meshwork) 819-
I~ ] ~ A 1T 3 Y o Y a =<
WunuunHuReIvI e a1e9 uaun 1a 511N Tagazi IMNAN1I9ATUNIINIEN TNV
a ¢ A Y Aa 9 A A ag a 9 A [
wnsndie lFinanisadeaudondy uaziman1sHINaea lagelfena In31NN15NA

= [

. o A d . o a [
(Mechanical pressure) Qﬁﬂuﬂmﬁﬂ\lﬂﬁlﬂi‘lﬂﬁﬂ “L]?\‘lf’)ﬁ]ﬂ?iﬁlmﬂﬂ?i@ﬂlﬁﬂllﬁ%ﬂTiﬂ?ﬂ"U@ﬁ
dal A Lg Y o Y o a (=) a a = o A
IHUDIYD GlJu”lﬂ Llﬁgﬂ”lﬂlﬁﬂTiVINTuéUi’N mauuu”lwﬂizammw Lmuﬂsﬂﬂ%uimiawm
1 o & aA . s o =2 Y
NTFIVYULLUANLTY (Bacteriostatic) 3ﬁﬂﬁ1u15ﬂ@ﬂ“ﬂﬂLLﬁ%ﬁﬂTﬂhlﬂulﬂL@Qﬂ”lfJ(lunﬁ11J§$3J1ﬂ!
o J ’ Y 1 I o
4-8 /a1 Tao Loescher and Robinson(24) ldtimssieauiigaiudeatl ormiludig
1ﬁlﬁﬂﬂ1§iﬂﬂ’JuﬂJ@ﬁmi%‘UﬂTﬂJiﬁﬂﬂ?ﬁﬂin (Temporary sensory disturbance)
3.1.2.2 ActCel 1aig Gelitacel
I [ 9 A a A A dy o
L”IJH'JZ‘TSE]TTNJLﬁi‘]ﬂ5]51!@11’?Nﬂwﬁﬁﬂﬂﬁnﬂl“ﬁﬁgiaﬁﬂﬁﬂﬂlsﬂﬂ 'Vn’t’)’(’)f‘lﬂﬂblu
anywzYe41n59110 Surgicel (Meshwork-like Surgicel) Taoilioiaaduranu@oniuazinanis
@ d% 1 v o I~ @ a dy (J S ¥
VYP1IAIUVU 3-4 1N lla%iﬁllﬁﬂﬂuﬂﬁ’]fllﬂul%ﬁ 'J’GW!%u@uﬁ'lh'liﬂﬁﬁ'lfl@niﬂﬂﬁﬂﬂuimulﬂ!,’E'N
@ P @ Qy Y a [ J %‘ = (B
ﬂWEJGl‘LlL'JaW 1-2 dilan LiJ’f]ﬂ'liﬁﬁ'lElGl'Jﬁuq@ﬁ]%GlWWﬁ@]ﬂﬂ!mtﬂuﬂgiﬂﬁllﬁ%u? mﬁ]ﬂnmwa
@if]ﬂ'i$ﬂ')uﬂ1'i1’i'lfl"llﬂﬂlma
= o 1 A 1 1 =Y Y a
ActCel Mﬂa]’lﬂﬂ'ﬁ‘ﬂ'l\‘nuﬂaNJ’ﬂUW\? o ‘B?ﬂﬁﬁlﬂiﬂiﬁlﬂ@ﬂi%ﬂﬂuﬂ'ﬁ
. 9 Y a . 9 2 A A = aa
coagulation Iﬂﬂﬂﬁﬂiz@gui‘ﬁmﬂ platelet aggregation UAL T IINANDDANLTDYTUV VT INUA

=

ActCel ﬁ]xi‘i’uﬁ’mmm%u"la@audwaﬂ'i%fuﬂizmumﬁ coagulation cascade H1UN intrinsic

= [

Y Y 4 4
pathway UenaINuUGIliauanalumssudusouuaiiize Jagiigniwnldluusnuumanii-

q
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[ 1 Y
Wunagnaunietosnumsnamiusnay (Dry socket) Honnuuguim 14 uauils-
v (Y] 1 1 o
NUALAZIUAIAAYINTS INTA18 (Periodontal & orthognathic surgeries) 1019%lun13 14 iag

a dyd P4 4 A a a a 1 1 1 1 [
yialae lalunsmudeauinaunaitlanaz usIUTe99196199 Y9519 (135U 110 1

N ND uazcﬁmﬂa@ﬂ)

'
(% A o 1

. < < a ]
Gelitacel Lﬂuﬂﬁﬂﬂﬂ']ﬂ'luﬂﬂﬂiﬂﬂli’) Lﬂﬂﬂ?iﬁﬁ?ﬂﬂlﬂﬂl“ﬁﬁgiﬁﬁﬂWHﬂN
ay o R < 3 v & = g
ﬂi%ﬂ?ﬂﬂ?i@ﬁ]ﬂcﬁq@% IﬂfJﬁWlﬂiﬂﬁm8@31@]681\153@15’35‘!181“061 96 1119 Aauvuiu
msaandeslumsina encapsulation 4 Gelitacel ﬁﬂm@,ﬂ’h Surgicel

3.1.3 Naﬁﬁmcﬁ)mmi]mau (Gelatin-based products) : Gelfoam

3 @ 9 i ¥ a a £ g a @
wa W (Gelfoam) iJuddgiudean lauonmwarAuuSqnsonnauami

(%

= I A [} Y A wa o a A =< Yy A a y
yoany Hanvuziilug danguld Jgaauiaiuleaitvaidungadu’la inswaasenuing
1 5 O ¥ a o o Y A g
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3.1.4 Polysaccharide hemopheres
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Y A = . .
3.2 msvuaeauuuteanil (Active hemostatic agents)
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3.3 Bone hemostats (Bone wax)
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5. mqﬁmnﬁaﬂmn"lﬂiﬂmm (Chitosan-based product): HemCon Dental Dressing (HDD)

Chitosan

OH OH
o) o)
JOMoM
NH, NH *
o:/\

Amilszaeu 19 uaaalnsaasiavedlalaany Poly [beta] (1 to 4)-N-acetyl D-glucosamine

Nn: Malmquist et al.(2008). Hemostasis of Oral Surgery Wounds: J oral Maxillofacial Surgery

Y A

. [ [ A o 9

HemCom Dental Dressing (HDD) !,“JJ‘L!’JT;W]'H1maflﬂmﬂ]’lﬂ1ﬁﬁﬂuﬂgﬂu1m11615

wdealurestin Tagldlin1swamuiu191n Hemeon Bandage ¥9gnllumsdiudonaiive

SnEaukany Nbeasen TuaenswdsnuazeWmianuvesansgowsni(3, 15) HDD
~ ' A < ' vy

1ANULANAI991A HemCon Bandage A5aNNYU1AANNI1 awisaazate lasleveuriadlu-

¥l 1nnaanniiiaams uag lulidauves poly backing 117 HDD anursaldiuaeala

d v
MADIATU(2, 19)
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A1519 2 15eNIUANULANAITEH 1 HemCon Bandage 116l HemCon dental dressing

HemCon Bandage

HemCon Dental Dressing

Function

Mechanism of

action

Composition

Size

Backing

Orientation

Removal

Accidental ingestion

risk

Accidental

inhalation risk

Packaged

Hemostatic dressing: major combat

wounds

Electropositive surface charge

Freeze dried chitosan
100 x 100 x 5.5 mm

Non-stick polybacking: prevent hands

sticking to wounds

Poly backing towards hand: smooth

material side toward wound
Sterile water or saline rinse

None: food grade and large size

None: large size

Sterile single-use foil pack: 2-year

shelf life

Hemostatic dressing: oral surgery wounds

Electropositive surface charge

Freeze dried chitosan
10x 12 x 5.5 mm

No backing required: dissolves intraorally

Non-directional: either surface can be

placed into the extraction socket
Dissolves intraorally

None: food grade

None: low specific gravity, surgical
protocal throat packs and dissolution

eliminates risk

Sterile single-use foil pack: 2-year shelf

life

ERE Malmquist et al.(2008). Hemostasis of Oral Surgery Wounds: J oral Maxillofacial

Surgery.
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31 Janvikul et al.(2013). Clinical study of chitosan-derivative-based hemostat in the

treatment of split-thickness donor site.
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FRE Wongparami et al.(2011). Preliminary Clinical Trial Results on Human Irritation and

Delayed-type Hypersensitivity Evaluation of Chitosan Derivative — based Hemostats.
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SPONGOSTAN™
Standard
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AU Janvikul et al.(2013). Clinical study of chitosan-derivative-based hemostat in the

treatment of split-thickness donor site.
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A1U1: Surattanawanich et al.(2011). Preliminary Clinical Study on Resorbability of Chitosan

Derivative-based Hemostat in Surgical treatment of Penile Paraffinama.
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A1U1: Surattanawanich et al.(2011). Preliminary Clinical Study on Resorbability of Chitosan

Derivative-based Hemostat in Surgical treatment of Penile Paraffinama.
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1 Surattanawanich et al.(2011). Preliminary Clinical Study on Resorbability of Chitosan

Derivative-based Hemostat in Surgical treatment of Penile Paraffinama.
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3. masnaaauaNMPuiivveaiag CA/NOCC AdIsaamumInIgIHYae ISO
10993-5
3.1 Direct contact 1¥1unmsnagouanuaso lumsmus1uIuveusad (Cell

ﬁ Aan
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4 DIA AT wuum%mﬁ'wmmm 20,000 x g 11 uIa1 10 WA ieuonAEAZnoU e

9
o 1 d' ] A 1 1 g’z o 1 d‘
CA/NOCC 9onu1 uwmma’Jmumaaﬂagmuamﬂauaaﬂmiﬁwaaﬂim mﬂuum”lﬂquw
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4. ﬂ‘l'i‘ﬂﬂﬁ?)'l.lﬂ?‘luﬁ‘lll‘liﬂﬁluﬂ‘li!WNﬁ]]u'Jumi’)Ql“ﬂﬁﬁ (Cell Proliferation)

o ] 4 a A a A
Maanagol CA/NOCC mumﬁumg{uammq 6 HAALNAT YU 1 UaaluAT av-
2 s a a A s a o A 7
UHUITUAGUFTAATUR 24 QU LLASIANDIHITIagEaa 1,000 lllliﬂiaﬁi HITULQ YU ALV
~ a = 4 4 I o 3’; o
qouiiguugil 37 esrnwadea Tumsvenlaoenleud 5% Wunar 24 1 Tug 1nuusiing

I { 1 Y
uemaaasunszqnilumadinens Tasld 0.25% Trypsin-EDTA tagnnuaiuuiagnagou

=

CA/NOCC $1u2u 2x10°* 19588 11 DMEM/F12/10% FBS 1,000 lulnsans (Tasfmualingui

Jd 9 I J 1 J o 3 1 1 )
fILﬂW1$L‘ﬁfaﬁﬁi’lﬂﬂigﬂﬂlﬂuﬂﬁllﬂﬁﬂﬂ ) uazLmazﬂqummmﬂzﬁmimm 3 viquaenqgl U1

] a

Y A a =

2 ) @ @ < -
MUY BAALVINDUNDUYVINY 37 DIAH AL T Gluﬂ'lﬁﬂﬁ]uhlﬂ@ﬂﬂ]lcﬁﬂ 5% Lﬂumﬁ'l’ﬂﬂ 24

u Q U
9
%

o o o (% [ { (% 1 4
#1104 (HIN1Inaaed 3 ga dinsunaaeuluiun 1,3 uag 6) HAINUUYARIMITABAILAA
Y F) k) a o o AaAAaa <Y
@’f)ﬂalﬁﬁhﬂ HAIANAIY PBS viquag 1,000 hllljﬂiﬁﬂﬁ NINITIANIMVUFINVDILEAANIYINT

nag E)‘ULS?J“I?]‘?I (MTT assay, [3-(4,5-Dimethylthiazol-2-yl)-2,5Diphenyltetrazoliumbromide]) Tag

v
= a Y o

IS ax y Y A a o ] aa IS aa
AZANYWNUBDUNN “lu PBS NANNUVNUU 5 UAANTUADNAAAAT LAIUINITASAYOUNN llﬂWﬁiJ
Y A Ao o ' a & o a 2
AU DMEM/F12 #1 1l &5 Tugasidau 50:500 lulnsaas vinuuih liliduasluvguides-

J a 1 J ' o w
iaa viquaz 550 lulnsans Taglurguidsusaangunaaeusziinisiidg CA/NOCC vn-

I J

9 v
pon I lunquidesaaaninneundounuimsnaaey MTT Tudag cA/NOCC fign-

'
9 = a =

Ay Y o D, < A o g

poniiale udnirhihddeuigugil 37 osrusaiGod 1ua1 120 U1 ¥a1INUUgA

A1582010AINA1I80NVINUQN LAY Dimethyl sulfoxide (DMSO) ad llunulunaas vqu nqu-
a Qy 91d‘ a 9 A A = Y o 2

az 500 luTnsans NeliNguugiides 30 widl 1oaza1oman Formazan 1d13a1/501a1013
= ~ A A a = s AAA 9 A

AANAULEINANNYIINAY 550 W1 Tuwas tiellsziivfSuansaaniuaia TaelHnses Asys

. ° I Y = o 1 °
UVM340 Microplate reader tazfuianilusosas Insnssumeununguaiuay Mmmsnaaou

FURGINUNDYANTNAADIVDITUN 3 11az 6(32)

ia
5. MIANHIAIYNADIYANIFANDIANATOUUVVEDINTIA (Scanning electron
microscope)

NeTagnAaaey CA/NOCC vinardurigudnay 10 adwas nul 1 admas

] 4 a

9 9
vuuRunszannuld (Cover slip) 6U‘I,‘!"IﬂL??(le[NT?’[MEJﬂENQ 13 Hatwwas Tunruaeesiia 24 nay

U

& o s & 7 A ] . , s
mﬂuummmﬂmcﬁaaﬁsnmzﬂmﬂuwaamm@] Tﬂfflﬂf 0.25% Trypsin-EDTA Llagyugan

asuuiagnAgol CA/NOCC $11auU 6x10° 150a 11 DMEM/F12/10%FBS 1,000 TuIasans



46

=

2 ¢ Y Y { a a ¢ ¢ & a
mummmamm@@um@mwgu 37 93A U ALy e 1“913Uﬂullﬂ@@ﬂll“]fﬂ 5% L“}Junmaﬂ 72

q
Y

v ° 9 = A A J 9 o3| ' & =<
GIf'JIiJ\? (ﬂ']ﬁuﬂﬁh’i‘ﬂ']ulafJ\‘]LG]faa‘VINLQW']%L%'@'@ﬁﬁWQﬂﬁﬁﬂﬂlﬂuﬂquﬂ?UﬂN) AMNUUNINITYA

9
[

. . . s & a ' Y v a S Y
(Prlmary Fixation) waauuwumsumuwummmu“lﬁmangmmw"laﬂ J080Y 2.5 (2.5%
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glutaraldehyde) Tusinau 1914 4 ¥ T Ngmngiiies udrdwaae pBS Wluszezat 10 i

Y
°

Y 1
AU 19iInaA18191 (Dehydration) Ae1eNIUBa NANMTUTUT DAL 25 50 70 11AE 100
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-
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(Hexamethyldlsﬂazane: HDMS) Iﬂﬂ‘ﬂ1ﬂ'l§l;@l|ﬁ?ﬂﬂllslﬂwaﬂﬂll"]fu\ﬂu LLGHWQUI'J‘V]QGJW{]MW@Q
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6.mInageuszavlfnsensdanilai ieavluna (Alkaline phosphatase assay)

Y I

Wnsusnsadaienszgailugadinens Tasld 0.25% Trypsin-EDTA tay
Y
NIUAIVUIABUFAS 914U 10" 19aa 14 DMEM/F12/10% FBS 1,000 luInsans (Tag

o Y d'dy JY dal Ay ¥ v q J 1 1
ﬂﬂ’iuﬂﬁlﬁﬂﬁqﬂ\l‘ﬂL'ﬁ‘(’NLG]fﬁﬁ@]’J‘(’J@Tﬂ'ﬁlﬁENLG]fﬁﬁﬂ1@ﬂ1ﬂﬂ1iﬁﬂﬂlﬂuﬂquﬂﬂﬁﬂﬂ) taginaznqu
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~ o 3 1 1 o 1 J a =
NANDIISHNITNIB 3 quaNqy mmmaﬂmamﬁﬁmaum ILRARIRY 37 93A L ALY El,‘l'!

U Q

P P < < g A 2 @ )
mivoulaoon o 5% 1Hlunal 24 42 Tus ntunlasuemisiaousad lunqunaaeu v
I dy S 9 v A A 9 a9 dy 4
Huomsaeasadn ldanmsananesen 13a1u3599 3.2 (CA/NOCC extract) 1W1ZIa815a

s 3 A y o A 2 s o . .
aa laun NnUuImMsiasueis@eusaaua1saza1eaInad osteogenic medium
= . . (2 a aa a a 4
¥IUITTY ascorbic acid 50 ”lﬂmﬂin/naaam, IB — glycerophosphate 2 Haaluals uag

J o dy d 2K o d‘ g}/
dexamethasone 10 U111 Iua13 MMINIZDBUBATADIUDITUN 4, 8 1AL 14 NINUUYADINIS
2 s v v sy ¥ 9 qu1 . . 2 ¢
DYUFAA00N INHUA A 19¥aan8 PBS 1 159 1adld Pierce IP lysis buffer adluduaeusad
Aa o dy J v Y ~ a =y
vquaz 200 lulasaas Wvmdeusaaidideuiguugl 37 osdusaiFod 1u

P P2 3 o aa ¢ o 4

mivoulaoenlsa 5% tunar s wn udrdresad ldivaoa lulassuasiag duduaso
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{ A { 3 I
wyum%m (Cerltrifuge) ‘wqm‘wnu 4 DAY LYY wyumﬁmﬁ’wmmgm 13,000 x g L‘]JHL’JQW

U

4 4 o 1 4 1
10 W19 lﬁallﬂﬂﬁ}fJULﬁchﬁaﬁ (cell debris) f]’f]ﬂlﬂurllf]ﬂlﬁa'Jﬁ')u%a@ﬂ@glﬁﬁ@@gﬂ@u (cell
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lysate) 9931 lavaoaluid udrildTinsiz HanududuvesldsdunazUfnson p-

nitrophenol GlmTwia‘liJ(m, 31, 33)

9
v

o o Y a Aa X 0 A a
mmsIadsunannududuvesldsaunnavunavive Tagi cell lysate NiATYN
1331u3u 25 luTasans wauny working reagent ¥®3 microBCA protein assay kit (WBCA,

Thermo Scientific, Lite Technologies, ref.n.23235) 311424 25 luInsans ladaaluauasasas

a =

A o g Y v { 3 Z o
¥UA 96 W'ﬁqu u’ﬁ]’lulaﬂQl%ﬁﬁlﬂJ’l@j@ﬂﬁQiﬂWﬂN 37 DA LYY T L‘]J‘L!L'Ja'] 30 u’lﬁ 1N UUUN

u

' o

o Y Ao 2 a 9 [ = A ~
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Q QU Q

ANNEIAaY 562 W1 Tumas IaelHiaed Asys UVM340 Microplate reader(33)

o o aaa . A a dﬁl o A A Yo
WM 59a1HA5e1 pnitrophenol MARYU TAYN cell lysate Miazon 135 11U 25
luTAs5803 WarunD ALP yellow reagent (Sigma Aldrich, ref. n. P7998) $117u 50 lulnsans la
dy Jd a g’; o [ o ] dy <Y
aslunudsusadwiia 96 nau ntiuhmstesiuasnnuaslaonsieaueusasaln
A a N a vy & A Y o aaa a
pzqiltionosd nelinguugives iWunal 15 wii udnihmsvgal§aserTasnisiay
J ) a o o . A a 49! @ 2
NaOH 3 Tua15 aelddmau 50 lulasans ¥msia p-nitrophenol MnaTu lasn1siaLsuna
A A A y A .
nsganauuasianIne1Inan 405 uwiluwas TaslHa3es Asys UVM340 Microplate

reader(33)

a d d
7.M5NATOUMSAZTANUIHIA I UUNNINGIZHIUBaaa (Matrix mineralization

assay)

I A

o 3 { .
‘VI”Iﬂ15LLfJﬂLC]faﬁ.ﬁ%iﬁﬂizﬂﬂlﬂul”ﬁﬁmﬂEJ’J‘] Iﬂﬂi% 0.25% Trypsin-EDTA L1ag

a a °

9
mmamummamwaﬁmmﬂ 35 Haamas 1UIU 2 x 10° L“]ffliﬂu DMEM/F12/10%FBS 2,000

9
A A s

a o ) Y, 2 sy ¥ v & !
lllliﬂﬁa@]i (Iﬂﬂﬂ?ﬁu@iﬁﬂqu‘nlaﬂﬁl%aaﬂaﬂ@Tﬁ’]ﬁLaﬂﬁlcﬁaaWIIQQTﬂﬂTiﬁﬂﬂlﬂuﬂqu

o { % 4 a s % <
nago) hawdsuradidgounguvgil 37 esruaadeod Tumsueulasonlod 5% 11
9

& y A A p v it 72y ¥
1781 24 ¥ 119 mﬂumﬂaemmwmaﬂmaaiquumaaﬂmﬂumwmaﬂqmaam”lﬂmﬂ
v A A 9 ax 9 dy o 3 1Y) o 3’;
msananwsen3auIide 3.2 (CA/NOCC extract) mzi@esaaunal 1 dlav antu
= v I . . & . . v A aa
lasuasazaneainarauilu osteogenic medium 41339 ascorbic acid 50 "luimﬂm/uaaam,

A a J J 0 {
- glycerophosphate 2 iia@d 1113 1182 dexamethasone 10 W1 T Tua1s ud2iimsimiziaes

g’; 2 o

e o P ) ' o o o ¢
waaae llaudeddanii 4 Taolutugatovewaazdianilith sununsndfradad1aun
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Y
#19428 PBS 1A7191015059828 100% methanol 910U UTIN1TIOUAIY 1% Alizarin Red S
v [} [ H 1 Jd o a [
(Sigma-Aldrich) #9392 JUNULAMIToUNAz AVagNwUBNIEAG INTUsziiudasInsdzan
[ o =1 Y] 1 1 1 Y o’tﬂ'
oIt MmsSeuieusaimsazaunisiguesngqunadoutaznguauan luddanin

1,2,3 uag 4(9, 31)

[ J 2_’, a 4 1 A =Y o
MR IMIAzaUNIT5I9 TUFULNI NFTenIIaaFIlTIa msnadou
Tasida08190 18010015890 T Alizarin Red S 41984 wusluaisazals 10% acetic acid
=Y a I~ A A a 9y A 9135 J J
Y51 800 TuTasdas 1Wunai 30 wiil Ngungiivies e ldyu Ty Tuawesveuwadiga-
1 7 E oud P P Yy ¥ v
aoneanINIIMAsLEas aniuisu Iy Tweesveusaauazarsazarsdadudiely13u
¥aen Eppendorf 119 1.5 Jaaans mstathnnasadiennsiilu udnimasa el
' Yy o & N A Y A ' °
arusznouvsadrslurasa Ul 1MIal 30 IU1N AIUIATEY Vortex ADNIHIYIADA

a =

(2 1 oA < = ) 1
Eppendorf ¥04a15820813 11/quitgavgil 85 ssstusaidod 1fwar 10 il wazii luglu

U

1 3 A o w Y o 9 A =y . ~ A
u’]LHNHJuL'Ja’] SUIMN AUATAY UAIUBUUATOINY UK I (centrifuge) NYUHNNY 4 B3IA

Waifoe KN 8A 115 20,000 x g e 15 wii iieuenie1Funznenooni uda
imshveunadfiaesedduuuiSina 500 lulnsdas o'l 1 luvaealn duensazae
10% ammonium hydroxide U511 200 uTasansas’y Lﬁ@ﬂ%"ﬂﬁu@a pH asazaneluviasn
(pH 4.1 —4.5) mﬂﬁuﬁwmsﬂﬂmmzawﬁmshaﬂ‘%mm 150 TuTasdas asluanudsusad
¥iin 96 nqu 13 w0g19az 3 nau 1hnsTamnIdE Alizarin red S fiaiald Taomsta
Binumsganauueafinnuenaay 405 w1 Tuwas TaeldiaTes Asys UVM340 Microplate

o 1 A a 4 aa 4 [ o 1 1
reader u1?]11/]’5]']“1?’%}%']%?]51314‘1/]1\159@] LﬁﬂﬂWﬂWﬁ!lﬁﬂUlﬁEJTJ’E]G]‘i'lﬂ'I‘iﬁgﬁiJlliﬁ1ﬂ6U’fNﬂf;]ll

1 [ P
naaouuaznauaIugyludlan 1,2, 3 uay 4
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MIHUIIVTINTOY
A A o )] ~ A A A
1. 1J§$l,ll‘L!fﬂil‘Wllﬁﬂu’J‘L!GIJ'ENL“Haaﬁi"Nﬂﬁgﬁ]ﬂ ﬁ]1ﬂﬂ51l"li1!ﬂWﬁﬂﬂﬂaulLﬁﬂﬂﬂ’ﬂNfﬂ’Jﬂau
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Cell Proliferation of
Primary human osteoblasts
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Cells located around CA/NOCC (OBs+CA/NOCCO)
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Cells associated with CA/NOCC (OBs+CA/NOCCO)
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Matrix Mineralization assay : Alizarin Red staining (% an 2)
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Matrix Mineralization assay : Alizarin Red staining (% an 3)
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Matrix Mineralization assay : Alizarin Red staining (‘lgﬂﬁ 4)
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