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Abstract

Our goal is to develop an injectable GTR barrier system with improved functionality and
better manageability to meet clinical requirements and to reduce the healing time.
Ganoderma polysaccharide is chosen for its haemostatic and wound healing acceleration
properties and amorphous calcium phosphate (ACP) is included for promoting the bone
regeneration. The major task of this year is to confirm the processes for the preparation of
Ganoderma Polysaccharide and ACP.  The GTR barrier formulation studies of Ganoderma
polysaccharide/PLA/ACP solution will be conducted. The rheological properties as well as
the biocompatibility of this GTR barrier will be studied. Updated information concerning the
factors that influence the success of GTR membranes and the further research directions will
be obtained.

Keywords : periodontal diseases, GTR barrier, ganoderma polysaccharide, amorphous
calcium phosphate (ACP)
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(1) Process development of Ganoderma Sacchachitosan

(2) Process development of amorphous calcium phosphate (ACP)

(3) Formulation design of PLA/Sacchachitosan/ACP GTR Barrier

(4) Rheological and biocompatibility test of Ganoderma chitosan/PLA/ACP GTR Barrier
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2.1 ##

2.1.1 %z A~ EpE(Sacchachitosan) %l #2 1 #

LTI FMAL s o

NaOH (1 N) » % & » Acros, USA

NaOH (50 %) » & % & » pnfe it 5 k5% € 4+ > Japan

Hydrogen Peroxide (35 %) » i & » Acros, USA

NaClO3 (6 %) » 1 % % » Acros, USA

Lactic Acid (90 %) » &2 & » Acros, USA

Tiluidine blue (0.1 %) - # % & > Wako, Japan

PVSK (potassium polyvinylsulfate, n > 1500) (N/400) - & % ‘& » Wako, Japan

2.1.2 ACP (Amorphous Calcium Phosphate)# %4 % 42 +1 4L

Calcium Nitrate Tetrahydrate, Ca(NOg3) - 24H,0, FW=236.15, Wako, Japan
Diammonium Hydrogenphosphate, (NH,4) - 2HPO,, FW=132.06, Kato, Japan
Ammonia, NH3 (25 %) - # % & > Wako, Japan

Potassium Phosphate Monobasic : KH,PO,4, FW=136.09, Acros, USA

2.1.3 PLA/Chitosan/ACP GTR Barrier #]#2443#!

B Poly(D/L-lactic acid), 20KDa, BMG Inc., JAPAN
M Sacchachitosan (3 %~ %) : §5%zp 4
B ACP (Amorphous Calcium Phosphate) : ¥ % % p @
B N-Methyl-2-pyrrolidinone (NMP), Acros, USA
B Lacticacid (90%) - # % & » Acros, USA
2.2 R B iALW

2.2.1 Flow Diagram of Ganoderma Sacchachitosan Preparation
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2.2.2 Flow Diagram of ACP (Amorphous Calcium Phosphate) Preparation
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2.2.3 Flow Diagram of PLA/Chitosan/ACP GTR Barrier Preparation
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3.1 Ganoderma Sacchachitosan Preparations
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Figure 1 SEM photograph of (a) Ganoderma residue, (b) de-protein residue, SC bleached with H,O, under (c)
pH=7, (d) pH=8, (e) pH=9, (f) pH=10, (g) pH=11, and with (h) NaOCI, respectively.

#Ew 152 4 m e & 3R (Nuclear Magnetic Resonance Spectroscopy ° NMR) &
B2 ¢ fER (degree of deacetylation, DD)» fed& 4 ¢ /Z v {s 2. DD &% % 23.6- 25.1 %2 FF (%
% 4r Table 1) -

Table 1 DD for residue of Ganoderma fruiting bodies and sacchachitin

Treatment DD measured by NMR (%0)
Residue of Ganoderma fruiting bodies 16.32
SC bleached with H,O,/ pH =7 21.46
SC bleached with H,O,/pH =9 23.64
SC bleached with H,O,/ pH =11 25.16
SC bleached with NaOCI 29.35

*Mean = SD (n=4)

g zf‘]ﬁti REPRBZ P GZFF AL T pRMEAL > 53 39 BE
0ARR {5 0 B B EAKGES “T% B4 2 APHED] 7 A AR ~ 4 FICET 73
[ %"T(Sacchachtm) %548 50% NaOH 7 100°C ™ /ad® » 4 £ris i pic Rt &2 7
o AFM S 5 0 L 35% H0:8 (780 % o180 % 2% phiR R0 B R P %”T—i o
£ * 4% NaOH:& (T pkdk ¥ fro> T Rk 2 F= Fo-d o B8 L 58 ik qci e 2 #%‘f?’r’ E
& 7 A 7 & pE(Sacchachitosan) » # 12 %48 =2 (PVSK titration) £ Bl4 ¢ fig Rk o dZpFRF 5
% 15 ] pFz_Sacchachitosan © H DD % 4 %] 5 66.5 %2 73.2 % (4-Table 2) - 422 & & i
¥ 2% 4oTable3 #77 » d § ¥ A ;& % %] Sacchachitosanz. 2 & % 0.8 ~1.3%



Table 2 DD and Mv for Sacchachitosan with different alkali-preparation and time periods

Deacetylation DD measured by

Treatment PVSK titration *(%) Mv (Da)
5 h; 50% NaOH 66.5 + 24 2.08x10°
15 h; 50% NaOH 732 £ 31 5.88x10*

*Mean = SD (n=4)

Table 3 Yield of SC and Sacchachitosan produced by residue of Ganoderma fruiting bodies

Yield
SC bleached with NaOCI 26%
SC bleached with H,0, 38~40%
Sacchachitosan 0.8~1.3%

Eytoopd & L ahs fE M P.G (Porphyromonas Gingivalis) 2 A.A. (Actinobacillus
Actinomycetemcomitans) » ki {7 & 2% 7 RPEL FLF)RIE 0 $#3 Sacchachitosan & -] 2
Ak & 5 20.1% = + 2%z Sacchachitosan 7 /% %1204 4&ts 2 Fr e 2 13% & 1 24 -]
FEfs o e 5 36% (Figure 2 (a)) » A~ R % chantibacterial activity » »cgr 2 DD v

molecular weight 3 %P &g <hff ©% > DD # % > molecular weight 4 - » #r > § "E 2 #

Boo Flp kT %ﬁ“v} "% i< Sacchachitosan ¢4 + £ M3t F H i o
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Figure 2 Growth inhibitions of A. actinomycetemcomitans of (a) 0.05%, 0.1%, 0.5%, 1% and 2% of

sacchachitosan. Results are represented as means * SD of three experiments.



3.2 ACP (Amorphous Calcium Phosphate) Preparation

R RITHE P W2 FAPAAT B > AEWARE 2 2 d) T o g WA kgr g 50 nm 2
% Sk phpk 4T B (Figure 3) » ACP % % 2. % & 4p ehg X-ray diffraction, Rigaku D-2200 » # 45
¥ A 1°/min TR 2 AT FER L 2 h Al (Figure 4) o R-ERRI RERPT ZRB & B T
S BIEE TEMASLS B R 0 F - REPZ BLITAER CaP A E AT S
pEE AT CalP % 5 149> &2 3] ACP 2. Ca/P & 1.5 4piT i o

Figure 3 SEM graph of ACP (amorphous calcium phosphate)
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Figure 4 XRD 26 scan of ACP (amorphous calcium phosphate)

‘Specirum 2|
»
o
Ca
1 2 3 i 3 ] 7 ) s 10
Full Scole 276 cis Cursor. 0.000 ke kev]
Element Weight% Atomic
oK 4942 6898
PK 173 1247
Cak 3328 1855
Totals 100
1 = 1 v Ca/P ratio: 1487570168

Figure 4 EDS analysis of ACP (amorphous calcium phosphate)

AR TACP 4tz Wiz > 2ic%k b 4™ o 5% (Spray Drying) - & 3 5 ACP 4 18
FoORTFEERT T TR FACH S DR BT Bl &AL
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Design — Expert #i48 %35 & & & ACP M Sehw fF o (RT3 6 L &4 5 254 ¢

(1) A f3RAEEDE KRR ° (2) FHickpaunid o (3) #i5d KikiBip i gk
Bir o 4e b D.D.W -8 eh# 5 > Design-Expert 2§ 53K 3+ & 7 % i % 4o Table 4 #7577 - @
B g 2 ACP s M2 fe s 8 QAR IE 2 2 B Thdo™ 97T

Particle Size (nm) = 1006.73 +
238.97 *(Reaction Temp) +
33.32 * (Flow Rate) —
125.12 * (Dilute Ratio)

Table 4 ACP powder production DOE (design of experiment) by Design-Expert®

RUN I_:actor A ) Factor B Factor C_ Requnse

Reaction Temp ('C) | Flow Rate (ml/hr) Dilute Ratio Particle Size (nm)
1 25 400 4 930.9
2 50 400 1 1334
3 25 250 1 1066
4 0 250 25 807.3
5 50 250 4 1283
6 0 100 1 1057
7 25 100 25 909.7
8 50 100 1 1302
9 0 400 1 912.3
10 0 100 4 443

3.3 PLA/Chitosan/ACP GTR Barrier Preparation
#-7 0.1%ACP 2. PLA/Chitosan/ACP 7% % % »+ 3 3+ -k ¥ 24 /] po (R B ik 2
% #1 %2 2. NMP(N-methyl pyrrolidone) 2 lactic acid & &3 #&ts » A= g & ¥}k 3= (Figure
5@) TiRuE pok? 2l BFERELS X > XA PEIF 2 E REREEOTEE R
BTECE A8 PR > HebEpld RAEERZY F HAME Y B IUBFEUELEER
Ao FE G AT FFME2AF & H (4 Figure 5(b)) AT 0 pt FEAe AR & E ATIRE TR
P ¥ 4R do(Figure 5())2- v ¢ FREA, A o BRI H S > ¢ BUpL 2 ) F i 99.82 wi%
(ACP : 0.10 wt% ; chitosan : 0.08 wt%) - — #x 2. PLA B3t d >tz s -8 & (Tg)
55~60 CR > &% A3 BT B EELAFI VA RBL BRPEIHIRET LM &
i ~ #% 31 PLA/chitosan/ACP composites z_ (a) ¥ #° 1+ (b) "% " T %

10



(a)After solidifying (b) After 48 hours storage
Figure 5 Apparent morphology of coagulated PLA/chitosan/ACP composites

d »* PLA/chitosan/ACP 4f & 1 &% 3 i § 2 B4 P ¢d RAZ AR EE RO 7 ¥

252 41 I b By k3 B (yield strength) =t 4 i@ HEL A& 4 BB R A A5 k] 4

=k

(w.

LEAE  EwmVRSE N REC R HEALR o &7 F ACP 7 £ 2
PLA/chitosan/ACP ;3 >t & [ i3 & P » SS-RIE B ke 48 /) PFF2. 3 B gc % # 8 6 » Brir i
Bz & PRSI R st B P 27 E K (shear rate)fF o k& Ap TR 2 T 27 B 4 (Stress)#ic
i o H %4 d M4oFigure 60 102 shearrate Ag w3t F P2 4 <) TR ZZES P EH
2_ fy k5 & > PLA/chitosan (99.92/0.08)z_ = 25 i& % » H By ke & 8.5 5 1,000.0 Pa - § 4F &
Hif 4 0.10 Wi%2 ACP B> P BTE R J 07 2 < 1 iS2 fy K5 A £(25.0 Pa) » 4 4
% ACP 2z R FFRR AT A AP RO R R RS R B A2 48% 0§ ACP
2.7 B£:E 7 5.0 wt%pF > H4F &2 Ak B B { FiE 3,162.0 Pa - P & % PLA/chitosan

L -

PLA/ hibveeand AICP
7292 1 1.0 0.0
P2.52 7108 /0.10
990652 F 108 F03N
84271087 1.50
oT4N AnR {2 S0
.92 .08 /500
229372077 10.00

Figure 6 Yield stress measurement of various PLA/chitosan/ACP composites
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PLA/chitosan/ACP 4§ & +1 » & F = = B F 7 2. £ § i%4F & (weight retention) » Figure 7 %
PRl EHZRAE T AM AR B RSN LA G EMEFNRERLZKES
BERHFAIRIMANFEDTE D F-FERZERFFD 2HI 250C 52 ER2ZE
B gt Bld 250 3 400 C o EpAl A koo dr o o se g n | f k2 #h s %% NMP g

Fopia HABERASWGL202C2 119C 4 w200 C =+ #FFIp > 0 R°? T algy
4R NMP 3 #chE B34 B 5 - PR EBFANMAS L BB L2 F8 T M
a%:waiiéﬁiiiéﬁ%&$@iiﬂﬂ’5§ﬁ%ﬁﬁ4mfui’Wgﬁﬁ
PLA/chitosan 3 PRIV BRI O RTAPL AR A2 ACP 54 - B
Bt #ELITRHE VU FEE 250 CREARF2ZERFRHFFILRE G NAHY 2 57k
F > 2 ¢ PLA/chitosan &2 7 -k & 5 250 wt% > @ g 4e 0.10 wt% 2. ACP {248 & 412
POk TS L A250wWt06 0 2 B F RPBRAMACP 25 B RF ok F RV HIERT
%2 AR o 'z}lHIr'ﬁ]t 4v 0.30 wt%z. ACP ﬁ v 7kF 5 2640wt% 0 5 ACP 7z £#% % 1 10.00
W% P 5 -k > 7 B 4] 6.40 wtd% o

PLA/Chitosan/ACP
99.5270.08/0.00

89.83/70.07,/10.00
9482/0.08/5.00

-

“Weight Eetention (%)

il 100 00 300 400 00 ISTal]

Temperature (°C)

Figure 7 Thermal gravimetric analysis (TGA) curves of various PLA/chitosan/ ACP composites

Figure 8 548 &+ % 2 ACP 2 ¥ 2 k52 AR R 2B > i r ACP 24
E4t o k> 7 B#ME 250wt% 0 A R A 5 1,000.0Pa § ACP 7 34 1 0.10 wt%p
MEHM K BHF D A25wWt%m By k3s B R 1 25.0ParE ACP 7 # 5 0.3 £ 1.5wt%
PR Rsg B § AP 2. e 10.0 - 12.6 Pa > 2 1 P ¥ ACP 2 ié_i%q’éc » H OBy iR R BT

B F 0wt 10.00Wt%2 ACP = > 4F & el R R B 7 § 12 7,943.00Pa - o bt
FRFEMRBRZ Y EREET > EWPRFERENS kA DI R TS



PLA/chitosan/ACP #f & # e fc + & 2.k 4 {8 » # it FIPk (> 2 % i »z g (plasticization) i 45
EMERNAIHT Fenpfd o

B
= (3) Yeuce e

—-— Tieldstwen (P0)

ACT ankonk {wi9%)

Figure 8 Yield stress and water content of various PLA/chitosan/ACP composites

- dg@m % o PLA 228k F % 0.3wt% > @ chitosan 2.-ki» 2 £ Rz~ F+ 824 ¢
ez 2Fma 2 5a5~15%2 F > @A ACP s E M kit > e § A4-R¥P 2 3R ™7
% i A& 4e0.10 wt% ACP 3 & 2. PLA/chitosan/ACP 4§ & #2. 2 "k ¥ % i 42.50 wt% >
Ap >t chitosan &2 ACP 44frz £ 2 0.18wt% » £ £ 3 236 & » R0 § -kt
B Fe PLA £41 7 4c ~ 5 £ 2_ chitosan/ACP » 4r¥ @ Bgec S BAF & H 2ok > i
Bl oz g E P Al S BRI EPER 281 4o Figure 9 5 PLA /chitosan

INMP composite % 7 e # % p= fF {2 2. contact angle % i > £ 'wIL % 2. 5 & H-F =G

N NS W 5 .

#FrmEa (hr) 0 6 10 24 48
Contact angle (°) 71.60 68.00 63.60 52.20 48.80

Figure 9 Content angle changes of PLA/chitosan/ACP composites at different time

d & AAT @ DD E 66~73% > B] 2 FrEk A 6 & 0.1 %2 Sacchachitosan - p
#12. ACP H Ca/lP % 149 iz’ > N2 2 F > 42 3pk % ¥ & 50~1000 nm 2_ & »
PLA/chitosan/ACP % NMP/lactic acid % ;2 #| ¢ # %] & 7 /2 8438 2. GTR barrier» @ -k % F
v #5 2. PLAJchitosan/ACP 4 & # > F I I sk 2 B k& 7 5 4 > 2B 7 i &
Sacchachitosan £2 ACP ) = f-kf2 g+ B 5 B > & F pr o SR MERERF M e % 1 o
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