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Preparation and Characterization of Periodontal Chitosan
Strip Containing Doxycycline Nanoparticle
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ABSTRACT-Local drug delivery by using biocompatible polymers has been developed in the treatment of periodontitis for
many years. In the field of dental therapy, doxycycline is usually a first choice because of its broad-spectrum antibiotic activ-
ity. The strip releases antibiotics for a week, and the polymer should be degradable after a week. In this study, we prepared
and evaluated the chitosan strips and nanoparticle strips containing doxycycline hydrochloride, and studied their antiacterial
activity, dissoultion, and degrability in vitro. The weight of cast strip containing a 5 mg of doxycycline hydrochloride and
a 45 mg of chitosan polymer was 57.67 2:0.17 mg. The release rate of doxycycline hydrochloride from the strip was mea-
sured by HPLC. The drug released from chitosan strip and nanoparticle strip was shown to be 50 pg/ml. in first 24 hours.
In antibacterial test showed growth inhibitory activity after 24 hrs anaerobic incubation. In vitro degradability showed demol-
ished weight of 93.74£0.08% chitosan strip, 82.48 4 1.29% chitosan nanoparticle strip, 2.47+1.99% polycarprolactione
strip (control). These results showed that, with this doxycycline hydrochloride strip, it is feasible to obtain a sustained release
of the drug within the periodontal pocket for seven days which may be improve for local drug delivery system for treatment

of periodontal disease.

Keywords—Doxycycline-HC], Periodontal strip, Chitosan, Nanoparticle
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matrix, hydrogel nanoparticle, laminated film, sponge 55
&3 54 FEFEAAL] A7 JWEHZ U= chitosan,
sodium alginate 52 ¥ polymer &°] HEs Aoz H
FEo Qlu}.1519

E3] chitosan SPIF-HE HI3IHA A2 2Z|9] A
AL e FHoEA QIFHRE AMEEHY 7]AA 7}
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Chitosan®] |F=lc] A 2 AxZ A8 EF= acetyl
glucosamine 2710l 71913k=d], +2H 22 glucosamino-
glycan}t -FAFSPH AW fibroblast growth factore} 7S
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BAE AMEEO A MBI olE Fao] HEAHA A
d AAE Aslr] F Flolrt. oFEe] A&AR] 8E8
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Polycarprolactone(®]3} PCL)2 Aldrich Chemical’} A¥&
S AR, chitosand EAFF 20,000, 60,000, 100,000
200,0000.2 3=7EARIA AlFagton, AHEGAZA
Pluronic F68& BASFAF A|&-& ARSI 7[EpA RS &
F 2 dFAIgS AT

7171

HPLC System(Absorbance detector M720, Solvent deli-
very pump M930, Young Lin, Korea), pH meter (420A,
Orion, Korea), Zeta MasterMalvemn Instrument), CO,

Incubator(VS-9108, Vision scientific Co., Korea), Dry
Oven(Vision Scientific Co., Korea) 52 AME-35tt.

o

B AH AMS3t @5 Haemophillus actinomycetem-
comitans(ATCC 33384)5 AJFFA+L/HA MEE F-
B B dlol AR A 33 AdEY e NIH
thioglycollate brothE AME-3}d CO, viY71o0A 24A17F ©f
&t

Chitosan strip2| = A&

Chitosan stripS Table [9] 240l wle} A=}, HA
z}zye] Bxe-& 712 chitosan 45.0mgE acetic acid
0.1 mLol =2 ¥ FAS 3.0mLE 7Fske] Rkt o

Table I-Formulation of Strip Containing Drug

Polymer (mg) )
Form Chitosan (M. W.) el l\;fl‘;gggﬁlf
20,000 60,000 100,000 200,000

Rx. *C1 450 - - - - -
Rx. C2 - 45.0 - - -
Rx. C3 - - 45.0 - - -
Rx. C4 - - - 45.0 - -
Control - - - - 45.0 -
Rx.**N1 45.0 - - - (45.0) 3.0
Rx. N2 - 450 - - 45.0) 3.0
Rx. N3 - - 45.0 - (45.0) 3.0
Rx. N4 - - - 450 (450) 3.0

( ) ; content into nanoparticles
Drug content ; 5.0 mg of DOX-HCl
*(C; chitosan

**N; nanoparticle
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3.1mLE petri-dish(27 25 mm)oll 3t dry ovenoll A
2407 Azt IZAEE PCL stripS PCL 45.0 mg
< NEE 4.0mLol F DOX-HCl Smgg %23 chitosan
strip? 22 W oR A|ZsHc).

Nanoparticle2 Fessi 5>9] %o w2l PCL 125 mgS
gk 20 mLol =4 DOX-HCl 25mgS 93 52 |9
< AA4> 50mLo] Pluronic F68® 300 mg2 ¢l g9
aRkPAX A8 15mLE 2% - Tk Az
Nanoparticle®] Y2732 #|Z3}F nanoparticleS: AA|52
3|43l Zeta Masters ©|-&3le 431912 nano-
particledll 5-%J%¥ DOX-HCI®] F=+ gel filtrations V0.2
=

A Z¥ nanoparticle 3.0 mL #3}4] acetic acid 0.1 mLS
Wy Zzhe] chitosan E&FEF 20,000, 60,000, 100,000,
200,000 450 mgS o] =<1 % chitosan strip®] A|lZ=HIY
3} 72 nanoparticle ¥ chitosan stripS #2313}

719 DOX-HC! 5.0 mgS €3 thA] wuk 3 & &gkg-of

DOX-HCIS| Mg

DOX-HCI®] #2]= HPLCE 313om, Iz -
Bondapak C5(3.9X300 mm)E ARSI, o] F4E 0.01
M-oxalic acid:acetonitrile:methanol(10:5:1)% 74 5 1 &
A&719 342 350 nm, $52 1.0 mL/min® |3}

DOX-HCIe| E&4AI8

$EH4E2 pH68 AMA &F9(el8t £&9) S0mLE
B3 37°C gz AN T swipS 47 114
gol g=de] k3] 71A 3l 100 ipmeE st

AGAIE 5,10, 20, 40, 60, 120, 180 ¥ 2402 & &
A 0.5 mLS #H3sle] HPLCE EAsllon, Tkl 45
& HESITh 8E8 AlSete] £EA1 2407 3 &
A 05mLg F3te] A% & o] §EFAS AABL
A% £29 50 mLE 7Isle] §&8 AESIAT 2447
to} 7 WO RE §ENS WAlSHHA 7U7EA AEst

itk
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In vitro 7gelA DOX-HCI7} &8 stipe] A=
b7 Y5ked AxH stipe €543 e FHo=
FF 2o $2NS AASL E2 stipS dry ovendlA]
Z 5 2L T oy ARRE ox|= w7 HAG
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strip Zg] AE WE-EE sfo] Ealgg It

L&A U3 20T YT 1, 3,5, 7 F &F
nanoparticle &% chitosan strip(m.w. 200,000
FHolol AAT Boke] disk® WRE § H. actinomycetem-
comitans(ATCC 33384)7} ¥lFE broths AAF F st
nutrient agardl =% 3 thg Mol = ¥ skduiA] ¢
o stripS ¥ T CO, W7I0A] 244171 Hikslod Al
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L ZoER] ke

nanoparticle -+ chitosan strip(m.w.
200,000y ©]-&-3kitt.

2 =

Chitosan strip2] M=

Chitosan®] ¥-A}=Foll wie} Ajz=%E chitosan stripa} PCL
stripe WHFR O] P o, 9 vjize e, T 300
+10 umAth. Zeta Masters ©]8-8}] =243t nanoparticle
o] HAFUAAL 178+ 7 nm= YERESH | dispersion index
+ 0.1~02%t}k. Gel filtration method®] ©]$t nanoparticle
Ul DOX-HCI®] 282 425+2.9%%.2H, nanoparticle2:
Sh-3t chitosan strip WHFEO] YO R FA= 40015

umSich.

DOX-HCI®| Mg

DOX-HCI1¢] HPLC chromatogram®] S¥d-2 Figure 13
7o) LFERJOW | retention timeS 4.7450]% 0 824
218 y=21797 83x-26533.32(:=0.9999)31 T}

DOX-HCIE| &
€& pH 68 i SFALE ARgst] in vitrool A

0.00
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5.00
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Figure 1-Representative chromatograms of doxycycline-HCL.
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Figure 2-Dissolution rate of doxycycline-HCI from control and
chitosan strips (-4p-, control; -[1-, chitosan 20,000; -I-, chitosan
60,000; -@-, chitosan 100,000; -O-, chitosan 200,000).
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Figure 3—Mean release profiles of doxycycline-HCl from control
and chitosan strips (-4-, control; -[]-, chitosan 20,000; -H-, chi-
tosan 60,000; -@-, chitosan 100,000; -O-, chitosan 200,000).

control#} ¥-A}ko] whE chitosan strip®] 8ZUAS Figure
20 Vel e, DOX-HCIE BE Al &&A18 602
7T FET £58S B0, 1 o|Fde §&0] F
3 Atk 74 FRH] &M &5 194 EE AW
N 60% 13 §E&S HElleH, 6484+ Rx. Cl
MM 97%S] £E&S HA TR e FEol §&5A
UL, TUA Rx. C2, C3 & C49lA 95% ©)de] €&
£S5 YebithFigure 3). 74 59 €527 DOX-HCI
9] ¥EE confrol 397 pg/ml, Rx. C1& 0, Rx. Q2E
3.79 ug/mL, Rx. C3+= 3.87 ug/mL, Rx. C49lM= 3.84 ug
/mLS}.

Control¥} nanoparticle ¥ chitosan strip® & ¥E DOX
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Figure 4-Dissolution rate of doxycycline-HCl from control and
chitosan strip containing nanoparticles (-4-, control; -[_-, chitosan
20,000; -W-, chitosan 60,000; -@-, chitosan 100,000; -O-, chitosan
200,000).
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Figure 5-Mean release profiles of doxycycline-HCI from chitosan
strips containing nanoparticles (-®-, PCL; -[J-, chitosan 20,000;
-H -, chitosan 60,000; -@-, chitosan 100,000; -O-, chitosan
200,000).

-HCI®] $&8-% Figure 49 YERITE. Controle] HIs] 2E
Ao §30] XA en, £&2A1F 60871419 &2
o] control 40.92%%1 7ol HI3] Rx. C4olME 27.82%%
yepdon, 747k 8&&M = £EA12F 195 control
oM 60.88%= 7FF Egkew Rx. N3oA 4447%= 7}
A e 8289 Byt 19AdE BE Al 90%
ool §&88 BEYUY, Rx. N39AM 93.75%2 §&&S
Uehg e, Rx. N3, N4, N2, N1, Control 502 £F9]
A AU CHFigure 5). 78592} &4 DOX-HCIY] =
£ %2 control 3.97 ug/mL, Rx. N1 4.98 ug/mL, Rx.
N2& 607 pg/mL, Rx. N3& 7.04 ug/mL, Rx. N4o|X &=
6.84 ug/mLI T}
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Table. I1-In vitro Degradation Rates (%) in Chitosan Strips
Control Rx.C1 Rx.C2 Rx.C3 Rx.C4
2.47£1.99 9531 80.42* 94.89+0.20% 94.84+0.13* 93.74+ 0.08*

The data represent the mean+ S.D.
*different significantly from control (p<0.001)

Table IlI-In vitro Degradation Rates (%) of Chitosan Strips
Containing Nanoparticles

Control Rx. N1 Rx. N2 Rx. N3 Rx. N4
247+£1.998248+1.13* 81.41£0.12* 78.16+0.09% 65.87 £ 1.05*

The data represent the mean+ S.D.
*different significantly from control (p<0.001)

Table IV-Diameter of Inhibition (mm) Produced by Chitosan
Strips Conltaining Nanoparticles

Time (days) 1 3 5 7

Rx. N4* 30.0£05 27518 254%1.1 225%+0.8
Chitosan strip** - - - -

The data represent the meant S.D.

Haemophillus actinomycetemcomitans (ATCC 33384)

N4 *chitosan (m.w. 200,000} strip containing nanoparticles
**without DOX-HCl

Stripe| £l

Control, chitosan strip % nanoparticle 3% chitosan strip
< $53) BT 2AOE Fo] 7Y B WEo] B
@ ostripe AW ovendllA] A F FHEE BAISl] EI&
(@)= e,

Table 9} el wepd nhel Zho)
chitosan strip®] 3= 90% ©lde] -

controloll ]3]
$og 2alE e

o™ controlS 2.47+1.99%2] H3-&S e Chitosan
strip] 2= AolA conirold] BIE] w214 AA
ERtt). 218U chitosan®] #-AEFe] Ajojof] wlE H-slAdel

A= @A zolg wAT 4 gl

Nanoparticle 3+ chitosan strip?] #3182 Rx. NIoJA]
8248+ 1.13%2] EaiE Wehien, #a1&2 Rx. N1, N2,
N3, N4 =02 YT, controlel] 524 Y& X0l B
ATt

stn

gdrpia 22490 E DOX-HCI nanoparticleS $H-3F
chitosan swrip®] #] g :E AFS A3} H. actinomy-
cetemcomitans(ATCC 33384)2] 5ol )3t AL <
Aehs B 197K A3 dFaH4E Holal 9o
(Table IV).

kJ
]

A stripAl Aol o8 PCLOIY PGAY] in vivo 2A-8-A]

Tel7h = Bs S5 3P7] 93kl A polymers AHE-
alo] AT A 8 Haled B0 SE0] vF B

oL A& ol7]) Rk o] LB R o]F Hesl] ¢

31y chitosan stripHlF-oll #3817 =¥ 2FE9] nanoparticle

S ¥IAA WE B} okEe] x&Ade 131t
Percipitation method®l] ¢33+ nanoparticle®] A|Z=A] A4

A 1
%—,E OIZ}B_Lg o)

E < U=H dispersion indexe B

0.13} 0.2Z vehl #|2¥ particle size’} H+t diameter <
Aol AFEHol ASS ¢ F INew, oY A=
Benita 527¢] A7} ARSI

PCL strip3} chitosan strip?] 8-Z2% oA chitosan
strip(m.w. 20,0004 7Fg WRE 8288 Yeplle
E kol -2 Akl wE &% B35, PCL strip
o] £22 Gooson 579 A7A polycaprolactone poly-
merS o83t FEe] F7lErrt AUAA MEYE 484
o} FARICE Chitosan® ARl W The] §E4}0]
£ JebdEd o]+ chitosan polymer®] H-AJago uwhE
AIE By, EApgo] F7Igo RN FEWIE AdE
Thal ALRE AT

PCL strip?} nanoparticle 3% chitosan strip®] £&43%
o)A+ PCL stipl] HIsl) 8&¢] XAxE FdE Vel
chitosan strip *¥<2oll HI8] 271557} 15-20%9 % 1€
W& BYoM, PCL stipll HIshA= 10%7F A A= Aet

Stripe] #3E dolrr] 13k HFoAs= chitosan strip®)
739 BE BEAEge)A oF 95%9] Be EIHEE e
chitosan®] EA}ge] Ajolel] wha FaliAde] A Aol= ¢l
2191}, nanoparticle $HF chitosan strip?] 73-7-= chitosan
o] Hajpel] mE o] o]zt ij’a}ﬂ ot &, A
20,0002] chitosan strip®] 729 7€ F RAAH=I} oF 82
%E RO BAEF 200,0009 9 oF 66% EIHEE
£ RYoa Fsido] wolth

PCL striplA= 247£1.99%%2 veh 79 59t strip©]
79 Ba7) A g2 ZoF JEhed), o2 PCLo)
AR o] oksle] X B717ke] AR thE AAs Folok
S dRlo] B Ao x 5Ys A3E VeI

DOX-HCl & PCL nanoparticle chitosan strip 34
7A7F A EAQ] FEES BYoW, 790l At FoE H]
A WEwe| ofEo] EAERE AFASAE B 4
x50 FHFOE O]—&% F deg vElen, 7159
stripAlAl 7} o WE & A AR the 94E sidsi &

ui
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Nanoparticle®] HTFYAE S 178+ 7nmE UERGOH,
dispersion index= 0.1~0.2%13. nanoparticlel] DOX-HCI€]
EALL 425+29%°)10 2™, nanoparticle 3+ chitosan
strip2] FAI= 400+ 10 um$Ath.

dFA7ke] SE% 3= nanoparticle $HF chitosan
strip¥+ PCL strip(control) =5 A&2Q) A VPR,
AFY F Holdle 4ES ¥E+ nanoparticle T
chitosan strip®] ¥l22 AFER Hol Uit 7d Foke]
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