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Formulation and Evaluation of a New Orodispersible Film
containing Homogeneously Donepezil Free Base

Myung-Chul Gil
R&D Center, PLUTO Inc.

o 2 A9 HHL gdxstolH ¥ NEAZ AEEDT e THHE |99717F A5 TRE M2 e
9= (Orodispersible Film, ODF)}& A4 44 ¥ B7}et= Zolch. =vHd |ad7lE 4% o J_E Q13 ODF
Az S2a, vgAs} 5o EAE Yozt oo B A7zl 47 BEAE sdsy] il HSA|, wo]L4

AUEZA 9 v dEHA H7HAE E85to] d&A dEQ ZulHE 4t HStEE sidstA siqith 1 E
3}, B4 Ee WA B4 M8 5 Polyvinyl alcohol(PVA)E 0.24% H7FA] ZH|HZ ODF oA =dl#Hd 2
717F ¢ 4sH gE R 16}‘5@}. At gz e ME H9)g AAS, pH 1.2, 4.0 9 6.8914 HlTEEAE WY
A FAHIRJNAAE D2 65.2, 59.4, 52.4 9 61.82A4 AATHOZ F5ot. NEd AEF2 1270E &<
7127904 444 Wat Qlol 99% olde] BFS AN §2E| 2 Wbt glo] sl Et Aokl A%
g =ulsd f29717F 9HE ODF 10 mg? 2FCHIME 3710 mg)ol A&t 54 Ad 2% 712
FEAUCE L Cmax)ollH BF 553 202 gelslold 4R o2 F53S HAolstgich. £ AT 29E vigo

2 3849 ool MdEYnA WIS Arietel FUotE ODFE AR ¥ 4 U4 HIstgon Ugy o
AA Aol 5851 82 = IS Ao 7o) Hojct,

i o}

Abstract This study evaluated a new orodispersible film (ODF) containing a homogeneous donepezil-free
base (DPF), which is used as a treatment for Alzheimer's disease. DPF causes problems, such as layer
separation and non-homogenization in ODF solutions, because of its insolubility. This study attempted
to improve the dispersion stability of DPF using thickeners, nonionic surfactants, and vinyl polymer to
solve this problem. DPF was homogenized within ODF when 0.24% of polyvinyl alcohol was added. The
comparative dissolution of the test drug and reference drug in water, pH 1.2, 4.0, and 6.8 revealed
similarity factors of 65.2, 59.4, 52.4, and 61.8, respectively, showing that they were equivalent. The test
drug was stable under Zone II for 12 months, maintaining a content of more than 99%. In addition, there
was no change in the appearance and dissolution rate. Furthermore, a bioequivalence study between the
test drug and reference drug confirmed that they were equivalent in standards for confirming
bioequivalence (AUCt and Cmax). The homogenized ODF can be produced by adding vinyl polymer to

the insolubility drugs, and it is expected to be useful in research on insoluble drug formulations.
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1. M2
=zstolH H(Alzhheimer's disease, ©]8} AD)2
FUT =d37]o FAsk= Aol 7Y &5t PR
AA Xl F 2F 60-70%F AHAZH1]. ADS] 2
A8 A EActA gom, opdEHEas o
AAl, N-methyl-D-aspartate(NMDA) <84 ZTA

0] 9715 7HA 9 XY A GIE 7RIt A4
2IE EAE A0 AYPS 3= AZA J==2 A
|51 SlTH2l.

T H&(Donepezi)> @A ATEIL = oy &
zsto|] X824 F thEAQl AD A=A]CIH[3], dA
TyHd g49(Donepezil HCL, ©|5} DPH)9] FEHS

Rt A AGCEME H%)o= Am=E Sl
DPHe o2 S0l 2E2HA] 24:9] 7192 AA =,

ot EZNAH Al 93t 7tRolE 7tgH o R o
AgtozH oEEAY] g T7HIA NE 8
Hjoke RAog 7% HrH4l

DPH =-8o] a3t 32| - ok B8 AXc}
£ 397 €1 olF AFIAY et olElgol wEd
ESH AD 3R titkert 9l 3xEEelH HAE Al
=t olEeE A1 o, Hos A7t A7} B8]
ohd B30 95t A=A E-go] o]FojXIt}, o]
3 #AI wfizo] H-8o] Hejst DPH A+ %o A3
Qo] &2 AAoltt. A7) A sidsty] gt
Z ®oto g RS "E(ODF, Orodispersible Film,
o3} ODF)7} AAETE. 28U A#Ex = DPHE
ODF Alg o 7f¥st7lofl= AgtaQl F7H4] o7}
Agict. AR, DPHe "¢ 283 23k Adoh=
ol Ut 6789 HAAE 17 WollAl &3t AdS
A3} 2019] 93|= 15~20 ug/mLel ALE Hi 3]
tH5]. 4, DPHO 9+ Aol &< HE(Cmax,
Tmax)9] 9ll&°] 7Fsst7] Yeixe A5 &5 W
ZEA 9 71837 D asky, dufdog ODF Y B
BA H71F S0l WE ODFe] o] Z7He Seuto]
A "ot HgE 2719 ODF Wof] 1-83F9] &< o
g XEAE A7Ieb] YoiAE v 52 DPH 9 1
9]9] H7HA|(additive)E9] H7FFo] Agtsl=4t, o] %
& EAHe B4 783 B4 4 F348E 7 ODF
£ Axst717F 8olskA] gt

olgjgt EAIZ Qloto] & Aol B4 RO
Fulo] =y|Hd 3] ¥7](Donepezil free base, °|5}
DPRE E4HZ 182} &AL x5t ODF AAE
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Fig. 1. Structure of Donepezil HCl(a), Donepezil Free
Base(b)

DPFS] 7% DPHSF th2A Ag FgAdo=z Qg
ODF A 29l &g, vddst 59 BAE <ot
o]2igt A= ODF A|R=A| &0 ELsH
Aaket E-83kS Xd ODF A27F E71s35HM
AolAE BIEEFH(Vinyl polymer)A 89
H7bebH 18 FES 4% A S g1

(o]

2 5 ke AW 21lo)o] 71zsto] TS sk
A gtk B Aol AR ATE AYshaA A oF

Eo] ODFol #4dstA <Hgst F<
ODF ol A9] DPFO] F34 %71 A
SR 2 g4 AE € 8& AY
DPF7} w83t 3H7-¥ ODF Al%9|
A gk ERE Aol AlEEILL Qe
FEOR AT oFAIE A% DPFYF 2UsHA £
AFEl ODFO] AESH 5574 AlfS Bot] 5 7
© Ao] kasede ety gt

©
S|
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2. 28

2.1 NeF & 717

# o] A8t DPFi= NEULANDAKIndia)ollA]
Fste] ARGSI9ITE. Pullulane HAYASHIBARAAH
(Japan), Hydroxypropylcellulose(°]5} HPC):= Nippon
soda”riJapan), Polyvinyl alcohol(°|3} PVA)2 Nippon
SyntheticA{Japan)?] EG-05PW 5+, Hydroxy ethyl
cellulose(°]st HEC)= AshlandAKUSA), Hydroxyethyl
methyl cellulose(°|5} HEMC)= HENGKAI Chemical
AHChina), Polyvinyl pyrrolidone(°]5} PVP)+= BASF
AKUSA), Polyvinyl Acetate(°]d} PA)= MerkAt
(Germany), Vinylpyrrolidone/vinylacetate(C[s} PVP/VA)
FENGCHENAKChina), polyoxyethylene castor oil
7} polyoxyethylene stearates= RIMPROAKIndia)°ll
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A Fol ARSI tiRefo R oflHE H&
o[ Rfo])S ARESIITE. B4 AMEE HPLCE oA E
UEZL J.T BakerAHUSA)OIA FYsto] AR&SHoH,
1 9 718t Akt Bl E5 e due ARSI

Ago] A8EH 77|12 SRAYO|A(Ultra turrax
T-25, IKA, Germany), £&7|+ VK-7000(Varian,
USA), B3l7]+= DIT-200(Labfine, Korea), A8
71 LS-1(AMETEK, USAYE 4F7]= SP131320-33
(Thermo scientific, USAYE, ¥HEE7I= MF80(Hanil,
Korea)S ARESITE E47]7]12 HPLC(1200 Series,
Agilent, USA)E AR2-3}LY.

[

2.2 DPF7} &iRE ODFe XM=

DPF @t ODF= tha3t 2ol A £33}, gA5l
7FA|(plasticizer), P Al(sweeting agent) H7IStct.
0|3 F3Al(thickener) Ex EARPYSA|(dispersing
agent) = AHEAA(surfactant)E FH7F of wwt
oto] 85 E= B4A7]AL, 947]0] DPFE H7IsHth
(Table 1). 1 & THAYCIAHE o]gste] FAT}sHA
t}. ©§7]9] Pullulan¥t HPCE H7letal thA] 5Ust &
LAUoAE osto] FASsITE. o170 FR(flavon S
A7kttt o, XF 222 ODF AR W9 7]
S AAsSKL, Aoz YZFAIZl & polyethylene
terephthalate film(°]3} PET) 9ol A3t FAE 7}
=& =X5IYct Fig. 29k Zo] o] 80 CollA Az
sto] DPF7} 3l ODFE Alxs3ich.

i}

I Distilled water |

|

I Plasticizer, Sweeting agent |

|

I thickener or Dispersing agent or Surfactant |

‘ «— Homogenizing (10min)
| DPF |
‘ «— Homogenizing (20min)

I Pullulan, HPC, Flavor |

‘ «— Homogenizing (15min)

l Application & Drying (80 ©) |

Fig. 2. The procedure for DPF ODFs by solvent
casting method.
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AN zA A A4 1~109] ODF 10719] B35
oto] Z7A A2 F DPFREA 45.6 mg ATHS

N

i

EZ (9:)9 3HAe gol st wrtsio] &3]
TME Ae FRIT & A5G o] H 2 mLZ He
5] Fstod 100 mL -&FEA=0] Wil 314
A g o 3,000 rppmO& oF 1087 94
BTN Aoz st £EAY £Al= DPF #
F& ARESto] A dAE
THoR Axsiglch. A EEAZ 7HXAL HPLC
(1200 Series, Agilent, USA)Z o]-&sto] EA5ITY.
o574 Buffer : oHIEUER (55:45) §FHE=E A
Zo13dt}. Buffer= 10 mLY Edogoryl& 1,000
mLo] Aol ol Tt & Q4kE ol&st pH
6.0 + 0.05% 94 A|£310e. 292 Kromasil C18

(4.6 mm x 250 mm, 5 m)< ARESAL, 52 1.0
mL/min, T 228 nm 12|31 FUZES 20 ul OJFTH7I.
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2.3.2 2AOPYSIH| ZF0] M2 ODF| 2FEM A|

A4 1~82] ODFE ¢E5Y AR Ui 35 7}
ZAGOE5 T, 755 %RHA)ONA 45 AHoA
3kE 7ot gRlskgr.

2.3.3 SofiAE

ODF 6HiE F5to] 2+ 1914& 5alAI1E7] Rejdtol
Tobr] W2 & AFHo g HA 5 AMESto] 3712 T
ol A thgtvl=ebd UWAIEY 5 BolAIEE W DYt
LEAA Fofl et RxuS ARgsto] A1 sHATHS].
B3l A9 ARoA st ZF AA 9 FAREo]
FE el GEZ} QlelEte EEoiAl FEE UERA|
Oe Ao EHY g9 Aol 37 oyjold At
Ao = ol9irt. ZF Aol HF: Bl Az 22 o A
A Z &l Alde] 71 e Ad AA B9 ZA=
Tttt

2.3.4 $E2AE
£ DFP ODF Ayl HA7}=l= A9 E44
Hol Zo o] ARREE gufjo] 2 25=#] gko}
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Table 1. Formulation of DPF ODFs (n = 6)

Composition (%)
Ingredients
1 2 3 4 5 6 7 8 9 10
DPF 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75 2.75
Pullulan 9.04 9.04 9.04 9.04 9.04 9.04 9.04 9.04 9.04 9.04
HPC 6.97 4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52 4.52
HEMC - 2.45 - - - - - - - -
HEC - - 2.45 - - - - - - -
PVA - - - 2.45 - - - - - -
PVP - - - - 2.45 - - - - -
PA - - - - - 2.45 - - - -
PVP/VA - - - - - - 2.45 - - -
PVP/VA
(Physical mixture) - - - - - - - 245 - -
polyoxyethy‘lene castor _ _ _ _ _ _ _ _ 2.45 _
oil
polyoxyethylene stearate - - - - - - - - - 2.45
Glycerin 4.82 4.82 4.82 4.82 4.82 4.82 4.82 4.82 4.82 4.82
Titanium Oxide 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Sucralose 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05
Flavor 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Distilled Water to 100 %
Contents RSD% 3.9 3.9 3.8 0.4 0.9 1.2 0.9 1.5 3.5 3.8
S . 15% 2.9+ 314 46+ 3.9+
Disintegration time (min)| N/A N/A N/A 07 0.9 11 0.4 13 N/A N/A
0 4.9+ 4.8+ 4.9+ 43+ 4.6+
LOD (%) N/A N/A N/A 0.4 0.9 11 0.4 12 N/A N/A
. 2 18.7+ 20.4+ 25.6+ 32.4+ 29.4+
Tensile strength (N/mm?®) N/A N/A N/A 06 0.7 0.7 08 06 N/A N/A
Stability study 98.8+ 99.9+ 5.4+ 99.4+ 98.7+
contents (%) N/A N/A N/A 1.1 1.5 0.9 1.2 0.6 N/A N/A
HZ B4 oF= AR 273 10.0% oleld W) Age 236 AF MHO| SEAIY
AOZ ST Eq (D& o]&ste] Ar&Estoirt. 2298 A|2¥ DPF ODF(AH 5~8)2) thx2K (o}
ropsi = o (VEFHALAGS LA ALFARN ) BHE O A0l §E F ABIRBLIA Tl

2.3.5 AZLHAEH

014749 (Tensile strength)2 ODF9 & &2 &+

T QAT S FolgZe W ODFZE BolAE A
Aol AHE At} S22 Uehiehsl, WeAE7E

AFg3to] 2319, ODEZ ol A9 283

see w@HoE Unol @e AMslAtkEq
@liol
Tensile strength% — Load at maximumlaod )

ODF thickness X ODF width
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n2t & AIEH(EAS, pH 1.2, pH 4.0 € pH 6.8)
900 mLellA 374£0.5 T, JEHOE 50 rpm2| 2712
2 SEAFS A AR HEos §&EY 5
mLE Foto] 0.45 um To{77|= o3}t &, HPLCO]
Foste] Aol EXxAT FYstA A5t
|EES ARSI, 12].
2.4 2T Ml ordd Al

HE AE ALE 73, 2542 "C AhEE
60+5 %RHS! 712 A(Zone 1) 2357100 1271
47t B¥3to] DPF ODF9] £214 *é*c}—% dFd 8E
£ W3} ojRE HPLCE ARg3lo] EA519h
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B 98y 554 AP Aol ETHESY
7tol=ztel[13]e] weh dEstayd 471 A=A

A3 FRA&
2 HEA 38904 #E 7iTE DPF ODF 10
mgZt tzoFeHIHE 4910 mg)e] AT Fol 7,
3t B4 4 BAE Ukt £ S
sieleh. 2 AP R, 92%, 2-way WA},
7 tAR(randomized, single dose, 2-way crossover,
open design)22 Fst9ict. 7k £AES A7E
SR ERONE 9| FoleAE Astale LT

2 AIEES Agseint. @R BAAR

H 2y o]-8-sto] AUCt, Cmax 52
HE ARSI, A3 Bt TAF B2 29

AUCt, Cmax®] EAREAE o]8sto] 425

o
=
Z 7o
L=

2.6 EAIXZ

£ A3 HloJ§+= Minitab version. 19 software
(Minitab Inc., Pennsylvania, USA)2 A&3lo] 3|9
FAREA(ANOVA analysis)& B-8510] 2+ Aldt9] 3
T4 EFHEAE AES 4 AT Y f93E
5%(p €0.05) ¥9] oA HFsIA

3.1 ODF LH0ilA DPFe|

Table 12| Aol wet Al2% ODFlA DPFS] o
AL g1t A3} vld ETHA SRkE EARPISHA
E EZ3st Aols 5 B4 =S BATHAY
4-8). 7P =3t A3E UEhd PVAZE H7hE A 4
£ contents RSD%7} 0.45 YER{oH, o]elof EAt
PISHAIRA v EH AE AT BE HAFL
2 1.0% "7 contents RSD%S WEF o] £4F FY
SIS 23] g2 A 1) 9 HdEHA
AE 9 OE IRIES B4 HSAR 2Ee FH(H
1 2-3, A% 9-10) H]s RSD%7t @A 6] F53t HA4t
SIS UERY ST B4 QPSAIR A FSAE H
7¥gk 2% 2(HEMO), A% 3(HEC)S] 3¢ (A 1)
tH] A8 DPFo] #A4F o838t a7t gllem, #4F qt
A 2 A o2 ARSGAE A7FE A% 9(polyox
yethylene castor oil), 2% 10(polyoxyethylene stearate)
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ESE FAF obgst anbrh e glolct

2104

3.2 DPF ODFQ| ST}

BAb obgel aus Hol AW 4-8 ODFe] B4J%7t
1 A3} A2 A 380y 7|50 st it
VAS} PVPS AR A4 4, 5 Bo]glon], ODFe]
A7y $A7F 2ol wet B8 Alzte] A dge &
g 4 ltHTable 1). $EA1H9] 49 X4t 4-89]
oF 4%9] ¥]s3t Eglo] 274 HojA o] F9
ok=o] Bl ol JFe wH A 32 Bolsirt.

Slo

P

=J

2 9 o rlo
o

=

3.3

MOPYSLN| ZR0| [E ODFL| MM Al
QFY3t AXE Holw, 7]& ool A7tk S5
7} o]FofXl A 4(PVA), A 5(PVP) 5 A9 A
S | Ysto] 78 2AG0+5 T, 75+5 %RH) 4
Z A|Ao)A ODFY] 3F Qg4 Al Z1sgst Azt A
1 49] A9 oF 98.8%, AW 59 A9 ok 99.9%= Tk
o] AotE|A] g3 sttt A 49} 5 B A
o] &30l gl Hoj wt FafAzte] o HE A 45
2 e r AHsALh

£

o
-

N

3.4 DPF ODF2| A
Ql35} 2

HE A A% 49 ODF7} dixekat 5t
HEA]
]

)

ee mol=A] SRlaly] o) hatulord 2uh
o] 82A%H A28l TSR 50 rpm XA 4
oloKEQRAN 7} AR OJOFESEAAIY 7129 HlEL
2 APl HeHi6] 2% A4 BeRul Ay
ODFg} tjzokel ofzile A% vl aREAHe
sttt (Fig. 3) tHzoke} AIORe AA%, pH 1.2, 4.0
9 6.8 AFANN SAAHAE 27 652, 594,
52.4 9 61824 wdMA S92/ 2AaA T
5 A 49} jzokat AAst 0w EEeTHs AL o
Qlstsic.

oo o o

B

(a) Distilled water

Distilled water

——Formulation No. 4, 10mg

-=—Aricept Tab.® 10mg

30 4
Time (min)



ZvEE #9717 A dE At FESEES AA AA 3 Bt

(b) pH 1.2

pH12

——Formulation No. 4, 10mg
—=— Aricept Tab.® 10mg

Dissolutionrate (%)

15
Time (min)

(c) pH 4.0
pH 4.0

—=—Formulation No. 4, 10mg

= Aricept Tab.® 10mg

Dissolution rate (%)

0 5 10 30 15 60

15
Time (min)

(d) pH 6.8

pH 6.8

~o-Formulation No. 4, 10mg

Dissolution rate (%)

= Aricept Tab.® 10mg

) s 10 15 30 45 0
‘Time (min)

Fig. 3. The dissolution profiles of donepezil from
Aricept Tab® 10 mg and formulation No. 4,
10 mg (mean=SD, n=6).

3.5 Z|Z JHUE DPFO| QrEA Al

27014 12719 B BBAAGAE © DPF 2
ODF= 445, ¥ @ 828 ws} glo] HgalA &
A]5)94c}(Table 2)

Table 2. The Change of appearance, content and
dissolution rate during 12 month in Zone II
condition(25+2 T, 60+5 %RH),
(mean*SD, n=6)

Time (month)
Item
0 6 12
Appearance No change | No change | No change

o 100.10+ 99.64+ 100.70+

Content () 121 0.34 0.64
Dissolution rate at 99.45+ 99.15+ 100.07+

30min (%) 1.81 0.67 0.55

3.6 4SXSSY AF

AR A AHeKE 7'eE DPF ODF 10 mg)¥}
tzoKeMIE 4 10 mg)g Foidt F AR B W
TulEde] oFEehy memd ZAiE Table 3 9 Fig.
4o etigict. ikt AJ@eke] AUCt 9 Cmax &
9] Hat+SDE ZZF 837.66+194.57(ng-hr/ml),
20.77+4.79(ng/mL)T  843.85+199.41(ng-hr/mL)
9 21.22+5.20 (ng/mL)°I%tt.(Table 3) Z=y|#H 2o
Al ekt AJgEek 7he] 27 wgkE Ho ztol2] 90%
AlE] F2F (CDZ AUCtY] - log 0.965- 1.047°11
1 Cmax® 3% log 0.954-1.087°]%4c}.

£ A3, 21 HgkE dolEeE AR 90% Cle Z+
ZF AUCt ¥ Cmax©l i3l log 0.8-1.25¢] 3-8 ¥
Woll At ol A= R} AJg o] BET
oz F5eg yepdich B AFE 2JokA 9] 2|3[9]
= TTh

Mean:SD (n=38)

50
—@— Aricept Tab.® 10mg

—O— Formulation No. 4, 10mg

40

Plasma concentration (ng/mL)

0 24 48 72 96 120 144 168 192 216 240

Time (hr)

Fig. 4. Mean+SD plasma concentration-time profile
for donepezil after oral administration of
Aricept Tab® 10 mg and formulation No. 4,
10 mg in 38 healthy human subjects

Table 3. Pharmacokinetic parameters of donepezil
following oral administration of an
Aricept Tab® 10 mg and formulation No.
4, 10 mg in human volunteers (n =38)

Parameters |Aricept Tab~ 10| Formulation 90% CI (5%
mg No. 4, 10 mg
AUC: 837.66+ 843.85+ 0.965 -
(ngehr/mL) 194.57 199.41 1.047
AUCs 922.34+ 923.86+ B
(pgehr/mL) 242.59 238.36
20.77+ 21.22+ 0.954 -
Crax (ng/ml) 479 5.20 1.087
73.78+ 71.20+ )
Tz () 14.34 1436
Tmax (hr) 2.33+0.72 2.17+0.71 -
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4. @2
£ A7 g2stoln] f $Ee] BeWIYL
2 Sistel B o2l EUlA 7 @71t &@_a}
A $9E ODFS st A7e Agslai. e
orBel =N fel9sle) #Ust BAE SEs] 9
sol A5A, Hloled AWLHA % uldEee) 3
S BEsto] T8y OBl o] BeF obget

L5 NSkl shgitt. 1 A, wdES WA 24 <
ASHA % Polyvinyl alcohol(PVA)& 0.24% &7 =
y#d ODF WolA =vf#d {29717t #4838 2
gelstiod, 71% Wl Agtet BeiAzt, siEw,
93 A7 EES A d ODF A4S sttt 3,
M= Ageke 1270 =<t z]—7]z7-](25+2 C,
60+5 %RH)NA A4 HFglo] 99% o9 & +
AtAA §EES] & Wi} glo] ksl AlFer
Ql 2% 7H¥E DPF ODF 10 mg¥ thReHCAE &
©10 mg)o] ABoHY FE4 AW A3 W 7)E =

714 R (AUC @ Cmax)olq 25 553 Aow 1t
B} & AR AEHoz 553 BRlsrt.

E o3 ATE vlgroa 1849l o] HjgZen
A A7HE d7ele e & & S RISk
on WH&A ok AA ATl F-85HA &8 + =
AR 7|fEojxIct,
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