YAKUGAKU ZASSHI 130(1) 119—125 (2010) © 2010 The Pharmaceutical Society of Japan 119

—Notes—

OENES5E 7 0+ /N L3 EREF DBIR

WewW o & kRWE O EYETHRIR

Development of Semisolid Dosage Form of Clonazepam for Oral Cavity Administration
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A semisolid dosage form of clonazepam (CZP), administered to the oral cavity between the lower gum and bottom
lip with small volume of saline, was developed to obtain the stable dosage which can replace the injection dosage form.
Semisolid dosage forms were prepared using a mixture of CZP/ (polyethylene glycol 1500 (PEG)) / (oleic acid (OA)) at
the ratios of 1/39/0, 1/37/2 and 2/36/2 (w/w), named CZP1-PEG, CZP1-PEG-OA and CZP2-PEG-OA, respectively,
and were evaluated in vitro and in vivo. No crystal of CZP was observed in CZP1-PEG-OA for at least 8 days, while
CZP crystal appeared before administration for CZP2-PEG-OA. When a small volume of saline was added to CZP1-
PEG-OA just before the oral cavity administration, more than 80% (w/w) was found to exist in the soluble form. Each
semisolid dosage form (40 mg) was administered to the oral cavity in rats, and CZP 1 mg suspension in 0.5% (w/v) so-
dium carboxymethylcellulose aqueous solution was administered into rat stomach as a control. CZP1-PEG-OA gave the
plasma concentrations of more than 5 ng/ml and 12 ng/ml at 30 min and 1 h after administration, respectively, which
might be near the plasma levels effective for the suppression of epileptic seizures in human, while the plasma concentra-
tion was less than 5 ng/ml at 30 min or did not reach 10 ng/ml at 1 h for the other formulations. It is proposed that the
semisolid dosage form CZP1-PEG-OA should be a possibly useful preparation for the antiepileptic or sedative medica-
tion.
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Fig. 1. Precipitation of CZP Crystal in Oral Droplet Solution
(CZP/Propylene Glycol (PG)/OA=1/37/2, w/w) 24 h af-
ter Preparation

Bar length is 100 um.

HORBENFI N D LB, ZRTTIHREL
7eBE, BSOS M EEE OIS RS N (Fig. 1),
ZIT, AR TIIOBENZEGRETHRWE <, &
s AT HIAYES Z O EE WY BRI B I B Ot 21T
oz, TO/RE, RUIFL>F U a—)L 150012
7 OFENLEEMRL THERET 2 Z & THESIT
HENHTE 2 ZENAVWHINZZ NG, Th
EREML CTOENICREGT 5Fy MEKIE L TH
W5 ZET, AERIEAE L TOREEEICDNT
&1 2.

£ B o #

1. &8 roFY)NL [CZP: Ak T %
W, A eEA]l, KU TFL > 27U a—)b 1500
[PEG ; HEEEEED, Rel, #1128 [OA: H
HEH, EXTRA OS-85], HINAKTFAFILtEI
O—ZF kU™ [CMCNa ; FlYGHISE T30,
W] ZEAOFEICH ALz, HPLC Oy
i, 7 b MUY RIEMISE T 26, HPLC
M1, BEEET U LEAKY) [FOEMSE T, 5
W], BEEE [FOGMISE TN, Bk 2H0WE. 8
MFEBIIBNTE, ABEREKEL T, KEERE
[KEBEEW] 2 HY, MKECEZY LY > (VN
S REETFIV) [FOEHISERD, Hefl] 2R L .

2. EBREY VU2 ILNIOREFTHE

Table 1. Formulation of Semisolid Dosage Form of Clonaze-
pam

. Clonazepam PEGI1500  Oleic acid
Formulation

(mg) (mg) (mg)
CZP1-PEG 1.0 39.0 —
CZP1-PEG-OA 1.0 37.0 2.0
CZP2-PEG-OA 2.0 36.0 2.0

I N7z Wistar R T v b (8, 2508 %
HEERBYHIOBAL, B2EBREHYE
F—D7 )= DEETFTHE L. BERRKEH
WIEBRIRSHIHE > THER Y, RBMEBREZEERICK
> TERR SN FHRETEF I DN TEREIT> 72,

3. WEORR 4HEOHEKOFHHEZLITD
ED1Zf7o7 (Table 1).

3-1. /o0 ENLImgERBRYTFL LY
J—JL 1500 (CZP1-PEG)  ilBa%IC CZP 1 mg
ZMEL, PEG39mg Z{RML, KBZHWTHK
80°C T2 /MMl LR L 721%, || TR T v
DA FH =TS LEBEHERICE L /.

32. vO0FENLImgER %A L1 L BES
RYTFL>41) a—)L 1500 (CZP1-PEG-0A)

A BRE I CZP 1mg ZFE& L, PEG 37 mg % i
mu, KigzmHWTK 80°C THI 2 4N L
L7z%, Wolth, BERFETHHE, OA2mg %
WL, #EWTHI 80°C TH 60 FOREFIL, =R T
RIVT w7 A I FH =206 EEIRIRE IR
gL/,

33. yOFENL2mgERS%AL 1 BEE
RYITFL>41) a—)L 1500 (CZP2-PEG-0A)

iBRE 1T CZP 2mg ZFfE& L, PEG 36 mg % ifs
L, /KigZRWTE 80°C THI 2 4 RIfNiR L s
L7zt WolzAZRBETHHE, OA2mg 2R
L, LT 80°C TH 60 RS L, =R TH
WT w7 A FH—ITNFRNS FEFIRE R
L7z

34. 70FENLKEREEBR (CZP-CMCNa)

RERE I CZP 20mg ZFFEL, ZHIT0.5% (w
/v) CMCNa /KiF#K Sml ZiRimL, RILT v 7 X
SFY—TERAL, ISITHEFN T30 ML,
CZP Bk 2% L /=, M\ WRFP 07 o>t/ A
DR FE, SHMEEIE T Martin 22 HIE U 72
FEE, K S5um THo 7= (Fig. 2).
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Fig. 2.
A, bar length=50 um. B, n=500.

4. YENREHORAE  HoniEEREA
EZHEH LT, HiE (23-25°C) ITHEL, L%
WMBEE A WT, KEirHoRRz8 L 7z,

5. ARPAMMEL pHORIE WL FER
BHF40mg ZRBEICED, EHFHEEREOLMEIC
HOETHEBMER/K20ul 217 0EXR Y FTiR
U7z, 37°C ITiREREE L - fEEMHh T, FETS
SrfEfR &S (20 [B]/min) L7 s, #KEROY >
TNNEMRT 2RMEHEE L. Z0%, 2000
rpm T 5 53 fEE O EEETTY, RE O 210
oEXy KCTH> 7Y 2T L, A% /—)LT10ml
WHRL . TO®EH 20ul 2 HPLC IZ#FE AL
CZP 2w EL, HHEAHKPITIAET S CZP &%
BH U HARRAMR L ZBROEERD pHIZDNWTH
REZFfT> 2. B> 7 )L 40 mg (2B &K 20 ul
WML =D TRIBRENDRWEZD, Y27 ) 04g
I UAEBRE/K 0.2 mliRIN L TEM 21TV, pH
OHEZEITO .

6. WRUNEER Fv hMT25% (w/v) L&
SHEHABHE/KK 1.2ml ZEENEEG L T, FEE
Eirolz. 77 78I, wEREEREEAON
e 5 f ORI DR 1% 5217\, i REER 1 2
TV, OSSR ZHEIL, miEp CZP BE
ZRELZ, FEBEEANCEL T, 75> 78
#®%, TNETN40mg 2477 —bF (#J 6X6mm)
RiZREL, v FOTBETHREDOHICHAL
7o, EBITAEMEREK20u 2HML, UTE Y
ty hOETREMLZ. 10, 15, 30, 60 731412,
ANNY U720 PR FAWTERMmM (#lE 0.3
ml) Zfro7z. ]Il 7= > 7 )i 3000 rpm 10 53

w
S

Frequency (number %)

o

N
o

w
=3

53
=3

1.0 22 44 65 87 109 13.0 152 17.4 23.9 283 34.8

Diameter (um)

Photomicrograph of CZP Suspension (A) and Size Distribution of CZP Particles (Martin Diameter)

ML REL, MEEZRIL 2. mifEdh CZP RE
Z HPLC IZX D HIE L7z, BEHROBORLICD
WTIX, 77> 7 #imtk, CZP-CMCNa %Rl 7
VIAIFY-TEISEAGLLEE, £ 0.25ml
(ZoFENRLImgER) %2, ROV FEHN
THMNICEEGL, 30,60, 120, 180 434112 \/5 1 2L
MUY P2 HWTEM (#E 0.3m) Z{7-5
7z, BRILL /=Y > 7L 3000 rpm 10 7358 0 50 B
U, IMm4EZREL 7= miEdh CZP J#E % HPLC i
KOHIEL .

7. HPLC[C LD EE M4+ CZP EE I
T HERIL, Bares 5OEREREHEICL TiTo
7z, 1% 100 w1 1I2D X, 0.1 M NaOH 0.2 ml, n-~\F
Y /BT FIL (9:1,v/v) {BiR4ml ZEHRML,
M Z2fTo /2. AHEHH 3.6 ml Z2HELL, EHEH X
T, 30°C TAREEZIT-> %, BEIHE 40 ul Zik
U EEMS &, 20ul 2 HPLC IZVEA L, Hakiir
EHREX D MEEFREER N L. HPLC 74713
HIRFTTITW, BH#LC-6AD ZRiER> &L,
B SPD-10AV UV-VIS Z# I Wiz, 287
H5 AT B4 Capeell Pak C18 column (PN4% 3
mmX £& 100mm) ZfFHL, &E 0.02 AUFS &
U, HIEHKE 320nm THHT L=, BEHHICIET &
FZhUJL 1 0.01 M BEFFR-BERE - N U 7 L RR TR
(pH7) (4:6,v/v) MW/, H#lE, 0.5ml/
min [ZRE L, 7 OFYINA DR 4.6 5
WWRBEDICHELE, Yo TIVEARIT 20U &
L7z, BERHIERICBEL TIX, CZP 0.5ng, 1.0 ng,
2ng, 5ng, 10ng Z=NFXUTKHL, I[M4E 100 ul 2R
MUBAL, ¥5120.1MNaOH 0.2mlifML T
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BEZTV, n-AFY 2 HBIFIL 9:1,v/v)
4ml ZFHRMU THB L. B 3.6ml 2R
L, @FNATF, 30°C THRELEL T, REHH
BTN E L., TRITBEIE 40 ul Z RN L BHIE
R, EEOHHEMT20ul 2 HPLC IZ1EA
L, E—ZHME mfEFREz7 0y b, WER
ELF.

MR MR DR FROBPEITDOWVWTIE, CZP %
XY =)V L, 2.5-50ug/ml JEE D X%
J =V EREFHE L, [FEkO HPLC &k THER
EIERL, TRLZ.

BRRUER

1. REURUOARABEOSIHEMES pH  #
B9 % g O [ K DR B8 & SR EE TR L
=& 25, CZP2-PEG-OA Tl MM 75 ks i D #r
NEHI X N7z, CZPI1-PEG KU CZP1-PEG-OA
IZHNT, FEMmOHTHIEN S 7z 7= (Fig. 3).
SHM=RMELZ%D, HHHE T ITBNT,
CZP1-PEG K U8 CZP1-PEG-OA 7 5 @ CZP D%
ma DTN BIEI S 72 h > /2. CZP2-PEG-OA (T
DWTIX, CZP 2mg H#J 80°C IZHB W T PEG (36
mg)/OA 2mg) DEAIFIZWSZABMKLIZED
D, HFNPITBWTHRFIEMRE EOREITEL 2
2O L2 D EEZ SN DILEXKD,
CZP1-PEG }¢ U} CZP1-PEG-OA 13 W BRRYIC 2 E 75
BFNE LU THHTES Z ENREI N

BRI EFEIRTH D Z N5, 2UEIRIT I
YOENERELFENBE T RWNEEZ, B
FrC A BEK CHEAML THWS ZE & L.
Z DI O BFN O SRR Y OvafavE, i1

DFFBEFEINRINIC B a2 52 50N E 2515
ZEMS, ITNHIZDNWT invitro THE 217>
7z, EHEGREOLMFICHHDE T CZP1I-PEG KUY
CZP1-PEG-OA Z1 £ 40 mg % 4= B &7k 20 ul
ZWRML, 37°C TIRES UL THERDOY > 7L
SERICIAM T M ZHE L 7= [Fig. 4 (A)].
CZP1-PEG 13 %9 3.4 43, CZP1-PEG-OA 13 3.2
SCHMLUIZ. 51T, ENTRITHEML 2RI
EODEEETY, EBhOsOFENLADBRERE
HE L7 [Fig. 4(B)]. CZP 3B\ RIERIC BN
THALND X ITKITIIFE L ERET RN (OKIT
K9 B IRMRE 10.6 ug/ml, 37°C) DA%, AHIF| % H
e U 7= 3 8121%, CZP1-PEG 125 W T 0.76 mg
(76%, w/w), CZP1-PEG-OA T 0.87 mg (87%, w
/w) @ CZP DIEENRD SN, SHEMD 3/4 L)
EIERLTH, SWEREIREINE. £,
FLA CEBRNZBAGEEICREREES 52 Mo
7. FWEFAME OO pH 1Z, CZPI-PEG IZH
WT, pH3.5 (n=3,24°C), CZP1-PEG-OA IZ$
WT, pH3.6 (n=3,24°C) OFfEIEZERLZ.
OFt /XA D pK, 71 1.61,10.35 TH D T &5,
BRFEFICIZEDIr TREZETLZDBDEEZI SN
7. — I ERYNE 0 PRSI )L — N TR
BET5ZEN5, HREMEZED S LS50
TWBF LA UBEYORME, BREEICEEL T
WA 18 < nTREMEMNE 2 b7z,

2. HEHRGHROMFHRE  EEICEL T,
S5ng/ml EF TR EEARETH-Z. §7/2bD5H, Sng/
ml {259 2 E &L, SEHEME 5.1 ng/ml, B
75% (n=4) L THELSNE. TNEAMIEEN
WEETH O, FERMEA S ng/ml KD EILZ DI

Fig. 3. Photomicrographs of CZP1-PEG (A), CZP1-PEG-OA (B) and CZP2-PEG-OA (C) before Oral Cavity Administration

Bar length is 100 um.
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Fig. 4. Time for Semisolid Dosage Form to Dissolve Completely (A) and Amount of Drug Dissolved in Resultant Liquid (B)

The results are expressed as the mean = S.D. (n=3).

Table 2. Plasma CZP Concentration and Pharmacokinetic Parameters on Each Formulation

CZP concentration at each time® AUC MRT
10 min 15 min 30 min 60 min (0-60 min) (0-60 min)

CZP1-PEG 0.0+0.0(3) 2.4+2.4(2) 9.0+5.1(1) 5.9+3.0(1) 314.3+£171.4 38.20)
CZP1-PEG-OA 4.9+2.6(1) 4.6+2.3(1) 5.8+3.3(1) 12.6 +1.6(0) 402.8+120.3 42.4+3.6
CZP2-PEG-OA 4.5+4.5(2) 1.8+1.8(2) 4.3+2.3(1) 13.1+2.7(0) 344.3+£94.3 46.7+6.6

CZP-CMCNa — — 0.0+0.0(3) 4.3+2.3(1) 72.6+41.6 60.0%

a) The results are expressed as the mean+S.E. (n=3), and the number in the parentheses is count of animals showing the data less than determination limit
(5ng/ml). b) The AUC value was 0 for one of the three animals; therefore, only the mean value of two data, not 0, was calculated.

hEEZ Ong/ml & U TH- 2. MIEFIEE DR
MR & Table 2 12/R9. [FIREIC, EERMHEAH 5 ng
/ml FjiE (MAEFEE=0ng/ml) TdH-> B
ZHHEE L 7=, 0-60 min 2 BE 9 % Ifn 8% Ay B —IRr FE i
T Hif& AUC (Area under the curve) &S
B MRT (Mean residence time) & B LD THE
Hi U7 (Table 2).

CZP1-PEG T, 30 43T 9.0 ng/ml @ -5 If 4%
HEENGE S NZA, 1 EERME 30 X D BIK
LU 59ng/ml &72> 7. CZP1-PEG-OA Tid 30
53 BAREIC B30T 5 ng/ml PA b o SF-14 i 8 o i 1 315
51, 30, 60 3 fElZENZF4 5.8, 12.6ng/ml & |
H U7, CZP2-PEG-OAZ, 1KRMEICHBNTHID
T 5ng/ml LA LS MmMEERREZE 52, 1 RefEE
12 13.1ng/ml THo k. BEHDOETRLEZELD
IZ, CZP2-PEG-OA T3 #% 5 -fii IZ#& % D #r H Ay A
SN, BB G R OKEIREAIT I A O & i
NEL TWBHEENER I N/, CZPI-PEG K&
UF CZP1-PEG-OA T, BhW$% 51k & O #r
WBEHRI N>/ Lo T, CZP2-PEG-OA
T, fEHIck 0200 BREERNEDL TN

Z &, FEMIEMEICAZE U7 iS5 O IE#ee ik
WNZEIHT B ENBEZOND D, BEEN2MHEIC
HENNOST, ENMEFRENG SN2
ORI N, BRI ToOToEL /Y a—)b
RIREAITIZ, OA RINT itk D R2GETR I A =
=D 7 S TP B ERI3 A S Nieho 7273,
ABFIDBEITIE, OA OFRM T EED LR
ZoRTEANASNZ. T OBRRIIEA DE NI
D < BAE AR O OA H & ORI 3Bl MR D
STWBEHDEEZLNDD, BRAGMFANHEE
EA5N5S. CZP BMEKHE N5 TIE, 1KHET
4.3 ng/ml @ e MR 2] U2y, BRI
HFIXINLLFTH - 7.

AUC 12BN TH CZP1-PEG-OA 73 INMEIZ BN
TWAHEMMA RSN, £z, BEYOBITHEN
MRT IZKBEINTNWS Z ENED 5N/-. CZPI-
PEG (3% TOMBEFIRE DK T T MRT VNS
<720, CZP-CMCNa TIZWILAENZDITKE
7% MRT &3> 7=, Mm¥EFIRE, AUC, MRT T
NIZPNTH, OB WTENZENOMICE
BEETA NN (p>0.05, ANOVA).
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CZP X TH BT > Rt 2 EEDKYERE D #H
gk, NE, RADORIGE DK REH 93
Bz 5L, Z o>/ AaimiEdEEz2HE L -
STHIDS G, FfEZETE2IHIGI U7z 45 Fl O f gk
EES 3-40ng/ml TH > 7=. Dahlin 517 & FIEM
FCKhE R 7 OFE)NADIMIEHEEZ 3.5-12.9
ng/ml EHELTHO, WHO DRI N HLHEM
10-60 ng/ml'® £ U H{KWL L X)L THIEME D S
N5 E2WEL TS, F7z, Browne? HiR#E
BHoMmEREEZ 5-50ng/ml ELTW5, /IKHE
52003, T v MZBWTE MERIMEEPIEEIZTN
L)L (20-40 ng/ml) TREHMHIIRNG SN S
ZEEMELTHBO, ARLNIVNE S OHAEEIC
TN EIRINTNS, LENST, B NERE
& (Browne IC X UL Sng/mD 192 HLET BT &
BEEHLZIBOEEZOND. L, HARHEIC
DNWTIE, Tv hEE FTIREDENITL DRI
HEZZD B OE NG H G 2 Z L
5, KU IEMSAREOFMICITE R M0 g
tEZ5NS, Table2 IR LD, SEEH
U7 8AI S TRIN T Y FETHEREVWIA SN
BNHDD, CZP1-PEG-OA 13 30 43 T M rp
BEEE Sng/ml DL E, /D 1 FRFIZHB N T 10 ng/ml
EHMALMPETRED ERERTZENS, ENZ
BEIThH 2 a[ReMEAVRM S N7z, BIE, R A
OHERMEZHSNMTT B0, KERMDOZDE
FTOEALE FNOEHIZOVWTD, BatziEsd
T3,

] A

CZP 1mg &4 PEG # K| & OF CZP 1mg & H
OA & PEG ®AX, EW/) PEG HICIKEML /-
FEFAIR T, FEEHTHANE 2 0 B E L
FHATHL ZENAWHINE., £k, b0
e AN AR B A MK CHIRRA MR L 72 B8, mnEk
WiEtEZmRL, HENOBAIZHENT, T
DOREEENE Z 6N =. KiZ, CZP 1mg &4 OA
fid & PEG #AFNE, 5% 3070 Tk b DIG#EIC
WA EEZRL, 1 B2 10 ng/ml LA
FomfEhEEEZR LUz ARENL, SHOTAN
WFEDR TN ABIE, SEEROMFHEIEICER TH
AN E R 5Nz, G, KERMNTOMA
PEFAOMAEOEAEOMmE, I 5ICTHEDK

PUEHER OFE 7 a 2175 2 &Ik D, FEBH
AlD CZP ZIRRIAI & U TOH AL S ITis
2bDEEZLND.
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