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Cancer patients often report a decreased quality of life due to cancer-related pain, especially neuropathic pain,
which is difficult to manage and often develops resistance to morphine. Thus a supplementary analgesic can play an im-
portant role in the treatment of cancer-related pain. Carbamazepine (CBZ), for example, can be effective, but only if
the patient can take medication orally because it is limited to oral administration. In this study we investigated the effica-
cy of a suppository containing CBZ tablet in hospital preparations. We selected a base for the suppository of either poly-
ethylene glycol (P), Witepsol VOSCO® H-15 (H), or Witepsol VOSCO® S-55 (S). Six to eight in vitro and in vivo
groups were divided randomly based on route of administration and treatment: intravenous (i.v.), per os ( p.o.), and
intrarectal administration (i.r.) (composed of CBZ powder and tablet formulations, CBZp and CBZt) prepared in
either a base of P, H, or S (CBZp/P, CBZp/H, CBZp/S, CBZt/P, CBZt/H, and CBZt/S) . The hardness levels of the
CBZt suppository group were significantly lower than the CBZp suppository group. The drug release profiles of the
CBZt suppository group were high in order of P, H, and S; there were no significant differences between these groups
and the CBZp suppository group. The maximum drug concentration time levels of the CBZt suppository group sig-
nificantly increased compared with the p.o. group. These two groups had equivalent maximum drug concentration and
bioavailability levels. These results suggest that a suppository containing CBZ tablet can be useful for hospital prepara-
tions.
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KPR 2 RT ZEM S, SIRMBIEOM AL,
R IR DESHABRIC BN CEHE B E 245> T 5,
HIVNYYE > (carbamazepine; CBZ) 1%, R
REHRRIC BT B BALIKIFIE Na F + %)) DFEEE 2 #1
Bl L CHmRN R 2R U, Y Mk KM &% T D8
WL L T 0aENZHHEINT NS, 6
CBZ DGR, & K OHGH O DI O A
Thd. HEEHONAEFIZ, BOTOEFZLEGN
K7 Z %N, RN OEHICHRE TE %Ik
OFE LU THHABRTFEOHRBIIEETH DN, £0D
5B AKIOERGBGX, ) EEER)F O [ S
W28 NEERANEZ DWW TR, 2 YA
HEHEERE TR & 72 DRI K 2 A O G 2
ZENETELHENBERTHO, RFOHRSTIE
PNCEEERANETE S, L Lians, &
&> TIIEM DI E L KT TETTRL,
P S DENEL B REZHL TS, £z,
FENEANL 21T 1201213, AP ICEEN Y /8
KRB THH I ENKRDOENTNVNS, 5
2, KRBEINTOWSHELDAN OB G/ THHAT S
HBald, BNEAOZ S AMITHEINLS T En
5, ERERMEFAICH > TIIRBIIEIC X 2 HyEhhe
DRI SNIINTNDILEND 5.
bibiud, FAHOMRE - BfEMEE FESEOIE
et 2 R R DK & U TEERI 2 NEL L 7z 40
%z HWT CBZ D #i 7z 7ake N ELFI D B ¥ 2 H YL,
CBZ gz NA L =AFORMEHRFNTIIEEL
7z.

MR L FE

1. & ¥, THDCBZIE, CBZ FHKE
(CBZ powder; CBZp, FUEAikkNxtt) KO CBZ
5% (CBZ tablet; CBZt, 7 L k — JL®5E 200
mg, //)NVT 4 AT 7 —<HRAEM) 2FHALE.
AR OEEFNL, RUTZFL >Z7 U a—)b (poly-
ethylene glycol; PEG) 1540 (PEG1540 : FIJGHEEEE
Ath), PEG 4000 (Fnytisisgskatt), a7
7 =)l IRAJ®H-15 (H-15 ; dLa 8kt
K7 4 57 =)L IR A I®S-55 (S-55 ; H 4o Bl
HRXE) 2HEHALE TOMORMEKIE, TNTH
Witz L7z,

2. CBZp ZAUW-@BEICLZLHFAR il
PPt EFNT X 2 FENE, H-15 KU S55 2 & H i

Table 1. Composition of Various Carbamazepine Prepara-
tions

Group Method for preparation Drug Suppository base

CBZp/P PEG
CBZp/H melting method type  CBZp H-15
CBZp/S S-55
CBZt/P PEG
CBZt/H tablet containing type CBZt H-15
CBZt/S S-55

CBZp: carbamazepine reagent powder, CBZt: Tegretol® (carbamaze-
pine) tablet, PEG: polyethylene glycol 4000/1540(3/1), H-15: Witepsol
VOSCO® H-15, S-55: Witepsol VOSCO® S-55.

50°C TRlfiE S & CBZp % 200 mg fil A T 10 5[
RML, ¥H—Chok®EHz2zT 5 2AF vy r8a>
TFr— [a>T7F—, ha#EER)] T2EN 2.2
mL &72% X 512 CBZp &f H-15 44| (CBZp/H)
KU CBZp & S-55 44#( (CBZp/S) Z{EHL /-
—F, KEMEEF OFEIL, PEG4000 K U
PEG1540 ZH & 3: 1 DEAETHALERAEY
(PEG) #% 70°C TRlfE X1 CBZp Z 1A T 10 /[
BMEEML, CBZp &# PEG 4% (CBZp/P) %
ERIL 7z, 7aB, &8ANL, - RICEAR, =
RCT—HE(LS B2, HBRICHd 2 X THmmEN
R1FL T,

3. CBZt ZRWIoAmEIC L B&BIZAB LA
AFIFAR  CBZt 2 NE L /= BHKERRIL, Aido
AR K > THB L 224K D PEG, H-15 KT
S-55 2 —)V BIT 1/3 REEAL, FEIL /= CBZt
D2RHZHALTEDOEANTXL> TEE2.2mL
IZF% L, CBZt &4 PEG 4% (CBZt/P), CBZt
&4 H-15 4% (CBZt/H) KU\ CBZt &4 S-55 4
Al (CBZt/S) ZFH#LL 7=

BB, TNTNORKL -4, Table 1 12
L7z

4. HEFHHEABRRCODINTEECDEE

ARF R R B, AR IR A BB (TMS-103,
FILPEFEMLRD) &AWz, BB TRIZED J e
HITHEM U 7=, BHBREMS, Bz ) > R EIK
(pH 7.4), RBIRIRE © 37+0.5°C, fHiAH B
W 300mL, EIVMHNEEEE : TmL, Oy R
[F#RE% 0 25 rpm, A — T —[A[#EEL 100 rpm D5
iz Tiro 7=, BlEY >IN, 0.25, 0.5, 0.75, 1,
1.5,2,3,4,5,6,7 KU\ 24 BRI B L, #REUS
IFE S ICFRZEORBIRE /ML 7.
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B TINFHDOHIVNIEYE I, N EE
(UV2500, S®ERT) 2 W T, HIERKE 258
nm I[Z THMEREICTREH L. &b, BIEEEZ
Y2 TINHDAXRT MVEITIZE > THSNRK
W 2 W .

5. AFREERAE  HEEOHEX, EZY b
RIGERIARERE R (X N AT 1 )VEEED) 2R L,
ARFISERER N S 1/3 O & EE L, AT
HTAHMECLOBEINZEEDRERD, Z
NEPFEEEE Uk, BERMIN (Za2—h>)
THEL.

6. KERENMY HABLGHEM IW/CSK UHF
(10 #HfH, 1.7-2.1kg) 1&, HAZZT)L > —#K
DX VBALL. B, =il 23+3°C KON
TR 55 15% ICHERF S 72 12 REREBARE Y1 7 )L D
BEICTHEL, ER24NEMLVEEIE TR
WHDHSNIEWEWZRBRITH W, 788, A%
THHAINZTXTOEBREBIZ, W6 KP4 mE
R S I Ko TRRESINLE#HWHT A RS
A TR TEEES Nz

7. EYEREFIBITOI-ODEMREET A >

AL =B ORI T 572012, KR
1, #MWRAN (intravenous; i.v.), #&I1 (per os; p.o.)
EOHEENE S (intrarectal; i.r.) BEICH V7=,
HEYOPFEILLTOMWO IZfro 7. 788, 1IED
X R v, p.o. RO ir BTV CEELDIE
ICEBRL, TNETNOEBRUBIT DR &S 15HM
DIEZEFTEEL -, INSEYEG2TORNCT
TIOHTIVERRL, EhnkInisnz s
EHERR L CEEL 7=,

v, BTG 2EMIZ, #WE Y OFEE R
(EHEER Z2HWTOYF2EEL, GBNE
fk’ns CBZp 270 L > 7 ) a—)L-K¥E/K-T
&) —)ViEHK (2:2:1) THM?L T 10mg/mL
DUEFHARIKICTR L, CBZ &% 20 mg/kg #2251
7=, BEIRNTE AGEEELL 3 mL/min LR CFEHICL S
TREERE L 2.

p.o. BEIZH 5T 2L, AHAREREE
Ver. 2 Off BIFEEDIZREY, 10mL D) > PR
IZHEIL 72 CBZt @ 2 & AR, #55°C O 6
mL TS BBIRE L, T DRIKREBIRICHG
L 721#I12# 11 > 5 [Nelaton Catheter 10, #H13
L (BR)] ZHWTHERNNRIRITIEALZ.

iLr. BECI 59 2441, CBZt/P, CBZt/H KT
CBZt/S & L7z, FKRZBMITHEE L THA 2 A
U7z ERICHE AR Z W TILMZA L TEY O
R ZEREWZ, 7ad, HEEANIR 9 KifE T BRI
L.

8. m#EH>7ILOFEER i, LB r#R
KOANY F YDA FFHESEE) 12TY XL
eV 2P EHWTEYR5%0, 0.5, 1, 1.5, 2, 3,
4, 6 MUIRFEICIT> /2. HRIEIE 1.2mL &L,
RMRICHFEEOABAERKREZTEA L., BEL i
WL, EMNIZE.ODEE (4°C, 4000 rpm, 5 min)
LT, kEEYTINELE Bonid>TINg,
HPLC IZ X 2 HIE K £ T —80°C THifERTE L /.

9. mFHLTIOREEE M > T IV
83, B> 7)) (450uL) ITAEEK (S0uL) KU
NZb ROoF I ZEEME AF ) (internal standard;
is) 7= MUILEHKR (0.5ug/mL, 500 uL) %
MATRAGHE L., 20%, BLOoEE (47,
10000 X g, 5min) &> T, BR¥ >IN EIEZLT
W EEERRIERY > T IVEL .

10. HPLC BIE D%  Shinoda & @ #H &9
5EICLTC, BEMIE, Y2 MUIL/5SmM
U PR 2KFH) T LERER G116 v/v), 154
%, inertsil ODS 3 (4.6 mm X250 mm, ¢5 um), f&
H EiZ 210nm, 1 7 AR EE 35°C, T 1.0
mL/min & OGUEHE A &E1E, 20ul DA THIEL
. 7B, MERIE, 1-20ug/mL O &#FHZ H W
o, REITKDERERMT 0.4 ug/mL AETH >
7z

1. EWEgEFWENR EWHE (phar-
macokinetics; PK) /T A—%13, LI FOIEHEZH
W7z, PR E Rl FEmfd (area under the con-
centration-time curve; AUCy,y,) 1Z, BIEEICEL S
THEMLU, mEimHRERERFE (time to maxi-
mum drug concentration; Ty N OVEmE Il iERE
(maximum drug concentration; Cpy) fE1Z, HIER
AEMERDTE. N FTXRATEY T+
(bioavailability; BA) i, LLF® Eq.(1) Z W
THHELZ., B, INs0NTA—F35MHEET
WHERAMEMNSEH L, AUCL, fEIX, &5&8IC
EoT /= I14 X LT

{AUC,5 594/ AUCs, 691X Dy,/Dyol X100 (1)

AUC; area under the concentration-time curve, po;
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251 (@ ——CBZp/P -O-CBZp/H —A—CBZp/S 259 (b) —e—CBZt/P -e-CBZyH —a—CBZt/S }
CBZp/Hg 75.60, CBZp/So 5.61:p <0.05 vs. CBZp/P 20 4 CBZp/Hy s.61, CBZp/Sy .61 p < 0.05 vs. CBZp/P .

carbamazephine release rate

time (h)

Fig. 1. Release Profile of CBZp and CBZt Suppositories

carbamazephine release rate

35 4 ;/ ./
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time (h)

(a) CBZp suppository group, (b) CBZt suppository group. Values are shown as the mean+S.E.M. a: p<0.05 vs. CBZp/P, b: p<0.05 vs. CBZt/P (Tukey-
Kramer test) . CBZp: carbamazepine reagent powder, CBZt: Tegretol® (carbamazepine) tablet, P: polyethylene glycol 4000/1540(3/1), H: Witepsol VOSCO®

H-15, S: Witepsol VOSCO® S-55.

per os, iv; intravenous, D; dose of drug.

12. HEHFHRE T3, FEHE EERE
42% (standard error of the mean; S.E.M) TZEidL
2. 2 BER D ELERIT frtest & ENERE, ttest BT o
7e. 7z, 3 ML EOERIZ ANOVA Z17W0W 4
BOERZFML, FEMOENT Tukey-Kramer #
EEMWE 2B p<0.05 ZHEEAED D LWL 7=

] R

1. MUHEBER AL 2% CBZ AF Dk HIHR
% Fig. LITR L7z, b, SLA0EERVEE
BH—HIZm 01370 > 7= (data not shown),

CBZp/P Bfi3, 6KifiltsE CHEARMRIEMNZERL,
24 BE%1213 200 £3.5% FTHEML = (R2=
0.9875). CBZp/H &1} CBZp/S BED =L, &
B IR E ARSI L 224 (R2=0.9836 K& O
0.9847), CBZp/P &bl TEL <{&Kh oz,
£z, N5 2 HMICHEELEWVD, BRINR
Mo 7=/8, CBZp/P EE&t#d % &, CBZp/S FED
HAMMBEEITHA U= [Fig. 1(a)]. —7F, CBZt %
WAL 7= %83, CBZp Ik > T L =8 & [H
FROfE &2 R U7z [Fig. 1(b)].

2. BERER SEHOMEEHITEOMEEZ Fig. 2
IZRLU =

FHAZHAWTHEL Z4K O EX, CBZp/H
HOARMEEITIKL, CBZp/P KU CBZp/S &
13, FHIHELWETHh- . —F, ERlZzRNaLz
AFNE, EARZHWTHE L 72485 & ik U TR
DM Z 7L, HiC H-15 Je U8 S-55 B #1E, Sl
DN K> THEENEEE IR T U .

200 1
175 1
150 - BmCBZp/P
—~ BCBZp/H
€127 QCBZp/S
§ 100 A
S
E 75 1 BCBZt/P
50 - BCBZt/H
25 B CBZt/S
0 —
powder type tablet type
suppository suppository

Fig. 2. Hardness of CBZ Suppository

Values are shown as mean+S.E.M. a: p<<0.05 vs. CBZp/P, b: p<0.05
CBZp/H, c: p<0.05 vs. CBZt/P, d: p<0.05 vs. CBZt/H (Tukey-Kramer
test). * p<0.05 (t-test). CBZp: carbamazepine reagent powder, CBZt:
Tegretol® (carbamazepine) tablet, P: polyethylene glycol 4000/1540(3/1),
H: Witepsol VOSCO® H-15, S: Witepsol VOSCO® S-55.

3. iv., po. RO ir 5% 0MmiEH CBZ RE
TOT7 7 A ILEEYEREFHINT A -5 &&kE
HALIZ BT 5 CBZ O EHERS [ O p.o. B
gL U REIL DAL % Fig. 3, HEMBEEFRI/N
T A—%% Table 2 1T/R L7z, 728, HHEER O
RINSGERZ NS 5 8HNL, AR EFRHERZ
Wo7zZ Ens, BWFEERIE, CBZt BITREL
. Ee, ARETIRHEENZEIR TSI ENTE
Binol=ZEmS, SFICK D EHIZE I ICEHE
F—=Y DHEHNTE/INT A=Y 2HHL /-

iv. BEOIMAE R CBZ B, #5619 R
WFIET BB & 72572 (0.6£0.02 ug/mL). p.o. B
W, v BEEPLER U Tifn b R S % 5% 60 4y
FTHEIEL, HRNNSDHEIRECNTHO -
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12 1 (a)
u

carbamazepine concentration
(ng/mL)
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/ . -

- ®=jy =0O=po —e—CBZt/P —e— CBZt/H —a— CBZt/S

Fig. 3.

carbamazephine concentration raio

200 1
() CBZt/S

Bpo BCBZt/P BCBZt/H

time (h)

Plasma Concentration Profile and Relative Concentration Ratio Change of Carbamazepine in Rabbit

(a) Plasma concentration profile of i.v., p.o., and CBZt suppository groups, (b) relative plasma concentration change of CBZt containing suppository groups
against p.o. group, Values are shown as mean+S.E.M., a: p<0.05 vs. i.v. (t-test), b: p<0.05 vs. p.o., ¢: p<0.05 vs. CBZt/P (Tukey-Kramer test). CBZt:
Tegretol® (carbamazepine) tablet, i.v.: intravenous, p.o.: per os, P: polyethylene glycol 4000/1540 (3/1), H: Witepsol VOSCO® H-15, S: Witepsol VOSCO® S-55.

Table 2. Pharmacokinetic Parameters of Carbamazepine in
Rabbits
AUCO*Q h* D~ ! Tmax Cmax BA079 h
(ugxh/mL) mg~! (h) (ug/mL) (%)

iv. 0.36+0.03 100.0
p.o. 0.13+0.01* 1.0+0.3 4.2+0.3 37.7£2.8
CBZt/P 0.16+0.02 4.0+0.6 4.5£0.7 38.6t6.4
CBZt/H 0.12+0.01 7.2+0.82 5.4+0.92 29.0+0.9
CBZt/S 0.11+0.01 5.0£1.52 3.44+0.8* 34.4+7.8

Values are shown as the mean=+S.E.M. *p<{0.05 vs. i.v. (t-test), 3p<<
0.05 vs. p.o. (Tukey-Kramer test). CBZt: Tegretol® (carbamazepine)
tablet, i.v.: intravenous, p.o.: per os, P: polyethylene glycol 4000/1540 (3/
1), H: Witepsol VOSCO® H-15, S: Witepsol VOSCO® S-55, AUC: Area
under the concentration-time curve, D: dose of drug, T.x: Time to maxi-
mum drug concentration, Cp.: Maximum drug concentration, BA:
Bioavailability.

CBZt/P B D i ffEh CBZ IR, p.o. #f & M
LT 0.5 R D HNE BTN o 7203, F DI
[FkE 7 H#ERS 2R L7=. CBZt/H J O CBZt/S B DI
#Er CBZ JEFE13, p.o. BEX TN CBZt/P BRI LT
BWHEBZRL D, #5186 Kif LRI p.o. B
EFFEE TH > 7= [Figs. 3(a) and (b)].

CBZt/P BEDHEWBREFHNT A—F 11X, p.o. B
Elhi U CHHE R IBE I NN >z, CBZt/
H B3, p.o. BEELEE L T AUC)o, KT BAgoy 1
FIFEHELWETH D 7270%, Thax KO Coay EE

b<Lﬁbt(mnmﬁm,mn%ﬁt%%mﬁ
HEEINEN o720, po. BEEHANT Thax B

Lit%bnj‘é :E)O)O) Cmax ﬂﬁbi% L/ < {E&T L/f: ﬂﬂi
T, AUC f#ilZ p.o., CBZt/P &1\ CBZt/H B & Lt
NTHEIZIKF L.

-1 =

AWFZEIE, BB THERANTFRINDEAZHNT
R EAERIRL, AROHIEICK 2 EMET &
g %5 2 ETEORMET DN THREF L .

PEN DI AICBNTHITNIR EOEEIEREE L
T, HENFRFOND. R IRAAH ORI
19.6 05 196 N £ THA TH .19 SEIFHHL -FH
RKOBENL, 9475 129N THO, EFZ2NAT
HHFENE, 87 5 122N TH - 7= (Fig. 2). 4l
HIE U720, $ekl2mNal 7z & EICEAEN i
HE S BIEMATHEL TWDZ EMSD, 47k
WEEZELTWVWDSEZEZ SN LrLENS, K
ENEAOHEDORTRIFIONEETHSIZHN
MH 5, JMIEMEREFNI LT L T30%REE/K T
B, EFOEEICX > TIIERICH - 0IEEN
WME LD LN,

—fRIT, AENCELA SNEWNT, KR D0
ERFNIRIC K> TEFDRL, BfEL D5 ICER
PRI I N, BRRL TS ZELEIC XD E
PAREIE D S RIS 3, FEA A > BIO RSy &
WAL N ESONT NS, FRIZ, EERSE
123V 40°C f15E TH %. PEG DI 40°C Bk

THHIENSEHBRICKZ2HLIZEZSaneEE
A 56N50, H-15 KO S-55 HFNOF AL, 33.5-

35°CHHETH D, AFIFEARITHIEIERLANL, B
B, BRI HDEEZ SN, ARG
U7 KiEERH O PEG OFL 4 HlZ, Hidaka 5
DL 2HE T, BB 23 FEHEHOHK
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W) OffifEEEEHRL TREALERELZ. PEG
VW, BRI K > TEADEM L TA<IEES
5k, BTN S IINE N7z CBZ N HEERIC
BT T 5720, BOHKGRE D &N RN & &
Wit RENBR I N EEZ 57z (Figs. 1 and
3). MAT, CBZZsEfR -4 /7 —)/
pH 7.4 U CEERERD 75, 57.9 OIRIREEY TH
HZEMS, KEEEFIDO PEG NOHF KN
Y, MEEHEEA S OBME NS NI &S H-15 K&
O S-55 QAN S ORI SN S0, EFIFIC
HYNWEE o D MPRENEN > TZEEZA 5N
7z. F7z, H-151ZM#EE L T S-55 70 5 QY fig A
KT L7=DIE, 7KEEFLAR DN K K5 O N
RO TEREROMBMENELS o2 tBZEA 5N
7=.9

In vitro B D FHIERER OAE R S FAR THEL
R EZTREOHBEZRLIZZENS, FEAIDH
BEYaRICEEN W EBSZ N Ll
5, 77 L h—=)URL & W 2 AT W %
ZRLTVWDZENS S, HIGNOHEAOEFE
IZDOWTIEAHBMmET Lz iudie sz, £/, B
E# 5 TR EN DR OB GITENER TR &S
A6N5MN, MPBRETOT 7 A1ILR Tox BN 5
HEM9 2 EAARI G, R Z R Ui Ic i L
BB IENSKEVRLESOEER, ROKE
CHRUEREBHBTOFAIT#TIREEEZLN
7. Bz UL, CBZt BHNT, B Z 45
T ZETHREGEENED 2 EICL > TEEANOAH
B TE D AREENE A 5N, 4%, EIBN
DEFERN DRI DNTEEL STARDBEND D72
A9,

PEG O & O 78 /KIEWEF O GG, E R NFIEE
NREEERZ ZEMS, DAREREOS#IEmBNA
ELUTHEAT2HAICEIRNBERZEEL#N. £
ZTHhNOIUL, HFEMEE O FEY R N TN %
2 SWET S 72012, H-15 8 S-55 HANT L
TIEMRMBFI DO 1%y 03 —)VEEF bY 7 LA 2T
MU T 2 Mat Lz, Lo Lsns, Ths
PRI 7= ARANT, RINL 72 AR5 & Ele U TSRk
HIME R O Fh SR s B I 2RI B I e o 7
(data not shown).

oz &ms, gERlenNal 2840, @
PRI K> THoiEEA L, KEHEAIT

EREO LI AEA L, H-15 % S-55 HANL, &%
BHEORKMERETHEEAOND. Tz, SAIZH
HIBITHR=D, FHEOFHENE—-TH2Z LF
KERHHETH O, HiE TSR
ICTE5HANTH SR CTRANBAE L ToOR MR
BEWEEZ SN,

HE AWIRICED O TH M TR A TEN
it AT L O U =

MzEMER BRI XSRS,
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