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Ketamine has been widely used in the operation as intravenous and intramuscular injections, since ketamine has dis-
sociative anesthetic properties. When it is given in sub-anesthetic dose, ketamine is known to have an analgesic effect.
The analgesic effect is observed for patients with neuropathic pain when administrated not only by injection but also
orally. In Japan, since ketamine is not commercially available except injection forms, patients have to take it as solution
of injections for the oral medication. Since the solution of injections has extremely bitter taste, patients intensely desire
the development of preparations without the bitterness. In the present study, we prepared oral gel dosage forms of keta-
mine using agar. It is simple to prepare this dosage form, and most pharmacists can prepare it easily in many hospitals.
This gel dosage form met content uniformity requirements and the shape of that was maintained intact during the disso-
lution test (for 10 hours) . The release rate was reduced by additions of additives such as sugar and a flavor in the gel.
The reason for the reduction in release could be the suppression of ketamine diffusion depended on the micro-viscosity
of solution in the gel. The ketamine contents and the release profile of the gel preparations were unchanged at the room
temperature for 12-week storage. The gel preparations in this study would be useful for the oral medication of ketamine,
since it is easy for patients to carry them when they go out and the intensely bitter taste could be improved by the addi-
tion of a flavor.
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1. &¥ HHoOFHIMERAERS Y I >
BEl (% 5—)150, 7% 3> T 50mg/ml,
R R A0 Img/ml 54, =H1T—)
#Hi GER)) %2, TEOBOMEBHEAICE, 7
<#k (St. Louse, U.S.A.) By ¥ 2> 52 ZFh
THHWE, RO & 3 CRFOFEITIL, FHHE
LCEFAMaEm T (B Ko#EInitRHm
KEK (PS-6) ZHW, wmpmELTIE, > akl
(HAG R GER0), Kis (VM AMTE
(H5)), I—bE—KRORBEXREFH 7L —/N—
(7 JUNENEHHTL—/)N—: 2 3k 98%,
R HukklzE 2 2% 80, KERHE (KIR))
ZH W7, HPLC T X% & &IZT1X HPLC Al 3
%, ZTOMOBMEFHIII TN TRERRN 2 Wz,

2. BOs5 3 BXRRORANEE  HRE
K 0.41—0.52g &7 % T — )L {EFHE 5.0—20.0ml
(r%3>&1LT250—1000mg) ZRAL, WEMN

13.5 ml 27z B WSS E Y EOREKEMA,
#7 100°C THIEL - BHRIC K D BRZRMSED L
Bri2 13.5ml ZCEML, ®AII0@ES> &L 2
DERIBIRZHK 50—60°C £ THIWTHHSEZD
b, RE135ml OREFHT I AFv 7 a>TF

CLa®EE (KB) CREL, |iRTES 8.
W= MA 556818, ERXEBEWKRZ 4.3—11.4ml
TR, > akE2.53—8.67g KUUKER 1.27—
433g XiFa—t—7 1L —/N—3.80—13.0 g Z iR
L, 8% 13.5ml & L7 (Table1). [EkL /=%
FNIRFIH T 7 AF v 73> 57F O LG %
T—7ICK0EEL, RUB(EZUF > ®T )L
L (VLT wT® TTELROELREZHNT2E
WEHALREREELT, I5ICTIAF v 7H-OK
BRICANBHT S E CTWEETHREL .

3. BRXEBBIPhOTry I 0EEH—HHER
BE10 fH 2 FHWT, HRF XIV & EE—Eilbik®
IHELL, ®FIF Oy I CEBEHELZ. TS
RUEEENET S, BHACERSEILEND
LM, WRAFEZ, EARSOYIFEHWEY
HEGFOT7L N7 I 7 ERBOERBFIEICHE
MUz, Ixbb, BHN1EIZ80% (v/v) A%
J —)VIRW 40ml iz, #80°C THNRAEM S &
7z. Wntk, 80% A& ) — ViAW % A TIEMEIC
50ml &L, #O08EE% (3000 rpm, 20 43), &S
ml [ZNEEEER IR 2mg/ml 717 = A 2 KIER)
ZSOuliRimL, &I UREEESEREKRA O N

Table 1. Formulas and 50% Releasing Time of Ketamine of Oral Dosage Forms
. Formula Formula Formula Formula Formula Formula Formula Formula Formula
Compositions (w/w%) A B C D E F G H I
Ketamine hydrochloride 8.53 4.27 2.13 3.79 3.54 3.28 3.79 3.54 3.28
Benzethonium chloride 0.02 0.01 0.004 0.007 0.006 0.006 0.007 0.006 0.006
Sucrose — — — 16.7 33.33 50 — — —
Starch syrup — — — 8.3 16.67 25 — — —
Coffee flavor — — — — — — 25 50 75
Agar 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Water 88.45 92.72 94.87 68.20 43.45 18.71 68.20 43.45 18.71
Volume (ml) /1 preparation 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35
Weight (mg) /1 preparation 1350 1350 1350 1520 1600 1730 1520 1600 1730
Ketamine (mg) /1 preparation 25 50 100 50 50 50 50 50 50
tsoe (D)@ 0.286 0.339 0.321 0.413 0.515 0.725 0.455 0.531 0.698
(S.D.) (0.040) (0.013) (0.018) (0.014) (0.043) (0.031) (0.009) (0.003) (0.006)

a) n=3—4.
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2757 (HPLC) (LC-10ADvp, EE&/ERT) 12X

DHIELZ. 7B, HPLCIZX A EEIFLL T DS
tTiTo7. §7abb, 515 A3 Mightysil  RP-
18GP (4.6 mm X250 mm, 5um) ZHVY, 575 ALIE
B3 40°C, BEMIZTYERZ=MU)L 1 100mM U >
FefE @ (pH 3.0) =20 : 80, i 1.0 ml/min T4y
BEZITYY, JEE 215 nm TR L 7=

4. FHAR BHEBRE, BHR XIViEHR
BB L, VEHEABRER (FILPESE) TREIERN
Ay Rk BT°C) 12XV oz, NATw FDE
F %0 100rpm & U, EXBRWEICIZ 900 ml @ H &
XIV BRIERRBRTESE 1 RO 2 & . RREE
BN ARBRIE Sml 2L, FEO Y I 2 XIRE
eSS Ei ViR zERL, WEZE —EICHR->
7. BRELL 7-ikBRih O SRS, BRI N
R Qmg/ml 7 =1 D KIEHR) % S0 ul iR
g, HPLCIZX D #lE L7z, HPLC D413 3.

GEE—VEHBROEICRLZED TH 5.

SrEIL 7 BA O BRI DO W TIE, Fig. 1128
FTEOITENEN2550E], 84rE], 28 pEl, 324>
B L 7= 8K % BN 27y MZAR, B &FRERD
G T OB R 2

5. EXERHOLDT Y I L OREMEICRETHR
DR

5-1. Peppas DRZAUVWLFH7OT774LD
BT  EBREFNSOTY I Do
FIRMAOEEIZDNWT, LLF® Peppas @
A2 2 W THRET L 72

A)

1/8 X 1/4=1/32

F=kXxtn

Z 2T, FIZE tiICBIT 2 otiER (%),
K A A7 i i tE 2= R 9 8 (% - h ™), nidhk
707 7 A OBIRSCEY Oy fkER EE2ERT
ERTH5.

BREORESCI—t—7 L —/N\N—2FML 7=Z%EX
BHANS DI I D60 5 TORHEE, IEMH
/N k707 Z L% FWT Peppas ORI
HTIRY, EHEKkKVOnDEZEZZETHEET
077 A IVOREOTZiTo /.

5-2. %f%ﬂ#&@%mmwﬁméﬁ ESSN
BEIDS DT H 2 > ORI KIT TR D&
ERETd 5720 ;i,@ﬁﬁ%$@ﬁ%%@@ﬁé
B 2R 20BN DD EB L, BREHINS DR
mwwﬁmﬁ%%ﬁat.:@%,éﬁmﬁﬁT@

OB HW =R MY BEIa—ke—7 L —
IN=) DEERRSNT akETHO, EER DR
FEIC X DBENEOEMS Z2EET 5720, > akk
ZEMTHRMUZERERZHREL, MEHTHL
7. EHEBROSMR, 4. E R OIE & FRERIC
frofz. 272U, Wi E L T3 H R XIV gitEiR
BRIESE 1 W& Wiz, RRRFEICEREL L 723k eb o o
afEOREEZ, AT 2 - HIIVNT =) - Kk
FEVICXOHEEL, T aloRERERD .

53. 7Y ICOEERRERER  FEIETEIL
(F>TI5vr, FE3m) T AF 27—
N (BT ITy s, v O— BN &,
RF—@ICHr &> akiRlkzE, 77175 —

B)

1/7 X 1/4=1/28

Fig. 1. Method of Dividing Ketamine Agar-Gel

-- (A): 2 pieces divided, ----, —— (A): 8 pieces divided, —--- (B): 28 pieces divided, ----,

——, —— (A): 32 pieces divided.
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HNZ S a BERSOIKZ % 3ml $D®mML, 72
t 7y —RNTHEET 5 & 2 OB ERRICHIE L
T, EEBREEHLEZ. 7Y I URIROBEEIZ L
mg/ml, > 3 BEEROBEIL, 25%, 50%, 75% D
3HEEEL, 7T N a R E RN
a1, RF—MIEFUT apREE Lk,

5-4. L afERROMERE  BEEERICH
WERIRE D> a BEEIR DR B BOK S OF
HEtREGERD) KD HEIEL 2.

6. BXBREIFOTY I DREMAE LKE
PEBRICBWTIE, 2. 8O0 % I D EREF OFH
BHETRUZBRESFEICEL O EiR I WEET
12 AMRE L 2. B o®FII 1, 4, 8, 12
WO HL, BHEEEHEAFTOr S 2 > EE0H
EROEHBRZ T/, 75 2 CEROHIE R
VA BR D FIRIZRTR OE D TH 5.
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1. OS5I BXRRIOHFAR ry3IE
FHED 5 [E O BA 2 8T 2720, EREHAIL
LTHWE, IRINT 28 KOEER, TR O
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BEORK LD IS ICHAEED 3% & L.
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Z. INSIHEMoS55, 7L —N—=IZDWTITE
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v b DEBREMHEIL 2 2 &1 ROTHE I ERER
BROFER, I—t—T7L—=N\=07% 3 > OEHRM
TR TH B EANED SN &S, d—
E—KDOT7 L —N—%ER L. FE/ROCI—E—7
L—=N—ZFEmmE L TMASDZ &2k, FE
FRIC B 2 ERIFROREIEL, BN ERINOZER
BIRICHARE S, £EEEROEFOE S BEHRmy
DEAREEDITWIMNL 72, SHF O ALIT Table
LIRS, s, KROBEEL <i3da—tb—
TL—N—=%%&50%KML, —8EHITrsy >
ELTSOmg EHTHEIFHL 2HH D7 ¥
CERIL, FNERN 52.0+1.78 mg, 52.3+1.49 mg,
51.4+£3.16mg THO, WINbEEYE EilBo
BEICEHA L TWiz, Ry ERMmO8MA & a—
E—TL—N—%S0% WML 7==HHONE Z=ZFNn

Zi Fig. 2 RO Fig. 31Z,R"79. /2B, SEEHEL
EFENIIHWREI RIS N TW S A, BHFIOHE
IE, RBZNWEHETH 18FNL/D 5.2kcal TH
0, BREOBIUCHEDH 2HBEEITBNTH, B
DECHICHEE RS RNnEEZ5N5.

2. BREEXERINODT Y I ORHEES
BOGHROECNRT Y I > OEHZEEL, X
THEIREHNTRMRABZFEML 2. BEtled
NTOFERUANIABAE TR E THIER T, EXF
DI Ny T AWM EINEryIE~ vy
ZHEPLE L TEEFRICHREINS2 DD EEZ 5N
Tz, 2, BEREEINSOT S I 2 ORI
HEMENE L, HEMOE S DX bRno .

WNAlZGmEd, BRET Y I —)ViEFHKZE H
WCHRBE L 28FIh s 074 2 > OREH%E) % Fig.
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Fig. 2. Photogram of Ketamine Agar-Gel

Fig. 3. Photogram of Ketamine Agar-Gel Containing 50%
Coffee Flavor
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Amount of ketamine released (mg)

Time (h)

Fig. 4. Release Profiles of Ketamine from Agar-Gel

B)

Ratio of ketamine released (%)

0 2 4 6 8 10
Time (h)

Amount of ketamine released (A), Ratio of ketamine released (B). A: Formula A, A: Formula B, &: Formula C. Data are the mean+S.D. (n=3).

) 4 BRI TIEE 100% f = 1, M&%i%®7&
IUERRBIKET S (Fig. 4(A)), HHERT
LEBEI3r sy I D EFRICKERET, Iﬂ*@fﬁ(
HoO7y A IV ERTZENHSMNER o= (Fig.
4B)). Y& S0mgEAL, WME L THE
XiFad—b—=7 L —=N—%HFML=ZRLKEFN5 D
IO S % Fig. 5 KU Fig. 6 [T/:RT
BANCHE I I - —T L —N—2FMT 5 &, 7
& 2 D ORHEER, BmIYoEa  &IKFEL TR
TU7= £72, S0%BUHEER (tson) Tkl 7235
&, BF D ORMPIEE TG L T tsog, DFER
BIEN R 57z (Table 1),

ARG ZRREYRNS T & 2 2T X
THIITARMEEN D20, ROKGLZYE
a, BNTREIXRTTY I NI nEE X
5N%. £IT, ZOEREFNTIHBHE~BITL
HEOMETOT7 7y IIIZDNWTHRHET 57
Y, d—b—7 L —/)\— S0%HMFERKEANZ DN
TH2WPITBWTHEHHABRZITo 2. ZORER,
B2l coRBOREIIERINT, koo
FAINBEIRICBITIZ2HDEIFTFRETH- 2T
EnS, AEFOEHZEET pH IHEKFRNTH S
EREn (Fig. 7).

SEFRE L =R RKEHINS O & 2 2RI
T HHBOZEIIOWTHRH L, d—Et—T71L—
IN— 50% RN R BH| D 5 ENT X 5 iy E D2
m%EgS;mT.%w@%,ﬁ%§®EMKW
Wy URIMEED ERESED s (Fig. 8),
BEIZBFICRG T AT, HBICX27 Y 32
M HEOZE(L 2 EET HLEEIRBI N 20
ZAITIZ 5 ENC K 2 REFED K & HEHEEERE D kEHE
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Fig. 5. Release Profiles of Ketamine from Agar-Gel Contain-
ing Sucrose and Starch Syrup
@: Formula B, O: Formula D, B: Formula E, O: Formula F. Data are
the mean+S.D. (n=3).
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Fig. 6. Release Profiles of Ketamine from Agar-Gel Contain-
ing Coffee Flavor in JP XIV 1st Fluid
@: Formula B, O: Formula G, B: Formula H, 0: Formula I. Data are
the mean+S.D.(n = 3).
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__ 100, Table 2. Values of the Parameters of k and n in the Peppas
X Equation
°
% 80| Concentration of additives Values of the parameters
o (%) k(%-h-m)+£S.D. n+S.D.
2 60}

8 Sucrose and starch syrup 0  77.94+0.791 0.398+0.013
'g 40 25 73.1940.499  0.423+0.009
E} 50 66.67+0.894 0.439+0.017
“— + +
8 20 75 57.70£0.273  0.451+0.006
E Coffee flavor 25 69.06+0.231 0.407+0.004
o 0 . . . \ A 50 65.55+0.441 0.435+0.009
0 2 4 6 8 10 75 58.074+0.805 0.443+0.018
Time (h) Each value is the mean+S.D. (n=3—4).

Fig. 7. Release Profiles of Ketamine from Agar-Gel Contain-
ing 50% Coffee Flavor in JP XIV 1st(Q) and 2nd (@)
Fluids

Data are the mean=+S.D. (n=3).
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Fig. 8. Effect of Division of Agar-Gel Containing 50% Coffee
Flavor on the Dissolution Profiles of Ketamine
@: non-divided, O: 2-divided, M: 8-divided, O: 28-divided, A: 32-
divided. Data are the mean=+S.D.(n=3).
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3. BREFHNOLOTY I ORBEICRETR
DI RICDONT

3-1. Peppas ORZHAWA-HHE7OT7 74D
BEoT BEBREFMSOTYICoMHTOT
7 A IV ERFH DT 579, Peppas DX % WL THE
WrZz1r> 7. Peppas DXAH D k fildid, HEP Dt
PR EEDIIRKELRD/INTA—FTHD, nfl
W OFREEICBERT 2NN T A= THD. T
DB, R ORI D HEE DK R AN E
W O 7 7 1V OBHE, niZREVEZED,
B, ORI OB AIEIn=1 &5, £/, &

Flvh D HM R A7 B O/ K O HEEENMK R %
7O 7 714V TIE, niZ 0.5 2FNLFOfE %
RY. WP I—b—T L —N—25OEANS DT
& X 2O (0—60 7)) DFHITDWT, IERE
B/NTHRETOT T AEMAV, Peppas ORITY T
3O T, BoN/zkfi&E nfEiz Table 212, £/22
NS OEOBE%R%E Fig. 9 I1RY. mIMYERMNO
FERBIFITIZ, kEA77.9, n {3 0.398 TH 2D
IZRHLUT, ELd—b—7 L —N—%FENL5E
1, FNS ORIMEE D EFITHEY, kK EIZAEE
K FL (B : p=0.0098, R2=0.981, 7 —/\— :
p=0.0119, R2=0.976) , n {13 B ZITMT 5 Z &
M SN &> 7= (B © p=0.0135, R2=0.973, 7
L —/)N— : p=0.0273, R2=0.946). BiK N d1—t —
TL—=N—DHRMEEDHEMIZEL S k {H DD
X, ISR Y 2 2 ORHGERE #RD S &
HERZEETAEDEZEZONS. T, BRI
KO nfMKREL BRI ENS, RIMIIZEKD
BT 07y A VLT, 752 2 OHEN
KOG D Z EDURS N,

32, EXRERIALOY aEOHRBESE Lk
DIMPEEE QRIS n OB & it 7 o
7 7 AIVOERITIE, BEID S O OV B
BRLTWD EEZ, ®EDS QUMY OHIHZE)IC
DWTHET L7z, FHiliZ BAibd 5720, AWk
M OEERS>ThH D akiz 25%, 50% K75
B IMAT=RHERBFNEHNHEL, ThehoD 3
BE D %8 2 554 L 7= (Fig. 10). 2 a fED B
RITZE DOERMIBEIZBID 57 60 7 TH 60—70% T
HO, WIMEL TOT a BTELNITIRHIRFIC

Iz
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Fig. 9. Relationship between k (A) or n (B) and Content of Additives in Agar-Gel

QO: Sucrose and starch syrup, l: Coffee flavor. Data are the mean+S.D. (n=3).
(A) O: k=—0.27Conc. +78.96, p=0.0098, R2=0.981, M: k= —0.25Conc.+77.12, p=0.0119, R2=0.976.
(B) O: k=0.0007Conc.+0.4017, p=0.0135, R2=0.973, W: k=0.0007Conc.+0.3964, p=0.0273, R2=0.946.

Ratio of sucrose released (%)

0 20 40 60
Time (min)
Fig. 10. Release Profiles of Sucrose from Agar-Gel Contain-
ing Sucrose

Sucrose content in preparations; O: 25%, W: 50%, [0: 75%. Data are
the mean+S.D. (n=3).
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Y2 ORHTEREMNME T T 200DV TIEIAHT
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SEYIPLEIE DK T & BFI O & WEBIEIC K B4
MEDKDEBEANEZSNS.

X9, WHIhOEGAHTd DA ORE N
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)b 0 — X BT 2 B A 72 S TR B2 )L D R - —{]
Aoy afiiRiizE, 7ot 7y —fIcFEE
EDT a R E AN, 77Ty —[NHEET S
THEICOREELE. TORE, TYI O
BT S a FHAROBREOHEMIENnE L <K
TL7&Z (Fig. 11). F/=, ZN5 Y aRROKE
BZEOREICKGEL THEMTAZ ENRINT
(Table 3). ZDOFERMNS, IRMPI OB XD %
KEFN ORI OB I E DRI XD -4 2
COPEMIHEN, D ENHEINSDr Y I
SRR T OER & 72 o T B aTREM:ATE < JRIE
N,

RIZ, BBELELBIC L DKOBEOEEZE KRG
27z, [F Ul 0— XS 2 8 A 72 R b
TV DRF—NCT &I DL aEiiRmkE, 7t
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I oEEHEELRZ. B URMIC X 2 8AEIHO
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permeated (%)

Cumulative amount of ketamine

Time (min)

Fig. 11. Effect of Sucrose on the Cumulative Amount of
Ketamine Permeated through Visking Membrane
Sucrose content in test solution applied into donor and acceptor com-
partments; @: 0%, O: 25%, W: 50%, [0: 75%. Data are the mean=+S.D. (n
=3).

Table 3. Viscosity of Sucrose Solutions

Concentration of sucrose (%) Viscosity (cp) *

0 2.74+0.34
25 4.44+0.13
50 8.3£0.14
75 27.6+0.10

* Each value is the mean=+S.D. (n=4).

ZBIEOHEIMMOD =D, BHINFADKDFADE Z
D, FOZENT I ORHEERZETFTIETNS
molX, r&ICoOEEEREEX RF—flo s
FEREIKEFELTRTTSEE265N1%. Lal,
Fig. 12 {Z/RT LD aiOmMmic L7543 >
DEBBEFEEDK NIZIZDORTIIR S NMRMho /=,
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Fig. 12. Effect of Osmotic Pressure on the Cumulative
Amount of Ketamine Permeated through Visking Membrane
Sucrose content in test solution applied into donor compartment; @: 0

%, 0:25%, W: 50%, O: 75%. Data are the mean+S.D. (n=3).
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Fig. 13. Content of Ketamine in Agar-Gel (A) and Weight of Agar-Gel (B) Containing 50% Coffee Flavor for 12-Week Storage
Conditions of storage; O: at room temperature, @: in refrigerator. Data are the mean+S.D. (n=3).

7, WIEENEEFEICBWTZENEN 0.572+0.053,
0.542+£0.037 TH O, K7D 7 7 1IN B
ERL IR AN IS Y e

ARETTHW=RRKEFNL, FETH2755 F—
I EERIE L THENR S R AR S AT
DM, KpkUOBEEET 20, MEMICXSTE
PDUEEMEMNBETER W, Ldi> T, 5%IEM
HEWERBR AT O BN D 5.

] il

SlEbNDIUL, O THHEHEICAFTES
HRETH I D EFRERWT, RRNTHET S E
THBRIRER M 2 LT & LR WO & 2 %
KEFNOFEIZDONWTHRET L, X SITHHRL /2554
MEDTH 2 > ORHESLBF DR EMN R E % il
L., ZO8ANT, KEHETLHLDOMHECT L —
IN—DIRIMNAJEETH O, F-AHHNTE R
REICESLE 35T, INSORNMENAS
Z&IiTky, "MEMNS DT Y I 2 OO R EE
MMEFT D ENHEMERS 2. ZOfHTEDK
T, I & B B OARAKEE O AR
WTHh2ERMINZ, @YUM ORRIC
X OBENTORENES T, Ky OEFEZEBTNDR
RRTRETSHIET, REMIEDYY I OHF
BOMHEMEICEL DD 5N NWEAITH D Z &M
RENTZ. BENEFE L TOZoREMm, b
RxEEZEZEERELTH T THLIEEZLND. —
7, EBICEFICHRET 20123, 4% "WEO
WA ZITY, BREMICREEZFHM L RTh

EVANCYANRY

ZOROT S I VREREFNL, IRINHITE D EH
OB TE, " OTIVIROBEE TH 270 HE
FERRALS <, #EHICHEMNLZEAITH D EED
N5, 5%13, BEOEERIIBT 5EAOREH
B EITHRNZMA D EEBIT, HWROF ML &R
ZD QOL NDFHIZDWTFHHizEA, I OHEAF]
DERAMZEZISITHSNI LD A TEFIZEGT
LENDH D, IHIZ, ZO-HANST Y I MNE
EZHHEND T TR 4KHLETH D Z En
5, BFREZOEEROKEG L GG LIS
COIMFRERHBENRRD ZENTFHIND D,
RNENEEIZ D W T OREIDEE 12 5.

REFERENCES

1) Anis N. A., Berry S. C., Burton N. R., Lodge
D., Br. J. Pharmacol., 79, 565-575 (1983).

2) Eide P. K., Jorum E., Stubhaug A., Bremnes
J., Breivik H., Pain, 58, 347-354 (1994).

3) Clements J. A., Nimmo W. S., Br. J.
Anaesth., 53, 27-30 (1981).

4) Nikolajsen L., Hansen C. L., Nielsen J.,
Keller J., Arendt-Nielsen L., Jensen T. S.,
Pain, 67, 6977 (1996) .

5) GrantI. S., Nimmo W. S., Clements J. A., Br.
J. Anaesth., 53, 805-810 (1981).

6) Hiraishi T., Abe Y., Ashizawa N., Yanagihara
Y., Ohtani M., Matsumoto M., Kariya S.,
Uchino K., Hanaoka K., Mansei-Toutsuu, 17,
110-114 (1998).

7) Yanagihara Y., Ohtani M., Matsumoto M.,



196 Vol. 125 (2005)
Kariya S., Uchino K., Hiraishi T., Ashizawa 11) Peppas N. A., Pharm. Acta Helv., 60, 110-
N., Aoyama T., Yamamura Y., Iga T., 111 (1985).
Yakugaku Zasshi, 119, 980-987 (1999) . 12) Ritger P. L., Peppas N. A., J. Control
8) Society of Japanese Pharmacopoeia ed., ‘“The Release, 5, 23-26 (1987).
Japanese Pharmacopoeia Fourteen Edition,”’ 13) Yamaoka K., Tanigawara Y., Uno T., J.
Hirokawa Publishing Co., Tokyo, 2001, p. 26. Pharmacobiodyn., 4, 879-885 (1981).
9) Namiki N., Takagi N., Yuasa H., Kanaya Y., 14) Dische Z., Borenfreund E., J. Biol. Chem.,
J. Pharm. Sci. Technol. Jpn., 57, 86-94 192, 583 (1951).
(1997) . 15) Kohri N., Ozawa T., Takasaki M., Eguchi H.,
10) Society of Japanese Pharmacopoeia ed., ‘“The Mino K., Numa J., Abe M., J. Pharm. Sci.
Japanese Pharmacopoeia Fourteen Edition,”’ Technol. Jpn., 61, 34-45 (2001).
Hirokawa Publishing Co., Tokyo, 2001, pp. 16) “‘Kanten no Chishiki Vol. 4,” ed. by Ina Food

101-104.

Industry Co., Ltd., Nagano, Japan, 1989, p. 9.



