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Anti-inflammatory drug pirprofen (PF) is an amphoteric which contains a nitrogen
atom and a carboxyric acid group. PF is practically insoluble in water and not stable
enough (against moisture, temperature, light) for a certain dosage form, having an irritant
sensation on the throat mucosa. These undesirable properties of PF -were found to be
improved effectively by forming an inclusion complex with g-cyclodextrin (8-CyD). The
molar ratio of PF-8-CyD complex was 1 : 1 in dilute aqueous solution, while 2 : 3 in solid
state. The stability constant of complex changed with pH value, and it gave a maximum
value at pH 7.5. The different inclusion mode of complex in acidic and alkaline solutions
was proposed by means of various spectroscopies. The increase in dissolution rate of PF
by B-CyD complexation was rather small in acidic medium, because of the dissociation
of complex. The bioavailability of inclusion complex was compared with that of PF alone
after oral administration to dogs and it was found that the plasma level of PF was almost
equal in both cases.

Keywords——pirprofen; p-cyclodextrin; inclusion complex; stability constant; in-
clusion mode; solubilization; stabilization; irritant bitterness; oral bioavailability

TED 7 N2 — ABMHSRDBIRA ) = B-v 7 e FFA MY v (B-CyD) 1%, +OBAEZRANCEL D
FANRYEEELT,Y EYopBENREEELIeD L b, B-CyD AW EEROREL, B
eomE, BEEOCBERED ink, EHZ « BEIZEBIC ST 5 ILBRENTEBR TR T\ 5.9

AR THEETHIEAT v 1 FRIESEREY

N7 w7 2 v (2-[3-chloro-4-(3-pyrrolin-1-yl)-phen- CH,
yllpropionic acid: PF tigst, Chart 1 £H8) 1, @N@C'H—COOH
NFRCERREF &N VAT vV EEFT MY cl

HTh ), FBMEOESRN B, KLMBECH T Chart 1. Structure of PF

DARTEM, KB EDRERXBET B0, %

HERHEI ORI TREET 2R Y TH 5. L2 TR T, B-CyD WK k5 PF oABEFE D H
EEREE LTREEIT . F0KBE, 8-CyD GEIC X b PF OEWROEBIE REMEDH ENTED b,
BHRES RN L, €= 272 REH I in vivo EERINERIE S\ T, PF L EABBIOAA4+ 74
¥V T4 CEEREIRD DR o, ZhDLOMBRXBEDEL » 2 0T L T58450 CyD A#E0G
HABRARO—HEZTTIOTH Y, EEHF LoFHLERERNEL LT w1 5.
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spl p-CyD i3, W& (EXAF — vy V) BAKOEER LCHEM L. PF 3 w4 F -4k (A1 2)
TEHEREIhIcb DR FER L.

FEERAFE 24 (UV) BILA-2 7 b Ak, Hiz EPS-3T BEEAERER 2 v ClE L. st (IR)
WL A 7 b ADET S IR-400 BlRASFEHEH XA GT, KBr X v lE L. REEERE
(DSC) 135 DT-30 BESHEFE G, # Smg oFkE 7 ) v 7 et Ak, 10°C/min O FRERE T 25—
200°C DEFEFF CTIT» e, REHWELE LT v oy A Hvic, MRXERENTZIEEERER Geiger Flex 2012
X BT % FB\ T, CuKy (1.5418A) 12 X v [E14 £ (20) 5—30° D% EAME 1°/min THE L.

B@EAE PF 0o—EREEYERARBRECAN, s OWEED CyD KEWRERML CERL, H#X
S TREPEICETS 2T Q2°C, 3H)EE D Lie. ZOKMEEAY 7 F v 7 4 0% — (0.45 p) TIFBEE, &
WL 253nm ks 2 WRELXREL, REG,» D PR BELRDL. Ik, REREEFICET PF O
RITERD bhinh - Tz,

EEAKORE  EEaEE, AREKELERECI VAL, MEIECEARBROMER D B
CAER L. :

1) SR E—Bs R B\ C TR —EECE bE o0 BT X TRGFR LA DT
% (Fig. 1 DEHIBIR), =0 Hick) 53Ey: p-CyD: Kok (PF 1.5 g: f-CyD 13.6 g: K 1000 ml) THUBH &R
&1, 50—60°C iR L T4 PR 2% Lenb, REWRHRCFENL, ZOFKE2ER T2 AMKE
Liz. Bohicila R L RED =% 7 — A 1K (1 1) ORAEECHRER, SR THRELE L THRNO
HER 8.6 E.

2) {Efip—p-CyD 34 g 1o pH FE# & LT NaHCO; 3 g %7k 30 ml 2§ LIKEREMZ T, Hu s
WEET 30 Al LoD, PR Sg N THIRT 3BEMEA L, REWER5Fa%K, pEO=27 -1
K (1:1) OREAEECHE L. BohcBivSR THERE L CRRNOEERE 35.58 2ArT.

REETHOEE & pH CRF2EAERORNMNTOREEEHK (K') 1% 253 nm (pH 5—12) 3 XL 0F 260 nm
(pH 1.6—4.5) wisiF 5 PF-4-CyD ROBNEEE(LLHEE L, Scott R¥ & @A LT K BHEH L.

EAHOERLEORET  AKBEPCRT AEAGROERKE, #ERALEC L IRDI. FTigbb, 0.1M
) v EHEEC S L AR E OB A L (pH 1.6 0F4E 4x107° M, pH 7.0 OFE 1 X107 M), =D 2
FEE O KB 2 WEEE LT, PF & p-CyD 0EI&Z#EANCEL I 83T DT 260 nm (pH 1.6) ¥ X
v° 253 nm (pH 7.0) w1} % PF L 0WNKEELATE Lic. BEEEROMBL Bs WHRO 7 7 b —H B
RO 72 b O EMCHTE LicBEAHROLF oI X D IRE L.

R RSB VR LCEEESKR IORELTR TR 900 mg ks LUV 100 mg EpT s T A
RECKET L, MELEXRSLHET 60°C 75% T—BEERF I F v/ v I v 7 24 FERHE, &4 ORBO
EEREVERL, S5 ENBYTHS 2-[3-chloro-4-(3-pyrrol-1-yl)-phenyl]propionic acid (& = — /L FE&
) REEWtk 7 v~ + 757 4 — (HPLC) i© X » & L#. HPLC i Waters M-6000A B Zmygfk 7 » <
NS T R(ER L. B Waters & 50 440 B (UV #&1%8), » 7 & @ B Zorbax-ODS 4.6 mmi.d. X
250 mm, FEEYHE : 2 2 2 — A-EEER S U v AR (BEEE V v AJR¥E (2N CH,COOH 25ml, 0.1N KOH 70
ml) %7K 500ml 7R L, pH 3.8 & L4 o), {itiE : 0.8 ml/min, FIEFKK : 254 nm.

=hes B B-CyD #&1s ¥4 ~wmy 7L LT, PF 100 mg, $-CyD 778 mg, NaHCOs 37mg, 7 &/
53mg, CMC-Na 12mg, 7 v —-3— (# L v ) 20 mg ZEBHECHE CTHE L. %/ PF 100 mg, #EE 815
mg, CMC-Na 6 mg, 7 L —-3— (4 v v ) 20 mg MBSO\ CRIEDOHETHRE L, g-CyD xFE s\ PF

FSAfvmy7E Ll chbdy 7 lg Fo%Kk 10m CEEL, 0 2—3ml ZEERAST 7 ACA
s, WY v 7 AR ORISR i U, BREEOHEL T AR i L.

AHEE  PF 20 X0 CMC-Na L4 LTBEAY (PF: i CMC-Na=100:85: 6 (E&L))
BRBE LT B-CYDESE L LB Uiz, BRTRERRASE 1% (pH1.2) ¥ 7213788 7K 900ml #ic, PF 100mg
FMBEOBEL AL, BERCYY 7Y v 7 L. Tok, MESREE AR TEERBRED S FAERD EEL,
50 rpm, 37°C TfF\», UV & (254 nm) i Xk H B8 Lic.

In Vivo 288 Y — 7 AR, Mg 4 2T TOF 40 (REWH 10kg) 2470 &b 12 R R I 1R,
PF & LT 2mg/kg M4 EOBAEY 0.2% CMC-Na B €, BV v FeluCRnis Ui, #5125
FOL2LBECHTTI » AF — S =3RRI DTV, HHMRX2EME L, B5HR—EREEC, EAERE D
5—6ml FoRm L, MErEROOHEER, MEE T —20°C CTHRERE LK.
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mPREQRE  iMmifE 100 pl CHMEEYE T A 21 VRO 2 & 7 — AW (1 mg/10 ml) 100 gl & » &
/=100 p] IRz, £ v F ¥y — (BREFEHFEE) < 1 5EE#RE, 3000rpm, 10 4, 5°C TEOOHE
LEBEAB R T o, 2D kiF 10 4l % HPLC i A LER Uiz, HPLC (3 Bt LC-3A RS sdifk 7 » = +
75 7 EALTROLEHFIC X D ER L. M BE SPD-2A BAXYES, » 5 4: Nucleosil 5 Cis (5
pm), 7 L7 F s Bondapak Cis/Corasil (Waters #H#1), BB : 2 2 7 —-1% EEfg (63 : 37), Wid: 1ml/
min, # 5 A{EEE: 40°C, HEHE: 254 nm.

w R & B OB

I. PF & B-CyD L DEAHIRK

1) KBFKRPCHTBEEHER  Fig. 113 PF-p-CyD RoBMEHR % ~3. HRx, Higuchi >n4y
Y X B BamRL, WHIERES > SEH Ll oREEEH (K) 1%, 3050Mm™! ofEnEshi. ¥
72, TREHRA—EECE DO AL b L CESREYHE L, BFEGHROERL YRS LA, 2:3 (PF:
B-CyD) %R L7:.

Fig. 213 pH 1.6 5 X0 7.0 ©kiF % B-CyD #HFKD PF © UV BIR A2 b L%5RT. B-CyD DT
X9 PF OBRBINIERL, Bk CREEEAN, FHETRERERAA~ZTRZh Y7 b L, BIGRE LM CZ
LHERL, HETCHPRHATA o LA EE IR, CoFRERE LT, BESET L PF ORESN A1 4+
AT B L XD, HFRNRE e 25T B, B-CyD G X » PF 0 ERH 5 0EFEMENE(L U CIER
Mo PR 2MEIT H/EE, « NE LR LLLOLBEEIhD. —F, RUEHET T ¢ KRkEHRFELYR
123 PF O BRI D IEMEEY CRIET 5108, B-CyD A INTY e 3IAZ BT E Ulkhoied D & #E
BB, ChbOBRENS, Bkl b, PF & p-CyD 0fafEe— PRS0 LTINS, Tk
L, PF XFHE CTH 57 (pKay=3.3, € vV vBERERET; pK.,=4.3, H A EVER), pH 1.6 I\ TIiLE
FETFH T b e hT@EIhe{{ik), 2R VEBHl»L B-CyD OB EEIND LD LEEIR
5. —F, pHT.0 @B\ Tk, # AR VERBEET 5720, Y¥e ) VERAPEEI g-CyD ZSiic/@EIR T\ 5
LOLIEEINS. thbogiEes— ik, CD, ¥
e, 'H & XU BC-NMR A= 7 + VLD A
LAXZEHEINDN, ZhboFEMT O LTI
THETS. 1.0}

Fig. 3 ¢, PF-8-CyD #HAkD K {E» pH 7
"7 oA AE5RT. Fig. 30nbWbnik o, K
L pH 7.5 R ClRARERX 5 2, RFERMETRLIE 0.5}
EBIEEEREHET S 2 LXRBI NI,

A 2
= 4 w
C:’)g l
L3
f
Ay
5 2
g
5 1
O
0 2 4 6 8 10 12 14 16 0 250 300 350
Conen. of A-CyD (X10° m) Wavelength (nm)
Fig. 1. Phase Solubility Diagram of PF-8-CyD Fig. 2. UV Absorption Spectra of PF-3-CyD
System in Water at 22°C System in 0.1 m Phosphate Buffer of pH 1.6 (A)

An arrow showing experimental condition of the and pH 7.0 (B)
preparation of solid complex (see text). ——; PF alone, -=---- ; PF+3-CyD.
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Fig. 3. The pH Profile for the Stability Constant Fig. 4. Continuous Variation Plots of PF (A) and
of PF-3-CyD Complex B-CyD (B) System in 0.1 M Phosphate Buffer at
25°C

O; pH 1.6 at 260 nm, @; pH 7.0 at 253 nm.

EHI, RBFEH BT 5EABHEED € VA M5 1%, PR OBNARBECET(LLBEL LT, #iEE s
X B8R E{T > 7. Fig. 4 WR3 X 5, BER XOFEoWTFhoBsd s\ »wTh etk 1:1 (PF: g-CyD)
fHETRBRERY R L. &0 X 5 CFHERKEHKE, PF L B-CyD & ixEhns bk o pH HIRIC e » T, E LI
1:1(PF: B-CyD) 0#EAGRER TS LR EEI N, ks, BIEECRARILDOR 288 K2R T 515
EZd b, B, Bs MR EHRR O FRERBIROD bkt 20 3 (PF: B-CyD) O EAE AR HBEEI .

2) ERIREEICISTDHEEER  Fig. 5 ESER X h 38l L PF-8-CyD &0 IR A< 7 } L% PR
DERE B LR 2R3, 1700 cm™ fHED PF 0 7 LA = VEfEIRED (ve-o) 1%, B-CyD & DA EBIC
I0# 40om™ EERE Y7 TR LB BAI R, B, AARVEED D AR = AVEN KERET S L,
ve—o BB > 7 + 350, COKBREEXTEIIND &, voo REER Y7 M52 85 T%. 20
Tk Xb, Fig. 5 ©BIF 5 ve=o OFEH > 7 MIEEIZ L D PF S FHEOKEHE AT ST, g-CyD ©
Z2AFC PR BB FRIC OB SN L2 RT3 0 EHE 2 bRA. 1O

Fig. 6 1% PF ¥, PF-8-CyD by L OB ESY (PF & 8-CyD %= 11k 2.3 TREA) © DSC ¢
& —v%RT. PF & X OWHERES D DSC -2 % — v X, 95°C 12 PF 0RlfRIz 3 QBB — 2 %5 2 578,
BAKRTIIIDOY — 7 3582l T5 2 &nb, f-CyD @iic X v PFRIERE( B » T b DE#E 2
bhs.

——————————ﬂyf—‘—_—' (4)
mr————@)

= (C)

Endothermic

1800 1700 1600 0 50 1(.)0 1%0
Wave number (em™*)

Temperature (°C)

Fig. 5. IR Spectra of PF afld Its g-CyD Com- Fig. 6. DSC Thermograms of PF-8-CyD System
plex, Measured by KBr Disk Method (A) PF alone, (B) physical mixture of PF and p-

------ ; PF alone, ——; PF-3-CyD complex. CyD, (C) PF-3-CyD complex.

NII-Electronic Library Service



994 Vol. 104 (1984)

TabLE I.  Stability Data of PF and Its 8-CyD

(A) Complex
System
B8-CyD
I : . . ; ! PF alone complex
(B) Appearance
Initial Slightly White
MALA«/V\N\J\/\AM” yellowish
] I 1 t ! I Whlte
' After 1 week Brown White

() (60°C, 75% R.H.)
’_NMM\MNLNV\\, After 24 h Yellow White
photo-irradiation®

. , , \ : . Production of pyrrol
derivative (%)?

(D) Initial 0.11 0.25
,/W""\W% After 1 week 0.44 0.38
- (60°C, 75% R.H.)
510 15 20 25 30 After 24 h 1.62 0.48
20 (°) photo-irradiation®
Fig. 7. Powder X-Ray Diffraction Patterns of @) Xenon lamp.

b) Based on the total amount of PF and pyrrol derivative.

PF-3-CyD System

(A) PF alone, (B) 3-CyD, (c) physical mixture, (D)
PF-8-CyD complex.

Fig. 713 PF, p-CyD, £h L OWEERAY, & IOBEEHRORRXBEYT < % — v 2R3, EAKOEH <
2= VIIEBEBEOOWThESRicy, BEIFEENMET L, FRBEIANFRBR IR D

DA~ 7R & 0 SR L 7oA B3 5 i ek, SO TR Lic 3 0Ieown T Akl
gEhic. £ 2T, BFOMENE, UK, EROREM S ELEET 5 &, PF OBA LR DI 2SR
IDAERTHB T EhD, DTORRKE T, WHOHETHE LEAERLHER L.

II. PF QORFWFHOMLE

1) REWRE PF roftElElh, FRERTEE0ER ) vEIZESBILEZTRTL, e —1B
ERET, HEEOBBOONRYLERTS. & OREHBRIGT & LB X DR Sh 2 e, A
PR EAREBEL > Th. £2T, PFERE B-CyD BAKLOWT, $2/ v 5 v 7Lt b¥RE R X
O IR INE Sk T COREMS RS Lic. £ 0fEE, Table I @RT X 5, -CyD /afEic & » PF oEf
B IXOGMEIHEI D & LA D b,

2) EBRERE HEREO TRIORNBEC KT, p-CyD Wi X 5 R BHEROBR Tt pH Itk
FERIET D EADTRD Dl BT, siks HIFRYED B TIX, f-CyD ORIBERAREILIZ LA LRSS
Nishyo . %:f,' REBKFEF PV 7 2% T, pH % 7.5 (58D 7 A% V) BIcii#l L PF-8-CyD %o
BB L, KL &L PF OB & 0 2BRECOWT, BELBRABT 7 A X5 HHERE % EH Lic. Table
MRt Lo, ZR@EC L2REL Y, GRE 5% UT T, 8-CyD EAthr &L RER D, PF Bl
DRREWR L 0 B RICH BTSSR O BEA GRS b,

3) RMREE) FZA4ve ., TRIOERENT L Lic PF o R X 08 CMC-Na oE#i#ic o, p-CyD
BEEOBE LK Lcfl% Fig. 8 WirRT. BHRENE 1% (B/5+, pH 1.2) B4, Wi % D YSFR BB K
EIEIRRD bhigmoic. —7, BHEIKOBHE, PF ORMBYHCHBF L LAz CMC-Na »& % h
BB 2rb LY, B-CyD HAKDHIBHRIAL rote. COREE LT, PF QBRMIEN Iz 2l 1 o+
VIGTHAET B ICO RN EE D, B-CyD AL OYPMBEBNCEIE ILEMNRD btk -l O L g
ho. =75, BHEGKOEE, PF QREMEDN Stk 4+ v 0% ST 5 7o, p-CyD a#ic X 5
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TaBLE II. Results of Sensory Test for PF and
Its 5-CyD Complex

System
Panel
PF alone B-CyD complex
1 e +
2 H +H-
3 Ht +
4 H +
5 Ht +
6 Ht +
7 Ht +

PF > B-CyD complex (p <0.05)

a) Number of + indicates the degree of irritant bitter-
ness.

BRI HDT ERE < B Dbh, BREEEH
BEHARIRLLOLHEEIRSE. 2hboBRE
%, PF 0 X5 EHAO BESET CRMELLT W
B bl bEABORE, BRECEE ALk
BT ERRET 5.

4 NAFTRAFEYT4 B-CyD ik 1{k
B bIREAERINENINDT,D BAEY EE
F BRI T 5T 5 HE R HILER T TR,
fREEL, WHEORYOLIRINCHT b0 LR
bhn., —BCHKEREDL CyD G X HE
R O R TR 7 & OB T 5 AT A E R
N, AMF71455Y) T4 DMENRBD BRAE.
L ADEEHD REERY K 2V E L Yfgh
CHEARIHBEEL, o T30, SM47
RAFEY T 4 DUBRIIPEILSBEINSE. Y £
CCABRIEE\Th PF & X0% 0 B-CyD B4

HEBERCE - 7V RICED &S L, MmigEH PF.

BE ORISR X ERES L. Fig. 9 KiRd X
S, WFEOMEEF PF BE-ReE G TER
BEZEVRD DR ol & ORERILGEREERX
NN ¥ IC SRR R A VT LTS
BHELEIRLIBERTHY, ToERFEELT
PE B\l E TH D LRI B DEEL BN S.
Tiedb, Fig. 3 © K fH2E3% pH =27 » 1

(4)

100 |

60
40}
20

w0o0f (B

PF, percent dissolved
(=]

80}

60+

40}
20t

0 2 4 6 8 10 12
Time(min)

Fig. 8. Dissolution Curves of PF and Its 3-CyD
Complex in Water (A) and JP X No. 1 Medium
(pH1.2) (B) at 37°C by Dispersed Amount
Method

@; PF alone, O; PF-3-CyD complex.

of PF (ug/ml)
S

[y
el

Plasma conen.

0123¢ 68 12 24 18

Time after administration (h)

Fig. 9. Plasma Concentration of PF Following
Oral Administration to Dogs (n=4)

@®; PF in CMC-Na suspension (mean-4+S.E.),
O; PF-3-CyD complex in CMC-Na suspension
(mean+S.E.).

ABBB LN XS, Bkl X077 vn ) Tk PF-g-CyD &K D K EAVNE L, Tk 2 T Tk
PRI TR 1730 @il T 5. SRR Lic Fig. 9 ofREvrEE T L, FTENOBESEETT
LB, BERPRG LT PF 2L, X5/PMNE~BTT5 L pH 0 EFIC X » THRESEOMR
Wiz b b icd, WD PFRENEAD L DLELLRS.

BlEdB~RIz X 5w, WiESEgE > A+ HF LT H5EGEROBEESR LOBMBHSCH LT, BBE WK LE
B pH ZEMBICAF 2 FMC BT H 0 b, BABEROAMF T4 5 ) 74 BHBRIRESED

WhorBbhs.
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. # 3%

AFRTHONACERMREUTCERY TS, (1) -CyD @B X b PF oW, %8, fpsti 2
MELSHE SR (2) PR RFEHWETH % 10, KEWKH Tk pH O L b 8-CyD ADAEE — P
Rie B b0 LR S i, (3) FIMMEE RO ELE Ls o 7028, BEEEMTOEROBEIILIZE A LT b
nishote. (4) p-CyD HARDREAEFIC LB 44745 €5 413, PF MHBLEOEA L IZL A FH—
Tho e L. B oA oFRTRHIC, 8-CyD L OBAKRIEIC X D PR 0REkOHRER X OBk
DEPAED DfcZ L1k, PF O OBIH| OBIR & 1D 5 BO M DREC I\ T, B e RBERIC 5 3
DEEZBRS.

BE AP0 SR BARF 7 A F - R A E R NBREEE MBI
<R L 2.
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