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Studies on the Formation of Inclusion Complex between
Omeprazole and B-cyclodextrin

Jae-Il So, Chang Hyun Lee and Gye Ju Rhee
College of Pharmacy Chung-nam National University, Daejeon 302-764, Korvea

Abstract—To increase the stability and bioavailability of Omeprazole(OMP), which is used newly
as a proton-pump inhibitor, inclusion complex of OMP with B-cyclodextrin(B-CD) was prepared
by coprecipitation method and its characteristics were ascertained by means of solubility test,
DSC, IR, and the accelerated stability analysis. The type of OMP inclusion complex is classified
as Bs-type on phase solubility diagram, and the stoichiometric ratio of OMP: B-CD complex is
1: 2 and formation constant is 80.82/mole. The solubility of the complex could be increased remar-
kably by complexation compare with OMP. Degradation process of both OMP and OMP complex
followed apparent first-order kinetics, of which degradation rate constants and activation energies
are ky;=8.1X10 */day, E,— 22 Kcal/mole (OMP), and ky;=4.65X10"%/day, E,=35 Kcal/mole (com-
plex), respectively. These results show the increase of the stability and solubility of OMP markedly,
therefore it is believed that the improvement of stabilization for OMP by inclusion complexation
might be practically available.

Keywords [} Omeprazole, inclusion complex, solubility diagram, apparent first-order, activation ene-
rgy.
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olef] % 2HEL Foll vhg- 7] ofefew] Akl w$
EobH W) omeprazole(OMP)% Aefste], o] &
At g 7 Qe 72T P Aes & 5 e
7berdg B TR Hel AgAHoR olsle] 4t
A okgel FAE L e dsteg
A FERAHOoE FelA wnle] ¢lu ¥, pH, o
L 7IAA AT Foll ol dABk F4de] & B-
cyclodextrin(B-CD)3}2] inclusion compound& ¥4
shar, o] sgtEol ek e, vHE hHE AlY W
£EA1d 5% E3}od omeprazoles] A= &3l

qel ggen 4A o8& AdsaA shach

& oAlsted g14tow Qg o

Ashr o ARk Al

O

Ay

Al Y Al2F—5-Methoxy-2-[ {(4-methoxy-3,5-di-
methyl-2-pyridinyl) methyl}sulfinyl ]-1H-benzimida-
zole> Hanmi Pharm. Co. Ltd.(Seoul, Korea) ol 4]
A F= %3 B-cyclodextrin® Sigma. Chemical Co.
Ltd.o A F-4i8tgd o, HPLCH&
nol, wateri= Merckrtell A T4l &bl 3z,

Alep 9l Bl F=
=

A$717| -HPLC+= Waters Co.(Injector U6K, In-
tegrater 740, Detector 481, Pump 510), UV/Visible
Model PU
8800, I R spectrophotometer+= Perkin Elmer Co.

acetonitrile, metha-

7le} mE

53 5 Aok AHgdy

spectrophotometer+= Pye Unicam Co.

780 series, differential scanning calorimeter+ Per-
kin Elmer Co, DSC-4, 28] life tester % dissolu-
tion tester 5 Ah&stgch

B3llx A —Higuchi®} Lach 9o 23t £-3)
2418l whel 0~0.02 mole2] B-CD &4-8 wh&
7} 10 mi 42 test tubeol] & & 2z} A| g o] OMP
0.087 M¥& A &3] 713t ofg 83} o] 5 AP
371l mA sk 25Tl A 77F wFSAIA H ol
=gA) Al

7} 4942 millipore membrane(0.45 pm)-& E3}ed
oJ#}al g ofof 5mi-E 3 3te] borate buffer(pH 10.0)
2 20088 3]4%F ¥ spectrophotometerd A&}
302 nmell A FHEE 2st Zekd o 22 OMP

Vol. 35 No. 5, 1991
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w2 ofyh Fo] 2AbE §)psted wiwk AEsl=
OMPE CHCly 2o A3 AAstn @-e e
efstol] Aol A dzste] X8 shony,
A& °F 20 mg& 48] ol borate buffer(pH 10.0)
100 miof 5lctE, o] 4 20 miE # ko] t}A| borate
buffer & 7}sled 50 mi 2%k o}g 302 nmell A FFxw
& Sl OMPY <& Falx, wtz i} Fe
-4 Karl-Fischer 22 Zx3slo] w a}eolc)

Inclusion complex2| H|ZE —Inclusion complex2]
Alzubge FAYoz o3} 3ol A zalch &
OMP : 8-CD : H,0=300 mg : 2.27;: : 10C m/®] B]-&
2 B-CDE WA FRH5o $g obs OMPE 7}
kol 29d Fot AelA 3 wmubsleich AR u)
A28 millipore membrane(0.45 pm)-& E-3hod
o} #ala Bk 7 AEs= OMPE 42k0) CHCLE
Mol o 7hetalel] Aol AzabsT)

Complex2| #£4—Complex %2 OMP2] #api
& AZRAR 4%E s 238lo] borate buffer
(pH10.0)o o] 045ume] Millex HV filter=
oftal ofele} zhe o2 HPLCE s)selc)
w2 ®FF OMP 100 mgs &3 #3}e) phos-
phate buffer(pH 10.0) ¢l o] 100 pg/m/ o] ¥ o
&+ ZFdeg 3o} =g 589 ke Karl-Fis-
cherf o2 Hakslo] wAstglc)

HPLC conditions

Column ; Cys-Radial Pak, Mobile phase ; CH;CN
: phosphate buffer(pH 7.6) =34 : 66, Flow rate :
1.2 m//min, Sensitivity ; 0.1 Aufs, Detector ; 280 nm,
Injection volume : 10 p/, Concentration ; 100 ug/m/

HEM-DSCE °]4sted OMP, OMP : B-CD=1
> 2(molen]) o} EFE 22w complex d AgE R 23]
& A3l Tne=50C, Tmn=250C, &% 20T/
min ¥ chart speed=0.5 mm/sec?] 5‘_7‘1_& F-A
shodel.

IR X -OMP, OMP-B-CD(1:2) &£3& =2
OMP-complex 7}z A& 3 sle], KBr disc Y
2.2 IRE FAsled vk

7k oPdE AlE—~OMP 10 mg3} OMP-complex
40 mgs =zt &3] AFsted L cupdl P& F,
AEE 70%914 40, 50, 60 2 70TC9] life tester
oA AAHoR sjAl7|EA AR 2o g
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285 3 3}e] borate buffer(pH 10.0)¢l] =l c}
Millex HV filter(0.45 um) 2 o]3}3te] OMPS]
FE 9ol HPLCY o2 Aakslsich

2% AMH-OMP A 100mesh A5 43t
30 mg2] OMP$} mannitol 270 mg2.2, OMP-comp-
lex A+ complex 227.27 mg(OMPZ4] 30 mg) ol
mannitol 270 mgS E33le] IRE disk A&
o]-&-3lo] ok# 3000 psie] 27102 AAE A Fxs}o],
phosphate buffer(pH 6.8) & 4-&H o2 3o thghef
A A 29el adel 8-FA1HE Asdch AR A
HeFe 5miE skl en Ay 9l HPLC ¥
o2 Azt

°
=]

=
o

A
fud

=1]
x

2z

ki
o

Bl AlE

OMP2| Haz=M -OMP d3akS A Es] Alakst
o] 0.02 M-borate buffer(pH 10.0)ol] =04, 0~1X
10 " mole®] £-4-& whgo] FHapA& 2Adskqch =
3 UV spatells]e] OMP A2 7leAdE ZEg
A3 pH 11.0001 4 ¥13+717}F <F 3002 Ax 5o solu-
bility test 7]7F Folll= 2xpH$] Wol|A] ko] 7}
Fatgden, g-CDe UV 7H4-2 dofubA] stk
olAte] ek o 2 HE| 7 OMP9} extinction coef-
ficient+= 146800)%] 2.0, 7 8kA19] correlation coeffi-
cient= 1.000°) %t}

BHZFo| OMP HE—o]4e] Al wet 44
4 ¥4)3}3 computer regressiond -3t B-CD2
FEH el A g s} e = 0.000~0.008
mole?] data® regression analysisdt Z3} t}-g-¢]
12} whAAl-S ok

[]
e

[OMP]=0.00437+0.261 - [pB-CD] @)

3 B-CDY X4 0.013~0.017 mole?] datad
regression analysis¥t ZA¥= th-33 Zth

(2)
oA B-CDo =4

fOMP]=0.0118+0.393 - [B-CD]

g9 T 1R A

0.000~0.008 molee- A (Dol <2sjyd =EAIFHIL,
0.013~0.017 mole-& 4] (2)< 93le] TA|HT) =

0.010~0.012 mole-& MuozA OMP %%
HFste] FENHeR wA|stch o) e

plateau

=

=2

Molar concentralion of OMP x 10

c
10

[»]
14

8 20

3
Molar concentration of R~-CyD X 10

1—Phase solubility diagram of OMP and $-CD
system in borate buffer (pH 10.0) at 25C for
7 days.
Key: A; solubility of OMP in water, B, C; sa-
turated concentration with OMP and complex,
D; all of the solid OMP has passed into solu-
tion

2 4 6 8 12 16

Fig.

370¢8) Hx& 233k phase solubility diagram-&
2 st ek (Fig D.

Phase solubility diagram® o©]&3}le3 OMP¢} B-
CD7FY] complex Al delA F EAZE mole
B2} formation constantE AAkspH,

[B'CD]d - [B'CD:lr
[OMP ]l — LOMP],

mole ratio= 3
[OMP],u=total concentration of OMP ad-
ded

[OMP],=concentration of OMP correspon-
ding to the plateau CD

[B-CDJ;=maximum concentration of B-CD
corresponding to the plateau CD

[B-CDJ.=minimum concentration of B-CD

corresponding to the plateau

2] (3)oll 2)3}le] 73 molev]E 1.830] 3, phase so-
lubility diagramell 4] 7% OMP-B-CD complex 3“4
moler]&= 1:20]¢lc}. wepy] F whfew 3t
mole®]= 1: 22 dxgltt Bopxlch Formation
constanti= phase solubility diagram®] Z7] A4
*5 o83t ohg-3} o] Aibste] K3t 80.82M™!
+ dsith
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Table 1—Analytical data of OMP-B-CD complex in re-

sidue obtained by solubility study 0 0

OMP(mole) CD(mole) mole ratio g g
(mole p-CD(mole (OMP: B-CD)

6.50x 10 ° 1.467X10°° 1:225
6.02x10°° 1.467X10°° 1:244
6.78X10 © 1.480% 10 * 1:219
K- (5-5)

[S/_ (Sz”S,,)] [L_ (Sz“ S,,)]

slope
S— P (4
intercept + (1—slope)

S;=concentration of OMP added
L=concentration of B-CD added
S.=solubility of OMP

ulz}x OMPe} B-CD2}e] Apelo| #AE = comp-
lex2] $-3-2 Higuchi®} Connorse] 5ol 213w
B,-typeoll 43w, ujebA complex®] thel7} folsta
phase solubility diagram-g- ¢]8-8}o] % B4 1ke] co-
mplex 4 mole¥]$} formation constant® 7
7% & ek

ZIAEES| OMP2| 4] — Solubility testell 4 1ozl
s B4 Aabe of5 3 3oh(Table D.

o}A}2} 7o) complexE W43 A7 OMP-B-CD
7k} complex 3412 molev]7} 1: 298 & 4 sk
wgh oje} e A= ofo EAdzelw A Al
&= 7lo]c}. Higuchi¢} Connors'® 2] £-&ix F-4]o
w2 complex® #Ash= 2 Bt falxr)
Z7kshe A-typed} Sl =7} ol =AHE F71E F pla-
teauS A3 B-typeo & AA TR, o} A-
type2 A, Ap, AvO-Z B-type& B, B, o2 A #X
=), o 7]of| 4] A" OMP-complex+ Bs-type2
2 s dubdo R Adtyper AR wevt
sl wlwA BokAlgd] wksle], B-typew <A
glo] LA EAEE o]8ste] 2 EA7FE] complex
32 molen] 2} formation constant®2#& 414 A4t

A
% ek

OMP-3-CD complex £2| OMP2| &4{—HPLC
Hoz OMP % OMP-complex® #4% ZAxl= o}
23} 7ro] wbE &g chromatogram2 I grch

Chromatogramelj 4] B vle} 7ro] OMP$} OMP-

e
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IV e

Fig. 2—Liquid chromatogram of OMP(1) and OMP-co-
mplex(2) in borate buffer(pH 10.0).

complex+ R retention time 6.85%-<}|4 OMP¢|
peak-& vebdch = OMP2} OMP-complexZtell re-
tention time 2] z}o]& B 4= ¢lrt o]+= OMP7} com-
plexZ &4 ach shoix 49 Foll 4] OMP7} p-CD2]
27y SElA felEr] 4499, =g HPLC co-
lumn el A complex®] A3He 3817171 ¢]37]
Folzta Az e FUE 2R
HPLCE A]883}od] complex %2 OMP2] Ao
7hsslodch ¢9) e wpg o 2 A #4 complex 2
OMP &&fo] 13.2% 24 OMP : B-CD2] molev]+= 1

1201, o]+ solubility studyell4] ¥4J% & =
AAEe] Arele A dA3= ghelth

OMP-B-CD Interaction— Inclusion complex2] |
2L el 7t 9ot # A6 ME FHYHS
AH8-3ksdct. Complex A& #<l3lr] $13 vhye g
OMP2} OMP : B-CD=1: 2(molew]) 2] &3HE., 1]
i Alz2% complexd 7+7t A3k #3sle] DSC(Fig.
2) 3 IR(Fig.3) $A443% o33 )

OMP2] DSC FAlol|Als= 156T 4 §3o siwd
3= Fod peakd el glon),  complexel e
peak”} 2+43] Al2}Z 1 physical mixtureol A& oF
st5)glc}. o] complexell 4] OMP7} B-CDe] &3
40 2 entrap¥ o] doll tisle] B-CDe B3 E 7]
W Foleta AztHch ok complexe} E§ES F
Aol 100C F-Zoll A 7]3tde) &gt & peak”}
vehd #tolr).
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Fig. 3—DSC curves of CMP-complex(1), physical mi-
xture of OMP and B-CD{2), and OMP(3).

Fig. 4—IR spectra of OMP-complex, physical mixture
of OMP and B-CD, and OMP.
Key: —; OMP, -—--; physical mixture of OMP
and $-CD, —@—; complex.

IR spectra Aol A 3pgHE7kell W& 2o HE
w4 glo} complex Ao g Qg 2 1A
spectra®] M35 & F Qlvh F OMPellA] vehhs
3500~3000 cm 2] N-H stretching peak, 1500 cm™!
9] aromatic stretching peak, 28] 3 1342~ 1268 cm !
2] C-N stretching peak”} complex®] spectrumel A
L 2AlE9dn) o9} e spectrum] A48 o)w]=
A3 A4 5+ glovt OMPS} B-CD%HY interac-
tionol] 7)eldhe Aoz AyztEIc)

Accelerated stability analysis—OMP<} OMP-com-
plexoll Hislod 7h: Qb= A1§S A3t A= v
Fig. 5%} zch

o)4k9] Fig 5014 B wlel ze] OMPe OMP-
complex®] F-ajuh-2-2 pseudo first ordery!-& & +
UKL, o] ZHE 73 FASEAHTE OMPE ko=

Log C(» remaining OMP)

Time (day)

Fig. 5— Accelerated breakdown of OMP and OMP-g-
CD complex at elevated temperature.
Key: —; OMP, @ (60C), m (50C), Ao (407),
-—-; OMP- complex. O (70C), ® (60T), m (50

3

C).
~08
-10
-12
-14
-16

-18

LogK, day ™’

-22

~-24

A

29 30 31 32 33

/17 x 10°

Fig. 6—Arrhenius plot for degradation of OMP and
OMP-complex at elevated temperature.
Key; —O—: OMP, —@—: OMP-complex

1.4X10%/day, ksy=2.2X10"%/day, key=1.18X10"1/
day©) 1, OMP-complext ksp=8.24 X 10"/day, ke =
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Fig. 7— Dissolution curves of OMP and OMP-complex
in phosphate buffer(pH 6.8) at 37.5+ 0.5C.
Key; —0—: OMP, —@—: OMP- complex

4.2X 10" %/day, kp=19X10"%/dayo]t}. =3t OMPY
Aol o] T AL ki=8.1X10"*/daye] 3L, acti-
vation energy+ 22 Kcal/mole¢|™, OMP-complex2]
£ ALE kis=4.65X107%/dayo]™ activation ene-
rgye 35Kcal/mole24] complex®] <otAAol =LA
garElo ] OMPe] M)A S}l slelA Bl kAT
FENS 2AE £ Ug o A7) E7 o)
232E Arrhenius plot-& s} Fig 63} Z2th

&A% — OMPs} OMP-complex A& €143t
A3t 2249 A= Fig 73 ). & OMP-com-
plex7} OMPel| u]ste] &-&8o] oF 15% Y53tich
e Aol od e EA S zEEhA] 9gky] Wil A3
B 8}7]17} oj2 1} ofe} 7bo] complex?] §-&E&0]
2715k 712 OMP-complex2] £al =7} Z7}3hd] 7]
Azhctar A 7tsich

42 £

Omeprazole?] AA|&Hy FAHE AAdsted 2 <k
A9 FEAE AMA77] A7 e E omepra-
zoled} B-cyclodextrin?te] A E3HE-S A &3t &
8%, DSC % IR 52 & complexe] EA-& &4 317,
e AlE A ohgt Ao

1. Omeprazole® P-cyclodextrin®] interaction-&
omeprazoleo] B-cyclodextrin®] A4 FFHNE f
=)o) inclusion complex?} HAEL F4HE F ol
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sk

2. Omeprazole-f-cyclodextrin complex 4] ofAF
2 Higuchi®} Connors %9 #Fo] w& o, Bs-
typedll 43l phase diagram2 vel¢]l o, com-
plex 34 molev]s= OMP : B-CD=1: 20])1 forma-
tion constant+ 80.82/molec] it}

3. 7V HAE A8 A OMP 2 OMP-complex ]
*3l+= pseudo first-order ¥h-g-olglony, Rajl&w 2
T OMP7} kps=8.1X10 %/daye]z E, &= 22 Kcal/
mole<ldl ¥]3}led, complex?] &% ATE ks =4.65X
10" %/daye]az E,7} 35 Kcal/mole 24 3R Xo] =7
Zolz o, phase solubility diagram} £3A4|8 4
3} complex Aol 2lsle] OMPe &afido] =ZA
#ArEle] OMPo} A A T4 4L 2% 5 sle
7FsAdel slsdch
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