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Interaction between Omeprazole and y-Cyclodextrin

Gye Ju Rhee* and Eun Young Kim
College of Pharmacy, Chung-nam National University, Taejon 305-764, Korea

Abstract— The interaction of omeprazole(OMP) with y-cyclodextrin(y-CyD) was investigated by
solubility study and the complexation was confirmed by means of UV/VIS spectrophotometer, ci-
rcular dichroism, differential scanning calorimeter, and 'H nuclear magnetic resonance spectra. The
stability, dissolution rate, and partition coefficient of the complex were measured. The results
present that the benzimidazole moiety and a part of pyridine ring containing sulfur atom of OMP
might be included into the cavity of y-CyD and the formation type of inclusion complex appeared
to be B,. The stoichiometric ratio of OMP to y-CyD in the complex was found to be 1:1 and the
stability constant of the complex found to be 97.1 M '. And the dissolution rate of OMP was ma-
rkedly increased by inclusion complex formation with y-CyD, and so it was above 90% in 5 min.
from solid complex. Oil to water partition coefficient of OMP-y-CyD complex was 60, which is si-
gnificantly higher than that of OMP itself, 36.4. The degradation rate constant of OMP were greater
than OMP-y-CyD complex in aqueous solutions of various pHs, and the half lives of OMP and
OMP-y-CyD at pH 9 were 279.2 and 509.9 days, respectively, showing that the complex was more
stable than OMP, therefore it was thought that OMP was stabilized by inclusion formation with
v-CyD.
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4 vjet-8(Merck, Germany), ot EVEHMerck,
Germany) % Millex HV filter(0.45 pl, Waters)&
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Aldrich Co.) 5-& AHE-3H R, 71ete] Alfa2 5+
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217|— HPLC(Waters, Pump 510, Detector 481,
Injector U6K, Integrator 740), UV/VIS 334 x|
(PU 8800, Pye Unicam, England), Spectropolari-

meter(J-600, JASCO, Japan), 57271 %7]|(Christ, Al-
pha 1-4, Germany), A| %524 &FA(DSC-4, Perkin
Elmer), #a}7| 332953 £342(JNM-EX 90,
JEOL, Japan), 8318 4*SOTAX type AT 7, So-
tax, Switzland, UVICON 860, Kontron, Switzland
wzt e}*7)(Type EKO, Erweka, Germany), Cen-
trifuge(Wifug 2000S, Wifug, England), 3ejA]&%
2|(LT-6, Freund Co, Japan), #1&sl]<F7](Changsin
Sci., Korea), pH &% 7}(DP 135, DMS, Korea), &
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Table I—Formular sheet of omeprazole tablets

Quantity(mg) per Tablet
I 11

Ingredients

Omeprazole 20 —
OMP-y-CyD - 95.1"
Mannitol 245 169.9
Talc 15 15
Avicel PH102? 15 15
HPC-M? 5 5
Total 300 300

Y20 mg as omeprazole, “microcrystalline cellulose

“hydroxypropylcellulose (medium viscosity, Shinetsu
Co.)

YAl AEE o 6lgdER Axahi, £l
Ahgahele.

oHEM AlY

pH2| &&k— OMP 500 mg % OMP=Z4] 500 mgol}
e}k OMP-y-CyD ZA 31388 vt g 5o
100 M/ 2 & o}-g o] 8-} 2m/S pH 3, 5, 7, 99 &F
FgN o7 54 ste] 100 m/E §F 7S o 2 3lo]
A&l A 219 4(253.7 nm)& EAFSIR A w8k
th AAG A7k} A5 A A Fol Fafut
25 A=A A7]17) 9ste] 0.IN NaOHE 7}§F 3 0.
45 um Millex-HV filter 2 oz}l pH 10.09} &4k
AFH o7 Hups]) 3|4sle] OMPo] &g
HPLC&E Aaslsdch sha4942 pH 3, 59 Z4ky
FH(ZAE A EF Shd), pH 79| ik
43} pH 99 FAakisteol s Algslglon RE
Qoo olele 2 018 FAA Al 4}
43133t

259 Y&—-OMPZ4 20 mgell sfdsh= o2
OMP %! OMP-y-CyD %4 3}3135-& 793t frelvial
o A3ts] H3k ohs Al 75% A, 40T, 50T,
60T 2} 7F& 32 Aslel & A7) 2 2] 41(253.7 nm)-$-
ZAFEIE A 3047 R3] A gt A|7keie} OMP
9] 3eF W3lEs HPLCE EA3lgich

559 FY—~OMPZA] 20 mgell s|Fsl= ofe
OMP % OMP-y-CyD ¥4 3t3H25 7zt F93
2lvialel] % &3] & & 50T A, A5 % 10, 30,
60, 75%2] 7 8lel| & A)7] 3L =} 41(253.7 nm)&
FApslm A 307 Wb sle] A3 2] 7beict OMPY)
Eeks HPLCE % aksled w)wslgdch

H 8
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Fig. 1—Phase-solubility diagram of OMP-additive sy-
stems in borate buffer(pH 10.0) at 25C. key:
-@-@- y-cyclodextrin, -O-O- glucose.
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ZpA 2] G Ade] wig 7] Wl Ao gk
g3 o] &) =A%l A Higuchi®} Connorse] %-
Aoz OMPH y-CyD2| Ev|5 A4te A3} 1.06
o2 AEEo] 8o FollA] uh33sk= OMP} v-
CyDe] Ev& 1:12 7+ %k
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Fig 2— Effect of y-CyD on CD spectrum of OMP in pH
10.0 borate buffer. key: —— OMP(1X10"*M),
--- OMP(1 X 10 *M) +v-CyD(1 X10°M).
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OMP-p-CyD2] 81M 'o]t} OMP-HP-B-CyDe] K3zt
34M 'BT}h H3Ale) tAHEALTL F AR Azt
Eich

ghH glucose s 713l 74-fol= OMPe &3
=E AE F71]7]7] ekl o] A2 y-CyDell 2jgt
OMP9 $alx Zrp7t 72 2AadEe] Al
71918k APl A F= Aol

+2% = CD % UVAREYH -CD: #3tgAd
A(D- w= L-A) 9 FAE-3A17) 252 el
el M2 oh2A vepde A& ol &3te] I Ato]
24 =31%= Cotton effect & F&slE 7122, Fig.
204} OMPE: 2 #3472 59 sulfoxide #9) H)
el 7]1Qlss 2Fel CD bandE 7HAled y-
CyDE #71gtel wlebry] A~ Eeq] QA7 o=
© & shift¥]+= 9AHS vtehfide}l. CyD9] intrinsic
Cotton effect+ 220 nm o]&}oll A etz 7o
BaEe] glema™ o)} -2 CD band®| shift=
OMP7} v-CyD&] & wiA 53 fo7 ¥3se
22 oF7]% induced Cotton effectel] 7]1Q1&}= 7
2.2 siA=ich

Fig. 32 y-CyDe] #7}ol| a}E& OMP2] =) F-
Fadede] Wahs vehd o2 A obztbe] el A
v-CyDe| 72 F33=r) 24 S7id ghddel 4
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Fig. 3—Effect of y-CyD on UV absorption spectra in borate buffer of pH 10.0 (A) and phosphate buffer of pH 6.0
(B). key: —— OMP, ---- OMP(1X10~*M) +y-CyD(1 X10 M)

ol M= FHF W3t ek L olf= U]
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o] &3}=o](pK, = 8.8) F-AF A (e)7} A Ashed
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A7t s Ao, FA st egtoll & 3
F& viA= AxFFo] vsiedor EAE
y-CyDE 2ol & F-AF-3A 52 Har) A
HAo2 FAEY

EXBES] Y U BN - F AR oAl
AAe vz Fd Ev]e OMPe} y-CyDel EelH
ETYES 7ML FEREFOE At 2AFxA7
A& HPLCE #-43 A7 23 £35e] A$+=
OMP7} 25 Aj#=lo] OMP7} &= 4] ¥ =
gAuke] OMP7} A Z =], ol AL A 25 53
A7} v-CyD2] F5%o OMPE A3 qA £A4H
OMP H-xlute} 222 F 5o S857] e AR
A, FA7 A 28t OMP-y-CyD 3 E0] Al
258 AR galst] Fx Holrh

AlXE FALE 282 A4(DSC)— OMP, v-CyD, OMP=2}
v-CyD2} £3}& % OMP-y-CyD %3 3}§HE-2] DSC
thermograms-2 Fig. 4¢] el OMPY 7 ¢
A KF2olA] FRg F992E e, y-
CyD+= oF 100Co A 8-2] 7|3td & FH== <
ulgl #5138 Below, A EFEX OMP4 7t
2ol okt Fdu A7}t viebdd] v)dte] OMP-
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Fig. 4—DSC thermograms of OMP-y-CyD systems.
key: 1; OMP, 2; y-CyD, 3; physical mixture of
v-CyD and OMP of molar ratio 1: 1, 4; freeze-
dried OMP-y-CyD complex.

y-CyD EHEoA+= OMPY &-§3o] 24l=gic)
ol OMP7} v-Cyb2l #%5%&o] THEo2y £
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x| 2Y AHER - OMPe} OnIP-y-CyD %3
3}§E2 'H NMR A~ E3S Fig 59 6. vJell
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Fig. 5—90 MHz '"H NMR spectrum of OMP in CDCl,.
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Fig. 6—90 MHz 'H NMR spectrum of freeze-dried
OMP-y—CyD complex in CDCl,.

E4 =9 'H NMRell 4 proton®] {LEHER S e}
W& signale] (ERGEER™ *=]og HP-B-CyDY
Aol 42} vlazix] 2 OMP EA+% F benzimi-
dazole 22]%& AFE dlo] v-CyDe] F552
EHEE AR FEF)

o] 2} 7Fo) guest H-3}] T F JFZo] $-xF o7
EAEE olfw xRS ke HAle) AT
Zo 7lQlsks o2 OMPe) %% pyridine 12
¥} benzimidazole 1|7} 425Ao] o] A1 ¥y
22| Zo] o bulkyslr] W&l How F=) 1
2jL} OMP-HP-B-CD2H= &2] OMP-y-CyD%: pyri-
dine 312] 9] ¥ 742) CyDe] 54l e Ao

Table I1—'H NMR chemical shift of OMP and OMP-
v-CyD complex

OCH: @,
CHy Hy @ @
| N _OCH;
“ —cu;s—{ D
N (ll) u @
©))
No OMP OMP-y-CyD Difference Difference
(ppm) (ppm) (ppm) (Hz)
1 3573 3.704 +0.131 +11.79
2 6.868 6.956 +0.088 + 7.92
3 6957 7.052 +0.095 + 855
4 7.513 7.5665 +0.0535 + 4.815
5 2095 2.186 +0.091 + 8.19

Fig. 7—The three dimensional structure of OMP in

CDCly(presented by Alchemy computer prog-
ram)

yebts=dl, o7 y-CyDY 3% =7|7} HP-B-
CyDe] 278} 7] wfell OMP #4H8] o %2
Fel 2HE 5 ol Aoz Q7= olwd 1
o7} x4 3§HEe] A S vH Aoy
oA 4=t '
=& OMP9] F 112] Afo]e] A4} proton®] 3}
gty Moo= W3}yl ¢laL pyridine 2] methyl
719] proton<] signale] =A| 2R} ZEo 7 shiftsl
71 Fig. 70 viepd nle} o] OMP9] JAlt2
(calculated by Alchemy computer program)el| 4] 3
Azl ZHEIL U FEo] THH S BojFs
Hpolct. o] A& EA3}§Eo| it Uekama 5-9]
A AF A oJg]7}A] £7F9] sulfonamide T2 E
zt= @FE- 7}-2-dol 4] phenothiazines, thiobarbitu-
rates 53} #o] #aA7tE Foll #& ¢ A
ol B-CyDell 23+ ¥ s}t§t8-o] k=249 UV
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Fig. 8—Dissolution profiles of powder system in si
mulated intestinal fluid at 37+ 0.5C by paddle
method(meant SD, n=3). key: -(O-O- OMP,
-@-@- OMP-y-CyD

sH e A FFE7} o)A A Fis o] CyDe
FAukgo] guest ¥-AHS] BEMS #AVE Aok
HPwel ol 2] gt

KL AT~ A2 OMP-y-CyD THES] A
AW A5S dFst7] st SEE/EANA F
FulA TS EAstdoh 0.1M A4k 2hE-Y(pH 6.8)
& FAOR AHEste] BRY) Bl ASE ST A
OMP7} 36.40)3 OMP-y-CyD+ 60224 OMP7}
FAHIES AT 2 K, dtol Bol F7HE
ch

75 2l BAS HRY - AT HHS
BolFe o2 2 2Rk e 2 YA Fool gt
Hobe shrlells FwshAl AR ole MEY 7
#HH o] A7} HojMq YA FrFs sk F
237 AP27) e dubg o g OMPe} o] g4
FEe §ELEIL =gf7] Wil FrE5ert HFa
w3 Fatgo) A o] YA o) L8 x 2 97}
ot b e RS §F0] 43 B
AL HulAge] wWstel tlEo] QAo §Ex F
7t4 Zle] 7] gt

A" - OMP2} OMP-y-CyD & <l
o 4 82133k A2 Fig. 83} %t} & OMP H-dof
u]gte] OMP-y-CyD #-2o] 8&& =7} 24 F7}st
dedl, ol stollA 2AHsHES] St FoHd
A Axshe gk YIRS Yo ofEe
Ax Aol haghel] wet FEACl FUHFEA
|zl A# AYzigich
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Fig. 9—Dissolution profiles of tablet system in simu-

lated intestinal fluid at 37+ 0.5C by paddle

method(mean=+ SD, n=23). key: -O-O- OMP,
-@-@®- OMP-y-CyD.

OMP2} OMP-y-CyD AAl¢] &228% A=
Fig. 92} Zc} & Adefol Ao} vhabzbxz 2o
44 OMP-y-CyD ##|7} OMP A#| 8} §%0) wh
24 viebgrh. OMP HA7F OMP ¥2uc) 424
=7 oS wE e Ao 342 AHE-E man-
nitol?] ¢4l =7 Y Fa HAog Az,
OMP-y-CyD Al Fdol v)ste] £5& w7} o7t
Fasded 2 olfe A A Bl 23k
A|7F o o2 AQYzhEic)

A AlY

pHS| F&—OMP= pHell wi-$- wizkste] 444 <]
Z27el 4 EalE7] A& oFEel7] Wi OMP-y-
CyD ZAEY Fsi&eo] mxi= pHe G
OMP¢} wlwsted Agstdch. OMP2F OMP-y-CyD
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Table III—Kinetic data for degradation of omeprazole
and OMP-y-CyD complex in aqueous solu
tion at various pHs

Table V—Kinetic data for degradation of omeprazole

and OMP-y-CyD complex at various relative
humidities and 50C

Sample pH k(hr T, q(hrs) Sample RH(%) k (day ) Tsm(days)
3 1.162 0.6 10% 404 %10 1714
Omeprazole 5 0.388 1.8 Omeprazole 30% 565X10 * 122.7
7 3.462x10°? 200 60% 8.34%10°? 83.0
9 2.482x10°*° 279.2 75% 1.02X10°2 68.0
3 0.995 0.7 10% 9.66x10°" 717.0
OMP-y-CyD 5 0.305 2.1 OMP-y-CyD 30% 2.50%10 * 2764
complex 7 241X10 * 28.7 Complex 60% 551%10 3 125.8
9 1.359x 10 ° 509.9 75% 75010 * 924
Table IV—Kinetic data for degradation of omeprazole A =

and OMP-y-CyD complex at various tem-
peratures and 75% RH.

Sample  Temperature(C) k (day ") T (days)
40 4.468x107° 155.1
Omeprazole 50 1.109X 10 * 68.0
60 0.018 41.3
40 3.524x107° 199.6
OMP-y-CyD 50 7.503X107° 92.4
Complex 60 1.147X10°° 60.4
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