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Abstract

The purpose of this study was to investigate the general application of a controlled-porosity osmotic pump tablet (OPT) utilizing
(SBE)m-B-CD as both a solubilizer and an osmotic agent for drugs with varying physical properties. OPTs utilizing{8BE)
CD were prepared for five poorly soluble and two highly water-soluble drugs. The Japanese Pharmacopoeia dissolution method
was used to study the drug and (SRERB-CD release from the OPTs. The drug concentration in the OPT core after the OPT was
placed in the release medium for two hours was assayed gravimetrically and by HPLC. An appropriate composition ratio (ACR)
of (SBE)m-B-CD to drug at which drug release from the OPT was complete and pH-independent within the physiological pH
range of the Gl tract was determined for each drug. The ACR values correlate to the drug concentration in the OPT core when the
OPTs were placed in the release medium for two hours. The release profiles of prednisolone (a poorly water-soluble drug) and
sodium chloride (a water-soluble compound) from the OPTs were almost the same as that ef{S®b). Also, the release
rate of each drug per unit membrane surface area from the OPTs was similar, regardless of the differences in drug solubility. The
present results confirmed that (SBERB-CD serves as both a solubility modulator and as an osmotic pumping agent for OPTSs,
from which the release rate of both water-soluble and poorly water-soluble drugs can be controlled.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction was studied with the goal of evaluating if (SBE)B-

CD could be used for drugs with a variety of physical
The controlled-porosity osmotic pump tablet (OPT) properties.

concept was developed as an oral drug delivery sys-

tem byZentner et al. (1985, 1991%entner and Rork

(1990) Appel and Zentner (1991)and McClelland 2. Materials and methods

et al. (1991) This OPT is a spray-coated tablet with

a semipermeable membrane containing leachable pore2.1. Materials

former materials. In this system, the drug, after dis-

solution inside the core, is released from the OPT by  The synthesis and characterization of (SBf)

hydrostatic pressure and diffusion through pores cre- 3g-CD have been described previousigtélla and

ated by the dissolution of pore formers incorporated Rajewski, 1992 HP-CD (Encapsit™; mw 1338;

in the membrane. The hydrostatic pressure is createdtotal degree of substitution, 4.2) was supplied by

by an osmotic agent, the drug itself or a tablet compo- American Maize Products Co. (Hammond, IN, USA).

nent, after water is imbibed across the semipermeable Chlorpromazine hydrochloride (CLP), prednisolone

membrane. This system is generally applicable foronly (PRD), estradiol (EST), indomethacin (IND), naproxen

water-soluble drugs. Poorly water-soluble drugs cannot (NPX), diltiazem hydrochloride (DIL), sulbutamol sul-

dissolve adequately in the volume of water drawn into fate (SAL), lactose, fructose and sodium chloride

the OPT, making release from OPTs incomplete. were purchased from Wako Pure Chemical Com-
Recently, this problem was overcome by adding pany (Osaka, Japan). CPL free base was obtained
sulfobutyl etherB-cyclodextrin (SBE)m-3-CD), aB- by converting salts to the free base using aqueous

cyclodextrin derivative which is variably substituted sodium bicarbonate. Cellulose acetate (CA-398-10)
by an average of seven sulfobutyl ether groups on was purchased from Eastman Chemical Company
the 2-, 3- and 6- positions of the glucose unitf (Kingsport, TN, USA). Micronized lactose was pur-
cyclodextrin Gtella and Rajewski, 1992(SBE)ym-p- chased from DMV (The Netherlands). Triethyl citrate
CD has a high solubilizinggkimoto etal., 1996,1998, (TEC) was purchased from Pfizer (New York, NY,
19994, Zia et al., 199and osmotic pressure effect be- USA).
cause it includes seven sulfonic acid sodium salt moi-
eties per moleculedkimoto et al., 1999; Zannou etal., 2.2. Preparation of tablet cores
200)). The advantages of controlled-porosity osmotic
pump tablets (OPT) utilizing (SBE)-B-CD were re- The cores of the osmotic pump tablets (equiva-
ported earlier Qkimoto et al., 1998, 1999a, 1999b; lent to 10 mg drug) were prepared by using an eccen-
Stella et al., 2002; Zannou, 2000; Rao, 2p0the ad- tric tableting machine (Okada Seikou Company) us-
vantages include, controlled and complete release foring 5—10 mm round punches with granules prepared
poorly water-soluble drugs such as testosterone andby kneading the drugs and the respective osmotic pump
prednisolone (PDL), and pH-independent release for agents, (SBEmw-B-CD, HP{3-CD or a sugar mixture
cationic drugs, such chlorpromazine (CLP) free base (lactose:fructose, 1:1 as the weight ratio) with 50% wi/v
(Okimoto etal., 1998, 1999a, 19924nd dipyridamole ethanol followed by drying. The specific procedures
(Rao, 2000. For complete and pH-independent release have been described previous@kimoto et al., 1998,
of CLP or PDL fromthe OPT, however, itwas necessary 19991. The drug t3-CD derivatives ratios were from
to use an excess molar ratio of (SBE)B-CD to the 1:1 to 1:15 as a molar ratio and the sugar to drug ra-
drug. Although both PDL and CLP form 1:1 inclusion tios were quantitatively the same as the dru¢46D
complexes with (SBE),-B-CD, the appropriate com-  derivatives ratios. The composition of the tablet cores
position ratios (ACR) were 2:1 and 10:1, cyclodextrin for each drug may be found ifable 1 The percentage
to drug, respectively. of free drug versus that in complex form for those stud-
In the present study, the role of the (SBE)3-CD ies involving the3-CD derivatives was not determined
to drug ratio in the OPT core with seven model drugs, in the present study. Ongoing studies are addressing
including both highly and poorly water-soluble drugs, this issue.
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Table 1 tachi ICPAES Spectrophotometer, Japan) and was cor-

Co'mpositioﬁ‘ of tablet cores prepared at appropriate composition racted for sodium present in the release medium and

ratio (ACRY from (SBE)m-B-CD. The release of (SBE)-B-CD

Drug Amount of osmotic pump was analyzed according the post column complexation
agentin OPY (mg) method for HPB-CD described byszathmary (1989)

(SBE)m-p-CD HP$-CD In this assay the retention time of the (SBE)B-CD

Prednisolone 118 827 peak was about 2.7 min.
Estradiol 3697 2736
ﬁg:;’rf;g:‘azme 123; g%% 2.5. Phase solubility studies
Indomethacin 8448 6248
Diltiazem hydrochloride 48 332 The intrinsic solubilities and the stability binding
Salbutamol sulfate 34 258 constants of PDL, CLP, IND and NPX with the-

2 The amount of drug in the tablet core is fixed at 10 mg. CD derivatives were reported previously Bkimoto

® ACR is for (SBEym-B-CD/drug tablet core. et al. (1996, 1998, 1999a, 1999)jcClelland et al.

¢ For OPTs prepared using a sugar mixture, the amount of sugar ; ;
mixture used in the core tablets is the same as that of the (§BE) (1991)andBonferoni et al. (1992previously reported

B-CD in the tablet cores. the intrinsic solubilities of DIL and SAL, respectively.
Because of their high solubilities, the complexation
constants of DIL and SAL with thg-CD deriva-
tives were not determined. The stability constants for
. EST with theB-CD derivatives were determined us-
Each OPT tested was prepared by spray coating theing the same phase solubility methodiguchi and
tablet cores using a Flow Coater Mt{Floint Com- Connors, 1965 An excess of each drug was added
pany). Coating conditions were as follows: inlet air into 0-0.05M (SBE)m-B-CD or HPR-CD solutions
temperature, 50C; out let air temperature, 4%; flu- and agitated at 25C for 72 h. The equilibration time
idizing airflow rate, 65 rivh; spray _rate, 8 g/mln; SP'ay  \vas confirmed by preliminary studies. After centrifug-
pressure, 1kg/chr The composition of the fllm lig- ing the suspensions at 10,000 rpm, the isolated super-
uid was cellulose acetate (CA-398-10)/micronized lac- |, iants were fractionated on a Hypersil ODS column
tosef/triethyl citrate (TEC) equal to 1/1/0.5 as a weight with detection at 254 nm using a mobile phase of 60%

ratio with the total concentration of ingredients in the acetonitrile—water. The stability constants of the drug

liquid of 10.6w/w (%) using dichloromethane and with (SBE)m-B-CD were calculated by the method of
ethanol in a 75/25 weight ratio. Higuchi and Connors (1965)

2.3. Preparation of OPTs

2.4. Release studies 2.6. Analysis of OPT core contents following
release media exposure

The release of drugs from the core or OPT (equiv-
alent to 10 mg drug) was determined using the paddle  After exposing each OPT to the release medium for
method of the Japanese Pharmacopoeia (JP) XllI dis-two hours, the solution phase inside the OPT was re-
solution test (50 rpm, 37C). The dissolution medium  moved as completely as possible by pipette after slicing
(900 mL) was the JP first fluid (pH 1.2), the JP sec- the coating with a knife. Preliminary studies confirmed
ond fluid (pH 6.8) or distilled water. The released that the core contents were dissolved at two hours and
drugs were monitored over a 12 h period by an au- the sampled solution was assumed to be homogeneous.
tomatic dissolution tester (Hewlett 8451A Diode Ar- The total mass of dissolved solids was gravimetrically
ray Spectrophotometer), by which the test medium determined from the weight of the retrieved sample be-
was sampled through a 10— metal filter and fore and after vacuum drying for 12 h. The solubility
measured at 250-300 nm depending on the spectralof the drug in the solution was determined by HPLC
properties of the drug. Sodium chloride release was assay. The amount of (SBE}-B-CD in the solution
monitored by sodium quantitation by inductively cou- phase was calculated from the total dissolved solids
pled plasma atomic emission spectrophotometry (Hi- minus the analytically determined drug content. The
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HPLC assays for the drugs except for SAL and DIL
were the same as those for the phase solubility stud-
ies. DIL and SAL were analyzed using the methods of

FT T T T 1
Complete Release
100 [oTREE IS rs

¢

McClelland et al. (1991andBonferoni et al. (1992) o { 1
respectively. go L ]
70

3. Results and discussion

Released Prednisolone (%)

sof § ]
3.1. Appropriate composition ratio of drug to oy

(SBEYym-B-CD in OPT 1.0 15 20 25 30
(SBE),-B-CD/Prednisolone Molar Ratio

In this study, the neutral dr rednisolone (PDL
d ts di |y,EST th abd L{ngp ed hSIO 0 ( . ) Fig. 1. Relationship between the composition ratio of (SBH}-
and estradio ( )' € basic drug chlorpromazine CD to prednisolone and percent release of prednisolone from the

(CLP) and the acidic drugs naproxen (NPX) and in- opT over 12 h used to determine the appropriate composition ratio
domethacin (IND) were used as models of poorly (ACR) for prednisoloner(= 3).

water-soluble drugs. Diltiazem hydrochloride (DIL)

and salbutamol sulfate (SAL) were used as models of studied, release was time independent after approxi-
water-soluble drugs as was sodium chloridiable 2 mately 6—7 h with variation between 8 and 12 h of less
shows the appropriate composition ratio (ACR) of than 2%.

(SBE);m-B-CD to drug which insures the complete and

pH-independent release of the respective drug fromthe 3 5 Relationship between appropriate

OPT. For example, data for determination of ACRs for composition ratio and drug solubility

PDL and CLP are shown iRigs. 1 and 2respectively.

That is, ACRs were estimated from plots of the rela-  a; composition ratios less than their ACR, it is as-

tionship between the fiqal percent of the.drug release g med that drugs that require a high ACR for complete
determined at the time independent portion of the re- rejease exhibit incomplete dissolution/release of the
lease profile (12 h) as a function of varying the molar drug when the OPT was placed in the release medium.

ratio of (SBEym-B-CD to the drug. For DIL and SAL,  1q define what controls the ACR value for each drug
release in the absence of (SBE)B-CD was not de-

termined. A ratio of 1:1 drug to (SBEy)-B-CD gave

. 120 11T
complete release for both drugs. Therefore, reported in = ! C' | t' . I' L
. o [ omplete Release
Table 2is the presumed ACR of 1:1. For all the drugs % 100 :.-.‘.’...,...,_..@ ......... o]
§ o o]
Table 2 § Q
Appropriate composition ratio (ACR) of core tablet in the OPTs for g 60 L N
complete release over 12 h (dose, 10 mg) 8 [
Drug pH of Appropriate composition 2 oF © ]
medium  ratio (ACR) (SBEYm- 8 [
B-CD (M):Drug (M) @ 20 Mo ]
Prednisolone 1.2-6.8 2:1 ol v v v v v
Estradiol 1.2-6.8 5:1 0 2 4 6 8 10 12 14 16
Chlorpromazine 1.2-6.8 10:1 (SBE),,-B-CD/Chlorpromazine Molar Ratio
Naproxen 1.2-6.8 15:1
Indomethacin 1.2-6.4 ND

Fig. 2. Relationship between the composition ratio of (SBH}-

- . 6.5-6.8 151 CD to chlorpromazine and percent release of chlorpromazine from
Diltiazem hydrochloride  1.2-6.8 L1 the OPT in pH 1.2 medium®) and pH 6.8 medium®) (n = 3).
Salbutamol sulfate 1.2-6.8 11 This was then used to determine the appropriate composition ratio

2 No release at a cyclodextrin:drug ratio of 15:1. (ACR) for chlorpromazine.
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Table 3
Intrinsic solubility (&), pKa, Stability constant and calculated solubility of each drug in 0.05 M (SRHFCD mediums
Drug S (mg/mL) Ka Stability constant (V1) Calculated solubilit§ Medium

K K1P Ky¢ (mg/mL)

Prednisolone 2.k 10t - 1513 - - 8.5 Water
Estradiol 3.1x 1073 - 73799 - - 6.2 Water
Chlorpromazine 8.% 1074 9.30 - 73100 32100 15.7 pH 6.8 buffer
Naproxen 4.2 102 4.81 - 3600 432 4.6 pH 1.2 buffer
Indomethacin 3. 1078 4.81 - 1590 312 2.5 101 pH 1.2 buffer
Diltiazem hydrochloride >590 81 - ND ND ND Water
Salbutamol sulfate 230 22 - ND ND ND Water

@ These values are calculated as the solubility in 0.05 M ($8#)-CD medium.

b Binding constant of uncharged drug with (SB#&)B-CD.
¢ Binding constant of charged drug with (SBR)B-CD.

it is important to investigate the drug’s solubility im-
provement by (SBE)-B-CD in the OPTTable 3lists

the intrinsic solubility, [Ks, stability constant and the
solubility of each drug in 0.05M (SBE}-B-CD (ex-
cept for DIL and SAL) with 0.1 M buffer solutions of
different pH values or wateilable 4shows the w/w
(%) of each drug, (SBE)-B-CD and the total dis-
solved solids in solutions produced in OPTs that were

centration.Stella et al. (20025howed that (SBE),-
B-CD concentration can be as high as 0.3M in OPTs
so the solubility of the drugs is expected to be greater
in the OPTs than in the 0.05M (SBE&)-B-CD solu-
tion reported inTable 3 The approximate 60—65 w/w
(%) (SBEYm-B-CD in the OPTs at 2 h corresponds to
about 0.3-0.35 MFig. 3 shows the relationship be-
tween the drugs in the OPTs (w/w, %) to their ACR

placed in release media for two hours and assayed forvalues. The amount of (SB&)-B-CD needed to sol-
content. Reported are those pH values where releaseubilize a drug is determined by the intrinsic solubility

would be most limiting for drugs with a strong pH de-
pendency, NPX (pH 1.2) and CPL (pH 6.8). The im-
portance of pH and ACR on release of CPL was ex-
tensively discussed in an earlier pap@kimoto et al.,
1999h. The total dissolved content of the OPTs (w/w,
%) was gravimetrically calculated from the difference
of the weight of the solution and the solids remaining
after drying. In addition, the w/w (%) of the respec-
tive drugs in the solution was determined after HPLC
analysis. The amount of (SBf)-B-CD present in the
solution was calculated from the difference between the
concentration of the dissolved solids and the drug con-

Table 4

of the drug and the strength of inclusion complex for-
mation. Therefore the drug content as a w/w (%) in the
OPTs decreases with increasing ACR. Also, as shown
in Table 4 the amount of dissolved solids in the OPT
for each drug was almost identical at two hours (the
mean = 65w/w (%), S.D. = 2.6) and, apparently, in-
dependent of drug solubility. This is not surprising as
most of the solid was (SBE)-B-CD. Additionally, the
cyclodextrin:drug mole ratio (data not included) in the
OPTs at two hours was equivalent to the ACR.

As shown inTable 3 the intrinsic solubility of the
water-soluble drugs was 3@ 10° times greater than

Concentration of drug, (SBE&)-B-CD and total dissolved solids in the solution phase in OPTs exposed to release media for two hours

Drug Medium Concentration (w/w, %) Molar ratio of (SBf&)}B-CD drug
Drug (SBEym-B-CD Dissolved solids

Predinisolone Water .8 57.1 619 2:1

Estradiol Water b 615 631 5.1:11

Chlorpromazine pH 6.8 buffer 9 642 652 10.1:1

Naproxen pH 1.2 buffer a 623 629 15.4:1

Indomethacin pH 6.8 buffer .0 624 631 15.1:1

Diltiazem hydrochloride Water 19 570 689 1.1:1

Salbutamol sulfate Water 1B 513 651 0.9:1
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Fig. 3. Relationship between w/w (%) of drug in the solution phase
in the OPT core after exposure of the OPT to release media for two
hours (= 3) vs. the appropriate composition ratio (ACR).

the solubility of the poorly water-soluble drugs in the
absence of cyclodextrin. However, in the presence of
0.05M (SBEYm-B-CD in the OPT, the difference in

chloride (NaCl), a water-soluble moleculeid. 4B) to

the release of (SBEh-B-CD from OPTs. The mole
ratio of (SBEym-B-CD to NaCl and PDL in the OPTs

in both cases was 2:1. Also, two different membrane
thicknesses (0.25 and 0.5mm) for the OPTs were
used in this study. The release rates of PDL or NaCl
and (SBE)n-B-CD from the OPTs in the respective
experiments were almost identical. Since PDL forms
an inclusion complex with (SBE)-B-CD, this result
suggests that PDL is released from the OPT as the
complex with (SBE)n-B-CD. This is consistent
with earlier findings for PDL Qkimoto et al., 1998
testosterone@kimoto et al., 1999a and PDL from a
matrix dosage form that utilized (SBf)-p-CD as a
solubilizing agentRao et al., 2001l However, NaCl,
which has a high polarity and a small molecular size,
is not expected to form an inclusion complex with
(SBE)m-B-CD. Therefore, the fact that NaCl and
(SBE)m-B-CD are released from the OPT at the same

concentration between the water-soluble and the poorly a6 might be surprising. A logical conclusion is that the

water-soluble drugs is significantly decreased. The dif-
ferences would be even closer if solubilities had been
determined in 0.3 M (SBE),-B-CD.

3.3. Applicability of drugs to OPT using
(SBEym-B-CD

Fig. 4shows the comparison of the release of PDL,
a poorly water-soluble drugF{g. 4A) and sodium

100 f TYYYIX2Z
UL LA
g oof 5 3¥ )
Loaob 8 g ¥ ]
= 20 - \4
m O.’av (A)
@ CY . v o0 v
’5100_|'|'|'|'6'*2'¢_
5 80 $ ¥¥§ ]
3 eor gﬁ ]
8 4or y7! ]
> 0l 89
T L &y B) 1
O_!.I.I.I.I.I.(I)—
0 2 4 6 8 10 12
Time (hr)

Fig. 4. Comparison of release rate in water of prednisolone (A) or
NaCl (B) to (SBEYm-B-CD from OPTs of different membrane thick-
ness. 0.25 mm of membrane thickness; circle, 0.5 mm of membrane
thickness; triangle, prednisolone or NaCl; closed symbols, (3RE)
B-CD; open symbolsn(= 3).

release rates are controlled by the presence of (3RE)
B-CD.

Table 5lists the release rates of all the drugs from
OPTs corrected for tablet surface area. For these OPTs,
PDL, CLP, DIL and SAL were used as the model drugs
and (SBEyn-B-CD, HP{3-CD, and a sugar mixture
of lactose and fructose (1:1 as a weight ratio) were
chosen as the osmotic pump agents. Because of the
differences in the ACRs values among the drugs, the
tablet size varies. Therefore, to compare drug release
rates from the OPTSs, dividing/h (surface area of the
OPT/membrane thickness) normalized the release rates
for each respective tablet.

The normalized release rates of the water-soluble
or poorly water-soluble drugs from the OPTs utilizing
both B-CD derivatives were similar across all drugs
for each CD. The release rate from the (SB&B-

CD based OPTs was about double those for the HP-
B-CD OPTSs consistent with greater osmotic pressure
from (SBEyn-B-CD (Zannou et al., 2001 The re-
lease of the drugs from the sugar mixture OPTs var-
ied significantly across all drugs. Compared to the
sugar mixture, for CLP at pH 6.8 and PDL, (SBE)
B-CD and HPB-CD significantly increased the re-
lease rates consistent with their solubilizing effects
but decreased the release rate of the polar drugs,
CLP at pH 1.2 and DIL. This later observation sug-
gests an inhibitory effect consistent with the release
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Table 5
Comparison of the normalized release rates of drug from OPTs containing4SBE}D or other potential osmotic pump agents
Drug Medium Normalized release rate (mg/cm/h)
(SBE)ym-B-CD HP-CD Sugar mixture
Prednisolone Water a2 455 0.7
Chlorpromazine pH 1.2 buffer 8b 379 1957
pH 6.8 buffer 627 300 ND?
Diltiazem hydrochloride pH 1.2 buffer 68 327 827
pH 6.8 buffer 621 332 841
Salbutamol sulfate pH 1.2 buffer 378 222
pH 6.8 buffer 622 386 220

For both (SBE)n-B-CD and HPB-CD the CDs were at their respective ACR values.
a Not detectable.
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