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Abstract

Layered double hydroxides (LDHSs) or so-called anionic clays consist of cationic brucite-like layers and exchangeable interlayer
anions. Because of their biocompatibility, these layered inorganic solids can be used as host materials to create drug—LDH
host—guest supramolecular structures. Because of the basicity of LDHs however, LDHs as drug delivery system will be limited
for use in the stomach where pH is 1.2. A core-shell material has been prepared therefore in this work. A non-steroidal anti-
inflammatory drug, Fenbufen-intercalated LDHSs as the core was coated with enteric polymers, E@&iifgitor Eudragh L
100 as a shell, giving a composite material which shows controlled release of the drug under in vitro conditions which model
the passage of a material through the gastrointestinal tract.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction trolled release formulation¥éng etal., 200R Colonic

delivery is of additional value when a delay in drug ab-
Site-specific drug delivery to the colon is attract- sorption is therapeutically desirable e.g. in treatment

ing increasing attention, both for effective therapy of of angina and nocturnal asthma which are affected by

colon-related diseases such asiirritable bowel syndromecircadian rhythms$inha and Kumria, 2002

as well as systemic drug delivery, taking advantage of  Most techniques used to achieve specific colonic

the long transit time in the colon (up to 78 h) which in- drug delivery rely on the variation in pH values through

crease the time available for drug absorption using con- the gastrointestinal (Gl) tract, although enzymatic
degradation by colonic bacteria has been increasingly

T Comespondi thor. Tel.: +86 10 6443 4897 investigated in recent yeargqng etal., 200R The nor-
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fax: +86 10 6442 5385. mal transit time $inha and Kumria, 20Q2n the stom-
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of a drug in the stomach may be prevented by meanstis (Hawkey, 199). Its use is often limited, however,
of an enteric coating, which is insoluble in the acidic by the frequent side effects that affect both the Gl tract
conditions in the stomach but dissolves at neutral pH. (Rodriguez and Hernandez-Diaz, 2QGind the car-
In the duodenum (the upper part of the small intes- diovascular systemRodriguez and Hernandez-Diaz,
tine) the pH is 4.5 0.5 so that the enteric coating 2003. Controlled release of the drug can be expected
remains intact, but in the lower part of the small in- to significantly mitigate these harmful systemic effects.
testine (jejunum and ileum) the pH rises to 9.4 The presence of the carboxylate group should facilitate
before dropping to 6.4 0.6 in the ascending colon intercalation of fenbufen in LDHs.
and rising again to pH 78£0.7 in the distal colon As the enteric coating we select Eudr&git 100
(Shimono et al., 2002 It is therefore necessary to and S 100, which have been widely used in this area
incorporate the drug in a controlled release formula- (Rodriguez et al., 1998; Lorenzo-Lamosa et al., 1998;
tion that will both minimize premature release in the Lamprecht et al., 2003 Those anionic copolymers
ileum and optimize the subsequent rate of release in theof methacrylic acid and methyl methacrylate have a
colon. molecular weight of approximately 135,000 with a ra-
Most traditional controlled release formulations are tio of acid to ester of approximately 1:1 in Eudr&it
polymer-based but alternative inorganic matrices, par- L 100 and 1:2 in Eudradgh S 100. Both polymers
ticularly layered double hydroxides (LDHsLCé&vani are insoluble in aqueous acid solution but Eudfgit
et al., 1991; Khan and O’Hare, 200have attracted L 100 dissolves at pH 6 and above and Eudfgit
considerable recent attention. The chemical compo- L 100 at pH 7 and above. The presence of the car-
sition of LDHs can be represented by the general boxylate groups should facilitate a strong interaction
formula {Ml(ll—x)Mlc“ (OH)Z] x+A)ZC7Z  yHo0 where M Zf a monolayer of _the polymer with _the LI_DH layers,

I 4 ] ) ither through their hydrogen bonding with the sur-
and M are divalent and trivalent metal cations re- f5ce hydroxyl groups or grafting to the layers. Such
spectively, occupying octahedral positions in the hy- jnteractions have been observed between polystyrene
droxide layers and A” is a charge-compensating gyjfonate and LDH surfacespujahid et al., 2008

interlayer anion. O’Hare and.co—workc_erKk(an et and between EudraitL 100 and S 100 and the
al., 2003 have reported the intercalation of drugs 5mine groups of chitosanLgrenzo-Lamosa et al.,
such as diclofenac sodium, gemfibrozil, ibuprofen, 1998.

naproxen and tolfenamic acid in LDHs and demon-
strated their potential as tuneable drug delivery sys-

tems. The intercalation of ibuprofeiifhbrogi et al., 2. Experimental

2001, diclofenac Ambrogi et al., 2002 and other

non-steroidal anti-inflammatory drug&rabrogi et al., 2.1. Materials

2003 has also been investigated and the intercala-

tion of a cisplatin derivativesis-[Pt(NHz)2(5-GMP),] The inorganic materials were all analytical reagent

(5-GMP = guanidine 5Smonophosphate) has been re-  grade and used without further purification. Fenbufen
cently reportedYang and Guo, 2003LDHs are ba- \ya5 purchased from the Zhejiang Juhuan Pharmacy
sic compounds however, and will dissolve rapidly in ¢o_ | td. Deionized water from which carbon dioxide

gastric acid, with complete liberation of the interca- ;35 removed by boiling under nitrogen was used in all
lated drug in the stomach. In this paper, we demonstrate preparations.

how the drug release may be controlled by a composite
structure, in which an enteric coating is formed onthe 5 5 Preparation of fenbufen intercalate
surface of LDH—drug intercalate.

As the pharmaceutically active component, we A solution containing Mg(N@),-6H,0 (5.12g,

chpose fenbufen,y(oxo-[l,1’-biphenyl]_-4-t_)utanoic 0.020mol) and AI(N@)s-9H,0 (3.75g, 0.010 mol)
acid, GHsCeH4C(O)CH.CH,COOH) whichisanon- iy gejonized water (35ml) was added over 1h to a

steroidal anti-inflammatory drug used for the relief iqorously stirred solution (140 ml) containing NaOH
of symptoms of rheumatoid arthritis and osteoarthri- (3.00g, 0.075mol) and fenbufen (2.54g, 0.01mol
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molar ratio FBF/AI, 1:1). The resulting gel was aged fixed volumes using a buffer solution of pH 7.8. The
under a nitrogen atmosphere at®®for 6 h. The prod- amount of liberated fenbufen was determined from its
uct mixture was filtered and the resulting white solid UV-absorption at 284 nm.

fenbufen-intercalated Mg/Al-LDH (I) was extensively

washed with deionized water and stored moistly. The

content of water in the product was 71.0%. A small 3. Results and discussion

portion of () was dried for elemental analysis. The

chemical composition is found to be %: Mg 10.58; Al 3.1. (I) coated with polymer

5.71; C 38.38; H 4.83, similar to that calculated for

Mgo.67Al 0.33(OH)2(C16H1303)0.33H20 which is %: (I) was prepared by a coprecipitation method, typ-

Mg 10.02; Al 5.55; C 39.32; H 5.17. ically employed for the preparation of LDHs. As
shown inFig. 1a, (I) has the XRD pattern charac-

2.3. Polymer coating process teristic of an LDH with a basal reflection at low an-

gle and higher order reflections. The basal spacing is
As_prepared (|) (4g) was Vigor0u3|y stirred in a 2.35nm. Given (Cavani et al., 199)1that the thick-
solution of Eudragi® S 100 (4g) in ethanol (7oml)  ness of the brucite-like layer of LDH is 0.48 nm, the
at 70°C for 2h. The homogeneous suspension was gallery height is 1.87 nm. This is consistent with that
poured into vigorously stirred water (400ml) and reported for the intercalation of organic anions of sim-

the resulting product filtered and dried at @D ilar size within the gallery spaces of LDH. Elemen-
The whole coating process was subsequently repeatedal analysis of (I) is consistent with the formulation
once. Mgo.67Al0.33(OH)2(C16H1303)0.33:H20.

The coated fenbufen sodium samples were obtained ~ When (1) was separately treated with an ethanolic
by the same method as described above. The content ofsolution of Eudragﬁ S 100 and L 100, the XRD pat-
fenbufen in coated fenbufen-intercalated Mg/Al-LDH  terns of the resulting materialBig. 1d and e) are a su-

was equivalent to that in coated fenbufen sodium. perposition of those of (1) and the free polymefa 1b
and c), showing that the integrity of the two phases has
2.4. Characterization been achieved during the mixing process.

Fig. 2 shows the FT—IR spectra of (I) coated with

Powder X-ray diffraction (XRD) datawere collected Eudragif S 100 and L 100. The FT-IR spectra of
on a Shimadzu XRD-6000 diffractometer using Cu K~ the materlgls show intense pgaks from the polymer

source, with a scan Step of 0902nd a scan range be- Correspondlng to the € vibrations of the ester (at

tween 2 and 7Q 1730 cnt) and carboxylic acid (1705 cnt) moieties
TEM micrographs were taken on a HITACHI H-800  as well as further ester vibrations around 1265, 1195
transmission electron micrograph. and 1160 cm?. The asymmetric stretch of the carboxy-

The XPS spectra were obtained using a VG ES- late group of the intercalated fenbufen can be seen at
CALAB MKII spectrograph with Mg kx radiation 1561 cnt?, but its other expected bands are obscured

(1253.6 eV, 150 W). by those of the polymer.
The 13C MAS NMR chemical shifts of the
2.5. Drug release measurements Eudragif carbons in (I) coated with S 100 are essen-

tially identical to those in the free polymer, showing
A sample of Eudragft coated-(l) (1g) was sus- thatthelocalstructure and crystallinity of the bulk poly-
pended in 0.1M HCI (200ml) and stirred for 2h. mer are not altered by incorporation of (Yelchon and
KH2POy (0.76 g) and NapPOy-12H,0 (1.53 g) were Nairn, 1998. Determination of the composition of (1)
then added, followed by sufficient 1.2 MNaOHtobring by ESCA (electron spectroscopy for chemical analy-
the pH to 6.8. The mixture was stirred for a further 2 h, Sis) gives a C/Mg ratio of 8.4 (similar to the ratio in the
after which the pH was raised to 7.4 and the mixture bulk material, 7.9, as determined by ICP). After reac-
was stirred for a further 5h. Aliquots were removed tion of (1) with Eudragif L 100 or S 100, the resulting
from the mixture at regular intervals and diluted to (I)-L 100 and (I)-S 100 have C/Mg ratios of 16.8 and
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Fig. 1. Powder XRD patterns of (a) fenbufen-intercalated LDH (1); (b) Eud?agif.00; (c) Eudragft L 100; (d) (I) coated with EudradftS
100 and (e) (I) coated with Eudra@jit. 100.
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Fig. 2. FT-IR spectra for (a) fenbufen-intercalated LDH (1); (b) Eudfgit100; (c) Eudragh L 100; (d) (1) coated with EudraditS 100 and
(e) (1) coated with Eudradit L 100.
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Fig. 3. TEM micrographs of fenbufen-intercalated LDH (I) coated with EudPagi.00.

18.5, respectively, confirming that the polymer forms
a coating on the surface of ().

Fig. 3illustrates the TEM micrograph of () coated
with a polymer shell. A composite structure in which
() exists as the dark center surrounded by a lighter
polymer shell can be clearly observed.

Table 1shows the XPS result of (I) coated with an
ethanolic solution of EudraditL 100 and S 100. Af-
ter (1) is coated by enteric polymer, the binding energy
of Mg 2p increases from 55.6 eV to 56.8-58.4 eV, and
that of Al 2p increases from 77.8 eV to 78.6—-79.8 eV.
This shift to high energy may result from the interac-
tion between the surface of LDH and enteric polymer.
The surface composition given ifable 1shows that

a stirred aqueous medium, the pH of which was ini-
tially kept at 1.2 for 2h, and then at 6.8 (2 h) and fi-
nally 7.4 (5 h) in order to simulate passage through the
Gl tract. The results for (1)-S 100 and (I)-L 100 are
shown inFig. 4 along with those of (1), and fenbufen
(as the sodium salt) coated with S 100 and L 100 for
comparison. Dissolution of (I) accompanied by com-
plete release of fenbufen is observed within a very short
time (Fig. 3a), confirming that unmodified layered dou-
ble hydroxides are unsuitable as a controlled release
matrix under realistic conditions. When coated with
Eudragif L 100, both fenbufen and (1) are stable in acid
conditions but the coating dissolves at pH 6.8. Under
these conditions, deintercalation of fenbufen from the

the surface content of Mg decreases, while the surface LDH is rapid, so that the release profile of (I)-L 100

contents of C and O increase after coating, further con-

firming that (1) has been coated with enteric polymer
successfully.

3.2. Drug release property

(Fig. 3c) is comparable with that of fenbufen coated
with Eudragif L 100 (Fig. 3b).

When coated with EudraitS 100, both fenbufen
and (1) are stable at pH 6.8. In the case of fenbufen,
dissolution of the polymer at higher pH is accompa-
nied by rapid dissolution of the drugrig. 3d) and re-

Drug release profiles were determined at constant lease is essentially complete after 3h at pH 7.4. In the

temperature (3% 0.5°C). The solid was suspended in

Table 1

case of (1)-S 100 however, dissolution of the polymer

XPS results of fenbufen-intercalated LDH (1) coated with Eud®§itL00 and EudradftL 100

Samples Mg 2p BE (eV) Al 2p BE (eV) Surface content (mol%)

Mg C O
Fenbufen-intercalated LDH (1) 56 778 1138 4723 2265
(1) coated with Eudragh S 100 584 796 7.39 6137 2621
(1) coated with Eudragh L 100 568 786 7.14 6526 2200
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Fig. 4. Release profiles for (a) fenbufen-intercalated LDH (1); (b) fenbufen coated with Eitagio; (c) (1) coated with EudraditL 100;
(d) fenbufen coated with Eudra8iS 100; (e) (1) coated with EudraitS 100.

is followed by slow release of the intercalated drug in chemical properties of both the layered double hydrox-
a linear fashion and only 67% of the drug was liber- ide and the polymer coating.

ated after 5h at pH 7.4. In previous reporhén et

al., 2001; Ambrogi et al., 20Q1of controlled release

of similar pharmaceutically active components from Acknowledgments

layered double hydroxides, dissolution was reported

to be complete after a few minutes at pH 4 and com-  \y«e thank Degussadiis Pacific Ltd., Shanghai for
plete release of the active component was observed 4 gift of Eudragi® polymers.

within 2 h when the material was directly exchanged
at pH 7. This suggests that complete dissolution of
the polymer and deintercalation of fenbufen from the
LDH may be inhibited by an interaction between the
carboxylate groups of the polymer and the surface of
the LDH.

References

Ambrogi, V., Fardella, G., Grandolini, G., 2001. Intercalation com-
pounds of hydrotalcite-like anionic clays with antiinflammatory
agents-l. Intercalation and in vitro release of ibuprofen. Int. J.
Pharm. 220, 23-32.

4. Conclusions Ambrogi, V., Fardella, G., Grandolini, G., Peroli L., Tiralti, M.C.,

2002. Intercalation compounds of hydrotalcite-like anionic clays

| h h that int lati i with anti-inflammatory agents. I1: uptake of diclofenac for a con-
n summary, we have shown that intercalation o trolled release formulation. AAPS PharmSiTech 3, article 26

fenbufen in a layered double hydroxide followed by (http:/Awww.aapspharmscitech.org).

coating with Eudragft S 100 gives a composite mate-  Ambrogi, V., Fardella, G., Grandolini, G., Nocchetti, M., Peroli, L.,

rial which shows controlled release of the drug underin ~ 2003. Effect of hydrotalcite-like compounds on the aqueous sol-

vitro conditions which model the passage of a material ~ UPility of some poorly water-soluble drugs. J. Pharm. Sci. 92,
X . ? . 1407-1418.

throth the gastromtestlnal tract. Work is underway n Cavani, F., Trifiro, F., Vaccari, A., 1991. Hydrotalcite-type anionic

our laboratory to explore how the drug release charac-  cjays: preparation, properties and applications. Catal. Today 11,

teristics may be modified by variation of the physico- 173-301.



B. Li et al. / International Journal of Pharmaceutics 287 (2004) 89-95 95

Hawkey, C.J., 1990. Non steroidal anti-inflammatory drugs and pep- Rodriguez, L.A.G., Hernandez-Diaz, S., 2001. Relative risk of up-

tic ulcers: facts and figures multiply, but do they add up? BMJ per gastrointestinal complications among users of acetaminophen

300, 278-284. and nonsteroidal anti-inflammatory drugs. Epidemiology 12,
Khan, A.l., Lei, L.X., Norquist, A.J., O'Hare, D.M., 2001. Intercala- 570-576.

tion and controlled release of pharmaceutically active compounds Rodriguez, L.A.G., Hernandez-Diaz, S., 2003. Nonsteroidal anti-

from a layered double hydroxide. Chem. Commun., 2342—-2343. inflammatory drugs as a trigger of clinical heart failure. Epi-
Khan, A.l., O’'Hare, D., 2002. Intercalation chemistry of layered dou- demiology 14, 240-246.

ble hydroxides: recent developments and applications. J. Mater. Shimono, N., Takatori, T., Ueda, M., Mori, M., Higashi, Y., Naka-

Chem. 12, 3191-3198. mura, Y., 2002. Chitosan dispersed system for colon-specific drug
Lamprecht, A., Yamamoto, H., Takeuchi, H., Kawashima, Y., 2003. delivery. Int. J. Pharm. 245, 45-54.

Microsphere design for the colonic delivery of 5-fluorouracil. J.  Sinha, V.R., Kumria, R., 2002. Binders for colon specific drug de-

Control. Rel. 90, 313-322. livery: an in vitro valuation. Int. J. Pharm. 249, 23-31.

Lorenzo-Lamosa, M.L., Remunan-Lopez, C., Vila-Jato, J.L., Alonso, Vachon, M.G., Nairn, J.G., 1998. Adsorption of styrene sulfonate
M.J., 1998. Design of microencapsulated chitosan microspheres versus polystyrene sulfonate on layered double hydroxides. Eur.
for colonic drug delivery. J. Control. Rel. 52, 109-118. J. Pharm. Biopharm. 45, 9-21.

Moujahid, E.M., Inacio, J., Besse, J.-P., Leroux, F., 2003. Adsorption Yang, L., Chu, J.S., Fix, J.A., 2002. Colon-specific drug delivery:
of styrene sulfonate vs. polystyrene sulfonate on layered double new approaches and in vitro/in vivo evaluation. Int. J. Pharm.

hydroxides. Micropor. Mesopor. Mater. 57, 37-46. 235, 1-15.
Rodriguez, M., Vila-Jato, J.L., Torres, D., 1998. Design of a new Yang, Z.,Guo, Z.J.,2003. Chin. Selection of inorganic layered double
multiparticulate system for potential site-specific and controlled hydroxide materials for intercalation of a cisplatin—guanosine

drug delivery to the colonic region. J. Control. Rel. 55, 67-77. adduct. J. Inorg. Chem. 19, 673-677.



	Enteric-coated layered double hydroxides as a controlled release drug delivery system
	Introduction
	Experimental
	Materials
	Preparation of fenbufen intercalate
	Polymer coating process
	Characterization
	Drug release measurements

	Results and discussion
	(I) coated with polymer
	Drug release property

	Conclusions
	Acknowledgments
	References


