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ABSTRACT

Purpose To design a nanocomposite formulation system of
lipid-regulating drugs with versatile approaches using layered
double hydroxide (LDH) material.

Methods The co-precipitation technique has been used to
prepare the selected drugs [bezafibrate (BZF) and clofibric
acid (CF)]-LDH nanocomposites. The nanocomposite
materials (BZF-LDH and CF-LDH) were characterized by
X-ray powder diffraction, infrared spectroscopy, thermogra-
vimetric analysis, and scanning electron microscopy. The in
vitro study was investigated in simulated gastrointestinal
solutions at 36.8°C.

Results X-ray measurement and spectroscopic analysis indi-
cated the formation of fully monophase drug-nanocomposites.
The nanocomposites’ gallery heights were calculated to be
23.5 and 16.3A for BZF and CF, respectively. The new gallery
heights indicated that BZF and CF drugs have been stacked
into LDH as a monolayer with a staggered inter-digitated
arrangement. The size of the nanocomposites described by
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SEM microscopy was~0.| um. The nanocomposite formula-
tion has improved the drugs properties (thermal stability,
dissolution, and controlled release) beside the achievement of
drug target delivery.

Conclusions Nanocomposites composed of lipid-regulating
drugs (BZF and CF) with LDH were successfully synthesized as
a new formulation system of this drug category. The LDH
nanocomposite formulation system has improved the drugs
release properties.

KEY WORDS fibrates - LDH - nanocomposites -
formulations - controlled delivery

INTRODUCTION

Coronary heart disease is associated with the elevation of
serum lipid concentrations (cholesterol and triglycerides)
resulting from smoking and some genetic disorders (1,2). In
such disease cases, to reach the normal blood lipid target
ratios, treatment with hypolipidemic drugs is required.
Fibrates such as bezafibrate (BZF) and clofibric acid (CF)
are a class of lipid-regulating drugs that have been used in
the therapy in many forms of hyperlipoproteinemia (3).
BZF (2-[4-(2-[4-chlorobenzamindo] ethyl)-phenoxy]-2-
methyl-propanoic acid) is a well-known antihyperlipidacmic
agent that lowers elevated blood serum lipid concentrations
(cholesterol and triglycerides) (4). CF [2-(4-Chloro phe-
noxy)-2-methylpropanoic acid] is the active metabolite of
the blood lipid regulator colfibrate. It lowers elevated
serum lipids by reducing the very low-density lipopro-
tein fraction that is rich in triglycerides (5). Usually
fibrates are administrated orally. Their maximal adsorp-
tions mainly take place in the duodenum and the small
intestine of the gastrointestinal tract (6). However, fibrates
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have poor water solubility (3), are sensitive to light and
oxidation (especially CF) (7), and contain a carboxylic acid
group that can impart local gastrointestinal irritation.
Thus, significant oral bioavailability of fibrates can be
problematic.

Fibrate products currently available on the market are
based on conventional formulations (milling, micronization
and microcoating) (8—10). These formulations are raising
only the drug surface area for rapid dissolution using
complicated and technically challenging processes. The
resultant micronized drug is usually comprised in capsules
or tablets. Accordingly, there is a high tendency for fibrates
to recrystallize, and this may reduce the bioavailability.
Driven by the mentioned administration problems of
fibrates and the demand of constant levels of blood lipids
to avoid the disorders of the cardiovascular system, more
developed formulations of fibrates with controlled delivery
doses are needed. An innovative approach to oral drug
delivery in the small intestine involves the use of nano-
fabricated delivery systems. This platform offers potential
advantages over the traditional oral drug delivery
approaches.

Layered double hydroxide (LDH) is natural clay that can
be prepared by co-precipitation of M** and M** metal ions
(e.g. Mg®" and AI’). Tt consists of layers of edge-sharing
hydroxyl octahedral with net positive charge balanced by
anions in the interlayer (11,12). LDH has hosting properties
to create nanocomposite structures. Many kinds of benefi-
cial organic anions have been stacked as guests into the
interlayer of LDH, such as drugs, vitamins and nucleic
acids. Drug-LDH nanohybrid materials have been
formulated to control drug release properties, drug
solubility and dissolution (13-17). In addition, the
amount of the incorporated drug into LDH has been
controlled by changing the composite preparation tech-
nique (17). The intercalation of vitamins (18) and nucleic
acids (19) into LDH offered a safe preservation of the guest
bioactivity without any deterioration of the structural
integrity. In addition, LDH has anti-acid and anti-pepsin
properties (20) that can serve in the decrease of gastroin-
testinal irritation resulting from oral administration of
drugs containing carboxylic acid groups. These interesting
properties of LDH are expected to be advantageous for
fibrates’ low solubility, preservation and controlled release
properties.

Based on our knowledge, there is no report concerning
the target delivery and the control release properties of
lipid-regulating drugs (fibrates) in a form of nanocomposite.
Here, we report the synthesis and characterization of
fibrate (BZF and CF) nanocomposites with LDH as a new
formulation system of this drug category, as well as release
studies to evaluate the effect of LDH on the drug properties
after the intercalation process.

MATERIALS AND METHODS
Materials

Magnesium chloride hexahydrate, aluminum chloride
hexahydrate, (Kanto Chemical Co., Inc.), Bezafibrate drug
(Sigma, purity>98 %) and clofibric acid drug (Sigma,
purity 97 %) were used without further purification.

Nanocomposites Synthesis by Co-precipitation
Technique

Co-precipitation technique (17) has been used to synthesize
the nanocomposite materials of the selected drugs with a
good loading ratio as follows: BZF drug (1 g) was dissolved
in 60 ml deionized water by adjusting the solution pH at
8 using 2 M KOH. To the drug solution, 30 ml aqueous
solution containing 1.23 g MgCly'6H;O and 0.73 ¢
AlCL;6H,O (M*"/M*" molar ratio = 2) was added
dropwise with stirring. During the addition, the pH of the
suspension was kept constant at 8 by adding appropriate
amounts of 2 M KOH solution. The final volume was
augmented to 100 ml by deionized water. The suspension
was stirred at 70°C for 24 h under Ny flow. After the
reaction, the obtained BZF-LDH material was collected by
filtration (0.45-um Millipore membrane), washed several
times with 0.1 M KOH and deionized water, and finally
freeze dried. By the same procedure, CF-LDH and LDH
(reference) were prepared. For LDH preparation, potassi-
um carbonate has been used instead of the drug.

Drug Content Determination

The amount of drug loaded into LDH was calculated using
UV quantitative method. A known amount of the nano-
composite was dissolved in 10 ml of 1 M HCI, then the
obtained solution was diluted with phosphate buffer (pH
7.4). The drug concentration was determined by UV
absorption at 229 and 224 nm for BZF and CF,
respectively. The drug content was expressed by the
percentage of drug weight intercalated in a unit weight of
nanocomposite. The UV quantitative method was also used
to check the drug integrity before and after intercalation
process.

Drug Delivery and Release Measurements

The dissolution of the original drugs (BZF, CF) and their
nanocomposites (BZF-LDH, CF-LDH) were monitored in
the following buffer mediums: buffer A as a simulated
stomach solution (0.1 M HCI1 /7 0.1 M KClI, pH 2.0), buffer
B as a simulated duodenum solution (100 ml solution of

0.1 M NaHCOs3 / 0.1 g NaCl / 0.05 M HCI to adjust pH
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Fig. | X-ray diffraction patterns of LDH (a), BZF-LDH (b) and CF-LDH
(©-

at 6.0) and buffer C as a simulated small intestine solution
(100 ml solution of 0.1 M NaHCOs3 / 0.1 g NaCl /7 0.05 M
HCI to adjust pH at 8.0). The anionic buffer composition
was defined based on literature data (21,22). Taking into
account both of the usual daily dose of the selected drugs
(~ 400 mg/day) (6) and the drug loading ratio into LDH (as
described in Results and Discussion section), the release
experiments were conducted with sufficient amounts of the
intercalated drugs-LDH materials to study the effect of
LDH on the drug-release properties and to ensure a good
therapeutic effect. Accordingly, the release experiment was
performed as follows: In a round-bottom flask, a sample of
200 mg (in the case of nanocomposite) or 100 mg (in the
case of drug powder, taking into account the drug loading
ratio) was dispersed in 100 ml buffer which was maintained
at 36.810.1°C with a constant agitation of 80 round/min.
At appropriate time intervals, 1.0 ml sample was withdrawn
and filtered using a 0.45-pm Millipore filter unit to remove
the insoluble particles. The filtrate was diluted and assayed
with a UV spectrophotometer (U-3210, Hitachi, Japan) at
Amax of 229 and 224 nm for BZF and CF, respectively.
The removed aliquot was immediately replenished with the
same volume of buffer equilibrated at the same tempera-
ture. The dissolution experiment of each sample was
performed in duplicates.

@ Springer

Characterization

X-ray powder diffraction patterns were recorded on Rigaku
X-ray diffractometer using Cukt radiation at A =1.5405A.
The measurement was performed in the 20 range 1.5-70°
with a 20 scanning step 0.02°, scanning step time 5 s, a
filament intensity 40 mA and a voltage of 150 kV.
Infrared spectra (KBr disk method) were recorded on a
BioRad-FTS 3000MX FT-IR spectrophotometer with a
TGS detector in the wavenumber range 4000-450 cm™ '
by accumulating 16 scans at 4 cm ™ resolution. Thermog-
ravimetric analysis (TGA) was conducted with Shimadzu
thermogravimetric analyzer (TGA-50, TA-60WS) using
platinum cell with a heating rate of 10°C / min under Ny
flow of 20 ml/min. The scanning electron micrographs
(SEM) were captured by Hitachi FE-SEM S-4700

microscope.

RESULTS AND DISCUSSION

X-ray Powder Diffraction

Figure 1 shows the XRD patterns of the samples prepared
by the co-precipitation technique. Pattern (a) indicated the

formation of a single phase LDH with sharp and symmetric
(00]) reflections. Using Bragg’s law (nA=2dsinB), the basal
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Fig. 3 Infrared spectra of LDH (a), BZF (b), BZF-LDH (c), CF (d) and
CF-LDH (e).

spacing was calculated to be 7.6A. As a result of
intercalation, the reflections (00 /) shifted to lower angles
with an increase in the basal spacing (28.3A for BZF-LDH
and 21.1A for CF-LDH, respectively). The strong and
symmetrical diffraction peaks reflected a good crystallinity
for the obtained nanocomposites. The absence of original

LDH peaks indicated a successful synthesis of nanocompo-
sites with single phase incorporation of BZF and CF
(patterns b and c, respectively). The interlayer distance of
nanocomposite was calculated by subtracting the inorganic
layer thickness (4.8A) (23) from the d003-spacing. The
determined values were 23.5 and 16.3A for BZF-LDH and
CF-LDH, respectively. These values were larger than drugs
molecular lengths (18.1 A for BZF and 10.9A for CF). Thus,
we speculated that the drugs were stacked as a monolayer
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Fig. 4 Thermogravimetric analysis and their differential curves of LDH
(a), BZF (b), BZF-LDH (c), CF (d) and CF-LDH (e).
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Fig. 5 SEM images of LDH (a), BZF-LDH (b) and CF-LDH (c).

in a staggered inter-digitated arrangement through aromatic
rings’ -1 interaction as we schematically drew in Fig. 2. The
weaker diffraction intensities of CF-LDH (Fig. 1¢) than BZF-
LDH (Fig. 1b) probably resulted from the small number of
aromatic rings in CF molecules.

@ Springer

Infrared Spectroscopy

FT-IR spectra were measured to obtain further information
about the nanocomposites’ molecular structure. Figure 3a
shows the characteristic peaks of LDH, the asymmetric
stretching band of the interlayer carbonate group (veos® )
and the hydroxyl group’s stretching vibration band (vopn) of
LDH layers were observed at 1379 and 3450 cm™',
respectively (24). The lattice vibration modes of the layers
(va_o) were detected at 711 and 574 cm™ ' (25). In Fig. 3b
(BZF powder), the bands of vg N, Voo, and v were
detected at 1153, 1232, and 3365 cm™ ', respectively. The
stretching vibration band ve= of the amide group and that
of COOH group were detected at 1620 and 1732 cm™ ',
respectively. The weak stretching vibration modes v of
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Fig. 6 Drug release of BZF in buffer A (), buffer B (A) and buffer C (m):
before intercalation (a) and after intercalation (b).
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Fig. 7 Drug release of CF in buffer A (¢), buffer B (A) and buffer C (m):
before intercalation (a) and after intercalation (b).

BZF alkyl groups were detected between 3000 and
2900 cm™'. As a result of intercalation of BZF into LDH
(Fig. 3c), new peaks were detected such as symmetric and
asymmetric modes of COO”at 1411 and 1604 cm™ ',
respectively, beside the characteristic peaks of BZF and
LDH. This information indicated that BZF molecules
combined with LDH layers through electrostatic interac-
tion. The complete disappearance of carbonate group in
BZF-LDH spectrum confirmed the formation of LDH
nanocomposites with single phase incorporation of BZF.
Similar changes in FT-IR spectrum of CF-LDH (ze., the
complete disappearance of VC(’)gQ— and the emergence of
symmetric and asymmetric bands of COO™ group) were
observed (Fig. 3e). These changes confirmed the formation
of CF-LDH nanocomposite with single phase incorporation

of CF.

Thermal Analysis

Figure 4 displays the TGA curves of the prepared samples
and the pure drugs. In the case of original LDH (Fig. 4a),
the weight loss was observed to proceed in three steps: 90—
150°C (8 % loss, loss of physically adsorbed water), 170—
260°C (7% loss, loss of interlayer water), and 250-510°C
(30% loss, hydroxylation and carbonate decomposition)
(26,27). The TGA curve significantly changed in the case
of nanocomposites. The amount of interlayer water
decreased to 4% for BZF-LDH and 3% for CF-LDH
probably due to the hydrophobic nature of the intercalat-
ed drugs. The overall weight loss increased to 75% and
66% for BZF-LDH (Fig. 4c¢) and CF-LDH (Fig. 4e),
respectively. The higher weight loss in BZF-LDH than
CF-LDH indicates the higher BZF weight content in its
LDH nanocomposites. The drug-LDH nanocomposites
showed an improved stability against thermal decomposi-
tion after the intercalation process. Especially in CF-LDH,
the onset temperature of decomposition shifted consider-
ably, from 100°C of original CF to 220°C. Accordingly,
LDH nanocomposites supported the safe preservation of
BZF and CF drugs.
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Fig. 8 X-ray diffraction patterns of BZF-LDH: before release (a), the

residual of the releasing medium of buffer A (b), and the residual of the
releasing medium of buffer C (c).
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SEM Observation

The SEM images of original LDH and nanocomposites are
shown in Fig. 5. Original LDH (image a) shows regular
hexagonal platelet structure. This regularity indicated the
good crystallinity determined by X-ray measurement. In
the case of BZF-LDH and CF-LDH nanocomposite
(images b and c), such regular structure was decreased,
and aggregates composed of small particles (diameter~
0.1 um) were observed. The large surface area resulting
from nanocomposite’s small particle size is expected to
improve the drug’s solubility and dissolution rate.

Drug Delivery and Dissolution from Nanocomposites

The weight contents of BZF and CF in their nano-
composites were determined to be 54% and 45%, respec-
tively. The higher content in BZF-LDH agreed with the
result of TGA. Figure 6a shows the solubility of BZF drug
powder at the different mediums. The solubility was very
small in buffer A, due to the acidic character of BZF. The
drug was completely dissolved after 80 min (buffer B) and
40 min (buffer C), due to deprotonation of carboxylic acid
group at high pHy. Such release data indicates the
uncontrollable dissolution of BZF in the alkaline small
intestine after the burst of the drug-capsule prepared by
the previously mentioned conventional methods. Figure 6b
shows the release of BZF from the nanocomposite. Signifi-
cant change in the amount of BZF released was observed
with time progress. Around 40% and 45% was released
during 24 h in buffer B and C, respectively, while only 5%
was obtained in buffer A at the same time. The release of
BZF depended on medium anionic species and LDH
nanocomposite properties. However, LDH possesses an
anion exchange selectivity for carbonate than chloride (28—
30), the release of BZF in buffers B and C was higher than
buffer A. On the other side, the layered molecular structure
of LDH has limited the interaction of BZF in two-
dimensional directions. This stacking process has prevented
the crystallization of BZF into LDH layers, and accordingly
the drug was released in its amorphous form. The anion
exchange mechanism of LDH (30) has controlled the release
of BZF from the nanocomposites. The phase boundary
formed between the internal zone (drug-LDH, large d-
spacing) and the external zone (exchanged LDH, small
spacing) during the anion exchange process has decreased
the amount of drug released with time progress.

The release studies of CF (Fig. 7) showed similar
behaviors and changes as BZF did before and after
nanocomposite formation. The differences were observed
only in amounts and release times of CF. The improved
release properties of CF-LDH were also related to medium
anionic species and LDH nanocomposite properties. At this

@ Springer

stage and from the release data of BZF-LDH and CF-LDH,
we can say that nanocomposite formulation with LDH
supported the delivery and the controlled release properties
of the studied lipid-regulating drugs.

Drug Release Mechanism

To confirm the replacement of drug molecule with the
buffer anionic species, XRD measurement was performed
after the dissolution experiment of BZF-LDH (Fig. 8).
Patterns b and ¢ showed new reflection peaks at high 20
beside the original BZF-LDH reflections. The calculated
d-spacing of the new reflections was found to be 7.8 and
7.65A for patterns b and c, respectively. These new d-
spacing values indicated the anion exchange of BZF with
chloride and carbonate anions, respectively (28). The higher
broadness and the poorer crystallinity of pattern ¢ than
pattern b reflected the high disorder of LDH layers resulting
from the high exchange process; similar behavior was
noticed by Chitrakar e al. (31) through the exchange of
phosphate.

CONCLUSION

Nanocomposites composed of fibrate derivatives (BZF and
CF) with LDH were successfully synthesized by co-
precipitation technique. X-ray measurement and spectro-
scopic analysis indicated the formation of fully monophase
nanoparticles. The LDH nanocomposite formulation sys-
tem has improved the selected drugs properties (thermal
stability, dissolution, controlled release and target delivery).
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