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This paper deals with a new hydrotalcite-like compound used as a matrix to improve dissolution rate of
the poorly water-soluble drug gliclazide and to administer at the same time micro- and oligo-elements
useful to improve insulin performance. Gliclazide is a second-generation sulfonylurea compound used
in the treatment of type II diabetes mellitus. As a consequence of the poor water solubility, its absorption
is limited. Thus, a new hydrotalcite-like compound containing Zinc and Chromium, micronutrients

Keywords: directly involved in the physiology of insulin and in the carbohydrate, lipid and protein metabolism,
g;;ﬁiﬁiite was synthesized. The gliclazide-hydrotalcite-like clay nanohybrid was prepared via ion-exchange in its
Chromium nitrate form and was characterized by inductively coupled plasma-optical emission spectrometry and
Zinc thermogravimetric analysis. The drug loading resulted in 42.9% (w/w). As a consequence of the interca-
Solubility lation, the interlayer distance of the host increased from 0.89 nm (interlayer distance of nitrate form) to

1.5 nm. The intercalation product was submitted to solubility measurements and in vitro dissolution test.
A remarkable improvement of the apparent solubility and dissolution rate in comparison to the
crystalline drug was observed in acid fluids (pH 1.2 and 3). The presence of chromium and zinc cations
was also found in the medium. These results showed that the hybrid nanostructure could represent a
promising system to improve drug dissolution rate and to release cations involved in the performance

Dissolution rate

of insulin.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Gliclazide (GLI) (Fig. 1) is a second-generation sulfonylurea
derivative, widely used for the treatment of type Il diabetes melli-
tus. Prior reports state that the drug shows good general tolerabil-
ity, low incidence of hypoglycaemia, low rate of secondary failure
and may represent a better choice in long-term sulfonylurea ther-
apy [1,2]. Rapid gastrointestinal absorption is required for oral
hypoglycaemic drugs to prevent a sudden increase in blood glucose
level after food intake in diabetic patients. The absorption rate of
GLI appears to be slow and variable among subjects. Previous stud-
ies show that the time to reach peak plasma GLI concentration
(tmax) is very variable and ranges from 2 to 8 h following tablet oral
administration [3]. The slow rate of drug absorption can be corre-
lated with either the poor drug dissolution from the formulation or
its poor permeability across the gastrointestinal membrane. The
solubility of GLI in distilled water at room temperature is very
low (1.5 pg/ml) and is attributed to its hydrophobic structural nat-
ure [3,4]. Furthermore, it is a weak acid (pKa = 5.8) [5] whose solu-
bility profile varies according to the pH of the dissolution medium
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[2]. As a consequence, the poor and slow dissolution rate represents
the absorption rate-limiting step. GLI solubility is influenced by the
pH values of gastric fluid and is conditioned by intersubject and
intrasubject variability too. Therefore, many strategies have been
proposed with the aim of improving GLI dissolution rate [6-9].

The aim of the present work was to use the nanohybrid mate-
rial, formed by the inorganic host hydrotalcite-like anionic clay
(HTlIc), to improve dissolution rate of the organic guest GLI. Hydro-
talcite-like compounds are anionic, inorganic-layered solids that
can be easily synthesized in laboratory and have the general for-
mula [M(II), _,M(II),(OH),]*" [A} ,JmS, where M(II) is a divalent cat-
ion, such as Mg, Zn or Cu, M(III) is a trivalent cation, such as Al, Cr
or Fe, A" is an anion of charge n such as NO5, Cl™ or organic anion,
and m is the mole of solvent co-intercalated per mol of compound
[10-12]. Hydrotalcite layers have positive fixed charges that are
balanced by counterions, e.g. NO5. The counterions are positioned
in the interlayer region and are exchangeable by other inorganic,
organic and metallo-organic anions and/or whichever biologically
active molecules containing ionisable acid group, such as GLI. At
acid pH values (pH < 4), the HTlc dissolves and releases the drug
in molecular form promptly suitable for absorption [13,14].

In this work, instead of the already known Zn-Al-HTIc [14], the
ternary system Zn-Al-Cr-HTlc was used because Cr** and Zn?*
cations are directly involved in the performance of insulin and,
thus, influence carbohydrate, lipid and protein metabolism.
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Fig. 1. Chemical formula of gliclazide.

Trivalent chromium, present in many foods and nutrient sup-
plements, is an essential nutrient with very low toxicity. A recent
study demonstrated that chromium may function as part of oligo-
peptide low-molecular weight chromium (LMW(Cr)-binding sub-
stance [15]. This oligopeptide is found on insulin-sensitive cells.
LMWCr has been proposed to participate in the insulin signal
amplification system; the result of this process is the activation
of the insulin receptor. Moreover, chromium inhibits phosphotyro-
sine phosphatase, the enzyme involved in the extinction of the
insulin signal. On the basis of these action mechanisms, it has been
suggested that chromium enhances insulin binding, its internaliza-
tion and B-cell sensitivity [15].

Several clinical trials suggest that the reduced Zn status is asso-
ciated with diabetes and that Zn is involved in insulin synthesis,
storage, secretion and signalling, and thus, in the consequent ac-
tion of insulin on the metabolism. Zn ions bind insulin with a hex-
americ crystalline structure, which is stored in secretory granules
[16]. Moreover, zinc ions have a physiological role in insulin signal
transduction as a particularly sensitive target of zinc ions is the
protein tyrosine phosphatase 1B, a key regulator of the phosphor-
ylation state of the insulin receptor [17].

Furthermore, Zn and Cr are hypothesised to function as antiox-
idants [18]. A restored Zn and Cr status in type 2 diabetes mellitus
patients may oppose the negative effects of oxidative stress and
help to prevent complications associated with diabetes [19-22].

Recently, studies have been carried out with the aim of obtain-
ing GLI-controlled release formulations [23,24]. Incorporation of
GLI in this kind of formulations may control its absorption from
the gastrointestinal tract and overcome the variability problems,
which are associated with GLI administration. Following these
observations, hydrotalcite has been proposed as a matrix to pro-
duce GLI-controlled release enteric formulations after proper coat-
ing. In fact, drugs can be released after intercalation in a modified
fashion by exchanging them with the ions present in the dissolu-
tion medium [14,25,26].

In light of these results, the present work was aimed to (i) eval-
uate the effects of GLI-HTIc intercalation on the drug dissolution
rate to provide additional evidences of the utility to employ lamel-
lar solid as carriers; (ii) obtain useful co-administration of oligo-
and micro-elements (Zn and Cr); (iii) evaluate the possibility to ob-
tain a drug-controlled release in the intestinal environment.

For these purposes, GLI was intercalated into HTlc and, after
characterization, drug apparent solubility and its dissolution rate
at different pH values were compared to that of the crystalline drug.
The in vitro chromium and zinc release was evaluated as well.

2. Materials and methods
2.1. Materials

Chromium nitrate, zinc nitrate and aluminum nitrate were ob-
tained from Riedel-de-Haén (Seelze, Germany). GLI was purchased

from Sigma-Aldrich Chemical (Milan, Italy). Deionized water was
obtained by reverse osmosis process with a MilliQ system (Milli-
pore, Rome, Italy). Other reagents and solvents were of reagent
grade and were used without further purification.

2.2. Methods

2.2.1. Synthesis of Zn-Al-Cr-HTIc

Zn-Al-Cr-HTlc was synthesized according to the procedure
based on the precipitation of Zn(II), Al(Ill) and Cr(IIl) as hydroxy-
carbonates, accomplished by the hydrolysis of urea [27]. Solid urea
(58.4 g) was poured into an aqueous solution obtained by mixing
500 ml of zinc nitrate 0.5M with 189 ml of aluminum nitrate
0.5 M. The mixture was refluxed and when the solution became
cloudy, 5.56 ml of an aqueous solution of chromium nitrate 0.5 M
was dripped. The suspension was allowed under reflux for 24 h.
The resulting solid was filtered, washed twice with degassed water
and then dried at room temperature over P40;o. The resulting
hydrotalcite was titrated with HNO3; water solution (1 M) at
pH =5 to convert the carbonate form into the nitrate form. The
titration of original HTlc-CO5; with concentrated HNO5; was per-
formed to exchange carbonate anions with NO; anions that are
more easily replaceable than CO%— [28,29]. Indeed, it is well known
that the CO%— anions are strongly held in the interlayer region
because form double electrostatic bounds and it is very difficult
to replace them with other anions using simple ion-exchange
procedures [25].

The resulting solid product (HTlc-NOs) was filtered, washed
three times with degassed water under N, atmosphere, and finally
dried at room temperature over P401¢. The resulting HTIc-NOs was
characterized by XRPD, ICP-OES analysis, TGA and FT-IR.

2.2.2. Intercalation of GLI in HTIc-NOs

GLI (3.56 g) was dissolved in a degassed water/acetone (1/3 v/v)
mixture (100 ml) and then was converted into the sodium salt
form by adding a carbon dioxide free NaOH 0.1 N solution
(11.01 ml). Then HTlc-NOs (4 g) was added. This mixture was kept
under magnetic stirring at room temperature for 24 h. The result-
ing solid (afterwards HTlc-GLI) was filtered in vacuo, washed twice
with degassed water and with acetone under N, atmosphere, and
finally equilibrated on a saturated NaCl solution (75% of relative
humidity) at room temperature.

HTIlc-GLI was characterized by XRDP, ICP-OES analysis and FT-
IR. The drug content was determined by TGA and UV absorption
spectrophotometer Agilent 8453 at /.x = 227.0 nm.

2.2.3. Characterization

The X-ray powder diffraction (XRPD) patterns were taken by a
computer-controlled PW 1710 Philips diffractometer (Philips, Al-
melo, The Netherlands), using Ni-filtered Cu Ko radiation.

FT-IR spectra in the range 4000-400 cm~! were recorded in air,
at room temperature on a Jasco FT/IR 410, 420 Herschel series (Jas-
co Corporation Tokyo, Japan) in KBr dispersion using the EasiDiff
Diffuse Reflectance Accessory. Samples were prepared by gently
grounding the powders with KBr.

Differential scanning calorimetry (DSC) analyses were per-
formed using an automatic thermal analyser (Mettler Toledo
DSC821¢ Novate Milanese, Italy). Temperature calibrations were
performed using an indium standard. Holed aluminum pans were
employed in the experiments for all samples and an empty pan,
prepared in the same way, was used as reference. Samples of
3-6 mg were weighted directly into aluminum pans and thermal
analyses were conducted at a heating rate of 5 °C/min from 25 to
200 °C.
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Thermogravimetric analyses (TGA) were carried out by a ther-
moanalyzer (TG-DTA Netzsch STA 490, Selb, Germany) at a heating
rate of 10 °C/min with 30 ml/min air flow.

2.2.4. Preparation of GLI/HTIc-NOs and GLI/HTIc-Cl physical mixtures
(PHYS-MIX)

GLI/HTIlc-NO3 physical mixture was prepared by mixing crys-
talline GLI and HTIc-NOs in the proper weight ratio with a spatula
and was used, as a comparison, in XRPD, FT-IR and DSC analyses.
GLI/HTlc-Cl physical mixture was used in vitro release tests and
solubility assays, as HTIc-NOs/GLI physical mixture shows an UV
adsorption band due to released nitrates that interferes with GLI
at Amax 227.0 nm. For these purposes, in turn GLI/HTIc-Cl physical
mixture was used. HTlc in chloride form was prepared according as
follows: HTIc-NOs (3 g) was suspended in a degassed aqueous
solution of NaCl (0.5 M) and the suspension was kept at room tem-
perature under magnetic stirring for 24 h. The solid (HTlc-Cl) was
recovered by filtration and was characterized by XRDP. The GLI/
HTlc-Cl physical mixture was prepared as described above.

2.2.5. Solubility studies

Drug solubility from the intercalated compound, from the phys-
ical mixture and from the crystalline drug powder, was determined
in sovrasaturation condition and under stirring (140 rpm) using an
orbital incubator (Gallencamp Incubator Type INR 2000, Leicester-
shire UK). The solubilization media were: (i) pH 1.2 + 0.1 gastric
juice (USP XX) without pepsin and NaCl at 37 £ 0.5 °C, (ii) pH
31 0.1 fluid prepared by adding 100 pl of HCI (37%) to 400 ml of
deionized water and adjusting the resulting volume to 1000 ml
with deionized water. Excess amounts of each sample, in a manner
that each preparation corresponded to 100 mg of GLI, were placed
in series of closed flat-bottomed glass vessels containing 50 ml of
the solubilization fluid pre-equilibrated at 37 °C £ 0.5 °C. At appro-
priate time intervals, aliquots of 2 ml were removed and filtered
(25 mm nylon membrane, unit 0.45 pm Membrane Disc Filter Type
HNN, mdi) with the Swinnex system. The removed aliquots were
immediately replenished with the same volume of media equili-
brated at 37 + 0.5 °C. After filtration the drug concentration was
determined by UV spectrophotometry (/max=227.0 nm). Tests
were performed in triplicate, the results were registered as an
average and the error was expressed as standard deviation.

2.2.6. Dissolution tests

In vitro drug releases from HTlc-GLI, PHYS-MIX-1 and crystal-
line drug were performed by using the rotation paddle method,
according to Farmacopea Ufficiale Italiana (FU XI ed.) at 70 rpm
at 37 £ 0.5 °C. Tests were performed in 1000 ml of the following
fluids: (i) pH 1.2 £ 0.1 gastric juice (USP XX) without pepsin, (ii)
pH 3 + 0.1, prepared as described above, (iii) pH 3 + 0.1 saline fluid,
prepared by adding NaCl (2 g) to pH 3 fluid, (iv) phosphate buffer
pH 6.8 £ 0.1 (USP XX) and (v) simulated pH 7.5 + 0.1 intestinal fluid
(USP XX). Drug release profiles were monitored for 3 h at pH 1.2
and 3 and for 24 h at other pH values. Dissolution tests were per-
formed in samples containing 80 mg of GLI. Four millilitres of dis-
solution fluid were removed from the vessel at predetermined
intervals and replaced by the same volume of fresh dissolution
medium. The samples were filtered through Membrane Disc Filter
Type HNN, mdi 0.45 pm with the Swinnex system, and the GLI con-
tent was determined by UV spectrophotometry (/max = 227.0 nm).
All experiments were performed in triplicate, the results were reg-
istered as an average and the error was expressed as standard
deviation.

The release of chromium and zinc from HTIc was determined in
acid fluids (pH 1.2 gastric juice and pH 3 with/without NaCl) by
Inductively Coupled Plasma-Optical Emission Spectrometers (ICP-

OES), Varian, Inc 710-ES, which permits the multi-element analysis
of major, minor and trace elements in a variety of sample matrices.
Samples were introduced as solutions into the instrument and
their quantification was performed through external calibration.

3. Results and discussion
3.1. Preparation and characterization of the HTlc-NO3 and HTIc-GLI

The synthesis of hydrotalcite in its nitrate form and its conver-
sion into the GLI form have been performed as described elsewhere
in this article. The desired hydrotalcite contained Zn, Al and Cr as
elements.

The proper chromium molar fraction was determined on the ba-
sis of the following considerations: (i) in spite of the quantity
admitted by the Recommended Daily Allowances for chromium,
that is 20-200 pg/day [15], in the literature it is reported that in
many clinical trials chromium supplementation may reach
1000 pg/day and its safety is supported by numerous papers
[21], (ii) the clinically effective GLI dosage is 80-320 mg/day. Thus,
supposing an administration of the maximum dosage of GLI
(320 mg/day), the following chromium supplementation should
not exceed the dose of 1000 pig per day.

After many attempts, the desired HTlc, whose chromium index
was proper to permit a right cation maximum administration of
<1000 pg/die, was obtained. From ICP-OES analysis and TGA, its
formula resulted [Zn0,762Alo_231Cr0_007(OH)2](C03)0_119~O.4H20.

Drug intercalation was performed by anionic exchange between
HTlc-NOs [Zng 762Al0.231Cr0.007(OH)2](NO3)o.235-0.4H,0] and GLI so-
dium salt generated in situ. The chemical composition of the inter-
calated system by ICP-OES analysis and TGA resulted to be
[Zl’lo'762A10_23]Cr0_007(0H)2](GL])0.233-0.66H20. This proves that GLI
intercalation has occurred due to the increase in the interlayer dis-
tance observed in the XRPD diffractogram (Fig. 2). It can be seen
that, as a consequence of the intercalation, the interlayer distance
increased from 0.89 nm (for HTlc-NO3) to 1.5 nm (for HTIc-GLI).
Since the thickness layer is 0.48 nm [30] the gallery height, i.e.
the interlayer distance, increased to 1.06 nm (i.e. 1.5-0.48). The
intercalation compound structural model (Fig. 3), obtained by
optimizing the anion geometry by Hyperchem MM+ force field,
suggests that the GLI ions are positioned in the interlayer region
as a monolayer of species partially superimposed. This arrange-
ment is due to m—m interactions between two benzene rings of
GLI and ionic interactions between the C=0 of the ureide group,
where the negative charge is localized, and the HTIc positive
charges.

The amount of GLI content was determined by UV and TGA. By
spectrophotometric determination, the drug loading resulted to be
42.9+0.9% (w/w).

1.5 nm
'y HTlc-GLI

2>
®
c
2
(=
o A/0.89 nm
£
[
HTIc-NO;s
T T TVJJLJ\I 1
0 10 20 30 40 50
Theta

Fig. 2. XRPD patterns of HTlc-GLI and HTlc-NOs.
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1.5 nm

Fig. 3. Computer Generate Model of HTIc-GLI (some Al ions are substituted by Cr
ions in the ratio of HTlc-GLI formula).

TGA of HTIlc-GLI (Fig. 4) shows the first endothermic mass
reduction at ca. 180 °C due to the loss of intercalated water and
two more weight losses (the first endothermic and the second exo-
thermic) attributed to thermal degradation of intercalated GLI mol-
ecules and the inorganic sheets dehydroxylation confirming the
calculated drug loading.

DSC thermal behaviours of HTlc-GLI, crystalline GLI, HTlc-NO3
and PHYS-MIX are reported (Fig. 5). GLI thermogram shows an
endothermic peak around 170 °C due to the fusion of the com-
pound; in the thermogram of HTlc-GLI, the lack of the same endo-
thermic peak is a proof of the formation of a new compound
consequent to drug intercalation into the HTlc. In the physical mix-
ture thermogram, the presence of GLI and HTIc-NOs peaks is diag-
nostic of the intactness of these two compounds. The drug melting
peak was slightly shifted to lower temperature and becomes wider.
This may be explained by weak interactions between the drug and
HTIc in the physical mixture at high temperature.

FT-IR spectra of the samples crystalline GLI, HTIc-NOs, HTIc-GLI
and PHYS-MIX (Fig. 6) are reported as well. The spectrum of hydro-
talcite in nitrate form is characterized by the absorption of the ni-
trate ions at 1400 cm~'. In the intercalation product, this band
disappears as a consequence of the complete anionic exchange be-
tween NO; and GLI, while the GLI spectrum shows a peak at
3265 cm™! related to NH ureidic group. The lack of this peak in
HTlc-GLI is attributed to the presence of GLI in an anionic form.
Moreover the carbonyl group, which is located at 1710 cm™"' in
the GLI FT-IR spectrum, shifted in the HTIc-GLI spectrum to
1665 cm~!. The sulphonyl group bands located at 1353 cm™!
(asymmetric vibration) and 1164 cm™! (symmetric vibration) in

100 TGA 1

80
R
E 60
=

DTA
40
l endo
20 T T T T 1
0 200 400 600 800 1000

Temperature °C

0 40 60 80 100 120 140 160 180
Fig. 5. Thermal profile of HTlc-GLI (A), GLI (B), HTlc-NOs3 (C) and PHYS-MIX (D).

crystalline GLI shifted to 1371 and 1146 cm™!, respectively, in
HTlc-GLI spectrum. The absorption variations of the functional
groups of GLI in the intercalated compound are again attributed
to the presence of GLI in its anionic form. The carbonyl shift is
higher than the sulphonyl shift since the carbonyl group has a min-
or double-bond character [31]. For this reason, it was supposed
that the negative charge is prevalently localized on the carbonyl
oxygen rather than on the ureide nitrogen due to the mesomeric
effect of the vicinal group. Similar changes were not present in
the PHYS-MIX. Its IR spectrum, in fact, displays no interactions be-
tween drug and inorganic matrix.

3.2. Solubility measurement

Solubility of GLI from HTlc-GLI, PHYS-MIX and the crystalline
drug was determined at pH 1.2 + 0.1 gastric juice (USP XX) without
pepsin and NaCl at 37 + 0.5 °C (Fig. 71) and at pH 3 0.1 fluid at
37 +0.5 °C (Fig. 71I).

3.2.1. Solubility measurement at pH 1.2

At pH 1.2, in the case of the HTlc-GLlI, after 5 min, the GLI con-
centration was ca. five times higher than that of the crystalline
powder and higher values were maintained for 1 h. This higher
concentration during the first hour is attributed to the lack of crys-
tallinity of the intercalated drug, which is directly released in the
molecular form by dissolution of HTlc in acidic medium. This
was confirmed by the fact that PHYS-MIX drug concentration
was always lower than that from HTlc-GLIL

3.2.2. Solubility measurement at pH 3
At pH 3, the drug concentration from HTlc-GLI was higher than
that of the crystalline powder during the first hour. The highest dif-
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Fig. 4. TGA and DTA of HTIc-GLI (I) and GLI (1I).



V. Ambrogi et al./European Journal of Pharmaceutics and Biopharmaceutics 73 (2009) 285-291 289

1146 cm™

v f
1371 cm™

1665 cm™

-
3265 cm 1710 cm””

~a

'\1 164cm™

C
1400 cm’™
D
L) L) L) 1
3400 2400 1400 400

cm™’

Fig. 6. FT-IR spectra of HTlc-GLI (A), GLI (B), HTlc-NOs (C) and PHYS-MIX (D).

ference in concentration was reached after 5 min (80 mg/l for
HTlc-GLI and 22 mg/l for crystalline GLI, ca. 3.6 times higher)
and was maintained for 20 min. After this time, the drug concen-
tration gradually decreased and, after ca. 90 min, it was compara-
ble to the value of the crystalline GLI. The higher apparent
solubility during the first 20 min is due, as it was observed at pH
1.2, to the liberation of drug in a molecular form, whereas the fol-
lowing decrease in the apparent solubility from HTlc-GLI is due to
HTIlc destruction, which increased the pH from 3 to 5.2 (measured
values). The pH variation of dissolution medium is responsible for
the reduction in drug solubility. In fact, the same values of drug
concentration were observed from HTlc-GLI and crystalline GLI
at the end of the experiment because the intrinsic solubility of
GLI is the same at pH 3.0 and 5.2 [2].

3.3. In vitro drug release

The GLI dissolution behaviour from its crystalline form, from
HTlc-GLI complex and from PHYS-MIX, was observed at different
pH values, to evaluate the influence of the inorganic matrix. In-
deed, this matrix acts differently on drug release depending on
the pH of the medium (above or below 4). In fact, at pH <4, HTlc

250 - I
——GLI

200 4 —=— HTlc-GLI
—a— PHYS-MIX

mg/l

0 50 100 150 200

Time (min)

dissolves and thus GLI is released, whereas at pH > 4, GLI under-
goes an ion-exchange procedure. Drug release studies were carried
out in sink conditions in all fluids with the exception of that at pH 3
(with/without NaCl) because of the low GLI solubility. In this case,
conditions reported in the literature [2] have been used.

3.3.1. In vitro drug release at pH 1.2 and 3

At pH 1.2 (Fig. 8I), as expected, a faster drug dissolution rate
was obtained from HTIc-GLI than from crystalline GLI and PHYS-
MIX, whereas comparable drug release profiles were obtained
from GLI and PHYS-MIX-2.

At pH 3 (with NaCl), drug release from HTlc-GLI was higher
than from GLI and physical mixture (Fig. 8II). It is interesting to
note that GLI release from HTlc-GLI never reached 100% and that
after an initial burst effect within 45 min it became gradual and
slower. This behaviour is due to the consequence of both the
hydrotalcite dissolution and the increase in pH from 3.0 to 5.0.
At this pH, the hydrotalcite layers do not dissolve and the drug an-
ions, not yet released, remain entrapped into the lamellar spaces.
Therefore, it can be released only by anionic exchange with CI™
present in the fluid. In order to confirm this hypothesis, the same
test was performed in a NaCl-free dissolution medium. As reported
in Fig. 8III, the drug release from HTIc-GLI at the end of the test
reached 58.7% vs. the 71.7% obtained in the presence of the saline
fluid. This is a proof that Cl~ anions contribute to drug release. It
must be highlighted that as it was impossible to perform the re-
lease tests in sink condition at pH 3, this fact could affect the drug
release profile. In the case of the PHYS-MIX, the release percent-
ages were considerably lower than those from the intercalated
product, but were higher than those of crystalline GLI. This could
be explained by the formation of higher pH microenvironments,
due to HTIc disruption, in which the GLI solubility is higher.

3.3.2. In vitro drug release at pH 6.8 and 7.5

The drug was released only during the ionic-exchange process
of mono and dibasic phosphates present in the dissolution medium
at pH 6.8 and 7.5. The drug release was monitored for 24 h
although in Fig. 8IV-V data are reported for the first 8 h. At pH
6.8, the drug release from HTlc-GLI was always higher than that
from crystalline GLI, probably because of the high ionic force of
the fluid, but never reached a complete drug release. Since mono
and dibasic phosphate ions have a higher affinity to hydrotalcite
than the drug, they replace GLI with the lamellar structure by con-
sequently increasing its release.

The drug release profile was different at pH 7.5 than at pH 6.8.
In this case, it was slower from HTlc-GLI than from crystalline GLI
and PHYS-MIX and reached 90%. This different behaviour could be
ascribed to (i) the higher ionic force of the phosphate buffer at pH

140 I
4 ——GLlI
—a— HTlc-GLI
100 1
—— PHYS-MIX
= -
=)
E 60 A
T
20 4
Ll Ll Ll 1
0 50 100 150 200
Time (min)

Fig. 7. (I-11)-Apparent Solubility of GLI (¢), HTlc-GLI (M) and PHYS-MIX (a) at pH 1.2 (I) and at pH 3 (II).
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6.8; (ii) the grafting reaction that occurs at pH 6.8 between the
ZnAl-HTlIc layer hydroxyls and the acidic H,PO, anions, giving rise
to the formation of a layered hydroxyphosphate [27]. In this
strongly bounded form, phosphates are no longer exchangeable
and can impede further diffusion of the intercalated GLI that re-
mains entrapped between the HTIc layers.

3.4. In vitro chromium and zinc release

The choice of Zn-Al-Cr-HTlc was most wanted because of the
utility of the chromium and zinc supplementation in people with
diabetes [20-22]. As the destruction of the matrix lamellar struc-
ture occurs [10] at pH < 4 and thus the relative constituent metals
are released, the chromium release was monitored in dissolution
tests at acid pH values (pH 1.2 and 3).

At pH 1.2, the hydrotalcite quickly dissolves; therefore, in
this medium, the complete chromium release (0.488 +0.029

ppm) was obtained after 5min. This value was maintained
during the experiment (3 h). Similar behaviour was seen in zinc,
whose release was almost complete after 10min (444t
1.1 ppm).

At pH 3 (with/without NaCl), the profile of chromium and zinc
releases had different behaviours than at pH 1.2 fluid. The chro-
mium and zinc dissolution profiles in saline and NaCl-free pH 3
media are reported (Fig. 9). In both cases, a rapid chromium release
was observed in the first 30 min, which reached a plateau of ca.
33-35% without achieving complete release. Possible explanations
are that chromium and zinc ions are released from the lamellae as
long as the HTIc layers are dissolved. The registered increase in pH
was responsible for the stopping of the matrix dissolution and the
lack of the metal release. As chromium release is not influenced by
the presence of Cl-, since it does not undergo anionic exchange
process, the release curves in both dissolution fluids at pH 3
(with/without NaCl) were superimposable.
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Fig. 9. Release profile at pH 3 of chromium (I) and Zinc (II) (with/without NaCl).

4. Conclusions

In this work, a new approach for improving GLI apparent solu-
bility and dissolution rate is described. This method is based on the
hydrotalcite feasibility of intercalating drugs, not arranged in crys-
tals between its layers, and on its characteristic of dissolving it at
acid pH ( < 4) in molecular form.

This approach has different advantages:

1. The GLI anions through an exchange process gave rise to a Zn-
Al-Cr-HTlc intercalation compound with a drug loading of
42.9% W[w.

2. Dissolution test at both pH 1.2 and 3 showed a rapid and
improved drug release as a consequence of the intercalation
process in the matrix.

3. Concurrent Cr3* and Zn?" releases were detected during all dis-
solution tests.

On the basis of these results, Zn-Al-Cr-HTIc can be considered
a good matrix to improve GLI solubility and dissolution rate in the
stomach, to overcome its variability in bioavailability (Cpnax and
Tmax), Which is related to its poor water solubility, and to permit
a co-administration of Cr** and Zn*? cations as well.
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