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Novel materials belonging to the class of anionic clays are synthesized by investigating their properties at
nano scale. Thus, hydrotalcites or layered double hydroxides (LDHs) were used as drug delivery carriers in
order to prevent or to treat infections produced by some pathogen agents. Their physical and chemical
properties allow them to include different molecules in the interlayer space and then to ensure their transport
to the target. The current work reveals the obtaining of nanohybrid compounds type amoxicillin/clavulanic
acid-layered double hydroxides (Amox/CA-LDHs) followed by structural and morphological characterization
of these nanostructures for future applications as drug controlled release systems. IR spectroscopy and
Scanning Electron Microscopy pointed out LDHs ability to incorporate the medicines without modification
of therapeutic activity.
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Anionic clays or hydrotalcite-like nanomaterials, also
known as layered double hydroxides (LDHs) are
constituted by positively charged layers of hydroxides of
divalent and trivalent metal cations counterbalanced by
negatively charged anions. The most interesting feature of
these nanostructures is the facility to replace the existing
anions between sheets with a wide variety of molecules
making them applicable in different fields, especially
medicine [1-4].

Another important property consist in possibility of vary
the ratio and the type of divalent and trivalent cations and
the type of anion in the interlayer gallery respectively.
Furthermore, one of the most interesting features of these
nanocompounds is the obtaining of LDHs nano-
architectures with controllable properties [5-9]. Figure 1
present the LDHs-like structure where the interlayer space
of the nanomaterial is occupied with anions and water
molecules.

A particular property of LDHs nanostructures is their
ability to encapsulate large molecules as antibiotics which
inhibits pathogen proliferation [10-13].

Amoxicillin is a hydrophilic drug which appertains to
penicillin group of antibiotics used to treat various types of
bacterial infections [12]. Similar studies were carried out
in literature [13-21]

It is considered that clavulanic acid (CA) is a feasible
inhibitor of β-lactamases that hydrolyze β-lactam
antibiotics and lower their efficiency [22, 23].
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The major goal of this work was to designe antimicrobial
nanohybrids by incorporation of antibiotics into LDHs
nanomaterials thus enhancing antibacterial activity of
these formulations.

Experimental part
Materials and methods

Coprecipitation method was used to synthesize
MgAlLDHs, where metal salts solutions were mixed
together under vigorous stirring. The pH of the mixed
solution was adjusted at the desired value of 9.5 by adding
a soda solution to support simultaneous precipitation of
cation hydroxides. The obtained solution was aged for 24
hours then filtered and dried at 60°C to obtain
nanostructures with high crystallinity.

Synthesis of drug delivery nanocomposites involves
anion exchange and reconstruction method.

For anion exchange route, the initial layered double
hydroxides containing NO3- as interlayer anions is added
to a solution containing 1g amoxicillin and 0.2g clavulanic
acid. Next step consist in maintaining the obtained solution
under stirring for  20h at 50°C followed by filtration and
drying at 55°C of final product.

Reconstruction method refers to the memory effect of
some LDHs nanomaterials when heated at 550°C form
metal oxides that are able to reconstruct the pristine
structure by exposing to an aqueous solution of amoxicillin
and clavulanic acid. Following steps are same as described
for the other mentioned method.

Fig. 1. LDHs-like structure
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The obtained products subjected to analysis are denoted
as Amox/CA-LDHs(c), for the one obtained by
reconstruction method using calcined LDHs and Amox/
CA-LDHs for the nanohybrid obtained by anion exchange
way. Their structural and morphological characterizations
were performed using Fourier-transform infrared
spectroscopy (FTIR) and Scaning electron microscopy
(SEM) techniques.

Results and discussions
Figure 2 displays the IR spectra of Amox/CA-LDHs and

amox/CA-LDHs(c), respectively. Both spectra show an
intense and broad peak at nearly  3450 cm-1   and   3000
cm-1, corresponding to the stretching vibration of -OH
groups of hydrotalcite layers and interlayer water
molecules. The band ascribed to an asymmetric stretching
vibration of carbonate anions can be observed at 1350 cm-
1. IR bands at 1507 cm-1 and 1595 cm-1 are attributed to
characteristic stretching vibration of carboxyl groups. A
strong absorption band at around 1360 cm-1 corresponds
to nitrate anions. The other bands below 1000 cm-1 refers
to vibration of metal oxides bonds.

SEM images (fig. 3) reveal crystal morphologies of
amoxicillin and clavulanic acid intercalated layered double
hydroxides. The micrographs present a relatively narrow
particle size distribution between 100 and 250 nm and
aggregates of non-porous and compact plate-like
structures which are typical for the LDHs nanoparticles
and intercalated ones.

These morphology characteristics of hydrotalcites
based nanocomposites indicate that drug molecules were
securely intercalated into LDHs structure. Moreover, drug
anions are protected by inorganic sheets and released in a
controlled way being excellent reservoir of antimicrobial
compounds.

Conclusions
Novel organic-inorganic nanohybrid carriers possessing

beneficial properties of controlled release were
synthesized. FTIR and SEM investigations revealed that

amoxicillin and clavulanic acid were successfully
intercalate into the LDHs nanostructure.

A major property of LDHs nanoarchitectures is their
ability to incorporate different molecules as drugs with
antibacterial activity and then to release the active agents
in a sustained manner at the established location.

Their tendency to incorporate a variety of drugs either
by anion exchange or reconstruction method, resulting in
incredible nanomaterials with various applications in
medical field, makes them more helpful.
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