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HIGHLIGHTS

> The properties of mineral-based drugs were examined.
> The use of nanotechnology in the preparation of therapeutic nano-clays was discussed.
> Purification and modification of clay minerals to prepare nano-clay was investigated.

ARTICLE INFO ABSTRACT

Received : 06 December 2021 Nanotechnology has grown significantly in the medical field in recent years. This new
Accepted : 28 December 2021 technology, with the synthesis and introduction of a new drug system, has made a huge
Published : 31 December 2021 jfference in the discussion of treatment and health. The preparation and production of

drugs based on natural and mineral compounds and the drug delivery system to specific

Keywords: organs of the body is an example of this technology in the field of pharmacy. Mineral drugs,
Hgggﬁﬂ;:logy unlike chemical drugs, have no negative effects on various organs of the body. Nano-clays -
Pharmaceutical Industry with their unique properties - are an example of mineral drugs that play a very important
Bentonite role in the pharmaceutical industry today. Bentonite is a clay mineral that is mainly
composed of smectite minerals. lonic substitution, ductility, high cation exchange are
important properties of smectite minerals. Due to the weak bond between the layers in this
group, it is easy to add different molecules and polymers between their layers, and for this
reason, the clay minerals of the smectite group are very important in the pharmaceutical
industry. Scientists are conducting research to purify, modify and optimize bentonite
minerals and obtain mineral drugs compatible with the body's biological system.

or semisolid. The application of each clay mineral is
determined by the individual intrinsic properties derived
from the structure type (1:1 or 2:1 layer type) and chemical
In general, clay minerals are hydrated alumino-silicates composition [3].
containing alkaline and alkaline earth metals. Much Clay minerals are a well-known class of compounds that
attention has been paid to them, since the early days of  have been used for pharmacological applications since
humankind, for various purposes because they are abundant  ancient times. They were used for the treatment of minor
in nature and inexpensive, and because they have unique  gajlments including infections, pains, aches, and food
structural properties [1-3]. Among the layered clay poisoning in prehistory [1,4]. The medicinal use of clay
minerals, only some of them, including kaolin, talc,  mijnerals became more and more prominent when, during

smectites, and fibrous clays can be used as excipients inthe  the Renaissance, Pharmacopoeia classified clay minerals as
formulation of different dosage forms such as solid, liquid,
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drug. Up to now, clay minerals are widely employed in the
pharmaceutical industry as common additives. They are for
example used as an oral treatment of diarrhea or as
gastrointestinal protector; or for topical dermatological
applications Also, they have found application as diluents,
lubricants, flavor correctors, carriers of active ingredients in
pharmaceutical products, and so on [1,5-9].

Clay nanoparticles attracted much attention in recent
years due to their widespread applications are natural
materials in nanoscale that originate from clay. The interest
in exploiting clay nanoparticles for various purposes is due
to their high surface and unique physical and chemical
properties [10]. Clay nanoparticles are minerals in clay that
have attracted much attention due to the biological
application of their abundance in nature, simplicity of
construction, and biocompatibility [11-13]. Also, they have
a great potential for nutrition because they have been used
to treat and protect as a traditional medicine since the
beginning of human civilization [14,15]. Clay minerals
have been used as laxatives, antidiarrhea, anti-inflammatory
agents, blood purification, reducing infections, and healing
of stomach ulcers [10,16].

Nanotechnology has grown significantly in recent years,
especially in the medical field. This new and valuable
technology, with the synthesis and introduction of a new
drug system, has taken a huge change and a fundamental
step in the discussion of treatment and health. The
preparation and production of drugs based on natural and
mineral compounds and the drug delivery system to
specific organs of the body is an example of the fruit of this
technology in the field of pharmacy that has transformed
the world of the pharmaceutical industr i

Fig. 1. Nanotechnology for drug delivery applications

The new drug system has no adverse effects on other
organs of the body and is compatible with the body's
biological environment. Clay minerals are among the most
important natural materials used in the preparation and
synthesis of drugs of modern pharmaceutical technology.
Clay minerals are a group of phyllosilicates or sheet
silicates minerals that are wvery important in the
pharmaceutical and nanotechnology industries for various
reasons such as abundance, low cost, excellent adsorption
properties, etc (Fig. 2). Pharmacists hope to mass-produce
this drug to achieve promising results in the treatment of
specific and incurable diseases such as cancer [17,20,21].
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Fig. 2. The Mineral structure of phyllosilicate.

Nano-clays are a group of minerals that are at least one
nanometer in size. This group of minerals has attracted the
attention of nanotechnology scientists due to its unique
properties (Fig.3). By purifying, modifying and optimizing
nano-clays, valuable medicinal composites can be obtained
that play an important role in health.

o Tetrahedral

o
g N\, Octahedral
a )
9
R
Tetrahedral

® Oxygen atom

@ Aluminum atom

® Hydroxyl ion

“ ® Silicon atom
Fig.3. Structure of nano-clay (montmorillonite)

Extensive production of mineral therapists using
nanotechnology, which not only has no side effects but also
provides minerals needed by various organs of the body,
will be an essential step in ensuring human health [20,22].

2. Nano-clays

Clay minerals are inorganic products obtained from the
chemical weathering of sedimentary rocks They have a
nanometer-scale layering and are often named just nano-
clays [23-28]. The term “nano-clays” is used here to denote
clay sand clay minerals whose particles have at least one
dimension in the nanoscale range (1-100 nm). The best-
known example of a nano-clay is montmorillonite [29-31],
a species of the smectite group of hydrous phyllosilicates
[23,32].

Nano-clay is composed of thin layers each layer has a
thickness of one to a few nanometers’ lengths from a few
hundred to several thousand nanometers [33]. It consists of
silicon-oxygen tetrahedral sheet and aluminum-oxygen
octahedral sheet, which are joined to form 1:1 or 2:1 type
minerals by sharing the apical oxygens or hydroxyls [34].
Due to the significant presence of clay minerals on earth,
people have been collecting this material for thousands of
years using them in pottery and medical formulations
[25,28,35-37].

3. Results and Discussion

Nano-clays are a group of minerals that are at least one
nanometer in size. This group of natural materials has been
considered by many nanotechnology scientists due to its
special structural properties, cheapness and expansion and
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abundance. The advent of nanotechnology, despite its
infancy, has been accompanied by major changes in
medicine and health. Modification of various properties of
materials by changing ions, impregnation with metal
elements and treatment with acids in this technology, has
provided natural drugs without side effects to the
pharmaceutical industry. Bentonite is a clay mineral that is
mainly composed of smectite minerals. lonic substitution,
ductility, and high cation exchange are important properties
of smectite minerals. Due to the weak bond between the
layers, in this group of clay minerals, it is easy to add
different molecules and polymers between their layers, and
for this reason, the smectite group clay minerals are very
important in the pharmaceutical industry [38] (Fig. 4).
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Fig. 4. Addition of effective drugs between cavities and structural
spaces of clay mineral layers (bentonite)

The word bentonite was first used in 1898 by a scientist
named Knight. The term is derived from the Benton shale
area of Wyoming in USA. Bentonite is a clay mineral that
is mainly composed of smectite minerals. Smectite consists
of dioctahedral series (including montmorillonite, bidlitite,
nantronite) and tetrahedral series (including hectorite and
saponite clay minerals). The clay structure of the smectite
group consists of a layer one nanometer thick. The
horizontal dimensions of the layers of these clays vary from
30 nm to several micrometers and depend on the type of
silicate [39].

The placement of the layers on top of each other creates
a certain space between them, which is known as the
interlayer space or the Gallery. Conformal substitution in
mineral layers usually results in a negative charge, which is

neutralized by alkali or alkaline earth cations (Ca™?, K,

Na’, ...). The preparation and production of drugs based on
natural and mineral compounds and drug delivery system to
specific organs of the body is an example of the fruit of this
technology in the field of pharmacy that has changed the
world of the pharmaceutical industry and has eliminated the
damage caused.

Unlike chemical drugs, these mineral drugs do not have
any adverse effects on other organs of the body. The
addition of effective drugs between cavities and structural
spaces of clay mineral layers after refining and
modification processes as well as strengthening structural
cavities by various physical and chemical methods and
finally the preparation of mineral therapeutic nano-fibers is
the main method of synthesis of these drugs (Fig. 5).
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Fig. 5. Layered silicates as a drug carrier

The basic properties of drug carriers (such as nano-
clays) are that they protect the drug against degradation,
increase its absorption efficiency by facilitating its
distribution through the intestinal membrane, and modulate
tissue distribution by modulating body function. Also, these
mineral drugs do not have any negative or destructive
effects on various organs of the body [40].

4. Conclusion

Nano-clays - with their unique properties - are an
example of mineral drugs that play a very important role in
the pharmaceutical industry today and are one of the most
basic nanotechnology tools in the modern pharmaceutical
industry. Preparation and production of drugs based on
natural and mineral compounds and drug delivery system to
specific organs of the body is the product of this technology
in the field of pharmacy which has transformed the world
of the pharmaceutical industry and eliminated the
disadvantages of chemical drugs.
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