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INTRODUCTION

‘ \‘

This PhD thesis focuses the development and characterization of all
physicochemical aspects of a new controlled release technology for two
active pharmaceutical ingredient principle (Clotrimazole and Amikacin
Sulfate) using ordered mesoporous silica until the introduction onto the
market.

The first chapter comprehends the characterization of different OMS
synthesized and commercially available; the study of different
incorporation techniques based on hydrophilicity/hydrophobicity of API;

the characterization of the new impregnated OMS.

Chapter 2 is oriented on the interaction details of API on silica surfaces.
A closer look is given to the big questions of OMS-drug phenomena:

mobility, solubility, bioavailability, etc.

Chapter 3 highlight the differences between OMS and the spatial

assembly of drug inside the mesoporous channels.

Chapter 4 describes the development of the new CRT for AKS describing
all the main aspect of the innovative semisolid formulation. In-vitro and
ex-vivo release test has been produced and characterized, revealing the

functionality of the OMS reservoir effect.

In chapter 5 the same DDS have been developed for CTZ. Both the

DDS have been compared with commercially available creams.
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ORDERED MESOPOROUSLSCA AS DRUG DELIVERSYSTEM:

STATE OF THE ART

ABSTRACT

Drug delivery(DD) is the method or process of administering a pharmaceutical
compound to achieve a therapeutic effect in humans or aninfas. this
purpose, several drug delivery systefidDSs) have been formulate@hese
include liposomes, proliposomes, microspheres, gels, prodrugs, cyclodextrins,
among othersSimilar developments with other compounds have produced a
plethora of new devicg concepts and techniques thaigether have been
termed controlledrelease technology (CRTAmorphous dica plays a key role
due to its favourable characteristics, such as high specific surface,
biocompatibility, etcln this chapter, starting from an overview on DDSs, the
discussion will béocusedon ordered mesoporous silica (OMSJjopicsof this

part will be the applications, objects and fields of use of OM&nerous
guestions will be open and answered regarding thain issuesof OMS
literature: firstly, theamorphizationof the Active Pharmaceutical Ingredient
(API);secondly the different types of incorporationshirdly, the requirement

of DDS for low soluble AP&nd,lastly the description of a new CRT.

DRUG DELIVERY SYSTEMS

A drug delivery system (DDS) is defined as a formulation or a device that
enables the introduction of a therapeutic substance in the body. It
improves efficacy and safety by controlling the rate, time and place of
release. This process includes the transport of a pharmaceutical
compound in the body with the aim of achieving safely a desired
therapedutic effect at the area where it is needed.™» Any DDS comprises a
drug formulation, a medical device or dosage form (to carry the drug
inside the body) and a mechanism for the release. These systems have
several criteria, ranging from ease of delivery to effectiveness of the
drugs. Conventional drug delivery (DD) involves the preparation of the

drug into a suitable form, such as a compressed tablet for oral
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administration or a solution for intravenous administration. These dosage
forms have been found to have serious limitations in terms of higher
dosage requirement, lower effectiveness, toxicity and adverse side
effects.l?! This is the case of many medications, which have unacceptable
side effects due to the drug interacting with parts of the body that are not
the target. Side effects limit the ability to design optimal medications for
many diseases, such as cancer, neurodegenerative and infectious
diseases.! It is also important to consider the way in which a drug is
metabolized by the body. For instance, some Active Pharmaceutical
Ingredient (API) are destroyed in the intestinal tract, therefore they cannot
be introduced orally to the body. Others may be dangerous in large
amounts, which means that for patient safety it should be used a time-
release method to deliver the drug.”? In addition, drug dosage must be
carefully calculated so that the body can use the drug. This requires a
DDS which allows for precise dosing.?! Hence, it is necessary to develop
suitable dosage forms or controlled DDS to allow the effective, safe and
reliable application of the pharmaceutical compound to the patient.”! Such
systems are being developed to overcome the limitations of conventional

dosage forms and offer many advantages, which include:®!

- Improved efficiency by preventing peak-valley fluctuations
- Increased convenience

- Decreased toxicity

- Decreased side effects

- Decreased dosage frequency

- Shorter hospitalizations

- Lower healthcare costs (both short and long term)

- Viable treatments for previously incurable diseases

- Potential for prophylactic applications

- Site specific delivery

- Better patient compliance
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Several studies have shown that the benefits aforementioned can be
achieved by correct timing of drug administration and controlled kinetics
of drug release. Thus, controlled drug release regulates the rate, the
location and aims at optimizing drug efficiency while simultaneously

reducing adverse collateral effects.25'%

DRUG RELEASE PROFIRE

The DDS employed plays a vital role in controlling the pharmacokinetic
effect of the drug. An optimal DDS ensures that the active drug is available
at the site of action for the correct time and duration. The drug
concentration at the appropriate site should be above a minimal effective
concentration (MEC) and below a minimal toxic concentration (MTC). This
concentration interval is known as the therapeutic range (Figure 1.1).
Dosage forms can be differentiated according to the way the drug is

released.

The immediate release is probably the most used. The drug is released
immediately after administration. These forms usually release the drug in
a single action following a first order kinetics profile. In other words, the
drug is released initially very quickly and then passes through the mucosal
membrane into the body, reaching the highest plasma level in a
comparatively short time. Once taken into the body, the drug is distributed
throughout the body and elimination by metabolism and excretion occurs.

This elimination process also follows a first order kinetics.

The modified release of API can occur in three different ways: delayed,
extended and pulsed release. In the first case, the API release takes place
sometime later the initial administration, after which the release is
immediate. The second one is when the drug release occurs for a
prolonged period after ingestion. This allows a reduction in dosing

frequency compared to a drug presented as a conventional dosage form.
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Concentration

Time
Figure |.1: Example of API concentration with zero order relea&® and

pulsed administrationd}.

For immediate release dosage forms the time interval in which the plasma
concentration reach the drug therapeutic range can be quite short.*0-1]
Therefore, frequent dosing or pulsed release, with its associated
compliance problems, is required. As a consequence, there is a
considerable fluctuation in drug concentration level, which often is out of
the therapeutic range. This is especially an issue in chronic diseases
when patients need to take the medication for prolonged periods (Figure
1.1.b).

Extended release can be achieved using a sustained or a controlled
delivery dosage forms. Sustained release systems maintain the rate of
drug release over a sustained period (Figure I.1.a). They achieve this
mostly by the use of suitable polymers. On the other hand, controlled
release systems also offer a sustained release profile but they are
designed to lead to predictably constant plasma concentrations. This

means that they are actually controlling the drug concentration in the
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body, not just the release of the drug from the dosage form, as is the case

in a sustained release system.

DRUG CARRIERS

Every pharmaceutical compound contains an API, which has a direct
effect in the diagnosis, treatment or prevention of diseases. It is important
to realise that the API is just one part of the medicine and it cannot be
administered to the patient on its own. Therefore, it is necessary to
formulate the drug into a dosage system containing drug carriers, which
are forms that serve as mechanisms to improve the delivery and the
effectiveness of drugs. They can be attached to drug molecules for
targeted delivery, increased efficiency or controlled release. Many of
these can also act as buffers to reduce the toxic effects of medications.
These compounds can also change the way the drug acts in the body.*?13
Drug carriers are used in controlled release technology (CRT) to prolong
in-vivo actions, decrease drug metabolism, reduce drug toxicity and
determine where the drug travels and how it behaves when it gets
there.[*?l These include synthetic and natural compounds from a variety of
sources, ranging from lipids to nanoparticles. Some of the more common

drug carrier systems are reported in Figure 1.2.
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Inner cavity

Capsule shell

Figure 1.2: Liposomeq]l): containersmadeof a lipidbilayer; heir limitation is

the extremely high fragility of the liposomal structure and the low transport
capacity of norsoluble drugsMicrospheres|{-Ill): synthetic materials, such as
ceramics orpolymers, or from natural materials, such as albumin. Dendrimers
(IV): repetitively branched molecules; their properties are dominated by the
functional groups on the molecular surfac&luble polymers(V): hollow
particles that hold drugsirugs are loadd into the core hydrophobic block
(yellow); the crosslinking block (green) provides stapilio the micelle by
forming pHreversible bonds thatlw for triggered drug release¢he greyblock

gives the micellagqueous solubility and steal@onjugatedoroteins(VI).[241

ORDERED MESOPOROUSL3ICA

Among all the CRT, ordered mesoporous silica (OMS) are a particular
case of the previous system. Silicon dioxide (SiO;) is one of the most
abundant oxide materi a%@® isithe escental Ear t h
components of all silicate materials: crystalline and amorphous. All
silicates are constituted by the SiO, tetrahedron (Figure 1.3.1). The low
energy process of change the siloxane bridge (Si-O-Si) allow the

formation of infinite polymorphisms.
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Stishovite
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Figure | .3: The SiQ# tetrahedron (); O-StO angle: 109°; 8D-Si angle: 130°

180°. Phase diagrams of silicd){ most of this crystalline phase are not

reversible.

OMS are amorphous inorganic materials synthesized in the presence of
surfactants as templates for the polycondensation of silicic species.
Synthesis conditions such as source of silica, type of surfactant, ionic
strength, pH and composition of the reaction mixture, temperature and
duration of synthesis determine the characteristics of the porous structure

and the macroscopic morphology.!*6:17]

A wide variety of ionic and non-ionic surfactants has been used for
obtaining materials with different porous and morphological
characteristics. The pore sizes of these materials are always very
homogeneous ranging from 2 to 100 nm. The huge surface area which
can easily reach values of 1000 m?-g* and the wide void volume (1 cm®-g-
1) delineate the ability of these materials as CRT. In addition, their thermal,
chemical, mechanical and pH stability defines its superiority to the organic

counterpart.[8'21

Table | .1: Brief summegy of the main silicaused.
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Name MCM-41 ‘ MSU-H ’ SBA-15 ‘ KIT-6 Syloid
Surfactant | Ci1sTABr P123 None
pH >11 av ‘ <2

Disordered

Structure /

P6mmm la3d

In 1992 a new family of OMS was reported as MCM-X (Mobil Crystalline
of Materials). They are synthesized by using alkyl ammonium surfactants
(i.e. Hexadecyltrimethylammonium bromide (C16TABr)) and tetraethyl
orthosilicate (TEOS) or sodium silicate in basic condition. Their pore size
and wall thickness are between 4 to 2 nm. By varying the synthesis
conditions, different structures of the mesophase can be obtained. For
instance: hexagonal phase (MCM-41), cubic phase (MCM-48) and
lamellar phase (MCM-50).122

The first OMS synthesized with non-ionic triblock polymers were reported
by the Santa Barbara centre (Santa Barbara Amorphous).¥! As for MCM-
41, selecting the right surfactant and concentration different structure can
be obtained. For instance, Pluronic P-123,
HO(CH2CH20)20(CH2CH(CH3)O)70(CH>CH20)20H, is used mainly for the
silica hexagonal structure (p6mmm); while, Pluronic F-127 for the cubic

ia3d structure. The main characteristics of surfactants are:

1 Chain hydrophilicity-hydrophobicity
9 Head characteristic:

0 Anionic

ORDEREDMESOPOROUS SILICA RIDRUG DELIVERY INOPICAL APPLICATIONS



16

o Cationic
o0 Amphoteric
o Non-ionic

1 Chain elongation

1 Chain/Head hindrance volume ratio
These features have to be correlated with other synthesis conditions:
Temperature
pH
Concentrations

Co-solvents

=A =4 =4 =4 =

Co-surfactant

9 Silica source

Other families of OMS are Michigan State University (MSU), Korea

Advanced Institute of Science and Technology (KIT).

After the polycondensation, an hydrothermal treatment can be executed
with the aim of enlarge and modify the pore structure and
connectivity.?224 Subsequently, there is the removal of surfactant through

filtration or extraction and calcination.

Surface silanols (SiOH) represent the last characteristic besides highly
organized porosity, SSA, pore volume, chemical stability, etc. Their
content depends on the way the surfactant is removed. It can be
modulated by post synthesis treatments. They are generated as
stabilization of the silica surface. The presence of SiOH on the surface
promotes the adsorption of molecules (from water to proteins) through
hydrogen bonding (H-bond).

H\? o’H“o’H H—o\ /O—H

Si L I,
I/I\ “ /|S|\o,|S|\ ||| _Si_

ORDERED MESOPOROU8.£A FOR DRUG DELIERY IN TOPICAL APPCATIONS



17

Figure | .4: The surface isolate8iOH (1),H-bonded (Il) and gainal (III).

Furthermore, the presence of geminal and single SiOH allows the
chemical modification grafting different functionalities through covalent
linkages. For instance, they can react with alkylchlorosilanes in order to
obtain an hydrophobic surface.[¢

OMS FOR DRUG DELIVER

Due to these outstanding features, OMS are excellent candidates in
biomedical systems as local drug delivery systems and bone tissue
regeneration.'327'32 For controlled release applications, it has been
shown that silica is able to store and gradually release therapeutically
relevant drugs. Furthermore, silica is used to enhance the biocompatibility
of several DDS, such as magnetic nanoparticles, biopolymers and
micelles.””! Vallet-Regi et al. were the first to explore the drug release
properties of OMS using ibuprofen. To incorporate API they dissolved it
in hexane, obtaining an incorporated quantity of 30% by mass.¥ They
also have demonstrated the release of erythromycin and
alendronate.+%! Other controlled release systems have shown the
delivery of APl such as vancomycin and adenosine triphosphate,

f | uor e seskadiol, cholbstame and calceine, camptothecin. 3136 39

OMS also show ability in the dissolution of poorly water-soluble drugs. An
insufficient dissolution of hydrophobic drugs in the gastrointestinal fluids
strongly limits the oral bioavailability. Mellaerts et al. loaded itraconazole
on SBA-15, an antimycoticum known for its poor aqueous solubility.
Gastrointestinal dissolution tests produced a supersaturated solution
giving rise to enhanced trans epithelial intestinal transport.[*" Ambrogi et
al. using carbamazepine into MCM-41 have verified a remarkable

increase of dissolution rates.Y This have evidenced that OMS is a
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promising carrier to achieve enhanced oral bioavailability for drugs with

extremely low water solubility.

At the state of the art, the explanation of these phenomena should be a
consequence of drug amorphization inside OMS. Numerous works have
demonstrated drug amorphization inside OMS just by mechanical mixing,
without any other energy supplement. These could demonstrate that the
most stable condition of drug inside silica mesopores is an amorphous
state. Indeed, NMR studies have evidenced high mobility of drug inside

OMS at ambient temperature and pointed out weak interactions.#243

These arguments will be discussed in chapter 2.

DRUG LOADING STRATEGIES

Drug loading into a host material can be performed with different

techniques.?4

The solution method is probably the most widely used drug loading
process. In this method, the drug is dissolved in a suitable solvent and the
porous material is dipped in this solution. The drug molecules are
absorbed on the pore walls. The solution method last from one to several
hours, after which OMS is separated from the solution by filtration or
centrifugation. In conclusion, the particles are dried by removing the
remaining solvent.®! If the drug concentration near to the adsorbent
surface exceeds the saturation concentration, e.g. during the drying step,
the drug may start to crystallize on the external adsorbent surface. Since
this crystalline surface fraction may have different dissolution properties
than the amorphous solids inside the pores, its formation is not
favourable. If crystalline solids are formed on the surface, they can be
removed by washing the loaded particles. Unfortunately, the washing
process is difficult to control.[“®! Solution loading is simple to perform and

it gives reproducible results as the properties of the carrier are consistent.
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High temperature is not required during the process, making it suitable for
loading sensitive molecules. To achieve high loading degrees, relatively
high concentrations of loading solutions have to be used. This can be
challenging, especially with poor soluble drugs. To overcome this
inconvenience, different solvents can be used. Among all the possibilities,
apolar solvent are the most appropriate. Indeed, it has been demonstrated
that water, ethanol and other polar solvents compete in the adsorption
with the drug. In fact, due to the high interaction energy and strong H-
bonds formed with surface silanols, these molecules are strayed from
silica surface only during degas operations. On the other hand, most
apolar solvent are carcinogen or toxic.l! The main disadvantage of the
immersion method is the large proportion of the drug that is wasted in the
filtration/centrifugation process. It is also difficult to predict the drug
loading degree that will be achieved.

The Incipient wetness impregnation (IWI) method consists in contacting
the OMS with a volume of solvent equal to the silica pore volume. The
capillary action draws the solution into the pores and the drug dissolved
in it. The support can be dried to drive off the volatile components within
the solution, depositing the drug on its surface. While drying, the drug
located in the solution outside the pores is driven inside by diffusion, which
is a much slower process. There are different methodologies

distinguished by the volume of solvent used:“"]

1 Impregnation by soaking or with an excess of solution: excess
liquid is eliminated by evaporation or by draining;

1 Dry or pore volume impregnation: the amounts of drug are
introduced in the volume corresponding to the pore volume of the
support;

I IWI it is a procedure similar to dry impregnation, but the volume
of the solution is more empirically determined to correspond to that

beyond which the support begins to look wet.
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The main advantage of this methods is that it is easy to control the amount
of the drug that is loaded in the carrier. Furthermore, the drug is efficiently

loaded and the method is, therefore, suitable for expensive molecules.
Adsorption Incipient wetness Melt
! = o

‘gf,‘;gq% TEEET :

Figure 1.5: Comparison between different incorporation procesnd drug

adsorptionl4sl

Covalent grafting method is widely used for payload molecules, which can
be loaded by attaching them covalently on the mesoporous material
surfaces. A commonly used method is to form a peptide bond between
the amine group of a payload molecule and a carboxylic acid linker on the
surface of the material. The benefit of a chemical grafting is the possibility
to control the release of the payload molecules. The release can be
determined by cleavage of the payload molecule from the linker or erosion
of the porous material. In chemical grafting, the drug load is controlled by
the surface area and the density of the linker and the payload molecules.
The maximum loading degree that can be achieved is inevitably lower
than this that can be achieved with non-covalent adsorption methods,
because the payload molecules cannot accommodate the whole pore
volume. With this method, there is a risk that the payload molecule will not
be released from the linker. Nevertheless, this method provides stronger

chemical interactions between the drug molecule and the surface.®!

It is important to remember that all the methods aforementioned have an

inherent disadvantage: the employment of organic solvents. The
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subsequent solvent removal steps add processing complexity and
increased cost to these processes. In addition, there are safety issues to
be considered and appropriate environmental protection measures must
be initiated when using organic solvents. To avoid this, other techniques

can also be employed to load drugs onto OMS.

In the hot melt method drug molecules are loaded from a molten phase.
The drug is heated along with the adsorbent to a temperature above the
melting point of the drug. A prerequisite for using this method is that both
the adsorbent and the drug have sufficient thermal stability, which
excludes all of the pharmaceuticals that are known to decompose upon
melting.[® Some drugs as ibuprofen has been successfully loaded by
using this method. However, this method is not generally appropriate
because it requires the molecules to withstand a temperature above their
melting point and the viscosity must be low enough to allow the molecule

to efficiently enter the pore structure.

Vapour deposition is another technique. In high vacuum condition, the
melting temperature of the drug is reduced. Consequently, it is possible
to avoid degradation and evaporates small amount of drug that will be
deposited in a cold region (OMS). This method allows to control the purity
of the drug avoiding any external parameter: solvent, viscosity, solubility,

etc.

The physical mixing, for instance, requires only that drug and carriers are
blended in desired proportions using spatula for some minutes. A more
scalable process of the physical mixing is the ball milling. Indeed, during
the process the particles are physically broken to favour the drug
entrapment and reconstituted due to the strong interaction energy of silica

surfaces.

ORDEREDMESOPOROUS SILICA RIDRUG DELIVERY INOPICAL APPLICATIONS



22

SUPERCRITICAL CO

Organic solvents can be replaced with supercritical carbon dioxide. Drugs
may also be incorporated by dissolving them in compressed high volatile
fluids like supercritical carbon dioxide (scCO), at temperatures and
pressures above their critical point.[*® A supercritical fluid can be defined
as any substance present at a temperature and pressure higher than its
critical value, and which has a density close to or higher than its critical
density. At the point at which the critical temperature and critical pressure
are reached, the density of both the liquid and vapour are equal and the

supercritical phase is obtained.

The employment of scCO, for drug loading offers many advantages
compared to traditional organic solvents. This topic will be discussed in

details in chapter 1.

Supercritical fluids have both liquid and gas-like properties. Their liquid-
like nature enables them to act like a solvent, while their gaseous
properties allow quick and easy diffusion through materials.*® When the
supercritical state is reached, properties like density, viscosity and the
vapouri liquid equilibrium ratio become dependent on temperature at a
certain pressure, which permits the solubility of solutes in the supercritical

fluid to be controlled.

ORDERED MESOPOROU8.£A FOR DRUG DELIERY IN TOPICAL APPCATIONS



23

1200 4—ta 1 1 Los 44 L 11 Ly 34 Ly os 4y | TR Lao34os s
Liquid

&% 8004
£
D I
= & 1
> 600+ @ =
¥ <.Q
c >
o 9 &
O 404

2007 &2 k

GaS ----------__--__-------
_____3 --
I S S—— S—— p—r—— —
0 30 60 90 120 150 180 210
Temperature (°C)
~/ Vapourization Curve © Critical Point === Supercritical Boundary

Figure | .6: Phase diagram of@0O, showing the supercriticakgion and critical

pointsol

At pressures and temperatures not too far from its critical point, a
supercritical fluid has a high compressibility. Therefore, its density and its
solvent power are easily adjustable over a wide range with a minimal
change in temperature or pressure. This tunability may be used to control

the solubility parameter.”

The solubility parameter is a coefficient that indicates a substance
solubilisation in a specific solvent. Materials with similar values are likely
to be miscible, hence a solute presents a complete solubility or miscibility

if it has a solubility parameter as equal as possible to that of the solvent.
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Figure |.7: CO2 solubility parameter as a function of Temperature, Pressure

and Densityz0!

In a supercritical fluid, the solubility parameter tends to increase with the
fluid density (at constant temperature).®™® Another advantage includes the
reduced processing complexity, as there is no need for solvent removal
steps associated with organic solvent usage.'5% Carbon dioxide is the
most widely used supercritical fluid because it presents the advantage of
having easily accessible critical conditions, that are a critical temperature
close to ambient temperature (304.25 K) and a critical pressure which is
not too high (7.39 MPa), it is inert, non-flammable and inexpensive. The
critical temperature is close to a physiological value and so it is safe for

heat-sensitive proteins.

One disadvantage of using supercritical fluids, however, is that

specialised high-pressure equipment and knowledge are required for
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processing it. Furthermore, some interesting hydrophobic drugs, which
cannot be impregnated by aqueous solution-suspension soaking, can be

incorporated by this method.
ScCO:is used for many applications like:

1 Extraction of desired compound from other products; i.e. caffeine
from coffee bean;*
Chromatography;

Cleaning;
Biological applications:[®5:56]
o Sterilization
o Virus inactivation
9 Particle formation
0o Aerogelst’
Polymeric processing and foams;®®
Impregnation

o Drug loading on different matrixes!®

In this thesis, it will be used as an incorporation process for drug inside

OMS. This topic will be further discussed in chapter 1.

TOPICAL APPLICATION

Among all the administration routes, topical and transdermal delivery

approaches have unique advantages:

1 In case of skin diseases, topical delivery directly carries drugs to
the site;

1 Smaller amounts of drugs are needed to produce a therapeutic
effect;

1 Plasma level peaking of drugs will be avoided;
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1 Increased bioavailability due to elimination of hepatic first-pass
metabolism;
1 Greatly enhanced patient compliance by eliminating frequent

treating.

For these reasons and many others, currently, there are numerous topical
and transdermal products on the market. Many formulations of low
molecular weight drugs and macromolecules have been developed and

some are currently under clinical trial.6%

At the same time a huge number of CRT have been developed for topical
diseases, such as gels with permeation enhancers, submicron emulsion
vehicle systems, volatile vehiclei antinucleant polymer systems, lecithin
microemulsion gel, oleo-hydrogel systems, deoxycholate hydrogels,
creams containing lipid nanoparticles, solid lipid nanoparticles, liposomes

as drug carriers, etc./®!

Human skin has a surface area between 1.5 and 2.0 m? for adults. The
skin thickness varies over the body with the thinnest part of eyelids being
less than 0.1 mm thick and the thickest on the palms, soles and upper
back more than 5.0 mm. Not only is the skin a protective barrier against
toxic substances, pathogens, and organisms, but it is also involved in
many important physiological functions such as fluid homeostasis,
thermoregulation, immune surveillance and sensory detection.®? These
functions are related to the skinds compl

associated with highly specified cells and structures.
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Figure | .8: A schematic image of epidermis, dermis and hypodermis structure.
The appendages such as hair shaft and hair follicle, sweat gland, sebaceous gland,

and arrector pili muscle are illustrateéd!

The permeation barrier properties of human skin are mostly attributed to

the top layer of the epidermis, the stratum corneum. The barrier function

is related to the unique structure in the stratum corneum layer that is
composed of #dAbricks ( cor nuaoanglirdigd) and
bil aysers) o

Approaches that deliver drugs/active compounds through the skin barrier
are referred to the topical administration (as opposed to the enteral and
parenteral route). Passive and active skin penetration enhancement
methods have been successfully used to improve the efficiency of either
the topical delivery (the drugs/active compounds are delivered into skin
strata), or transdermal delivery (drugs/active compounds are delivered
into subcutaneous tissues and are taken up systemically into the body).
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Topically applied therapies are promising for the treatment of skin
diseases such as psoriasis, contact dermatitis and skin cancers, since the

drugs are delivered directly into skin strata.

A NEW CONTROLLED REEASE TECHNOLOGY

Despite of all the above descripted benefits of topical administration, there
are some critical drawbacks, among which difficult accurate dose and the
need of frequent reapplications.! These frequent reapplications are
required because the post-application efficacy of traditional creams is
limited to a period between 3 to 6 hours. In addition, recurrent treatments
result in considerable inconvenience for the patient and inopportune
amnesia. Moreover, many dermatologic pathologies, grouped under the
generic name of chronic dermatitis, have a cyclic and recurring feature,
creating complex treatment problems over
What is more, pulsed administration has period of inefficacy and

overdose, due to low/high API concentration on the skin site (Figure 1.1).

In order to tackle these issues, zero order release at constant skin
concentration for an extended time interval is required but is utopian.
Sustained controlled release systems aims to simulate as good as
possible the zero order release. A new CRT comprising OMS,
incorporated with different API, blended in a saturated solution of the
same API is here proposed. Indeed, this semisolid formulation let to a
sustained controlled release. After the application on the skin site, the
dissolved API in the saturated solution explicate its function as all the
commercial creams. Subsequently, the concentration of the dissolved API
begins to decrease leading to the end of the cream purpose.
Simultaneously, the API incorporated in OMS begun to dissolve. The API
release preserves the saturated concentration inside the vehicle until the

OMS is empty. As follows, the therapeutic concentration of API is kept
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constant on the application site for a long and controlled time. The OMS

incorporated with API develop a reservoir effect.

Figure 1.9 : A schematic image difie patented application.

This new CRT is patented at the WIPO (the global forum for intellectual
property services, policy, information and cooperation) with numbers
W02012007906 A2-A3. At the European patent office as EP2593083 A2
and on the United States territory as US20130156832 Al.

DERMATOLOGICAL DISESE

The major challenges in the skin diseases treatment include poor
efficiency of drug delivery into the disease site and risks of increased
toxicity associated with approaches used to improve the drug delivery

efficiency.

In this thesis, two main drugs have been explored for the treatment of
different diseases. The first is clotrimazole (CTZ), a synthetic imidazole
derivative. It is primarily used locally in the treatment of vaginal and skin
infections due to yeasts and dermatophytes. In vitro, it is most active

against Candida spp., Trichophyton spp., Microsporum spp. and

ORDEREDMESOPOROUS SILICA RIDRUG DELIVERY INOPICAL APPLICATIONS



30

Malazzesia furfur (Pityrosporon orbiculare). In addition, it has some in
vitro activity against certain Gram-positive bacteria and at very high
concentrations it has activity against Trichomonas spp. In the treatment
of vaginal candidiasis, CTZ vaginal tablets have produced cure rates
comparable with those of conventional nystatin vaginal tablets. CTZ
topical preparations are generally well tolerated, but local irritation has
required withdrawal of therapy in a few cases. The site of action of CTZ,
like that of miconazole and the polyene antifungal agents, appears to be
the cell membrane to which it is preferentially bound. It has been proposed
that the mechanism of action involves an interaction with the phospholipid
layer of cellular membranes causing alterations in membrane
permeability. Permeability changes result in loss of essential precursors,
metabolites and ions, thus inhibiting macromolecular synthesis.
Absorption of CTZ through intact skin was essentially negligible in
individuals with normal skin. The highest concentration of topically applied
CTZ remained in the epidermis, particularly in the stratum corneum, with
less appearing in the dermis, and very little penetrating subcutaneously.
Consequently, topical administration avoids side effects of oral

administration like itching, nausea, vomiting and abnormal liver activity.®!
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Figure 1.10: Chemical structure of  Clotrimazole: 1-[(2-
Chlorophenyl)(diphenyl)methyl]H-imidazoleésl

The second one, Amikacin sulfate (AKS) is an aminoglycoside antibiotic
used to treat different types of bacterial infections. AKS works by binding
to the bacterial 30S ribosomal subunit, causing misreading of mMRNA and
leaving the bacterium unable to synthesize proteins vital to its growth.
AKS is most often used for treating severe, hospital-acquired infections
with multidrug-resistant Gram-negative bacteria, such as Pseudomonas
aeruginosa, Acinetobacter and Enterobacter. AKS can also be used to
treat non-tubercular mycobacterial infections and tuberculosis when first-
line drugs fail to control the infection. Side effects of AKS are similar to
those of other aminoglycosides. Kidney damage and hearing loss are the

most important effects.
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