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Resumen 
Avanza la ciencia, y el futuro de la tecnología se presenta en nuevas áreas, como el uso 

de la nanotecnología en el campo de la medicina, es cada vez más relevante debido a las 

grandes ventajas que ofrece la aplicación de esta ciencia. La epilepsia es un trastorno 

neurológico caracterizado por una actividad eléctrica anormal en el cerebro, que puede 

provocar convulsiones parciales o generalizadas. El objetivo del tratamiento con 

medicamentos antiepilépticos es liberar el medicamento en cantidades suficientes para 

reducir la frecuencia y la gravedad de las convulsiones. Algunos sistemas de liberación 

controlada se desarrollaron con el objetivo de mejorar la biodisponibilidad y reducir los 

efectos adversos presentes en las terapias convencionales. Una alternativa para 

administrarlos en el cerebro son los sistemas de administración a nanoescala, ya que 

debido a su tamaño (1-100 nm) son ideales para la administración oral y parenteral. El 

objetivo de este trabajo fue la síntesis de materiales de TiO2 nanoestructurados por el 

método sol-gel, que permitió la incorporación de fármacos antiepilépticos con 

difenilhidatoína al 1% (DPH) y ácido valproico al 3% (VPA) respectivamente, para obtener 

sistemas de liberación controlada. La caracterización de las nanoestructuras sintetizadas 

se realizó utilizando las técnicas de FTIR, UV-Vis DRS, XRD, BET y TEM. La cinética de 

liberación in vitro de las nanoestructuras contenidas con DPH se evaluó y ajustó a 

diferentes modelos matemáticos. La cinética de la liberación in vitro del material cargado 

con DPH mostró un ajuste al modelo de Korsmeyer-Peppas, indicativo de un fenómeno 

de liberación de difusión de Fickian. 

Palabras Clave: 

Titania, nanopartículas, fármacos antiepilépticos, liberación controlada 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Abstract 
Advances science, and the future of technology is presented in new areas, such as the 
use of nanotechnology in the medical field, is increasingly relevant due to the great 
advantages that the application of this science provides. Epilepsy is neurological disorder 
characterized by abnormal electrical activity in the brain, which can result in partial or 
generalized seizures. The objective of treatment with antiepileptic drugs (AEDs) is to 
release the drug in sufficient quantities to reduce the frequency and severity of seizures. 
Some controlled release systems were developed with the objective to improve 
bioavailability and reducing the adverse effects present in conventional therapies. An 
alternative to administer AEDs in the brain are the nanoscale delivery systems, since due 
to their size (1-100 nm) they are ideal for both oral and parenteral administration. The 
aim of this work was the synthesis of nanostructured TiO2 materials by the sol-gel 
method, which allowed the incorporation of antiepileptic drugs with 1 % 
diphenylhydatoin (DPH) and 3% valproic acid (VPA) respectively, to get controlled release 
systems. The characterization of the synthesized nanostructures was carried out using 
the techniques of FTIR, UV-Vis DRS, XRD, BET and TEM. The in vitro release kinetics of the 
nanostructures contained with DPH were evaluated and adjusted to different 
mathematical models. The kinetics of in vitro release of the material loaded with DPH 
showed an adjustment to the Korsmeyer-Peppas model, indicative a Fickian diffusion 
release phenomenon.  
Key Words: 

Titania, nanoparticles, antiepileptic drugs, controlled release  
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Chapter 1 

 

Introduction 

 
Frequent neurological disorders is known as Epilepsy. It is an abnormal electrical activity of persistent predisposi- 

tion of the brain to produce epileptic seizures. The amount of reaction by the partial or generalized seizure, that is 

affecting a lot of people in the world. 1–3It is a pathology, a disorder at the beginning of humanity. There are many 

definitions, from the outset a little unsystematic of seizures,that affects a lot of people in the world, of which 80% 

live in developing countries. Approximately 2.4 million people are diagnosed with epilepsy each year. 4 

 
Most of the reports on the history and origin of nanotechnology begin in 1959, with the historic conference of 

Richard Feynman titled “There´s plenty of room at the bottom”. Where in this conference exposed “What would 

happen if we could arrange the atoms one by one the way we want them”. 5 At that time, this interesting idea did 

not call attention. Exactly, in 1986 Erick Drexler published the book “Engines of Creation”. Which deals with the 

promises and potentials of the nanotechnology. Drexler explain a new discipline that would facilitate the products 

of small to large with precise control at the molecular level. 6
 

 
Nowadays, nanotechnology is a substantial branch in different areas, since it is nanoscale properties are different in 

the macroscopic scale. Which, promises to offer primordial innovations that will change the direction of the 

technological advances at the present time in the development of new materials. 7 The development of applications is 

increasingly present in our daily lives. In the disciplines of medicine, engineering, mechanics that benefit more and 

more from the possibilities offered by nanotechnology in these areas. One of the sectors with high development and 

that can be observed its use in biotechnology and medicine, both in the development of new diagnostic techniques, 

aimed at damaged tissues and organs and their treatments respectively.  The use of nanoparticles in treatments as   a 

vehicle to transport drugs is increasingly widespread in its application, especially in diseases such as epilepsy, 

cancer, and others. Where they are best placed when they release the medication and is also done more effectively 

because it increases their concentration in the right place. 8 

 
In this large field,  one of the key  objectives is to obtain nanostructured materials with physical and chemical       
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properties superior to those of their macroscopic counterparts,  properties that are explained,  in large part,  due   to 

their limited size and high density of surface sites assets. 9 One of the materials that are close are the metal oxides 

because they are specific and important in the scientific, technological and industrial fields due to their vari- ous 

chemical and physical characteristics because of their different characteristics such as their optical conductivity, and 

also has magnetic qualities , thermal stability or chemical resistance depending on the material to be obtained. 9,10
 

 
Currently, the progress and use of biomaterials are of great importance in the repair of injuries and disorders that are 

generated in the field of the Central Nervous System, through the administration of drugs. Regarding this research 

work, it focuses on titanium oxides. Inspired by the good properties of biocompatibility, due to the time it is in contact 

has a decrease in the inflammatory part and neuronal cells adhere, survive and grow, due to its electrochemical and 

structural properties, which make it suitable materials for the use of biomedical implants. In addition, the use of 

controlled-release systems of drugs such as implant biomaterials has attracted the attention of specialists in recent 

decades due to the various advantages they have in the medical part. In any surgical intervention, the risk of infection, 

inflammation, and pain may occur. That is why the incorporation of drugs in implantable biomaterials is extremely 

important, since it will act mainly locally without damaging other areas of the body, decreasing harmful side effects, 

thus avoiding long periods of time in post-treatment therapies and improving the damage that in our case is being 

applied epileptic seizures generated by the epilepsy. 11
 

 
Currently, the design of controlled release methods are increasingly used in the pharmaceutical area, since these 

processes have advantages over other therapeutic treatments, among them, the reduction of the effects and the pro- 

longed activity time in the body, such as protection of medicines sensitive to enzymatic attacks. or acid degradation 

due to pH. 12 The inclusion of the active ingredient in a polymeric matrix for controlled release tartar improves its 

therapeutic efficacy and can increase its stability and reduce the disorders caused to the patient. 13 There are simple, 

inexpensive and cost-effective treatments that can be administered at the primary care level and that allow the vast 

majority of people with epilepsy to have a normal life. However, one of the key problems faced by health systems is 

the limited capacity of primary care teams to identify and manage cases of epilepsy. The objective of pharmaco- 

logical treatment is toantiepileptic drugs (AEDs)to the brain in sufficient quantities to reduce the frequency and 

severity seizures, in addition, cause minimal adverse effects. Current therapies include the use of oral formulations 

or intravenous injections, however, the greatest obstacle is the blood-brain barrier, since the loss of a high amount of 

drug in the bloodstream results in very low concentrations in the brain. 2,14
 

 
In recent years, different systems controlled release of antiepileptic drugs have progressed with the objective of 

improving the bioavailability and pharmacokinetic properties thereof. An alternative toAEDsfreely in the brain is 

to encapsulate the drugs within nanoscale delivery systems, since due to their size (1-100 nm) they are ideal for both 

oral and parenteral administration. Polymernanoparticles (NP)and liposomes are the most popular, however, other 

means of administration have been studied, including dendrimers, micelles, emulsions, solid lipid nanoparticles and 

nanostructured carriers, which are developed by various techniques. 15,16 Because the conventional antiepilep- tic 

drugs for monotherapy that are prescribed in developing countries arediphenylhydatoin (DPH)andvalproic 
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acid (VPA), the present work is aimed at the development of nanostructured materials of TiO2, of mesoporous 

character, that would allow the incorporation ofDPHandVPA, at 1% and 3%, respectively, with the intention of 

generating nanomaterials with a kinetics that allow a prolonged release and promotes the reduction of adverse effects. 

 
The characterization of the nanostructures got by the techniques of FT-IR, UV-Vis DRS, XRD, BET and TEM was 

also carried out to identify their physical and chemical properties, as optical and electronic properties, the chemical 

composition and its morphological characteristics: size, shape, state of dispersion and porosity, with an important 

role in the drug mechanism release. Subsequently, studying the release kinetics of the nanostructures loaded with 

diphenylhydantoin was carried out and adjusted to various mathematical models (Zero Order, 1st order, Korsmeyer- 

Peppas, Higuchi, Hixson-Crowell) with the intention of understanding and proposing the possible mechanism of 

drug release, from the nanostructured matrix. The follow-up of the in-vitro release study of the materials loaded with 

valproic acid is proposed, as well as a later evaluation of the parameters that influence the nucleation and formation 

mechanisms of the carriers to standardize their morphology. 17
 

 
The reservoirs of TiO2 synthesized by the sol-gel method for the release of neurological drugs in the brain have been 

previously demonstrated as a biocompatible, non-toxic and bioactive material. The active principles incorporated 

in these nanostructures offer advantages such as the ability to increase the solubility of the drugs, besides achieving 

a controlled release of them, which would allow the reduction of the therapeutic doses used in the systemic 

administration. This work contains. Chapter I introduces the topic with general concepts on a summary of the current 

status of epilepsy research, drug administration. controlled-release systems, their characteristics, are also defined, 

and the advantages and disadvantages are described in particular. Chapter II describes, in general, the synthesis of 

nanoparticles and the materials and methods used for it. Chapter III presents and discusses the results obtained from 

the physicochemical properties of the nanoparticles synthesized using different characterization techniques. Spectral 

characteristics, electronic properties and surface characteristics such as morphology and size are analyzed. As a 

specific characterization for its potential application, the absorbance properties, and control of the drug are studied. 

Finally, the important points in the conclusions are detailed and summarized. 

 
1.1 Problem Statement 

The advance of biochemistry has allowed to know the main characteristics of the drugs and the individualization of 

the therapy, in the understanding of the mechanism drugs in the metabolism and of the biological receptors. The 

advance of Analytical Chemistry has contributed with techniques every time. More sensitive and precise due to the 

advancement of high quality instruments and the management of computing in analytical systems and pharmacolog- 

ical research. The scientific study of drugs and the need to better use classical medicines (whose pharmacological 

and toxicological action are known) and their administration forms is of vital importance to treat serious ailments 

such as those related to neurodegeneration, inhibition of the immune system and the uncontrolled cell expansion. 

The interruption of antiepileptic treatments can cause the reappearance of crises since these treatments are symp- 

tomatic, so the time of administration can last for years or sometimes throughout life, this is the reason why a special 
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assessment of toxicity should be made, therapeutic compliance and convenience of administration. With the scheme 

of this new dosage form, we try to establish an in situ antiepileptic treatment whenever it is considered necessary, 

that is, when there is security in the diagnosis of epilepsy and the advantages and disadvantages have been analyzed 

in each case. 

 
There are few studies that report the properties of titanium oxide particles, different types of reactions. Considering 

they have the unique characteristics of nanostructured materials, it is of great interest to test the possible activity  of 

these materials in the release of drugs due to new morphologies and nanostructures by the sol-gel method. The 

objective of this thesis is to study the morphological structural properties of nanostructured particles of titanium 

oxides and also to carry out a preliminary study of the controlled release of drugs that these can exhibit when carrying 

a medication. It is intended to find some relationship between the aforementioned properties and the controlled 

activity of the synthesized materials. An attempt will be made to scale up in order to obtain sufficient quantities  of 

nanoparticles to carry out the characterization and catalysis studies. This study pretends to contribute to the 

knowledge of new materials with new nanostructures and morphologies of new materials, more efficient and to the 

reduction of different diseases due to their easy management and application of the medication that today constitute 

a problem without a solution and in constant growth to treat several problems such as epilepsy. Epilepsy is one of 

the diseases that causes damage to the nervous system with an incidence that affects one person out of every one 

hundred and three people in the population. 18 It is caused by recurrent interruptions of the brain’s usual activity, 

which are usually short-lived. The outward signs of epilepsy are known as seizures, and these vary in appearance 

depending on the part of the brain that is affected and to what extent the disruption has spread. 19
 

 
1.2 General and Specific Objectives 

Due to the critical nature of controlled-release products, it´s very important that no exist any changes occur in drug 

release between product manufacturing (immobilized drug) and patient administration, so one of the objectives of 

this work is to obtain a highly reproducible process that guarantees the safety of the drug during its immobilization 

in the nanostructured matrices, and allows their release to be controlled directly at the action site. At the same time, 

optimize the distribution of the drug in the control and direction of the pore size of the matrices obtained with the 

sol-gel method. 

1. Obtain a speed of release of the asset controlled by the design of the porosity and pore size of the 

nanostructured matrix. 

2. Synthesize and characterize nanostructured TiO 2 materials for controlled release of antiepileptic drugs. 

3. Obtain nanoparticles of nanostructured titanium oxides from various compounds for controlled release of 

antiepileptic drugs by the sol-gel method. 

4. Characterize the main structural and morphological particles properties the synthesized through XRD, FTIR, 

TEM, BET, and determine in vitro release kinetics. 



 

 

 

 

 

 

 

 

 

 
 

Chapter 2 

 

Theoretical Framework 

 
2.1 Epilepsy 

Epilepsy at history is one of the first neurological disorders that humanity exists. Which is a devastating medical 

condition. The word ’epilepsy’ is of Greek origin and means ’to be possessed’ or ’to attack’.The meaning is closely 

related to a Babylonian belief according to which the different forms of epileptic manifestations were the result of 

the action of various demons or evil spirits. It was believed that an epileptic attack was, therefore, the beginning of 

a diabolic possession and ended when the demon left the body. 20
 

 
In 2005, epilepsy was considered a cerebral disorder generating seizures crises and for the first time it was included 

that it was accepted that epilepsy carried a series of social, cognitive and psychological consequences 21 and by Fisher 

et al. 22 in 2015, He established with theInternational League Against Epilepsy (ILAE). Epilepsy is not considered 

a disorder, but a disease. Epilepsy, in general, is a chronic brain disease generated by the abnormal and exaggerated 

discharge of electrical impulses from some neurons of the central nervous system, the cells of the brain, producing 

what is called an epileptic seizure. In the definition of theWorld Health Organization (WHO)and theILAE, required 

to diagnose people with this disease, must acquire chronic recurrence of epileptic seizures. 23 An epileptic seizure is 

a sudden and transient alteration caused by abnormal activity of the neurons that can cause sensations, strange 

emotions and behaviors, muscle spasms and loss of consciousness. There are two fundamental types of epileptic 

seizures: generalized seizures and partial or focal seizures. 24
 

 
The majority of epileptic patients (70-75%) are well controlled with medication, but there is a non-negligible 

percentage in which seizures do not stop despite adequate pharmacological treatment. These data make it essential 

to identify and treat these patients early, to reduce morbidity and mortality, and thus also reduce a large part of the 

demand, which currently involves this disease. 25
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2.2 Epidemiology 

Epilepsy is a chronic neurological disorder around the world. Approximately 1 % of the people who suffer from this 

disease and up to 5 % come to have a single attack at some time in their daily lives respectively. Studies of incidence 

and prevalence are critical to providing measures of frequency. Many countries in the world, have active epilepsy 

varies from 4 to 10/1000. The incidence, represent the number of people that have this issue per year. The incidence 

of epilepsy varies from 40 to 70 / 100,000 in most developed countries and almost double in developing countries. 26 

It is possible to see the epilepsy prevalence in each country such as the figure2.1. 

 
 

Figure 2.1: Differences in prevalence, incidence and treatment in epilepsy. P=prevalence of active epilepsy, number 

of cases per 1000 people. I=Incidence of epilepsy, number of new cases per 100,000 people/year. TG=treatment 

gap expressed as a percentage. 27
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2.3 Causal factors 

In most cases, no cause for epilepsy can be found and it is described as idiopathic. There are, however, a series of 

recognized factors that increase a person’s risk of developing epilepsy. 18 These include: 

• Scars of the brain or brain damage such as accidents, physical aggressions, excessive use of alcohol / drugs. 

• Infections and fevers such as meningitis, rubella encephalitis. 

• Benign and malignant tumors. 

• Genetic factor such as tuberous sclerosis. 

• Dementia and neurodegenerative disorder such as Alzheimer disease. 

 
2.4 Blood-Brain Barrier (BBB) 

BBB is the barrier that exists in the brain surface that separates the brain from the blood, it is formed by endothelial 

cells of the brain, blood vessels, and tightly interwoven capillaries. Currently, the treatment of different pathologies 

present in the CNS is somewhat difficult, because some drugs are the main obstacle to act at the level of the CNS. It 

only allows the passage of small and lipophilic molecules through passive transport; In other words, there are certain 

molecules that can pass through it through active transport. 28
 

 
There are several methods nowadays that are some types of nanoparticles capable of crossing the BBB that are being 

studied for the transport of drugs and that are released in the area of the brain. Within these systems, we can indicate 

metallic nanoparticles, polymeric nanoparticles, functionalized nanoparticles, and liposomes. However, in recent 

studies, those that seem to give better results are polymeric, because they are less rigid and dense than metallic ones 

and because of their great capacity of conjugation with other molecules, which allows an easy functionalization and 

the encapsulation of a great variety of Active ingredients for the various treatments for different diseases. 28
 

 

 
2.5 Nanotechnology 

Nanotechnology deals with the different structures of matter with dimensions of the order of a billionth of a meter. 

Still, the nanotechnology field is relatively new, the existence of devices and functional structures of nanometric 

dimensions have existed on earth from the very origin of life. 29 A mollusk called Haliotis whose interior surfaces 

are iridescent builds very strong shells, by organizing calcium carbonate in the form of strong nanostructured units, 

linked together by a glue made from a mixture of carbohydrate and protein. The cracks formed outside of the shell 

cannot completely pass through these nanostructured units. 7 
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In 1857, Michael Faraday published an article in the Philosophical Transactions of the Royal Society, where he tried 

to explain how metal nanoparticles are part of church windows colors. It was not until the 1980s, with the emergence 

of appropriate methods for the manufacture of nanostructures, that there was a notable increase in research activity 

and an appreciable number of results were achieved. In 1981 a method was developed to obtain metal clusters by 

using a powerful concentrated laser beam that allowed metals to vaporize into hot plasma. 30 In this decade alternating 

layers of magnetic metals and non-magnetic materials were also produced, which presented the fascinating property 

of behaving as giant magnetic resistance. These layers were one nanometer thick, and like materials, they have an 

important application in magnetic storage devices of computers. In the 1990s, Ljima obtained carbon nanotubes and 

it was found that C60 can present superconductivity and ferromagnetism. 31 Nanotechnology and its applications are 

increasingly present in our daily lives. 

 
2.6 Nanomedicine 

Nanomedicine, the application of nanotechnology in health sciences, is the branch of nanotechnology that is emerging 

as one of greater projection in the near future due to its important applications, especially diagnostic and therapeutic. 

At the moment of analyzing a disease that is at the beginning of its evolution, it must have a personalized attention 

and a follow-up which, with the passing of the years nowadays, has been developed tools at nano scale that are in 

benefit of the medical field. The important advances in this field permit to do diagnostic systems and therapeutic 

treatments that are effective than the existing ones, giving a great result in a higher quality of life for the people. An 

authentic revolution is glimpsed on the horizon of health care and medical technology. 32
 

 
2.7 Nanodiagnosis 

The objective of the nanodiagnosis is the identification of diseases in their initial stages at the cellular or molecular 

level and ideally, at the level of a single cell, through the use of nanodevices and contrast systems. Early identification 

would allow a quick response capacity and the immediate application of the appropriate treatment, thus offering 

greater possibilities of a cure. The diagnostic nanosystems are general employed in vitro or in vivo. In vivo diagnosis 

usually requires that devices can penetrate the human body to identify and ideally quantify the presence of a 

particular pathogen or cancer cells. This leads to a series of problems associated with the biocompatibility of the 

device material, but also requires a sophisticated design to ensure its effectiveness and minimize possible side 

effects. On the other hand, the in vitro diagnosis offers greater design flexibility, since it can be applied to very small 

samples of body fluids or tissues, from which a specific detection, for example, of pathogens or genetic defects can 

be carried out. In very short times with greater precision and sensitivity. Due to these fundamental differences, in 

vitro detection using nanodevices is expected to reach the market much faster and can be consolidated more easily 

than in vivo methods. 33,34
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2.8 Nanoparticle-Based Therapy 

Furthermore to recognition and diagnostic elements, the nanoparticles can be worn as therapeutic agents. Once the 

nanoparticles are attached to damaged tissues or cancer cells, their heating can be induced by applying a magnetic 

field of low intensity (for magnetic nanoparticles) or by irradiation with infrared light (for metal nanoparticles). 

Although the mechanisms are different, in both cases the heating causes the destruction of the tumor cells by hy- 

perthermia, without affecting the healthy cells or tissues that surround them. Using this technology for the cancer 

treatment would avoid the serious problems of side effects of current chemotherapy or radiotherapy treatments. 35
 

 
These experiments have  already proven  their usefulness in human patients.   One of the main nanotherapies is   the 

one developed by the German company MagForce Nanotechnologies AG, which has received the approval of the 

European Agency. The specific application, recently approved for applied in the clinic for the treatment of brain 

tumors, consists of injecting these magnetic nanoparticles in the tumor area and subsequently applying a high 

frequency alternating magnetic field, which produces local heating of the tumor area. the vibration of the 

nanoparticles and, consequently, the destruction of the cancer cells. The therapy could be applied to different types 

of solid tumors. The approval of this new therapeutic method opens the doors to therapeutic methods based on 

nanotechnology. 36
 

 
2.9 Nanoparticulate Pharmaceutical Systems 

Nanomedicine has developed a solution for the treatment used in new systems for drug controlled release. The idea 

is to use nanostructures that transport the drug to the damaged area and only when they have recognized that area, 

they release it in response to a certain stimulus. For this, the previous encapsulation or deactivation of the drugs is 

necessary without act during their transit through the body until they arrive at the affected place so that they maintain 

their physical-chemical properties intact and that possible side effects are minimized. 37
 

 
Once the drug has reached its destination, it must be released at an appropriate rate to be effective, which can be 

done by varying certain conditions (pH or temperature, for example) in the damaged area or by precise control of the 

degradation rate of the encapsulating material, allowing the release of the drug to be controlled. For the administration 

of drugs, a large variety of nanostructures has been proposed, such as nanoparticles, nanocapsules, liposomes, 

micelles, nanotubes, polymer conjugates, microgels, among others. Nanotechnology allows the controlled release to 

be minimally invasive since these nanosystems can cross pores. Another great advantage is that the effectiveness of 

the drug is increased by the precise control of the required dose and the size, morphology and surface properties of 

the compound. 38
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2.10 Biomaterial 

According to the Royal Academy of the Spanish Language, a biomaterial is defined as: " a material tolerated by the 

organism, used for implants and other purposes". Some authors define it based on its applications, such as: "materials 

used in medical developments" 39. 

 
Another fundamental and necessary aspect that occupies the study of the science of biomaterials is the interaction 

between cell-material and the interaction between the biomaterial and the extracellular environment. On the basis 

of the role played by the cellular environment in the process of cell migration, proliferation, specialization and tissue 

formation, a surface engineering of biomaterials has been developed that adapt to the different mechanisms present 

at these interactions between them.; 40 since the first and most important interaction that takes place during the 

implantation of a biomaterial, is that which is established between its surface and the physiological environment and 

must comply with the starting conditions of being biocompatible and ensure a certain half-life. In addition, they have 

to provide the specific characteristics required by the application to which they are intended these materials. 39
 

 
2.11 Classification of Biomaterial 

In relation to the first synthetic and more conventional materials for medical purposes by groups: metals, which 

includes metals and alloys; ceramics, which also include glass, glass-ceramic; and, finally, polymers, where are 

included the thermoplastics, elastomers, and textiles. 39 Currently based on the evolution of materials have been 

divided into four generations 41: 

 
The first generation is made up of standard materials such as steels, metals, and polymers, which at first were made 

for other applications but were later used in medicine and adapted for it. 42 the second generation, we have the 

generation of titanium and its alloys, for medical purposes, and which together with thermoplastic polymers dominate 

the biomaterials market today. This generation of biomaterials was mainly aimed at achieving a fundamental effect 

on the implantation, which was to avoid rejection by the body in which they are implanted. To do this, they used 

supposedly inert materials, that is, avoiding reactions that harmed the host and therefore any reaction of the implant. 42 

However, in the nineties, came the third generation of biomaterials, the so-called bioactive, since they are able to 

part of living tissue because, generally, they have characteristics and compositions similar to natural tissues. Here 

are materials such as Hydroxyapatite, and bioglasses 43 directed to the repair of bone tissue. Finally, the fourth 

generation is the one to which the so-called intelligent materials belong because they are capable of changing their 

properties before a biological stimulus. In this way, they pretend to be applied as sensors to monitor a function and 

interact with the biological system. The materials of this stage are still under development and have not yet been 

used clinically. 
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2.12 Titanium Oxide (TiO2) 

This material adopts three fundamental crystallographic forms: brookite, anatase, and rutile. Titanium dioxide is a 

material extensively researched due to its exceptional electrical, optical and Physico-chemical properties. The phases 

of the Magneli Series, where titanium is in oxidation states +3 and +4, could have the capacity to neutralize the 

reactive species that participate in the formation of the inflammatory process and, therefore, be good biocompatible 

materials. These generated species are highly reactive and tend to oxidize or reduce those molecules accessible from 

the environment, generating reactive oxygen and nitrogen species. This property is used in photocatalysis, for water 

purification and at a medical level in photo-annihilation of cancer cells or bacteria. 44 However, without light, TiO2 

is able to eliminate these free radical species. 45. 

 
Although TiO2 is not one of the materials mentioned in the classification of bioceramics, it has been indirectly used 

during the last decades, in which different dental implants and orthopedic metallic Ti prostheses have been used 

with great success. The adhesion of the cells to the surface is done by the interaction between the latter and the cell 

membrane proteins. Therefore, the atomic ordering of the material surface is important in the arrangement that said 

proteins acquire during the interaction. Two important properties make TiO2 a strong candidate as a substrate for 

implants aimed at CNS repair: its high biocompatibility and its electrochemical properties, which make it appropriate 

to contemplate in the implant . 46
 

 
2.13 Sol-Gel Process 

The sol-gel method offers the possibility of creating ultra-homogeneous structures at the molecular level in the 

synthesis of ceramics, glasses, supports, and catalysts. 47 There are two important methods in the sol-gel method, the 

one is the colloidal method, which consists of the destabilization of a sol; and on the other is the formation of sol by 

alkoxides, which consists of the hydrolysis of an alkoxide and the polymerization of organometallic compounds 

dissolved in an alcohol and a limited amount of water. This synthesis consists of two process: The first in the gelation 

stage, the precursor, usually an alkoxide, is subjected to a series of hydrolysis and polymerization reactions to form 

a colloidal suspension, the "sol" subsequently the products condense to form the "gel". 48
 

The alcoholics necessary in the chemical process. This method starts with the dissolution of alcohol, exist two cases: 

1.Alcoxides dissolved in precursors. 

2.Alcoxides dissolved in alcohols with a different organic group. 

 
In both cases, alcohol interacts with the alkoxide by changing its original properties. The use of alcohols of the 

different organic group causes a reaction of alcoholism in which there is an alcohol exchange and can be represented 

as follows: 

M − ORM(OR)N +X RjOH −→ M(OR)n−x(ORj)X +X ROH (2.1) 
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Hydrolysis is the main reaction that produces the transformation of the alkoxide (M-OR) to an oxide. This stage will 

govern the nature, and morphology of the sample. The ease with which metal alkoxide has to react with water in the 

sol-gel process. 

M − ORM + H2O ⇐⇒ M − OH + ROH (2.2) 

Once hydrolysis occurs, the condensation reaction will guide the formation of hydrous hydroxides or oxides. 

M − OR + OH − M −→ M − O − M + R − OH (2.3) 

M − OH + OH − M −→ M − O − M + H2O (2.4) 

 

These polymerization and condensation reactions occur simultaneously, making it impossible to describe the process 

separately. During the development that are linked in the texture properties the variables are: 

1. Concentration of water. 

2. Time and temperature of 

reactions. 3.Type of alcohol. 

4.pH of the reaction medium (neutral, basic, acid) 

 
In the post-gelation stage, it is sought to eliminate water, solvent and organic residues in the product and is what 

helps to define the structure of the solid by means of thermal treatments that involve the drying and calcination of 

the product. By means of the drying, it is possible to form a gel of greater resistance, with the calcination the gel is 

transformed into a porous solid with well-defined textual and morphological characteristics. 

 
2.14 Controlled Drug Release 

The release of drugs from nanostructured materials is a rapidly evolving area of knowledge because of the advan- 

tages it offers. These nanoparticles serve as shields, protecting the active compound from possible changes due to 

variations in pH or temperature. Silicon oxide and Titanium oxide are highly compatible with biological systems due 

to their inert, biocompatible and non-toxic nature. This is why they have recently been used for the elaboration of 

biotechnology nanoparticles. Mesoporous oxides were developed in the early nineties, with monodisperse ordered 

pores of diameters between 2 and 10 nm and a specific area of up to 1000 m2/g.The incorporation of an organic 

group to these oxides mesoporous significantly increases the potential of the material, since it imparts chemical 

versatility to a skeleton of an inorganic oxide. 49
 

 
The main physical vectors for controlled release of drugs were liposomes, PLGA polymer, and nanoparticles; And 

these are the latter that has generated greater interest, precisely because its nanometric size allows greater penetration 
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at the cellular level. As mentioned above, the other great line of research with nanomaterials is the proper release of 

drugs. The migration of the drug to the medium from a nanoparticulate system implies a process of absorption of 

water or biological fluid, and another simultaneous desorption of the drug by means of a diffusion mechanism 

controlled by the concentration gradient. The entry of the solvent into a polymer that is in the vitreous state produces 

a considerable increase in macromolecular mobility. If the solvent is little compatible with the polymer, the release 

of any drug is made very slow and of pharmacological limited application. The opposite, if the solvent is 

thermodynamically good, the probability of the solute will permit to diffuse without problems is very high. The 

transport of the drug to the outside by the dissolution of the solute in the solute/reservoir interface and its subsequent 

diffusion to the outside, through the macro, meso and micro molecular segments, that follows the first law of Fick. 

These systems permit to release the medicine at a constant speed. However, in practice, there are factors that can 

lead to significant deviations, which can be controlled by modifying the morphology of the nanomaterial. Below is 

the figure2.2present a scheme of the different drugs controlled release mechanism. 50
 

 

Figure 2.2: Schematic of dissolution controlled release systems for drugs. 50
 

 

2.15 Pharmacological Treatment 

The treatment more applied for epilepsy is drug treatment and most patients are prescribed antiepileptic drugs. It  

is necessary to be careful at the moment to take in the decision to prescribe an antiepileptic since the treatment 

usually lasts a lifetime. The choice of medication should be individualized and based on a careful risk and benefit 

relationship, taking into account factors that include, the type of attack, age, sex, and concomitant medication. The 

goal is to find a treatment that offers freedom of attack without adverse effects.ILAEhas presented an analysis of 

the effectiveness and efficacy of antiepileptic drugs such ascarbamazepine (CBZ), levetiracetam and phenytoin have 

the highest level of evidence in focal epilepsy. 51
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2.16 Diphenylhydantoin / Phenytoin 

Antiepileptic which has more experience of use. Its primary place of action lies in the cerebral motor cortex where 

it inhibits the spread of anticonvulsant activity. Phenytoin also has a potent cardiac antiarrhythmic action due to the 

stabilization of myocardial cells, as occurs in the central nervous system. Its mechanism of action of anticonvulsant 

drugs reduces the intensity of the discharge. Phenytoin exerts its effect by limiting the propagation of discharges, 

which raises the seizure threshold. For this reason, It is less effective at preventing seizures caused by drugs or 

electro induced seizures. 

 

Figure 2.3:  DPH molecule 

 

2.17 Valproic acid 

Valproic acid is an anticonvulsant with a unique chemical structure, not related to other anticonvulsants. Previously 

to seek a solution to the treatment of epileptic absences, the most effective was carbamazepine. In 1998,VPAwas 

developed and applied for the application in people suffering from bipolar disorders, being effective as a complement 

that helped the occasional dementias suffered by  people at that time.  The exact mechanism of its action seems   to 

be that valproic acid increases the concentrations of γ-aminobutyric (GABA)acid in the brain. It seems that valproic 

acid inhibits the enzymes that catabolize this neurotransmitter or blocks the reuptake ofGABAby the central nervous 

system. It has also been speculated that valproic acid acts by suppressing neuronal cyclic excitation through inhibition 

of voltage-dependent sodium channels. 

 

 
Figure 2.4:  VPA molecule 
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2.18 Fourier Transform Infrared Spectroscopy (FTIR) 

Infrared spectroscopy is an important tool that permit analyze the absorption or emission of radiant energy is occa- 

sioned by the interaction by electromagnetic radiation of the molecules with radiation. The components that have the 

chemical bonds have vibratory movements with natural frequencies within the range of infrared frequencies. There 

are several vibration modes that induce oscillations that can come into resonance with an infrared beam depending 

on the material. This generates an exchange of energy between the beam and the constituent molecules of the 

material. There is a characteristic behavior for each type of link with an atomic type, a chemical environment and a 

concentration of certain links, which should be taken into account before analyzing the sample. 52 The IR region 

ranges from 12,800 to 10 cm −1 and can be divided into the region of near IR (NIR) (12,800-4,000−1), medium IR 

(4,000-400 cm −1) and IR or FAR-IR distant (50-400 cm −1). 53 One of the physical properties and characteristics 

that a molecule has is the vibrational spectrum corresponding to each present link. 54
 

 
The FTIR spectrometer is a device that combines high performance in an affordable, optimized and small system 

for broad sample characterization. The FTIR technique is applicable to a wide variety of chemical analyzes, such as 

the specific case of polymers and organic compounds. Provoking vibratory and rotational movements in the 

molecules with a certain dipolar moment depending on the type of each bond of the atoms, achieving accurate iden- 

tification of the bonds that appear in their union. The main objective of using this equipment allows us to identify 

the molecular structures present in the sample that we want to identify and observe which elements are still in the 

synthesis made. The basic principle behind molecular spectroscopy is that molecules absorb the energy of light at 

specific wavelengths, known as their resonance frequencies (vibration) to each atom. An infrared spectrometer works 

with a small sample that is placed in the equipment, where it is subjected to a source of infrared light depending on 

the type of sample that we want to analyze it, which makes a sweep from the wavelengths of 4000 cm−1 to 600 cm−1. 55
 

 
 

Figure 2.5: FTIR (IRAffinity-1S SHIMADZU). 

 

2.19 UV-Vis of solids 

One of the methods to measure the absorption of solids is through the biochemical study of a molecule that uses 

analytical techniques that allow us to determine the sample qualitatively and quantitatively, as well as its physical- 
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chemical and biological characterization of how each component reacts. The important basis of spectroscopy is 

determine that molecules to absorb the radiation characteristic respectively, including radiation within the visible 

UV spectrum. The wavelengths respectively of each radiation that a molecule can absorb and the present effi- ciency 

with which they are absorbed depend on the atomic structure and the conditions of the environment in which it is 

developed as its pH, temperature, ionic strength, dielectric constant between others, so this technique very valuable 

and necessary instrument for the determination and characterization of the samples that we need to analyze it. All 

the absorption techniques that have been used assume that when the radiation reaches a sample, a partial absorption 

of this sample radiation occurs, which makes an electronic transition between the energy levels of the X molecule, 

passing an electron from the basal state to the excited state X *, the rest of the radiation is transmitted. 

 
The law of Lambert-Beer is necessary, because permit if we have a beam of monochromatic light I0 , which permit 

passes through a thickness material L, this mention that decrease in the intensity of transmitted light It will be 

proportional to nanomaterial concentration that is absorbing the energy c. That is related with the next equation: 

 

I = I0 e−s.L.c (2.5) 

 

 
In other words, the proportionality factor s is knowing such the molar absorptibility, that permit this is related to 

the probability of radiation absorption by the sample at moment to analyze. If we multiply the previous reaction by 

logarithm we have the equation: 

log 
I0 

= s.L.c (2.6) 
I 

 

 

where the 
I0  is called absorbance (A). This mention, In other words, the substance (X) that absorbs in the ultraviolet- 

visible range, which is due by the electronic configuration it will not do so in a single energy (E = hν, h = Planck 

constant, ν = frequency), but it possible permit to absorb in a range of energies, giving rise to the spectrum of this 

nanostructured sample that tells us the intensity of wavelength or energy respectively each sample analyzed. 
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Figure 2.6: Varian Cary 300 UV-Vis. 

 

2.20 X-ray diffraction (XRD) 

The main basis of diffraction techniques is analyze the crystalline structure of a solid that is to be analyzed with an 

X-ray source, this crystalline structure is present in many natural and artificial solids and consists in the periodic 

repetition of the atoms or molecules that have in the solids in the three directions that exist in space. If the wavefront 

that is diffracted by the first plane, do it with an angle θ, the wavefront of the second plane also diffraction with an 

angle θ. With this trajectory that is described previously, it allows us to know if the two fronts are not in phase, 

which causes a destructive interference and one cancels the other, but in the case that if both are in phase, it identifies 

us that there is an interference constructive and allows us to obtain that the diffracted beam is not canceled and is 

detectable. This will always happen in front of multiple of the present wavelength λ and mathematically: 2d (sinθ) 

= nλ (Bragg’s law), as each family of planes has a distance d, we will detect these planes in the different position 

of the sample angles, and the results will allow us to obtain different planes of the sample structure of what we are 

measuring, so we can characterize the different phases that make up the sample according to what they are presented 

the different "peaks" of detection that were obtained in the analysis, in other words as if they were in a fingerprint 

scan of each compound, analyzing each angle of the sample. 

Titania nanoparticles can be presented in three different crystalline phases known as brookite, anatase, and rutile. In 

all these present crystalline phases, the titanium atoms are inside an octahedron of oxygen deformed depending on the 

location of the existing characteristic atoms. The three different crystalline forms can be distinguished respectively. 

In brookite, the number of edges is 3, while in anatase it is 4 and in rutile, it is 2, which produces a different mass 

density in each phase due to this difference between them. In the structure of titanium dioxide rutile type, represent 

the Ti +4 occupies the vertices of the cell and the center of the cell respectively, surrounding itself with atoms of O−2. 

The coordination of Ti +4 is 6 (octahedral) and that of O−2is 3. Ti +4 is a d0; so it has no color, is diamagnetic and 

insulating. The titania pure and stoichiometric is dielectric, contains a titanium atom and two oxygen atoms and has 

no specific defects present in the phase of the material. 56
 



18 2.21. BET (ADSORPTION-DESORPTION OF N2) 
 

 

 

 
 

Figure 2.7: BRUKER D8 XRD. 

 

2.21 BET (Adsorption-Desorption of N2) 

The present properties of the surface of the material are the most important parameter that needs to be characterized 

and differentiated among the solids, due to its present adsorbent capacity of which the material has been synthesized. 

Its evaluation needs to be done commonly from the isotherms of adsorption of gases and vapors.  This allows us  to 

obtain information by means of adsorption isotherms following a gravimetric or volumetric procedure, that is,  a 

change in the volume of a system by gas or vapor adsorption that interacts with the sample, selecting one or the 

other, according to the area of each solid and the means available in each laboratory that must be taken into account 

to have an accurate calculation of what is being done. 

 
The methods necessary for the theoretical analysis of the experimental adsorption data for the evaluation of surfaces 

and obtaining an approximate relationship between the two are divided into two groups. The first of them includes 

all those methods that allow determining the amount of substance adsorbed from the material depending on the units 

are in cubic centimeters, grams or moles per unit mass of the adsorbent of the sample, necessary for the formation 

of a continuous molecular monolayer on the solid present; That is, this first group are calculations that are needed 

to know the volume of adsorbate corresponding to the monolayer of the sample that is being analyzed.(Vm). The 

calculation of the specific surface requires that the area occupied by each adsorbate molecule in said monolayer (Am) 

is known. The second group is oriented, on the contrary, to the direct measurement of the surface of the adsorbent. 

 
The specific surface area (S ) can be calculated from the capacity of the monolayer (Vm), from the expression: 

 

S =
  Vm    N.Am.10−20 (2.7) 

22414 
 

where Vm is expressed in cm−3 of adsorbate under normal conditions of pressure and temperature per gram of 

adsorbent that is analyzing, and Am in square angstroms; if it is expressed in grams of adsorbate per gram of 
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adsorbent (Xm) the expression will remain as the next equation: 

S = 
Xm 

N.Am.10−20 (2.8) 
M 

 

In both expressions, the surface is possible to obtain in m2/g; N represent the Avogadro’s number, and the M is called 

the molecular weight of the adsorbate of sample and Am represent the area occupied by each adsorbate molecule. It 

is usually units by nm2 or Å2. In general, the area occupied by the molecule that is covered by an adsorbate layer  at 

the adsorption that is analyzed in the equipment. From the previous equations, it is deduced that to calculate S it 

must be known previously Am. Brunauer, Emmett, and Teller proposed that Am is obtained by the absorbate density 

in its liquid or solid-state. They propose that Am be evaluated as: 

. 
M 

Σ 2 

Am = 1.091 
nd

 (2.9) 

 

where M and N have the usual meaning, and d is the density of the liquid or solid adsorbate. 

 
The Quantasorb Quantachrome equipment that was used allows the adsorption of nitrogen gas at liquid nitrogen 

temperature in a dynamic flow model. This serves to determine the real surface area of a sample and thus also 

generate a distribution of the size of the porosity present in the polymer matrix. The analysis of the texture of the 

samples is carried out, in a standard way, by the adsorption of nitrogen at 77 K, by means of the one-point method and 

the application of the BET method to the results obtained. By means of obtaining the isotherm of adsorption-nitrogen 

desorption, analyzing the micro and mesoporosity with the appropriate methods in each case respectively, taking 

into account the nature of the solids and the characteristics of the obtained isotherms. The BET method, developed 

by Brunauer, Emmett and Teller, allows us to determine the surface of a solid based on the adsorption of inert gas, 

generally N 2, at a low temperature necessary to obtain the results. 57
 

 

Figure 2.8:  BELSORP II-BEL. 

 

2.22 Transmission Electron Microscopy (TEM) 

The electronic microscope was one of the determining factors when cell biology was developed since it allows us 

an image of the material. Currently, its use is multidisciplinary and analyzes the phases and crystalline areas in 
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polymers and metal oxides of the samples. The interaction of electrons with matter is a complex phenomenon of 

multiple effects, which are controlled by appropriate techniques and their correct use and, therefore, are exploited 

to know the internal structure of the materials they may possess. The distribution of the electronic density of the 

formation of different classes present in the sample causes in the transmitted radiation, which is the formation of 

interference images that, properly interpreted, reveal their morphological and structural characteristics necessary for 

the accurate and exact identification of a sample. TEM allows the direct visualization of the structure and size of  a 

nanoparticle in particular or of a set of them depending on their organization and the approach that is analyzing the 

material. In a visual way, it is possible to determine if the sample is morphologically homogeneous according to the 

resolution used to obtain better information. In the particular case of mesoporous nanoparticles, it allows observation 

of the pores and their periodicity that exists in the polymer matrix. Thus, when the nanoparticle is perpendicular to 

the viewing plane, the pores are seen as lines or channels present in the sample, whereas if the nanoparticles are in 

the same viewing plane, what is observed are periodic circles of how the formation of the pores and thus observe 

their location as a whole. Besides being able to observe the morphology and the periodicity of the pores in the 

nanoparticles, the TEM technique also allows obtaining the value of the diameter of these through the Fourier 

transform. In addition, some models of microscopes also allow the elemental analysis of the sample, which allows 

obtaining information on the composition and functionalization of the nanoparticles that are being analyzed 

respectively. 
 

Figure 2.9: Tecnai T M G2 F20 U-TWIN. 



 

 

 

 

 

 

 

 

 

 
 

Chapter 3 

 

Methodology 

 
The experimental work will consist of the synthesis of nanostructured nanoparticles of titanium oxide using the sol- 

gel method. Sol-gel chemistry represents a simple method to get mesoporous nanoparticles. In general, mesoporous 

materials have characteristics that allow the development of controlled drug release systems 58,59. Then the samples 

will be characterized in their structure and morphology to later evaluate and determine their possible drug release 

properties. 

 
The research was performance in the Nanotechnology and Nanomedicine laboratory of the Metropolitan Autonomous 

University, Xochimilco. Characterization by FT-IR, and the in vitro release kinetics study of the systems the 

nanostructures developed were do in the laboratory, while the analysis by UV-Vis DRS, XRD, BET, and TEM was 

made in the catalysis laboratory and in the Electron Microscopy Laboratory respectively. 

 
3.1 Synthesis of nanostructured materials 

The synthesis of the nanomaterial was performed by the sol-gel method. The reference material (TiO2-REF) was 

synthesized based on the same procedure described below such as the Figure3.1. In the same way for the matrix 

loaded with the different antiepileptics drugs (TiO2-DPH and TiO2-VPA). 
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Figure 3.1: Flow Diagram of nanostructured materials synthesis. 

 
3.1.1 TiO2-diphenylhydatoin (DPH) 

The necessary calculations were developed to obtain a total of 5g of material through synthesis to obtain a mesoporous 

TiO2 matrix with diphenylhydantoin. During the whole process, the synthesis was maintained in agitation for 24 

hours. A mixture of deionized water and ethanol (Karal, 99.5%) was made, in which 5,5-Diphenylhydantoin (Sigma-

Aldrich®, 99%) was solubilized (10 mg / g of sample), for its subsequent functionalization with GABA (Sigma-

Aldrich, 99%). A mixture of titanium butoxide (Sigma-Aldrich®, 97%) and ethanol was added dropwise to form the 

sol. After having solid solids dissolved, we added the Ethanol and finally by dripping add titanium butoxide. In this 

synthesis was taken into consideration in a molar ratio of 1: 8 alkoxide: water and 1:16 alkoxide: ethanol 
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Throughout the process, the mixture of drug, deionized water and ethanol was kept in constant agitation at 600 rpm 

on a grill of agitation for 24 hours until obtaining the gel. After 24 hours, the agitation was stopped and the gel was 

permit to stay for 1 week until phase separation was observed. The residual phase was removed by decantation and 

the gel was dried in an oven at 60◦ C, 2 times a day (30 min) for 3 weeks. 

 
 

 

 
Figure 3.2: Synthesis of TiO2-DPH. 

 
3.1.2 TiO2-valproic acid (VPA) 

The synthesis of the nanostructures loaded with valproic acid (Sigma-Aldrich®) (30 mg / g sample) was carried out. 

A molar ratio of 1: 8 alkoxide-water, 1:16 alkoxide ethanol was considered. The drug was solubilized in a mixture 

of deionized water and ethanol (Karal, 99.5%), for its subsequent functionalization with GABA (Sigma-Aldrich®, 

99%). A mixture of titanium butoxide (Sigma-Aldrich®, 97%) and ethanol was added dropwise to form the sol. 

During the whole process, the mixture of drug, deionized water and ethanol was kept in constant agitation at 600 rpm 

on a stirring rack for 24 hours until the gel was obtained. After 24 hours, the agitation was stopped and the gel was 

allowed to stand for 1 week until phase separation was observed. The residual phase was removed by decantation 

and the gel was dried in an oven at 60◦ C, twice a day (30 min/time) for 3 weeks. 
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Figure 3.3: Synthesis of TiO2-VPA. 

 

3.2 Characterization 

3.2.1 FTIR 

The preparation of the solid samples was carried out by a mixture with a salt as potassium bromide (KBr), which is 

then ground in an agate mortar until having a homogenization and have very fine particles, which are then compressed 

into a press of mechanical die to form a translucent pill from which the ray of light can pass with infrared energy. 

 
In our case, the samples of the nanoparticles (TiO2-REF, TiO2-DPHand TiO 2-VPA) were measured in the infrared 

spectrometer, using the KBr method.  For this,  the powder of the Nanoparticles was mixed with KBr,  in a ratio  of 

5% by weight of the sample. The mixture was milled to obtain a homogeneous powder and compressed into a 

translucent wafer. The FTIR analysis was carried out both in the drugs (phenytoin and valproic acid) and in the 

nanostructured materials in an FTIR spectrophotometer (IRAffinity-1S SHIMADZU) using the ATR technique (50 

scanners, 600-4000 cm−1), with MIRacle T M Single Reflection ATR module (PN 025-18XX). The spectra obtained 

were processed in Origin Pro 9 for further analysis. 
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3.2.2 UV-Vis of solids 

The characterization was carried out in an ultraviolet-visible spectrophotometer (Varian Cary 300 UV-Vis). A sweep 

was carried out in a range of 200-600 nm to obtain the spectra of the samples (TiO2-REF, TiO2-DPHand TiO 2-VPA). 

The spectra were plotted in Origin Pro 9 for analysis. The absorption peaks were determined and the calculation  of 

eV was carried out according to the formula described below: E (eV) = hc / λ.  Where E (eV) is the "bandgap",  h is 

the Planck constant, c the speed of light in m / s and λ is the wavelength (nm). Varian Cary 300 UV-Vis Spectrometer 

is a piece of analytical equipment that allows determining the concentration of a compound in solution. This optical 

instrument has the ability to resolve radiations of different wavelengths within the ultraviolet and visible range 

(usually this range is within the values of 190 to 1,100 nm). It is necessary for the quantitative assessment of 

solutions of transition metal ions and organic compounds, both absorb light. 

 
3.2.3 X-ray diffraction (XRD) 

The X-ray diffraction analysis of each sample was obtained at room temperature in a BRUKER D8 XRD diffrac- 

tometer. The diffraction intensity was measured in the 2θ range, between 5◦ to 90◦(0.0202◦ and 10 s per point) for 

the TiO2-REF, TiO2-DPHand TiO 2-VPAsamples. The diffractograms obtained were processed in Origin Pro 9 for 

further analysis. 

 
3.2.4 BET (Adsorption-Desorption of N2) 

The samples obtained were previously treated at 90◦ C and degassed for 24 hours for their subsequent adsorption- 

desorption analysis of N2 by using BELSORP II-BEL equipment (BEL Japan Inc.,Osaka, Japan). In general, this 

tool permit to obtain the form of isotherms and determine the approximation of pose size and calculate the surface 

area that have the material that are characterizing. 

 
3.2.5 Transmission Electron Microscopy (TEM) 

The analysis of the morphology and particle size of the samples of TiO2-REF, TiO2-DPHand TiO 2-VPAwas made 

by obtaining micrographs obtained through the technique of Transmission Electron Microscopy (Tecnai T M G2 F20 

U-TWIN ). The micrographs were obtained from significant areas of the sample using the light field technique. In 

the figures, the electron micrographs of nanoparticle aggregates of TiO2-REF whose size is between 5 and 100 nm 

are observed. 

 
3.3 Release kinetics 

The performance of the release kinetics of a drug that is occluded within a compound release system is important 

since it allows to calculate constants that provide very useful information, specific each mechanism by which the 

release process occurs. The process of releasing an occluded drug within a polymeric delivery system can be carried 
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out by various mechanisms: diffusion or swelling of the polymer chains. 60
 

 
Diffusion occurs when a drug crosses the polymer that forms the delivery system, stimulated by the concentration 

gradient that exists between the compound release system and the surrounding medium and the drug release process 

occurs through a process controlled by  the swelling of the drug.  a polymer,  the polymer matrix that initially is   in 

the crystalline state, suffers a glass transition and a hydrogel is formed. This process is related to the diffusion of a 

drug from and through the said polymer, under countercurrent diffusion of water or biological fluid into the polymer. 

Generally, the process of diffusion of solutes from systems in swelling equilibrium (elastomeric) complies with Fick’s 

law. 60
 

 
The field that we can use the UV-VIS spectroscopy is in the drug controlled release. This spectroscopy serves to 

quantify the drug release concentration from a nanomaterial, either organic or inorganic in relation to the time. For 

this purpose, the powder or tablet material is immersed in an aqueous medium. The advantage of sol-gel materials 

is that they are mesoporous with very large areas and weak reservoir-drug interactions that allow a well-controlled 

release for the desired time. 

 
The first phase is the amount released from the drug molecules adsorbed in the region of the pores, while in the 

second phase the release is dominated by the interaction forces of the Van der Waals type, between the titania porous 

form and the adsorbed molecule. 61 The kinetics of release were studied, adjusting the experimental data to the 

Korsmeyer - Peppas equation, which states that: 

Mt  
= ktn (3.1) 

M0 
 

 

Where Mt is the amount of drug released at time t, M0 is the initial amount charged in the titania sol-gel, k is the rate 

constant and n is the diffusion exponent related to the output mechanism. 62
 

 
This mathematical model is most used when release kinetics are involved. The values of n can be used to characterize 

diffusion: when n is ≤ 0.5, the release is carried out by a pure diffusion mechanism and Fick’s law can be used. 

When n is ≥ 1, the mechanism is governed by the degradation of the material; finally when 0.5 ≤ n ≤ 1 the release 

mechanism is a mix of the various methods. 
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Table 3.1:  n Exponential 

 

Film| Cylinder Sphere Release Mechanism 

0.5 0.45 0.43 Fikcian diffusion 

0.5<n>1.0 0.45<n>0.89 0.43<n>0.85 Abnormal diffusion 

1.0 0.89 0.43 Transportation Case II 

 
3.3.1 Calibration curve 

Prior to determining the percentage of drug released, a standard curve was made in triplicate, of known concentrations 

thereof (2, 5, 10, 15 and 20 µg / mL) from a stock solution of 100 µg / mL. The reading of the prepared solutions 

was carried out in a visible ultraviolet spectrophotometer (SCINCO UV-Vis Spectrophotometer S-3100) at 240 nm. 

The obtained data were processed in Origin Pro 9 for the verification of its linearity (r2 ≥.9). 

 

Figure 3.4: SCINCO UV-Vis Spectrophotometer S-3100. 

 
3.3.2 Nanostructures loaded with phenytoin 

The research of the release kinetics of phenytoin-loaded nanostructures (TiO2-DPH) was made in triplicate. Tablets 

of 500 ± 0.5 mg of sample were occupied, which were immersed in deionized water. The analysis was performed 

in a dissolution (Dissolution tester USP EDT-08L ELECTROLAB) at 37◦ C and agitation speed of 100 rpm for 220 

hours. 5 ml aliquots were taken at the following time intervals: every 10, every 30 and every 60 minutes. Five hours 

of measurement per day were performed, with rest periods of 19 hours. The aliquots taken during the process were 

read in a visible ultraviolet spectrophotometer (SCINCO UV-Vis Spectrophotometer S-3100) at 240 nm. The data 

obtained from the measurements were processed in Origin Pro 9. The analysis of the data was performed to adjust 

them to the different mathematical models of release kinetics (order 0, 1st order, Higuchi, Korsmeyer-Peppas, 

Hixson-Crowell). 



 

 

 

 

 

 

 

 

 

 
 

Chapter 4 

 

Results & Discussion 

 
4.1 FTIR Analysis 

Characterization was performed using FTIR to obtain information on the functionalization of the nanostructured 

carriers. In the case of the molecular vibrations of the TiO2 nanoparticles without drug (TiO2-REF) (Figure4.1) 

bands were observed in the range of 3000-3500 cm−1, which, according to González-Hurtado et al. 63 and Moreno 

et al. 64 correspond to the OH groups (hydroxyl groups) of the water and solvent used (ethanol), the broad band of 

the OH group extending (asymmetric and symmetric O-H stretching vibrations). It consists of several peaks derived 

from the GABA molecule and the Titania material. 

 
A small signal with maximum absorbance at 3324 cm −1 is related to elongation vibrations of hydroxyl groups, mainly 

from water absorbed on the titania surface and from surface hydroxyl (Ti-OH). Another small signal with maximum 

absorbance at 3200 cm−1 indicates elongation vibrations of amino (N-H) groups in GABA. Whereas, the three peaks 

displayed between 3000 and 2850 cm −1 correspond to elongation vibrations of the C-H bonds that make up the alkyl 

group in the GABA molecule. As well as to the NH2 groups corresponding to the γ-aminobutyric acid (GABA) used 

during the synthesis, and to the hydroxylation Ti-OH once the gel has been formed. This is confirmed by Silva 65 , who 

adds that the presence of bands between 1620-1685 cm−1 are caused by the vibrations of the water as well as the Ti-OH 

groups and that the bands located around 1000 cm−1 are characteristics of the TiO2 material; therefore, the presence 

of bands located between 1500-1700 cm −1, 1300-1500 cm−1 and 1000-1100 cm−1 found in the TiO2-Ref spectrum 

(Table4.1) show the coupling of the groups coming from the materials used in the synthesis, for the formation of the 

gel. To observe the coupling of the drugs within the nanostructured carrier, the analysis of the drugs was performed. 66
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Figure 4.1: IR spectra of TiO2-REF. 

 
According the Spectral Database for Organic Compounds, (SDBS) The representative signals found ofdiphenyl- 

hydatoin (DPH)(Figure4.2) are two bands that appear between 3277-3208 cm −1 correspond to an N-H stretch for 

secondary amides, the peak at 3069 cm−1 corresponds to a stretch C-H for aromatic rings, at 1722 cm−1 a C=O 

tension for cyclic imides, between 1449 and 1167 cm−1 two bands appear that indicate a C-N-C stretch for disub- 

stituted amides. The bending band located at 1650 cm−1reveals the material have a water molecules on the surface 

of titania that are absorbed. At lower energies appear other bands corresponding to different vibration modes of the 

C-H and N-H bonds also of GABA. The band located at 1435 cm −1 is related to asymmetric elongation vibrations 

of sulfate ions (SO4). The band observed at 1452cm −1 comes from the bonds formed between sulfate ions and 

titania due to Ti-O-SO type species. In addition, very intensive broad bands appear in the spectrum, which was 

attributed to the stretching vibrations of the Ti-O bonds and the Ti-O-Ti bonds. Within the absorption of the spectral 

range of 700-1000 cm −1. 67 The water molecules can be linked to the crystal lattice either by weak hydrogen bonds 

with anions, or by weak coordination bonds with metal cations, or both types simultaneously. As a result of the 

coordination of water in the metal cations, the vibrations of movement, rolling and torsion, which appear in the 

spectral range of 600-1000 cm −1. 68
 

 
The characteristic IR bands in the spectral range of 1300-1700 cm−1 is evidence that the surface of our TiO2 samples 
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contains molecularly adsorbed O2, CO2, CO molecules, which could come from the air. This produces changes in 

the phonon spectra of the TiO2 surface, that is, it moves towards high frequencies. 69 In the case ofDPH(Figure4.1), 

signals between 1415-1600 cm−1 corresponding to the CH2, CH3 and COOH groups characteristic of the molecule 

were observed. Once the drug was integrated into the nanostructure (TiO2-DPH), the same characteristic signals of 

the TiO2-REF were observed (Figure4.1), however, a higher intensity was evidenced in the signals corresponding to 

1650, 1535, 1452 cm−1, while two of the characteristicDPHsignals located at 1722 and 1602 cm −1 were not 

corresponding to the drug matrix (TiO2-DPH). 

 

 
Figure 4.2: IR spectraDPH(comparison). 
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Table 4.1: Assignment of FTIR signals (DPH, TiO2-REF, TiO2-DPH) 

 

 

Regarding the spectrum of the nanostructures loaded with valproic acid (TiO2-valproic acid (VPA)) (Figure4.3), as 

in the previous case, the characteristic signals of the reference material (TiO2-REF) were observed, but increased, 

while the strongest band, characteristic of the drug (VPA), located at 1554 cm−1 (Figure4.3) was not observed that 

the drug incorporated in the matrix (TiO2-VPA), due to its occlusion within the TiO2 system , which is attributed to 

the coupling of the groups coming from theVPAwithin the nanostructured carrier. 

TiO2-REF, TiO2-DPH 

 
 
 
 

DPH 

Frequencies 

3000-3500 

2800-3000 

1652 

1300-1550 

1068 

900-1225 

1450-1700 

1390-1780 

1365-1385 

Assignments 

OH, NH2 (TiO2, GABA) C-

H ( GABA) 

OH 

C-H ( GABA) 

Ti-O-Ti 

Stretching C-C, C-N y C-O (GABA) 

CH2, CH3 y COOH 

Vibrations aromatic ring (DPH) 

CH3 
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Figure 4.3: IR SpectraVPA(comparison) 

 
 

Table 4.2: Assignment of FTIR signals (VPA, TiO2-REF, TiO2-VPA) 
 

TiO2-REF, TiO2-VPA 

 
 
 
 

VPA 

Frequencies 

3000-3500 

2800-3000 

1638 

1300-1550 

1076 

900-1250 

1415-1600 

1445-1475 

1365-1385 

Assignments 

OH, NH2 (TiO2, GABA) C-

H (GABA) 

OH 

C-H (GABA)

Ti-O-Ti 

Stretching C-C, C-N y C-O (GABA) 

COOH (VPA) 

CH2 y CH3 

CH3 
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4.2 UV-Vis spectroscopy Analysis 

The optical absorption property of insulator materials is strongly related to the structure of their electronic bands. 70 

The UV-Vis spectrum of the prepared TiO2 samples exhibited an absorption limit of around 400 nm.  According  to 

Rahulan et al. 71 the wavelength of TiO2 at 400 nm represent the transfer of charges that correspond the valence 

band ( correspond to the transfer of electrons from 2p orbitals of the oxygen atom to 3d orbital in the titanium atom) 

to the conduction band (mainly formed by 3d t2g orbitals of the Ti4+ cations). The wavelengths at which the highest 

optical absorption was observed were at 220, 223, 278 and 297 nm in all samples (TiO2-REF, TiO2-DPH, TiO2-VPA) 

(Figure4.4). This absorption spectrum agrees with the characteristic spectrum for TiO 2 nanoparticles, reported by 

Whang et al. 72 , in which four characteristic bands were found at wavelengths of 220-230 and 290-330 nm. With 

this characterization, we can possible to determine the activation band that represent the bandgap of the material. 

The average values of the literature for the energy of the activation band corresponding to the anatase phase of TiO2 

are around 3.2.ev. 73,74
 

 

 
Figure 4.4:  UV-Vis Spectra. 

 
In Table4.3, it is detailed that the maximum absorbance was 342, 338 and 341 nm for TiO 2-REF, TiO2-DPHand 

TiO2-VPA, respectively, which would correspond to an activation band energy (bandgap) of 3.66, 3.65 and 3.68 eV. 

The bandgap energies calculated by using this UV-vis DRS spectra with the equation, E (eV) = 1239.95/λ (nm) 75. 

Possibly this will result in the reduction of the recombination rate of electrons and voids generated during UV 

illumination of TiO2. 
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Table 4.3: TiO2-REF, TiO2-DPH, TiO2-VPABandgap 

 

Material Absorption peak(nm) E (eV) 

TiO2-REF 342 3.66 

TiO2-DPH 338 3.65 

TiO2-VPA 341 3.68 

 

4.3 X-ray diffraction (XRD) Analysis 

The XRD analysis of the nanoparticulate materials was performed. In the literature the diffraction pattern of TiO2 has 

been studied different signals according to its brookite, anatase and rutile phases 76, however, it is possible observed 

in the diffractogram obtained (Figure4.5) it was only possible to detect some peaks moderately defined around     5 

◦ and 22◦; the peak located at 5◦ can be identified as a low angle peak, which usually suggests the existence of 

mesoporous structures 77, which are defined as those that have porous structures with diameters between 2 and 50 

nanometers; while the peak located at 22 ◦, according to Yin et al. 78 determine that exist an special characteristic 

that have mesoporous material that are amorphous structure. 

 
Maturana Sepúlveda 77 adds that diffraction patterns with poorly resolved and diffuse peaks are indicators of the 

amorphous characteristics of a material, as well as a low degree of structural ordering. When similarities are shown 

in the diffractograms corresponding to the matrices with the integrated drug (TiO2-DPHand TiO 2-VPA) with respect 

to the reference material (TiO2-REF), it is demonstrated that the drug was completely dispersed in the TiO2 matrix 79. 

 
It was observed that when the titania is synthesized by the sol-gel process, the concentration of each phase depends 

on the hydrolysis catalyst, the compounds used to functionalize, the time of addition of the dopants and the alkoxide, 

the metal compound and the reaction temperature well as the form of drying. 
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Figure 4.5: XRD patterns of TiO2 nanoparticles 

 

4.4 Descriptive Adsorption-Desorption of N2 (BET) Analysis 

The isotherms obtained were evaluated based on the IUPAC classification. 80 An isotherm type II was presented in 

all cases, and a hysteresis cycle classified as H3 (Figure4.6). Type II physisorption isotherms are described as 

characteristic of macroporous solids or non-porus. The upward slope of practically the whole of the isotherm is due 

to the adsorption in monolayer-multilayer on the surface stable, external of the solid, without the presence of 

micropores or mesopores. Also is characterized by not presenting a limit adsorption platform under high relative 

pressure conditions close to the saturation pressure. It is characteristic of materials composed of laminar particles, 

like clays, and flexible pores with slit type morphology. 81
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Figure 4.6: Pore size distribution: a)TiO2-DPH, b)TiO2-VPAand c)TiO 2-REF 

 
According to Saurí et al. 82 , when the pores are classified depending on size, in various sections are used in the part 

of porous materials. The pores is possible to classify in the nanometer scale respectively that micropores are in the 

range below 2 nm in diameter or mesopores is between 2-50 nm, by the larger pores are called macropores that is 

necessary to be stay in the range of 0.05-10 µm and exist a super pores between the range 10-1000 µm. As seen in 

figure4.7the pore size of the TiO 2-REF, TiO2-DPHand TiO 2-VPAmaterials was within the range between 2-50 nm, 

which confirms the mesoporous nature of the material obtained. 
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Figure 4.7: Pore size distribution: a)TiO2-REF, b)TiO2-DPHand c)TiO 2-VPA 
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Saurí et al. 82 add that the pore size not only works as a molecular selector, but also influences the kinetics of drug 

release, and load kinetics, since the amount adsorbed will depend on the surface area, so in general terms, large 

surface areas are preferred. The surface area of the materials obtained is presented in Table4.4, which are within the 

range of 300-400 m2 / g, which, according to Hartmann et al. 83 is considered as a relatively large value for surface 

areas, characteristic of mesoporous materials. 

 
In general, mesoporous materials are potential drug carriers because they have an ordered pore network that allows 

fine control of drug loading and releases kinetics; a high pore volume to accommodate the required amount of drug 

and a high surface area, which implies a high adsorption potential. These unique characteristics make mesoporous 

materials excellent candidates for controlled drug delivery systems. 84 Therefore, due to the mesoporous 

characteristics evidenced by the material (Table4.4), it can be affirmed that the nanostructured matrices synthesized 

possess the necessary characteristics to achieve a prolonged release of the incorporated antiepileptic drugs (DPH 

andVPA). 

Table 4.4: Surface area, volume and average pore size 

 

 Surface area m2/g Average pore volume cm3/g Average pore size nm 

TiO2-REF 409.2 0.185 6.8 

TiO2-DPH 340.8 0.127 8.2 

TiO2-VPA 362.5 0.146 6.6 

 

 
4.5 Transmission Electron Microscopy (TEM) Analysis 

The TEM analysis of the sample of the nanomaterial was the performance to obtain information on its morphology 

and particle size that the polymer presents, main characteristics in which the processes of nucleation and growth have 

critical roles at the moment of their synthesis. As seen in figure4.8, the TiO 2-REF and TiO2-DPH materials showed 

the formation of aggregates, a spherical form, porous morphology with clear zones showing their high dispersion in 

these samples, while figure4.8, corresponding to TiO 2-VPA, showed a tubular morphology, that is very different to 

the other forms respectively. 

 
Mehranpour et al. 85 mention that the formation of spherical nanostructures is by the theory of LaMer and adds that 

the average size of the particles depends on parameters such as temperature, and chemistry of the solution at moment 

to perform the synthesis of nanoparticles. Therefore, the spherical morphology of the TiO2-REF material figure 

4.8can be ascribed to the fact that it followed a nucleation and growth phenomenon according to LaMer; this also 

explains the size of the nanoparticulate aggregates observed in the samples of TiO2-REF and TiO2-DPH, which was 

between 50-100 nm, which coincides with the work done by Mehranpour et al. 86 ., et.al,in the which was reported a 
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particle size of around 50 nm, following a process of preparation of the nanostructured material of TiO2 based on 

the nucleation and growth proposed by LaMer mentions that are different factors that can affect in the morphology 

and size of particle can be to controlled. 

 
Figure4.8, show the morphological differences of the material loaded with valproic acid (TiO 2-VPA) and the one 

loaded with diphenylhydantoin (TiO2-DPH) with respect to the reference material (TiO2-REF) respectively, which 

is indicative of differences in their training mechanisms at moment to do the synthesis. This is explained due to their 

differences in the state of surface density, since the thermodynamically stable form of the TiO2 nanoparticles is very 

different, and can range from spherical and bar-shaped 86, and is affected by the synthesis conditions such as the 

temperature, chemical solution, pH, etc. Therefore, the morphology of TiO2-DPH indicates a formation mechanism 

based on LaMer, the slight morphological difference in TiO2-DPH structures with compare to TiO2-REF, in which 

a less spherical morphology was observed and more oval, can as ascribed to the difference in the state of surface 

density at react at the same process with the different of the antiepileptic. 

 
The change in the morphology of TiO2-VPAmaterial (Figure 19) was more evident when the formation of nanowires 

was observed at moment to analyze the images. This is explained by León Gabriel 87 , who mentions that any 

alteration in the parameters during the synthesis can lead to different processes of nucleation and growth of material, 

and adds that the development of nanorods or nanowires suggests a process of training based on Turkevich’s theory. 

In addition,  Gordel et al. 88  they add that the formation and assembly for  the formation of nanobars are due to  the 

electrostatic interactions between particles. López et al. 89 and Reedo et al. 90 have published the mechanisms 

involved in the formation of tubular structures, and mention that an important parameter for the formation of these 

is the drying Reedo et al. 90 , We can determine that a a principal factor is the temperature at moment to dry the 

synthesis, because, the forms of the nanoparticles can be necessary for the different applications that we need to use, 

adds that tubular TiO2 microstructures have generated interest for their potential as controlled release systems 

because this form can be better for different form to administrate the drug in the place that we need to put the principal 

mechanism action. 
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(a) TiO2-REF (b) TiO2-DPH 

 

(c) TiO2-VPA 

 
Figure 4.8: TEM Images: a)TiO2-REF, b)TiO2-DPHand c)TiO 2-VPA 
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4.6 In Vitro Release Kinetics Analysis 

The design of new systems that have been used today to control the release of drugs, it is essential that the mechanisms 

of action of the materials involved in the release of drugs must be understood in order to quantitatively predict the 

kinetics of drug release that has been achieved. used and analyzed in the area in which it will be used since the 

transport mechanism is connected to the speed of dissolution and the in vivo behavior of the formulations that have 

been used in its development.Saurí et al. 82
 

 
For this reason, the study of this nanostructured polymeric material of kinetic form of in vitro release was carried out, 

and its subsequent adjustment was carried out to different mathematical models to observe which one is approaching, 

of which the theoretical models of Zero Order, First Order, Higuchi, Hixson-Crowell and Korsmeyer-Peppas. figure 

4.9. 

 

 
 

 

 
Figure 4.9: DPH release profile from TiO2 matrix adjusted to model Korsmeyer-Peppas.(a) Chemical structure of the 

anticonvulsant drug phenytoin. (b) Image TiO2 reservoir prepared by compacting TiO2 powder with incorporated 

phenytoin using a hydraulic pill press 

 
When analyzing the experimental results obtained after theoretically adjusting the models used, it can be determined 

that the Korsmeyer - Peppas model, it is observed that the values of n calculated for the formulations containing 

DPH are approximated to 0.50. This means, according to Table 3.1 that the release of this drug studied follows 
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Fickian diffusion kinetics through the polymer matrix of the swollen nanomaterial and through the pores formed in 

the biomaterial once it comes in contact with the water immediately. In the results obtained in all the formulations 

after adjusting the model proposed by Korsmeyer - Peppas, the preponderance of the contribution of the Fickian 

type diffusion mechanism is clearly seen. In this way, the diffusion mechanism of the Fickian type prevails and not 

the relaxation of the polymer chains that exist at the time of controlled release, although the process to obtain an 

adequate adjustment must be constant and well determined and it was demonstrated that both the presence of pores 

within the compound, as the occurrence of a process of partial diffusion through the swollen polymer matrix was 

carried out through the channels formed within the developed biomaterial. 

 
As observed in Table 8, the mathematical model to which the matrix loaded with diphenylhydantoin (TiO2-DPH) was 

best adjusted was that of Korsmeyer-Peppas with a maximum r2 of 0.889 and an n < 0.5, which, according to Basak 

et al. 91 , it indicates that the drug’s mechanism publication, from the matrix, follows a quasi-Fickian phenomenon, 

which would mean that the main release mechanism is controlled by diffusion for this nanomaterial. The second 

model with the best fit can be observed it was that of Higuchi, according to Saurí et al. 92 is also indicative of a 

release mechanism by diffusion. 

 

Table 4.5: The Correlation Coefficient by Zero Order, 1st Order, Higuchi , Hixson-Crowell , Korsmeyer-Peppas , n 
 

 

The correlation coefficient obtained (r 2) of the controlled release when adjusting all the mathematical models 

proposed, at the moment of applying the zero-order model, it is possible to determine, it is not the most necessary 

to describe the release of DPH in these formulations because it should have a constant speed in its application what 

caul does not match. The models proposed by Higuchi in the year 1963, Korsmeyer in the year 1983 and Peppas  in 

the year 1985 present good adjustments since they have been developed over time and have been looking for a more 

appropriate solution in this development of release of materials. At the beginning, Higuchi mentioned that the 

release of the drug will only occur from one side of the release system when interacting with the solvent, while 

Peppas and Korsmeyer, in analyzing this proposal, consider that n is independent of the concentration of the drug, 

noting and determining that the equation was proposed only for use in systems where drug diffusion occurs through 

a polymer matrix. These authors established that in this matrix the phenomenon of swelling or contraction should 

not occur since this is generated in the polymer chain. The release of DPH takes place through a compound release 

system, formed by a polymer matrix exposed by the mathematical models proposed. 

Zero Order 1st Order Higuchi Hixson-Crowell 

G1 0.778  0.572  0.687 0.722 

G2 0.740 0.556 0.679 0.750 

G3 0.663 0.543 0.692 0.752 
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According to Table 4.5, the models proposed by Korsmeyer - Peppas showed good adjustments to the release profiles 

obtained emphasizing the preponderance of the contribution of the Fickian mechanism. Furthermore, this result is 

possible to determine that the predominant release mechanism is a diffusion mechanism of the Fickian type, although 

it is useful to demonstrate the phenomena in order to achieve a good fit. Therefore, the mechanism of release of the 

active principle from the nanostructured matrix is explained by the second law of Fick, with which it is proposed that 

first, the water enters the system and dissolves diphenylhydantoin, and then the dissolved diphenylhydantoin diffuses 

to outside the matrix system. 

 

Figure 4.10: Mechanism of release of diphenylhydantoin from the TiO2 matrix 

 
The physicochemical phenomena that occur in small gradients in water polymer concentration result in an interface 

constituted by water and water embedded in the matrix, this is considered the exact geometry of the release mechanism 

(film), in addition, a rate of constant release of drug, so it established that at high concentrations of the drug permit to 

lower initial rates of administration of the drug due to blockage of the pore mouth in the polymer matrix, producing 

changes in the concentration of the polymer and the drug,  due to an increase in the dimensions of the system.  The 

structural properties show that it is a mesoporous material, characteristics include the volume, size, and pores size 

distribution,  not all pores of the material are of identical size pore but also the distribution of sizes.   The   size of 

the pore is a very important property of these materials since it limits their capacity to adsorb and lodge molecules 

in the cavities small enough to penetrate inside.  This material is of amorphous mesoporous structure,  it is difficult 

to calculate the thickness of the morphology. This effect occurs by increasing the synthesis pH, the concentration 

of surfactant, or reducing the concentration of titanium in the synthesis gel. In general, diffusional processes require 

terms that are strongly dependent on time. With respect to mathematical models, those that best represent the 

mechanics of drug release at a slow speed should be chosen, which is independent of time but with a weak 

dependence on the morphology of the nanomaterial. 



 

 

 

 

 

 

 

 

 

 
 

Chapter 5 

 

Conclusions & Outlook 

 
The sol-gel chemistry represents a simple method to obtain mesoporous titanium nanoparticles, a characteristic that 

allows the development of controlled drug release systems. 

 
The analysis by FT-IR and UV-Vis showed the coupling of the functional groups coming from the materials needed 

in the synthesis, for the development of the gel, as well as the coupling of the drugs within the nanostructured matrix, 

without interfering in the structure of it. 

 
The XRD analysis verified the formation of the nanostructured characteristic of the materials synthesize, and together 

with the BET analysis that determined a pore size between 6 nm, attributed to interparticle pore formation. 

 
The TEM analysis reaffirmed the mesoporous nature of the nanostructures and showed that the materials possess 

adequate characteristics (porosity, good dispersion) to achieve a prolonged release of the incorporated antiepileptic 

drugs (DPH andvalproic acid (VPA)). 

 
The TEM analysis also showed the nanometric character (≺ 0.1 µm) and a LaMer-based formation mechanism in the 

TiO2-REF and TiO2-DPH aggregates due to their spherical morphology, and showed a different mechanism of 

nucleation and growth in TiO2-VPAnanostructures, as a tubular morphology was found, possibly influenced by the 

variations of parameters such as temperature and pH, during the synthesis carried out. 

 
The chemical composition, optical and electronic properties, as the size, shape, and state of dispersion determined 

the properties of the nanostructures and, therefore, were a key factor for the release mechanism of diphenylhydantoin 

benefits. 

 
In the study of release kinetics,  the coupling to the mathematical model of Korsmeyer-Peppas  showed  a kinetic  of 

the quasi-Fickian release of diphenylhydantoin, from the matrix, indicating a release mechanism led by drug 
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diffusion. On the whole, nanoparticles the formation of particulate aggregates, contribute to the synthesis of 

potential synthesized materials to achieve a controlled release of antiepileptic drugs, which allow the reduction of 

the therapeutic doses used, as well as a reduction of the adverse effects present in conventional release systems. 
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