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Abstract

This research targets to form a-topical Tenoxicam microemulsion by using different
combinations of lower amount of Tweens to stabilize the system. In this work, sugar
surfactant is used, such as Tween 80 (Polyoxyethylene (20) sorbitan monooleate). Also,
co-surfactant with short chain of alcohol like propylene glycol is used. The oil phase used
is castor oil and oleic acid. The aqueous phase used is the Tenoxicam dissolved in
0.INNaOH (water phase). Moreover, the study aims to prepare a co-crystal of Tenoxicam
as the active pharmaceutical ingredient, by using different co-solvents.

In this work, we studied at various temperature 25, 37 and 45°C, the impact of adding
different amounts of surfactants on the phase behaviour of the suggested system like
Tween 80. On other hand, it showed the effect of co-surfactant used (propylene glycol) on
the phase behaviour. Propylene glycol is used as tuning parameter for all ingredients and
clearly contributes in forming the microemulsion. The phase behaviour started as clear,
isotropic microemulsion upon the addition of as low as 4% water. This was analysed by
visual inspection and cross polarizer and dynamic light scattering. Lastly, this study
indicates a successful development of microemulsion formulations of Tenoxicam with
optimum characteristics.

In this research a study of co- crystallization with different diacids in various solvents were
done by using grinding techniques. The co-crystals produced here studied by using Fourier
Transform Infra-Red spectroscopy (FTIR), determination of the melting point and
solubility. The melting point of co-crystal changed to lower than pure Tenoxicam. The co-

crystals solubility showed a wide change from practically insoluble in water to soluble.
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Chapter one

Introduction



1. Introduction:

1.1 Microemulsions:

They are clear, transparent by microscope, low in viscosity, thermodynamically stable,
water and oil dispersions that would be stabilized by using surfactants and co-surfactants.
The term “microemulsion” means thermodynamically stable isotropically clear dispersion
of two immiscible liquids, like oil and water, they are stabilized by an interfacial thin film
of surfactant molecules. A microemulsion is rated to be a thermodynamically stable liquid
dispersion of an oil phase and water phase, with the combination of a surfactant. The
dispersed phase usually included small particles, with a size range of 5 nm-200 nm, and
has very low interfacial tension of (O/W). Microemulsions are transparent, with the reason
of that the droplet size is less than 25% of the wavelength of visible light. Microemulsion
can be produced readily and spontaneously, sometimes without needing high-energy input
[1, 2].
Three types of microemulsions could be formed according to their composition:
1- Oil in water microemulsions, the oil particles are dispersed in the continuous
aqueous phase, (O/W).
2- Water in oil microemulsions, the water particles are dispersed in the continuous
oil phase, (W/O).
3- Bi-continuous microemulsions, the micro ranges of oil and water are inter

dispersed inside the system.



The three types of microemulsions, the interface is stabilized by using surfactants and/or

co-surfactants as shown in Figure. 1 [3].

a

Oil-in-water microemulsion Water-in-oil microemulsion

Bicontinuous microemulsion

Figure. 1. emulsion micro structures:
(a) Oil-in-water, (b) Bi-continuous, and (c) Water-in-oil microemulsion

It is common that, the oil and water are not miscible together at the surrounding
temperature (ambient temperature); it needs a certain quantity of surfactant to solubilize
them [3]. It is known that, the non-ionic surfactants are selected because of their good
skin tolerance, low in irritation potential and toxicity, for example Poly sorbate 80
(Tween 80). Some of co-surfactants such as ethanol, propylene glycol are being
important in the formulation of microemulsions [4].

Microemulsion formulation has to be critical and strict in production, because of the high
number of degrees of freedom in any practical case [5].

Benefits of microemulsion over other dosage forms:

1- Increasing the rate amount of absorption.

2

Decreasing variability in absorption.
3- Powerful in solubilizing lipophilic drug.

4

Adding an aqueous dosage form for water insoluble drugs.

ol
1

Increasing bioavailability.

(o))
1

High effectivity in penetration of the drug moiety.

7- Powerful in taste masking.



8- Protect drugs in oil phase in O/W microemulsion from hydrolysis and oxidation.
9- Decreasing the amount of energy formulation requirement [6].

1.1.1 Microemulsion as drug carrier system:

One of the most important characters of microemulsions, they increase therapeutic efficacy
of the drug and reduce the volume of the drug delivery vehicle, thus, decreasing toxicity
side effects. The existence of surfactant promotes the permeability of the cell membrane,
which increases the rate of absorption. Moreover, to these advantages, microemulsions
could be administered to patients having problems swallowing solid dosage forms [6,7].

1.1.2 Method of drug delivery system:

The use of microemulsions as drug delivery system has a wide range area of researches
because of its amazing uses and benefits. Microemulsions supply powerful carrier system
for drug delivery with the reason of their stability, lower viscosity, high solubilization
capacity, transparency, easy in preparation, and high rate of diffusion and absorption with
the comparison to solvent without the surfactant system [8].

1.1.3 Topical drug delivery:

Topical drug delivery microemulsions could improve the transdermal drug delivery by the
following effects:

Microemulsions can provide highly solubullization ability to each lipophilic and
hydrophilic drugs, high quantity of drug can be loaded to the microemulsion, thus,
increases the concentration through the skin. The internal phase provides a constant
driving force of drug from the external phase to the skin and extends absorption. Thus,
with the diffusion of the drug to the skin provided from the external phase of the
microemulsion, the internal phase continuously keeps drug to the external phase which

makes it saturated with the drug [9].



Applications of topical microemulsions:
Microemulsions are offering delivery systems that enhance controlled or sustained drug
release for topical, per oral, percutaneous, and transdermal administration. Increasing
absorption of drugs, and limited the toxicity, are several advantages in the delivery
process, some of these applications:

1- Antifungal.

2- Antiviral.

3- Antioxidants [10].
1.1.4 Factors impacting drug release:

1- Amount of drug:

The large amount of drug integrated in the internal phase provides the development of a
concentration gradient between the internal and external phase, increasing the
thermodynamics of the drug and providing the diffusion of drug from the internal phase
into the skin layers [11].
2- Type and amount of surfactant:
There are different kinds of surfactants used in the topical microemulsions, for example oil
in water or water in oil. The non-ionic surfactants are favorited than the anionic or cationic
surfactants, because of their low irritation and toxicity on the skin. There is an inverse
relationship between the amount of surfactant and drug permeation, when increasing the
amount of surfactant, the thermodynamic activity of the drug system reduces [12,13].
3- Amount of alcohols:
Alcohols are used as skin penetration enhancers, and they are able to lower the
microemulsion melting point and have been known to disorganize the stratum corneum

lipid structure, enhancing the partitioning and permeation of drugs [14,15].



4- Amount of water:
At low water concentrations, all water molecules are used in hydrating the polar heads of
the surfactant molecule leaving no free water available for hydrating the stratum corneum,
thus affecting the permeation of both lipophilic as well as hydrophilic drug that provides a

strong force to push the drug molecules across skin layers [16,17].
1.2 Surfactants:

They are surface active agents with organic compounds contain at least one lyophilic
(solvent-loving) group and one lyophobic (grease-loving) group in the molecule. When the
solvent contains surfactant is water or an aqueous solution, then it is named as hydrophilic
"water loving" and as hydrophobic "grease loving". As a result, a surfactant contains at

least one non-polar group and one polar (or ionic) group, as shown in Figure. 2 [18].

L ] 1 |
water- grease-loving
loving

Figure. 2. Surfactant molecule

1.2.1 Surfactant film properties:

The mechanical features of a surfactant film of oil/water interface can be characterized by
three constant phenomenological: tension, bending rigidity, and spontaneous curvature.

Because they depend on the restrictions sensed by the film. These parameters control the
interfacial stability of the surfactant films which monitoring the thermodynamic properties
of microemulsions. This study includes phase behaviour, stability, and solubilisation
ability. The classification of surfactant is based on the nature of the hydrophilic part

(head), and the nature of the hydrophobic part (tail) [19].



1.2.2 Types of surfactants used to stabilize drug systems:

The ionic and non-ionic surfactants combination is favourite, because of their effectivity in
increasing the range of microemulsion region.

1. Non-ionic surfactants: the hydrophilic part with no charge, it derives its water

solubility from the polar groups such as sugars.

2. Zwitter ionic surfactants: amphoteric groups.

3. Cationic surfactants: hydrophilic part is a positive charge group.

4. Anionic surfactant: the hydrophilic part has a negatively charged group [19].
To choose a suitable surfactant for a certain application, an empirical numbering system
found to select the correct type of surfactant. This system is called the ‘hydrophile—
lipophile balance’ (HLB). Therefore, poly sorbate 80 (Tween 80) is selected in this project
preparation to achieve the drug product microemulsion formation since it has an
HLB=15.0 [19].
1.2.3 Self-assembled surfactant structures:
In aqueous solution dilute concentrations of surfactant act much as normal electrolytes, but
at higher concentrations very different behaviour results will be obtained. This behaviour
is explained in terms of the formation of organized aggregates of large numbers of
surfactant molecules called micelles as shown in Figure. 3. In which the lipophilic parts of
the surfactants will be associated in the interior of the aggregate leaving hydrophilic parts
to face the aqueous medium. Meanwhile, that happens at a specific higher surfactant
concentration, known as the critical micelle concentration (CMC). Besides, the physio-

chemical properties of surfactants vary markedly above and below the CMC value [20,21].
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CMC Surfactant concentration

Figure. 3. lllustration of a surfactant micelle

In addition, acting surfactants at oil/water interface forms a large number of self-
assembled structures depending on the type of surfactants Spherical normal micelles (L1)
are formed at high water content (oil/water), while reversed micelle (L2) are formed at
low water content (water/oil), between these two extremes different isotropic and
anisotropic liquid crystalline phases with decreased water content or increased
temperature or electrolyte concentration may be formed. The following sequence of
anisotropic liquid crystalline phase may take place for the surfactant systems as shown in

Figure. 4 [22].

Solid “Water in Oil” Mirror plane Ol in water”  Water

Reversed Micelle ) Reversed Hexagonal ) Lanjellar ) Hexagonal ) Micelle

) 1 T i
Cubic Cubic Cubic Cubic

Figure. 4. The idealized sequence of association structures of surfactants



1.2.4 Sugar-based surfactants:

Sugar-based surfactants are characterized by having the hydrophilic sugar head group and
the hydrophobic alkyl chain. This structural feature provides unique physicochemical
properties to these surfactants. Among the characteristic properties of Sugar-based
surfactants, a frequently remarked fact is that they can be produced from renewable
resources and exhibit excellent environmental behaviour, certainly, there is currently a
clear tendency to replace conventional surfactants with more environmentally good
naturally compounds. Although interest in Sugar based surfactant was traditionally, they
have recently become the object of increasing attention for many researchers. The
behaviour of Sugar-based surfactants is also critically influenced by the nature of the
substituent groups that are bounded to the individual monosaccharides. This substituent’s
can be of natural origin or semi natural quality. Whether they are natural or semi natural,
the classification of Sugar-based surfactants falls into one of five categories, based
primarily on the polysaccharide charge. These include: anionic, cationic, non-ionic,
amphoteric, and hydrophobically modified sugar based surfactants. It is clear from an
industrial perspective that only a few carbohydrates fulfill the criteria of price, quality, and
availability. Today, one of the most important sugar-based surfactants is sorbitan mono
oleate, which is used in pharmaceutical drugs such as polysorbate 80 (Tween 80), see

Figure. 5 [22].

@
{ \
YEO\/% A
0 \ OH
( / \ O/\//i;
HO{\/\OHO/\”}OH \
\ /Z \ y W+x+y+z:20 1

=

Figure. 5. Polyoxyethylene (20) sorbitan mono oleate (Tween 80)
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1.2.5 Alcohol conventional effects:

There are three effects of an alcohol additive in the formulation of microemulsion. At first,
it contributes to the general formulation as a co-surfactant slightly hydrophilic contribution
for methanol and ethanol; lipophilic contribution for n-butanol and longer linear alcohols.
Secondly, as a co-solvent. The alcohol will adsorb with the surfactant at the interface and
changes the overall interaction of the amphiphilic film with the adjacent solvents. The
longer alcohol chain will give the lower its tendency to act as co-surfactant, because it is
partly solubilised in the oil phase. As the alcohol mostly partitions into the water or oil
phase it behaves either as a co-solvent, when such alcohol co-solvents are present in small
proportion, they might not mix uniformly in the bulk of the oil or water phase and they
could exhibit a thirdly effect called lipophilic linker, as shown in Figure. 5 [22].

1.2.6 Co-surfactants:

They are used in association with surfactants which enable to reduce the interface tension
between oil and water to produce a microemulsion. The most used co-surfactants are the
medium chain alcohols, which reduce the tension and increase the liquidity of the oil-water
interface, increasing the stability of the system upon increasing the entropy for system.
Also medium chain alcohols, increase the movement of the surfactants for non-polar tail
region, and resulting in stabilizing the system with good formation of a microemulsion
[20].

1.3 Co-crystallization:

Co-crystallization changes formation of pharmaceutical ingredients, and the interactions of
molecules, it is regarded as one of the best alters to improve the drug properties. The main
concept of co-crystallization is to enhance the physical properties of the API in
pharmaceutical drugs, for example: solubility, stability and bioavailability, the chemical

properties of the APl would be the same. Several types of interactions can be constructed

10



by co-crystallization, like hydrogen bonding, pi-stacking, halogen bonding and Van der
Waals forces. Co-crystals offer the relationship between formation and chemical structure
of the conformer and API [23,24].

Sometimes solubility, poor rate of dissolution, stability and hygroscopisity have effects on
the therapeutic range of many pharmaceuticals drugs, and causes decreasing the value
marketing of a drug. Salts can be formed with significant design of new solids in the
pharmaceutical area which produced by several component of crystals such as solvates,
hydrates, and co-crystals as in Figure. 6. In pharmaceuticals the physiochemical properties

of API can be optimized by producing co-crystals through co-crystallization method [25].

AMORPHOUS

SOLID —» CRYSTALLINE —» SINGLE COMPONENT

MULTIPLE COMPONENT

SOLVATES

Y
HYDRATES
CO-CRYSTALS

SALTS] — » POLYMORPHS

Figure. 6. API solid form classification based on structure and composition

Co-crystallization associated by the competition of molecules between the same
molecules (homomers), and different molecules (heteromers). Hydrogen bonds
recommended the mainly molecular attraction in the drug systems in pharmaceutical, and
they are accountable for the production of networks of molecular with single component
crystals and their polymorph (the ability of a solid material to exist in more than one form

or crystal structure), or with multiple component crystals in the crystalline state [26].

11



1.3.1 Pharmaceutical co-crystallization:

Studying physical and chemical property in pharmaceutical helps in thinking to improve
these properties by co-crystallization which is similar to the crystal engineering and
pharmaceutical sciences [27,28].

Pharmaceutical co-crystallization is a technology used to determine and improve
properties of the API in drug systems to increase the chance of producing high number
forms of API in drugs. Crystal engineering studies could show that changing the physical
and technical properties of a drug ingredient by pharmaceutical co-crystal production
improves the performance of a drug with low solubility, increases enhancement of
dissolution rate, stability, moisture up take and compressibility without changing their
pharmacological configuration [29,30,31].

1.3.2 Co-crystal versus solvates:

They are different in the physical state of the isolated pure ingredients: if one ingredient is
a liquid at ambient temperature (room temperature), the crystals are assigned as solvates; if
both ingredients are solids at room temperature, the crystals are assigned as co-crystals
[32].

1.3.3 Characterization of co-crystals:

Characterization of co-crystals contains both structure which could be analysed by
(infrared spectroscopy, single crystal x-ray crystallography and powder x-ray diffraction),
and physical properties can be analysed by (melting point apparatus, differential scanning

calorimetry, thermogravimetric analysis and solubility test) [33,34,35].

1.4 Tenoxicam chemical structure:

Tenoxicam can be considered as nonsteroidal anti-inflammatory drug (NSAID) for

inflammation [36].

12



It is used for treatment of inflammatory disturbances such as rheumatoid arthritis and
osteoarthritis, but it is not favourite by oral route because of gastric ulcers problems that
may be produced [37,38].

To remove these undesirable effects, prevent first-pass metabolism, increase patient
compliance, and keep the drug plasma level more longer, it supposed to use the
transdermal route, thus development of Tenoxicam microemulsion can be used in local
treatment of skin inflammation and painful points of the body like bones, joints, and
muscles. This development increases the satisfaction of patients through using the topical
routes, and increases drug permeation by skin. There are many dermal vehicles including
chemical enhancers and solvents to reach these targets [39]. The chemical structure
formula of Tenoxicam is shown in Figure.7, and the molecular weight is 337.368 g/mol

[40]. The melting point is 208-211°C with decomposition. [64].

OH O =
S NG \N

/7 \\

OO

Figure.7. Tenoxicam chemical structure formula
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Chapter Two

2.1Literature Review
2.2Problem
2.3Research objectives

2.4Hypothesis
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2.1 Literature Review:

Microemulsion was first discovered by Hoar and Schulman in 1943. The first
microemulsion was prepared by dispersing oil to an aqueous solution containing surfactant
and co-surfactant (alcohol), thus produced stable and transparent microemulsion. These
microemulsions serve delivery systems which helps sustained and controlled drug release
for percutaneous, oral, topical, and transdermal administration [3].

Micoemulsion in the transdermal route administration prevents first-pass metabolism,
increased absorption of drugs, decreased toxicity, and increase patient satisfaction are the
most goals in this drug delivery process [46, 47, 48].

The microemulsions in transdermal flow proved highly solubilization for each lipophilic
and hydrophilic drugs. Thus produced highly thermodynamically stable activity through
skin. These microemulsions can play an important role in efficacy of the permeability of
the pharmaceutical drug into the skin, they act as transdermal permeation enhancers by
changing the structure of the stratum corneum [36, 41, 42, 44, 45].

Tenoxicam is a yellow crystalline powder, practically odourless, it melts with
decomposition at (208° - 211°C) [64].

It is insoluble in water and other organic solvents. In 95% ethanol at 25°C, its solubility is
nearly 0.05 g/100 mL, at 37°C in water the solubility is about 0.01 g/100 mL, Tenoxicam
has nonsteroidal anti-inflammatory and analgesic properties pharmacological behaviour
[43].

pKal= 5.3, pKa2 =1.1, Partition coefficient (octanol/water): 0.3 (pH 7.4); 3.5 (pH 1.2)
[67].

Tenoxicam is derived from piroxicam which is used to treat the inflammatory diseases,
stiffness, swelling, and painful produced from osteoarthritis, rheumatoid arthritis,

backache, and others .Tenoxicam could be found in different dosage forms like tablets,
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suppositories and injection. Every dosage form has its limitation combined to patient
satisfaction [51].

In addition, microemulsion products were found to be the best in maintaining
inflammatory pain comparison to traditional topical dosage forms. On other way, they
show highly efficiency equivalent to oral dosage forms. Improving formulation of
microemulsion can produce a topical delivery of Tenoxicam which is effective in
treatment of different inflammation requirements [51].

The dose of Tenoxicam is 20 mg / day by the oral route. It is distributed to the body tissues
poorly because of the nature of low lipophilic characterization, high level in ionization and
fully metabolism in liver [52].

To prevent the gastrointestinal tract irritation, decrease the toxicity of any system, easy in
administration route, increase the patient compliance and to increase the range of the
therapeutic effect, it is found that the skin is one of the most important approach to
administrate the drug. Skin is considered the largest organ of the human body which
supplies surface area of 1.5-2 m in adults body. To solve problems produced from the skin
membranes which serves as barrier that avoids absorption of several drugs, chemical
absorption enhancers, preparation of drug delivery systems, and microemulsions
formulation are being used. Topical microemulsions were suggested for drug delivery
systems for Tenoxicam [49, 50, 53, 54].

In Tenoxicam microemulsion products, which contain ethanol as co-surfactant produced
more absorption and flux through the skin than the products which contain propylene
glycol. On the other hand, using 10 % oleic acid displayed more flux than the 5 % oleic
acid formulations [55].

All researches showed that Tenoxicam has high solubility in oleic acid (0.8 mg/ mL).
Oleic acid showed high solubility and permeation capacity for Tenoxicam, which also can

serve as permeation enhancer for many other drugs [56].
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Microemulsions formulation of Tenoxicam showed high solubility in surfactants of Tween
20 and Tween 80, that were used together with oleic acid and isopropyl myristate (IPM)
oils [57].

Surfactants are used to reduce the interfacial tension between two surfaces to a very small
value, which produce easy process in dispersion of microemulsion formulations, and
forming a thin film can easily deform around the droplets to give correct curvature at the
interfacial site. Topical microemulsion of Tenoxicam depends on surfactants and co-
surfactants which are used as emulsifying agent and stability oxidative. The nonionic
surfactants such as Tween 20 and Tween 80 provide stable microemulsion with adding co-
surfactant, like short to medium chain of alcohols. The using of surfactant and co-
surfactant in drug delivery system produces very low interfacial tension on the surface.
Therefore, spontaneously with a small droplet in diameter of microemulsion. It is predicted
that, the nonionic surfactants are more favourite according to the HLB theory, thus, these
two ingredients were picked up because of their antioxidant and their emulsifying
properties [58].

It is important to have the drug highly soluble in oil phase in the preparation of
microemulsion, the non-ionic surfactants are selected because of their less toxicity, such as
Tween 80 has been selected because of its HLB value 15, which forms stable
microemulsion, the addition of co-surfactant like propylene glycol makes the bending
stress lower at the interface and form microemulsion [59].

In co-crystallization the modification of composition and the molecular interactions of
pharmaceutical ingredients can produce new drug properties and features. It depends on
the API and stoichiometric amount which could be appropriate to co-crystal former [23,
24]. Co-crystallization depends on hydrogen bonding which associate between the API of
neutral molecules and other ingredient, co-crystals described of several organic substances

by the years, and named as addition compounds, molecular complexes and hetero
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molecular co-crystals. Moreover, co-crystals can contain one or more solvent/water
molecules in the crystal network [60, 61].

Solubility plays an important role in the therapeutic activity of the drug, in the
pharmaceutical industry, the poorly soluble drugs are the most important task for the
formulators to increase the patients satisfaction. To solve this problem, many technologies
are used to increase the solubility such as microemulsion, self-emulsifying drug delivery
system and supercritical fluid strategy. Many factors can influence the solubility of drug,
like co-solvent water interaction, particle size reduction, complexes inclusion, dispersion
of solid, and polymorph modification. Studies showed that the melting point of 51% co-
crystals have melting points between API and conformers, 39% co-crystals have melting
points lower than API or conformer, 6% have higher melting points than API and
conformer, and 4% have the same melting points to API or conformer [62,29].
Co-crystallization was found at the end of 19™ century, by means of discovering the solid
state grinding as a method of preparing co-crystal, by adding few amounts of solvent
through the grinding, which has been used to increase the kinetics and extends the
formation of co-crystal and considering the solid-state grinding as an important method for
co-crystal preparation because of its simplicity [63].

The features of co-crystals can be characterized by using: x-ray diffraction, spectroscopic
methods such as FT-IR, solid state NMR spectroscopy which is used in differentiation in
similar structure with achiral and racemic co-crystals. Co-crystal was formed by targeting
the pyridinium NH™ cation and enolate anion, it produced two conformers of Tenoxicam in
the solid state, the co-crystals with weak phenols gives good solubility and dissolution
enhancement [64].

Tenoxicam showed poor solubility in water, ethanol, methanol and propylene glycol

(<1 mg/ml), the solubility increased with the less polar solvents. Some studies suggested
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polyethoxylated castor oil as a good solvent for insoluble drugs. On other hand,
Tenoxicam shows good solubility in DMSO with enhancement factor 985 (the ratio of
Tenoxicam solubility in 1 ml of solvent / Tenoxicam solubility in 1 ml of water at 25°Cat

atmospheric pressure) [67] .

2.2 Problem:

Microemulsions serve delivery systems which help sustained and controlled drug release
for topical administration by increasing absorption of drugs, decreased toxicity, and
increase patient satisfaction .Thus produced highly thermodynamically stable activity
through skin. Moreover, to these advantages, microemulsions could be administrated to
patients who have problems with swallowing solid dosage forms. When we develop a
process to enhance the solubility of Tenoxicam such as using microemulsion which could
be prepared by using a low-energy of emulsification method, based on the phase
behaviour. We must use these benefits for microemulsion and work to develop
productivity in order to improve the "Palestinian pharmaceutical industry” that increases
the patient satisfaction and compliance. We need to find such industries support from the
Palestinian ministries to adopt such these projects.

On other hand, the co-crystallization method supplies another enhancing for the solubility
of the drug, to produce more stable drug and to improve the bioavailability through the
skin. This engineering of co-crystal changing and adjusting the stability, bioavailability,
mechanical behaviour, solubility, disintegration, and rate of dissolution of the drug. It

deserves to adopt such these projects and apply in our Palestinian factories.

2.3 Research objectives:

The main goal of my research is to study the stability and phase diagram of Tenoxicam in
a therapeutic product, to produce stable, biocompatible microemulsion with Tenoxicam
and a sugar/nonionic surfactant like Tween 80, as well as a co-solvent such as ethanol,
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propylene glycol and water. The topical microemulsion therapeutic products are important
in drug delivery systems and therapy, which becomes more widespread. In addition, in this
research, we aim to prepare Tenoxicam co-crystal by using different diacids in various
solvents and using grinding techniques.

To obtain this formula there are many goals and objectives needed to be achieved:

1. To prepare phase diagram of the best components concentration for

microemulsion preparation.

2. To determine the surfactant ratios which have highly solublization capacity as

well as highly surfactant efficiency.

3. To identify and characterize the prepared microemulsion output results by these
instruments: dynamic light scattering, crossed polarizers and polarizing

microscope.

4. To identify the co-crystal output by using these instruments: FTIR, Differential

Scanning Calorimeter (DSC), Melting Point apparatus and solubility test.

2.4 Hypothesis:

All studies aimed to develop topical microemulsion therapeutic products that increase the
patient compliance. Studies show that the Tenoxicam used for the treatment of rheumatoid
arthritis, backache and pain, prolonged oral use of this drug is linked with gastrointestinal
adverse actions like peptic ulceration, thus needing the development as topical formulation
that could avoid the adverse effects and increase the patient compliance. The present study
aimed to develop microemulsion formulations of Tenoxicam for topical delivery at the
affected site. Microemulsion formulations were found to be the best in controlling
inflammation comparing to other topical dosage forms and showed efficacy compared to

oral formulation. Results suggest that the developed of microemulsion formulations may
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be used for effective topical delivery of Tenoxicam to treat different inflammatory
conditions [65].

Co-crystals have stable crystalline form, and no need to produce or break covalent bonds.
A pharmaceutical co-crystal can be prepared by crystal engineering with the purpose to get
better of the solid-state properties of an active ingredient pharmaceutical without
destroying its intrinsic structure. Crystal engineering aimed to be the design and growth of

crystalline molecular solids with the aim of influencing material properties [66].
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Chapter Three

Instrumentation and Methodology
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3. Instrumentation & Methodology:

3.1 Instrumentation:

Analytical balance (Precisal25-A), Vortex (VELP), culture tubes sealed with Viton lined
screw caps, sonicator, crossed polarizers, polarizer microscope, FTIR (AVATAR 320),

Melting point apparatus (BUCHI B-545).

3.2 Materials:

Tenoxicam (Sigma, Deal engineers), Ethanol 96% (shitzer), Acetone (Merck), Acetonitrile
(J.T.Baker), Isopropyl alcohol (Bio lab), Polysorbate 80 (Tween 80) (Seppic), Purified
water (Beit Jala Pharmaceutical), Castor oil (Gustav Heess), Oleic acid (Ultra-pure),
Dimethyl Sulfoxide (DMSO) (J.T.Baker), Chloroform (Merck), Dimethyl formamide
(DMF) (J.T.Baker), Sodium hydroxide (Merck), and Propylene glycol (Dow). Diacids
(Oxalic acid, Malonic acid, Succinic acid, L-Glutamic acid, Adipic acid, Suberic acid,
Azelaic acid, Sebacic acid and Benzoic acid) (Sigma) . All components used as supplied
and tested in Beit Jala Pharmaceutical Company.

3.3 Phase diagram Methodology:

3.3.1 Solubility of Tenoxicam:

Practically insoluble in water, sparingly soluble in methylene chloride, very slightly
soluble in anhydrous ethanol.

3.3.2 Constructing of phase diagram:

Each phase diagram consisting of different amounts of oleic acid and (Ethanol/ Tween 80
(1:1)) where Tween 80 used as surfactant, oleic acid and (Tween 80/ Propylene glycol
(1:1)) where, propylene glycol is used as co—surfactant, castor oil and (Ethanol/ Tween 80
(2:1)), castor oil and (Tween 80 / Propylene glycol (1:1)), in culture tubes sealed with

Viton lined screw caps and stirred by vortex until clear solution was obtained. See Table
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1-4 for each phase diagram tube components. These samples were titrated with the
(Aqueous + Tenoxicam) which added dropwise until its solubilization limit reached. See
Table 5 for each titration percentage required amount. Stirring followed after additions on
a Vortex mixer, the time for equilibration between each addition was typically, from a few
minutes up to 24 hours (therefore the reading will be taken after 24 hours). Each phase
diagram was investigated at three temperatures 25, 37 and 45°C and detecting the number
of phases by bare eye and the anisotropy by cross polarizer. The single isotropic sample
which will be dark under cross polarizer will be regarded to either cubic or micelle; which
can be distinguished by its viscosity. The anisotropic Lamellar liquid crystal and
hexagonal liquid crystal are determined by the cross polarizer and polarizing microscope.
The boundary of single phase was detected and four phase diagrams were installed, and
each phase was tested at three temperatures 25, 37 and 45 °C. Lastly, the phase diagram

was drawn by using Origin program.

Each phase diagram tube components:

Table 1 Phase diagraml1 components Table 2 Phase diagram 2 components
Tube # Oleic acid Ethanol/Tween Tube #| Oleic acid| Tween80/PG(g)

(9) 80(g)(1:1) (9) (1:1)
91 0.9076 0.1002 91 0.9044 0.1066
82 0.8011 0.2060 82 0.8037 0.2000
73 0.7050 0.3010 73 0.7074 0.3005
64 0.6089 0.4012 64 0.6065 0.4078
55 0.5039 0.5004 55 0.5000 0.5068
46 0.4001 0.6005 46 0.4068 0.6050
37 0.3033 0.6985 37 0.3072 0.7066
28 0.2005 0.8023 28 0.2038 0.8012
19 0.1002 0.8981 19 0.1008 0.9093
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Table 3 Phase diagram 3 components

. Ethanol/Tween
Tube # | Castor oil (g) 80(q) (1:1)
91 0.9003 0.1035
82 0.8043 0.2148
73 0.7032 0.3002
64 0.6027 0.4071
55 0.5081 0.5094
46 0.4023 0.6103
37 0.3011 0.7011
28 0.2044 0.8059
19 0.1007 0.9037

Table 4 Phase diagram 4 components

Tube # | Castor oil Tween80/PG
9 (9) (1:1)
91 0.9070 0.1043
82 0.8025 0.2123
73 0.7065 0.3104
64 0.6058 0.4030
55 0.5052 0.5005
46 0.4030 0.6162
37 0.3079 0.7043
28 0.2040 0.8017
19 0.0998 0.9030

Note: The tube # shows the amount of surfactant and oil components in each tube.

For example, tube # 91 contains 0.9g of oil and 0.1g of surfactant and co-

surfactant.
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Titration amount required in grams for each percentage:

Table 5 Titration percentage versus weight.

Total added weight Net weight
% (s)) Each interval (g)
4 0.0417 0.0417
8 0.0870 0.0453
12 0.1364 0.0494
16 0.1905 0.0541
20 0.2500 0.0595
24 0.3158 0.0658
28 0.3890 0.0732
32 0.4707 0.0817
36 0.5626 0.0919
40 0.6668 0.1042
44 0.7859 0.1191
48 0.9233 0.1374
52 1.0836 0.1603
56 1.2730 0.1894
60 1.5003 0.2273
64 1.7776 0.2773
68 2.1249 0.3473
72 2.5715 0.4466
76 3.1670 0.5955
80 4.0007 0.8337
84 5.2077 1.207
88 7.2910 2.0833
92 11.4577 4.1667
96 23.9577 12.500

3.3.2.1 Preparation of contents for pseudo phase diagram:

e Preparation of Tween 80:Propylene glycol (1:1):

Mix 50 ml of Tween 80 with 50ml of propylene glycol, keep them in culture tubes sealed

with Viton lined screw caps, and mixed by vortex until clear solution obtained.

e Preparation of Tween 80:Ethanol (1:1):

Mix 50 ml of Tween 80 with 50 ml of ethanol keep them in culture tubes sealed with

Viton lined screw caps, and mixed by vortex until clear solution obtained.
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e Preparation of the aqueous phase (the titrant used in titration):

Add 0.5 g of the API to 50 ml of water shake by stirring, adding dropwise about 20 ml of

(0.1N NaOH) to dissolve it to yellow clear colour, up to volume with water to 100 ml. keep

the solution in refrigerator to keep it stable.

3.3.2.2 Preparation of four microemulsion (5g) to be titrated gradually by

Tenoxicam:

e Phase 1: Prepare microemulsion by mixing about 0.5 g of oleic acid with 4.5 g
(Ethanol: Tween 80) (1:1) shake.

e Phase 2: Prepare microemulsion by mixing 0.5 g of oleic acid with 4.5 g (Tween 80:
Propylene glycol) (1:1), shake.

e Phase 3: Prepare microemulsion by mixing 0.5 g of castor oil with 4.5 g (Ethanol:
Tween 80) (1:1), shake.

e Phase 4: Prepare microemulsion by mixing 0.5 g of castor oil with 4.5 g (Tween 80:
Propylene glycol) (1:1), shake.

After that, keep each phase in culture tubes sealed with Viton lined screw caps, then add

gradually by weighing about 1mg of the API to each prepared phase, shake by Vortex,

keep them at 25, 37,and 45°C o study their stability for 24 hrs. Keep adding gradually the

API to each phase until producing saturated solution (turbid yellow solution).

3.4 Co-crystal Methodology:

Tenoxicam is considered as active pharmaceutical ingredients (API) in my work. The used

co-solvents are Ethanol, Acetone, Acetonitrile, Isopropyl alcohol, Dimethyl sulfoxide

(DMSO), Chloroform, Dimethyl formamide (DMF), each solvent used in the co-crystal

techniques (Grinding).

There are different techniques for co-crystal formation by using grinding, supercritical

fluids, and seeding methods. In mechanical co-crystal synthesis, stoichiometric ratios of
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active pharmaceutical ingredients (API) are mechanically agitated (such as grinding in a
mill) to induce phase transformations from a physical mixture into co-crystal. Drops of
solvent, which are considered as plasticizers, have been shown to impact the crystallization
outcome. Mechanical methods are often favoured due to their speed, procedural
simplicity, and potential in chemistry. We tested individually FTIR spectroscopy for each
pure diacids, and Tenoxicam by using KBr salt to compare them with the co-crystals we
will obtain lately.

4.4.1 Grinding (mechanical) Co-crystal technique:

Weigh each diacid with the API according to Table 6 which shows the molar ratio
between the API and each diacid in mg (1:1), mixing them by stirring rod, adding few
drops (about 3 drops) from each solvent used, leave them to dry, collect the dried powder
into culture tubes sealed with Viton lined screw caps. After that, add from each solvent
used in order to dissolve the collected dry powder, shaking by Vortex. Allow to stand, and
start gradually to evaporate at room temperature, and collect the crystals to be tested
individually for FTIR spectroscopy by using KBr salt and compared with the pure diacids
and the API spectrum that were tested before the beginning, also, testing the melting point
for the produced crystals, and testing the solubility in water .

Table 6 The molar ratio between 33.74 mg API and acids weight (1:1)

. Molar mass F_or 33'?4 mg API
# Acid Formula Acids weight for 1:1
g/mole )
molar ratio
1 | Oxalic acid C2H204 90.03 9.0mg
2 | Malonic acid C3H40a4 104.0615 10.4mg
3 | Succinic acid C4HsO4 118.09 11.8 mg
4 | L-Glutamic acid CsHgNO,4 147.13 14.7 mg
5 | Adipic acid CsH1004 146.1412 14.6 mg
6 | Suberic acid CsH1404 174.2 17.4 mg
7 | Azelaic acid CoH1604 188.22 18.8mg
8 | Sebacic acid C10H1804 202.2475 20.2mg
9 | Benzoic acid C7HeO2 122.123 12.21mg
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Chapter Four

Results and Discussion
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4. Results and Discussions:

4.1 Microemulsion phase diagram results:

The results of our study indicate development of successful microemulsion formulations of
Tenoxicam with optimum characteristics.

In the preparation of the API /water (aqueous phase), we use alkali solution (NaOH),
because Tenoxicam has good solubility at neutral pH, solubility decreases with decrease
pH, and increases in basic pH.

4.1.1 Pseudo phase diagram # 1 at 25°C, 37°C, and 45°C:

Ethanol with Tween 80 in the ratio (1:1) and oleic acid demonstrates that the
microemulsion was obtained and started as single, clear isotropic and not shiny solution by
the crossed polarizers upon the addition of 4% aqueous /API solution in the tube #55
which contains 0.5g of ethanol and Tween 80 (1:1), and 0.5g oleic acid. The
microemulsion remains the same with increasing temperature which refers to the fact that
the nonionic surfactant used is soluble in the aqueous /API solution. Since, oleic acid is
insoluble in the aqueous /API solution, therefore, Tween 80 with ethanol (1:1) is used as
tuning parameter for all ingredients and contributes clearly in forming the microemulsion
for the tube #55 up to 64% of the aqueous /API solution. Thus, an increase in the
temperature will not effect on the nonionic surfactant micelle structure (W/O). As shown in

Figure. 8 pseudo ternary phase diagram at all studied temperature conditions.
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Figure. 8. Pseudo phase diagram 1

4.1.2 Pseudo phase diagram # 2 at 25°C, 37°C, and 45°C:

Propylene glycol with Tween 80 in the ratio (1:1) and oleic acid demonstrates that the
microemulsion was obtained and started as single, clear isotropic and not shiny solution by
the crossed polarizers upon the addition of 4% aqueous /API solution in the tube #37
which contains 0.7g Tween 80 with propylene glycol in the ratio (1:1) and 0.3 g oleic acid.
The microemulsion remains the same with increasing temperature which refers to the fact
that the nonionic surfactant used is soluble in the aqueous /API solution. Since, oleic acid
is insoluble in the aqueous /API solution therefore, Tween80 with propylene glycol (1:1) is
used as tuning parameter for all ingredients and contributes clearly in forming the
microemulsion for the tube #37 up to 44% of the aqueous /API solution. Thus, an increase
in the temperature will not effect on the nonionic surfactant micelle structure (W/O). As

shown in Figure. 9 pseudo ternary phase diagram at all studied temperature conditions.
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Figure. 9. Pseudo phase diagram 2

4.1.3 Pseudo phase diagram # 3 at 25°C, 37°C, and 45°C:

Ethanol with Tween 80 in the ratio (1:1) and castor oil, no microemulsion observed, castor
oil is a bulk huge viscous chemical structure causing a wide turbid region, which prevents
the formation of microemulsion.

4.1.4 Pseudo phase diagram # 4 at 25°C, 37°C, and 45°C:

Propylene glycol with Tween 80 in the ratio (1:1) and castor oil demonstrates that the
microemulsion was obtained and started as single, clear isotropic and not shiny solution by
the crossed polarizers upon the addition of 4% aqueous /API solution in the tube #19
which contains 0.9g Tween 80 with propylene glycol in the ratio (1:1) and 0.1 g castor oil.
The microemulsion remains the same with increasing temperature which refers to the fact
that the nonionic surfactant used is soluble in the aqueous /API solution. Since, castor oil is
insoluble in the aqueous /API solution, therefore, Tween80 with propylene glycol (1:1) is

used as tuning parameter for all ingredients and contributes clearly in forming the
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microemulsion for the tube #19 of 4% of the aqueous /API solution .Thus, an increase in
the temperature will not have an effect on the nonionic surfactant micelle structure (w/o).
As shown in Figure. 10 pseudo ternary phase diagram at all studied temperature

conditions.

Castor oil

PG+Tween8( ) ) AqeouseAP|

Figure. 10. Pseudo phase diagram 4

4.1.5 Titrating gradually of Tenoxicam to 5g prepared microemulsion:

Adding gradually about 40 mg of the API to each microemulsion gives transparent, clear
yellow, stable, isotropic, thermodynamically stable microemulsion at temperature 25°C,
37°C, and 45°C. Each phase was viscous, but phases (2&4) were more viscous than phases
(1& 3), as shown in Figure. 11 because they are contain propylene glycol which gives

thickness and increase the viscosity.
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Figure. 11. The clarity of microemulsion (containing 40 mg of the API) 0.8 % ( w/w).

The best concentration obtained from these microemulsions is 0.8% (about 0.04g API/5g
microemulsion) and pH about 6.0, as shown in the following Table 7.

Table 7 pH and concentration % (by weight).

Concentration %(by
Phase # pH )
weight)
Phase #1 5.727 0.818%
Phase #2 5.880 0.852%
Phase #3 6.218 0.812%
Phase #4 6.408 0.824%

Adding further quantity of Tenoxicam (about 5mg) to the 0.8% for each microemulsion, it

became turbid yellow solution and produced yellow precipitate, as shown in Figure. 12.
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Figure. 12. Turbid yellow solutions with precipitate, when we added 5 mg of Tenoxicam

to the 0.8% (0.04g/5g microemulsion).

The percentage of the API in each ternary pseudo phase diagram as the following:

1- In phase diagram #1 in (tube #55 ) at the 8% addition of the aqueous phase (the
titrant used is 0.5g of the AP1/100ml of water ) gives 0.04% of concentration of the
API in the microemulsion (0.5g AP1/100ml water x % of addition) , but in (tube
#46) at 32% addition gives 0.16%, also in (tube #37) at 36% addition gives 0.18%,
at the addition of 32% in (tube #28) gives 0.16%, and in (tube#19) at 64% addition
gives 0.32% .

2- In phase diagram #2 in (tube #37) at the addition of 4% gives 0.02%, but in (tube
#28) at 32% addition gives 0.16%, in (tube #19) at 44% addition gives 0.22%.

3- In phase diagram #4 in (tube #19) at 4% addition gives 0.02%.
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4.2 Co-crystal results:

4.2.1 Grinding (mechanical) Co-crystal technique:

No crystals produced from the grinding (mechanical) technique with co-solvent of
Ethanol, Acetonitrile, Acetone, and Isopropyl alcohol.

Also, the solutions which were prepared with co-solvent of DMSO and DMF, no
evaporation happened because of their high boiling points, 189 °C for DMSO and 152 -

154°C for DMF, which shown in Figure. 13.
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Figure. 13. Solutions with co-solvent of DMSO and DMF, no evaporation happened.

When co-solvent was used of chloroform, not all the grinded diacid with the API produced

co-crystal ( oxalic acid, malonic acid, succinic acid, adipic acid), as in Figure. 14.



In benzoic acid no co-crystal produced because the hydrogen bonding will have a high
energy and will be strong, leading to weak bonding and not stable co-crystal, as in Figure.

14.

Figure. 14. No co-crystal produced with chloroform co-solvent

Only I- glutamic acid, azelaic acid, sebacic acid and suberic acid, gave yellow co-crystals
with chloroform which used as co—solvent, as shown in Figure. 15-18, the hydroxyl group
in these diacids will be differentiated and fluctuation of hydrogen bonding will invite, and
leading to bonding with hydrogen bonding in the API and forming stable co-crystal. After
that, we tested them individually by FTIR spectroscopy using KBr disc and compared the
result with the pure samples spectrum for each diacid and Tenoxicam that was tested

before the beginning of grinding.
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Figure. 15. L-Glutamic acid/API co-crystal in chloroform co-solvent.

Figure. 16. Azelaic acid/API co-crystal in chloroform co-solvent.

Figure. 17. Sebacic acid/API co-crystal in chloroform co-solvent.
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Figure. 18. Suberic acid/API co-crystal in chloroform co-solvent.

The co-crystals produced in the chloroform co-solvent tested by using FTIR showing
merged API. We compared the major peaks produced with the pure API’s spectrums as
shown in Figure. 19, and the wavenumber shifted in the co-crystal spectrums as the

following Table 8.

Table 8 Wavenumber degree shift in cm™ for the major peaks

Solvent Chloroform co-solvent
Wavenumber degree shift in cm™ for major peaks
Di acid 1637 | 1598 | 1556 | 1495 | 1428 | 1389 | 1327 | 1292 | 1243 | 1202 | 1151 | 1043
Azelaic acid +7 +3 +2 -7 +6 -3 +8 +5 +2 -1 -4 -4
L-glutamic acid +7 +3 +3 -7 +6 -3 +8 +5 +2 -1 4 -4
Sebacic acid +7 +4 +5 -7 -7 -3 +8 +7 +1 1 4 )
Suberic acid +6 +4 +4 -6 -7 -2 - +5 +2 -2 4
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The FTIR spectrum for the pure active pharmaceutical ingredient API of

Tenoxicam:
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Figure. 19. Pure Tenoxicam FTIR spectrum

40



4.2.2 Co-crystal solubility in water:
In Table 9 which provides the solubility requirements according to the general United
State Pharmacopeia.

Table 9 United State Pharmacopeia solubility criteria

Parts of solvent required for
Classification one part of solute
(between 15°C and 25°C)
Very soluble Less than 1part
Freely soluble 1- 10 parts
Soluble 10 — 30 parts
Sparingly soluble 30-100 parts
Slightly soluble 100 — 1000 parts
Very slightly soluble 1000 — 10000 parts
Practically insoluble >10000 parts

Tenoxicam is practically insoluble in water and very slightly soluble in ethanol (96 per
cent). The most important goal in co-crystallization method is to improve the solubility of
the Tenoxicam in the pharmaceutical drugs. We tested the solubility in water for each co-
crystal as the following result:

We weighed about 5 mg from each co-crystal into 10ml volumetric flask, adding gradually
0.1 ml of water, sonicate for 10 min, it doesn’t dissolve totally. The solution was
transferred to 25 ml volumetric flask, adding gradually 0.1 ml of water, sonicate another
15 min, it doesn’t dissolve totally. Finally, the solution was added to 50ml volumetric
flask and was added gradually 0.1 ml of water, sonicate for 15 min, it was dissolved totally
to be the volume 40ml of water. They were compared to 5 mg of pure Tenoxicam

dissolved in the same volume of water 40 ml.

As a result, the solubility of the Tenoxicam was 14.1mg in 1000ml of water, according to

the co-crystal we obtained and tested the solubility in water, it gives solubility of 5 mg/ 40

41



ml in water, which gives indication a new compound is produced with new properties as

shown in Figure. 20.

Figure. 20. The clarity of solubility of 5 mg of co-crystal/ 40 ml of water, compared to 5

mg of solubility of Tenoxicam / 40ml of water.

4.2.3 The co-crystal melting point:
Tenoxicam is a pharmaceutical API, its melting point is 208-2011°C, the expected new co-
crystal formed would have melting point to be different from the API and the diacid,
which forms the co-crystals, the following Table 10, shows the melting points for API,
diacids and the produced co-crystals:

Table 10 Melting point results:

Material name Melting point Description of
(°C) Melting
Tenoxicam (API) 205.8-206.1 Decomposition
Azelaic acid (diacid) 105.2-108.0 Colorless liquid
Suberic acid (diacid) 141.4-141.8 Colorless liquid
L-Glutamic acid (diacid) 192.0-192.2 Colorless liquid
Sebacic acid (diacid) 133.2-133.5 Colorless liquid
Azelaic acid-Tenoxicam co-crystal 171.2-179.1 Decomposition
Suberic acid- Tenoxicam co-crystal 178.0-180.0 Decomposition
L-Glutamic acid-Tenoxicam co-crystal 176.1-183.4 Decomposition
Sebacic acid- Tenoxicam co-crystal 178.0-180.8 Decomposition

According to the previous results, there is different variation of the co-crystal melting

point, which is based on the goal of the active ingredient concentration and based on the
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molar ratio for each co-crystal tested. On other hand, there is a wide clear change in the
melting point for the co-crystal produced, which means new form produced (consists of
merging the

API with diacid), by using the co-solvent of chloroform.

Note: for data results print out refer to the Figures. 21&22 in the list of appendices.
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5. Conclusion:

My research used one of the most important sugar-based surfactants, sorbitan esters, which
is used in pharmaceutical drugs such as polysorbate 80 (Tween 80), and the structural
feature provides unique physicochemical properties to these surfactants. On other hand,
the co-surfactant with short chain of alcohol like propylene glycol was used as tuning
parameter for all ingredients and contributes clearly in forming the microemulsion. Also,
the addition of different amounts of short chain of co-surfactants helps in the initiation of
formation of drug product microemulsion in the formula of water, propylene glycol, and
Tween 80. The microemulsion in the four phases diagram obtained gives clear isotropic,
and not shiny solution upon the addition of 4% at 25, 37 and 45°C temperatures, the
microemulsion remains the same at three temperatures, and up to 100% aqueous addition,
successfully, the increase in the temperature will not have an effect on the nonionic
surfactant micelle structure (W/O).

The co-crystal produced from the grinding technique in the chloroform co-solvent was
tested by using FTIR, melting point and the solubility in water, which gives successful
results and obvious yellow co-crystal. It also showed amazing improvement in the

properties of the Tenoxicam, which increases the solubility in water.
6. Future work:

Determining the lattice structure for the obtained co-crystal of the new complex structure
by using x-ray diffraction.
Determining solid state NMR of the co- crystal and compare with solid state of pure API

and diacids.

44



7. References:

1. Chen, J., Ma, X. H., Yao, G. L., Zhang, W. T., & Zhao, Y. (2018). .2 .2 .2
Microemulsion-based anthocyanin systems: effect of surfactants, cosurfactants, and
its stability. International journal of food properties, 21(1), 1152-1165.

2. Callender, S. P., Mathews, J. A., Kobernyk, K., & Wettig, S. D. (2017).
Microemulsion utility in pharmaceuticals: Implications for multi-drug delivery.
International journal of pharmaceutics, 526(1-2), 425-442.

3. Kale, S. N., & Deore, S. L. (2017). Emulsion micro emulsion and nano emulsion: a
review. Systematic Reviews in Pharmacy, 8(1), 39.

4. Lechuga, M., Fernandez-Serrano, M., Jurado, E., Nufiez-Olea, J., & Rios, F. (2016).
Acute toxicity of anionic and non-ionic surfactants to aquatic organisms.
Ecotoxicology and environmental safety, 125, 1-8.

5. Buhr, D. L., Acca, F. E., Holland, E. G., Johnson, K., Maksymiuk, G. M., Vaill, A.,
& Kiss, M. M. (2012). Use of micro-emulsion technology for the directed evolution
of antibodies. Methods, 58(1), 28-33.

6. Mishra, A., Panola, R., & Rana, A. C. (2014). Microemulsions: As drug delivery
system. J. Sci Innov Res, 3(4), 467-474.

7. Sintov, A. C., & Botner, S. (2006). Transdermal drug delivery using microemulsion
and aqueous systems: influence of skin storage conditions on the in vitro permeability
of diclofenac from aqueous vehicle systems. International Journal of
Pharmaceutics, 311(1-2), 55-62.

8. Callender, S. P., Mathews, J. A., Kobernyk, K. & Wettig, S. D. (2017).
Microemulsion utility in pharmaceuticals: Implications for multi-drug delivery.

International journal of pharmaceutics, 526(1-2), 425-442.

45



10.

11.

12.

13.

14.

15.

16.

Alkilani, A., McCrudden, M. T., & Donnelly, R. (2015). Transdermal drug delivery:
innovative pharmaceutical developments based on disruption of the barrier properties
of the stratum corneum. Pharmaceutics, 7(4), 438-470.

Constable, D. J., Dunn, P. J., Hayler, J. D., Humphrey, G. R., Leazer Jr, J. L.,
Linderman, R. J.,, & Zaks, A. (2007). Key green chemistry research areas—a
perspective from pharmaceutical manufacturers. Green Chemistry, 9(5), 411420.
Kemken, J., Ziegler, A., & Miller, B. W. (1992). Influence of supersaturation on the
pharmacodynamic effect of bupranolol after dermal administration using
microemulsions as vehicle. Pharmaceutical research, 9(4), 554-558.

Contri, R. V., Fiel, L. A., Alnasif, N., Pohlmann, A. R., Guterres, S. S., &
SchéferKorting, M. (2016). Skin penetration and dermal tolerability of acrylic
nanocapsules: influence of the surface charge and a chitosan gel used as vehicle.
International journal of pharmaceutics, 507(1-2), 12-20..

Malmsten, M. (2002). Surfactants and polymers in drug delivery. CRC Press.

Fox, L. T., Gerber, M., Plessis, J. D., & Hamman, J. H. (2011). Transdermal drug
delivery enhancement by compounds of natural origin. Molecules, 16(12),
1050710540.

Mittal, A., Sara, U. V. S., Ali, A., & Aqil, M. (2009). Status of fatty acids as skin
penetration enhancers-a review. Current drug delivery, 6(3), 274-279.

Zhang, J., & Michniak-Kohn, B. (2011). Investigation of microemulsion
microstructures and their relationship to transdermal permeation of model drugs:
ketoprofen, lidocaine, and caffeine. International journal of pharmaceutics,

421(1), 34-44.

46



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Prakash, D., Singh, A. P., Katiyar, N. S., Pathak, K., & Pathak, D. (2016).
Penetration enhancers: adjuvants in transdermal drug delivery system. World
Journal of Pharmacy and Pharmaceutical Sciences, 5(5), 353-376.

Farn, R. J. (Ed.). (2008). Chemistry and technology of surfactants. John Wiley &
Sons.

Komal, R. (2018). self microemulsifying drug delivery system-a.

Lawrence, M. J. (1994). Surfactant systems: microemulsions and vesicles as vehicles
for drug delivery. European journal of drug metabolism and pharmacokinetics,
19(3), 257-269.

Schramm, L. L., Stasiuk, E. N., & Marangoni, D. G. (2003). 2 Surfactants and their
applications. Annual Reports Section' C"(Physical Chemistry), 99, 3-48.
Malmsten, M. (2007). Phase transformations in self-assembly systems for drug
delivery applications. Journal of dispersion science and technology, 28(1), 63-72.
Bavishi, D. D., & Borkhataria, C. H. (2016). Spring and parachute: how cocrystals
enhance solubility. Progress in Crystal Growth and Characterization of
Materials, 62 (3), 1-8.

Das, P., Maity, A., & Yeluri, U. K. (2018). Co-crystals—A Rising horizon for
formulating poorly soluble drugs. continuum, 2, 5.

Jones, W., Motherwell, W. S., & Trask, A. V. (2006). Pharmaceutical cocrystals: an
emerging approach to physical property enhancement. MRS bulletin, 31(11),
875879.

Hadjittofis, E., Isbell, M. A., Karde, V., Varghese, S., Ghoroi, C., & Heng, J. Y.
(2018). Influences of crystal anisotropy in pharmaceutical process development.

Pharmaceutical research, 35(5), 100.

47



217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Schultheiss, N., & Newman, A. (2009). Pharmaceutical cocrystals and their
physicochemical properties. Crystal growth and design, 9(6), 2950-2967.

Tiekink, E. R., & Vittal, J. J. (Eds.). (2006). Frontiers in crystal engineering.
Chichester, UK: Wiley.

Kumar, S. (2018). Pharmaceutical Cocrystals: An Overview. Indian Journal of
Pharmaceutical Sciences, 79(6), 858-871.

Siraj, S. N., Hiteshkumar, A. S., Khan, G. J.,, & Jameelahmed, S. A. (2019).
Pharmaceutical Cocrystals: Modern solubility enhancement approach based on
crystal engineering. Current Pharma Research, 9(3), 3078-3085.

Almarsson, O., & Zaworotko, M. J. (2004). Crystal engineering of the composition of
pharmaceutical phases. Do pharmaceutical co-crystals represent a new path to
improved medicines? Chemical communications, (17), 1889-1896.

Callear, S. (2008). Preparation, characterisation and structural analysis of salts and
co-crystals of organic compounds (Doctoral dissertation, University of
Southampton).

Wenger, M., & Bernstein, J. (2008). An alternate crystal form of gabapentin: a
cocrystal with oxalic acid. Crystal Growth and Design, 8(5), 1595-1598.

Vioglio, P. C., Chierotti, M. R., & Gobetto, R. (2017). Pharmaceutical aspects of salt
and cocrystal forms of APIs and characterization challenges. Advanced drug
delivery reviews, 117, 86-110.

Pindelska, E., Sokal, A., & Kolodziejski, W. (2017). Pharmaceutical cocrystals, salts
and polymorphs: Advanced characterization techniques. Advanced drug delivery
reviews, 117, 111-146.

Goindi, S., Narula, M., & Kalra, A. (2016). Microemulsion-based topical hydrogels

of tenoxicam for treatment of arthritis. Aaps Pharmscitech, 17(3), 597-606.

48



37.

38.

39.

40.

41.

42.

43.

44,

Sandilands, E. A., & Bateman, D. N. (2016). Non-steroidal anti-inflammatory drugs.
Medicine, 44(3), 185-186

Aslam, 1., ARSHAD, A. I, MAHMOOD, A., Sarfraz, R. M., KASHIF, M.,
CHAUDHARY, M. T., ... & AKHTAR, N. (2015). Development and Ex-Vivo
Evaluation of Tenoxicam Based Microemulsion Using Rabbit Skin. Latin American
Journal of Pharmacy, 34(4), 790-6.

Changez, M., & Varshney, M. (2000). Aerosol-OT microemulsions as transdermal
carriers of tetracaine hydrochloride. Drug development and industrial pharmacy,
26(5), 507-512.

Patel, J. R., Carlton, R. A., Needham, T. E., Chichester, C. O., & Vogt, F. G. (2012).
Preparation, structural analysis, and properties of tenoxicam cocrystals.
International journal of pharmaceutics, 436(1-2), 685-706.

Darwish, M. K., & Foad, M. M. (2009). Enhancement of the dissolution profile of
Tenoxicam by a solid dispersion technique and its analytical evaluation using HPLC.
Drug discoveries & therapeutics, 3(1).

Rai, V. K., Mishra, N., Yadav, K. S., & Yadav, N. P. (2018). Nanoemulsion as
pharmaceutical carrier for dermal and transdermal drug delivery: Formulation
development, stability issues, basic considerations and applications. Journal of
controlled release, 270, 203-225.

Shankarrao, P. R., Shivaji, A. B., Gorakhnath, K. K., & Vainath, S. R. (2017).
formulation and evaluation of tenoxicam orally disintegrating tablet.
Al-mahallawi, A. M., Abdelbary, A. A., & Aburahma, M. H. (2015). Investigating
the potential of employing bilosomes as a novel vesicular carrier for transdermal

delivery of tenoxicam. International journal of pharmaceutics, 485(1-2), 329340.

49



45.

46.

47.

48.

49,

50.

51.

52.

Kim, K. S., & Simon, L. (2011). Modeling and design of transdermal drug delivery
patches containing an external heating device. Computers & Chemical
Engineering, 35(6), 1152-1163.

Paudel, K. S., Milewski, M., Swadley, C. L., Brogden, N. K., Ghosh, P., &
Stinchcomb, A. L. (2010). Challenges and opportunities in dermal/transdermal
delivery. Therapeutic delivery, 1(1), 109-131.

Antonoaea, P., Todoran, N., Rédai, E., Ciurba, A., Bogdan, C., Moldovan, M., &
Muntean, D. L. (2017). Evaluation of mechanical properties of nonsteroidal
antiinflammatory matrix type transdermal therapeutic systems. Acta Medica
Marisiensis, 63(2), 56-61.

Beverley J T, Barrie C F. (2004) Transdermal drug delivery: the inherent challenges
and technological advancements. Drug Discov Today, 9(16):697-703.

El-Hennawy, M. G., Halim, S. A. A., Badawy, A., & Effat, M. A. (2013).
Preparation, Characterization and Evaluation of Tenoxicam Gels and Microemulsion
Gels for Topical Drug Delivery. Inventi Rapid: Pharm Tech.

Dhamecha, D. L., Rathi, A. A., Saifee, M. A. R. I. A, Lahoti, S. R., & Dehghan, M.
H. G. (2009). Drug vehicle based approaches of penetration enhancement.
International Journal of Pharmacy and Pharmaceutical Sciences, 1(1), 24-46.
Jiménez, J. J., Mufioz, B. E., Sanchez, M. |., & Pardo, R. (2018). Forced and
longterm degradation assays of tenoxicam, piroxicam and meloxicam in river water.
Degradation products and adsorption to sediment. Chemosphere, 191, 903-910.
Nilsen, O. G. (1994). Clinical pharmacokinetics of tenoxicam. Clinical

pharmacokinetics, 26(1), 16-43.

50



53.

54,

55.

56.

S7.

58.

59.

60.

61.

Park, E. S., Cui, Y., Yun, B. J., Ko, I. J., & Chi, S. C. (2005). Transdermal delivery
of piroxicam using microemulsions. Archives of pharmacal research, 28(2),
243248.

Thakur, S., Riyaz, B., Patil, A., Kaur, A., Kapoor, B., & Mishra, V. (2018). Novel
drug delivery systems for NSAIDs in management of rheumatoid arthritis: An
overview. Biomedicine & Pharmacotherapy, 106, 1011-1023.

Panda, S. N. (2006). studies on spectral behaviour of some dyes in amphiphilic
system.

Gwak, H. S., & Chun, I. K. (2002). Effect of vehicles and penetration enhancers on
the in vitro percutaneous absorption of tenoxicam through hairless mouse skin.
International journal of pharmaceutics, 236(1-2), 57-64.

Sharma, P., Namdev, A., Agrawal, D., Khinchi, M., & Soni, S. (2015). Formulation
and Evaluation of Nanoemulsion Gel of Tenoxicam For Topical Application. Asian
Journal of Pharmaceutical Research and Development, 44-53.

Grampurohit, N., Ravikumar, P., & Mallya, R. (2011). Microemulsions for topical
use—a review. Ind J Pharm Edu Res, 45(1), 100-107.

Laili, C. R., & Hamdan, S. (2015). Phase Diagrams of W/O Microemulsion
Stabilised by Non-ionic Surfactants to be Used as Templates for Microemulsion
Polymerisation. Oriental Journal of Chemistry, 31(3), 1595-1599.

Kavanagh, O. N., Croker, D. M., Walker, G. M., & Zaworotko, M. J. (2018).
Pharmaceutical cocrystals: from serendipity to design to application. Drug discovery
today.

Peterson, M. L., Hickey, M. B., Zaworotko, M. J., & Almarsson, O. (2006).
Expanding the scope of crystal form evaluation in pharmaceutical science. J Pharm

Pharm Sci, 9(3), 317-326.

51



62.

63.

64.

65.

66.

67.

68.

Blagden, N., de Matas, M., Gavan, P. T., & York, P. (2007). Crystal engineering of
active pharmaceutical ingredients to improve solubility and dissolution rates.
Advanced drug delivery reviews, 59(7), 617-630.

Friscic, T., & Jones, W. (2009). Recent advances in understanding the mechanism of
cocrystal formation via grinding. Crystal Growth and Design, 9(3), 1621-1637.
Bolla, G., Sanphui, P., & Nangia, A. (2013). Solubility advantage of tenoxicam
phenolic cocrystals compared to salts. Crystal Growth & Design, 13(5), 1988-2003.
Ammar, H. O., Ghorab, M., EI-Nahhas, S. A., & Higazy, I. M. (2011). Proniosomes
as a carrier system for transdermal delivery of tenoxicam. International journal of
pharmaceutics, 405(1-2), 142-152.

Peterson, M. L., Hickey, M. B., Zaworotko, M. J., & Almarsson, O. (2006).
Expanding the scope of crystal form evaluation in pharmaceutical science. J Pharm
Pharm Sci, 9(3), 317-326.

Yeh, M. K., Chang, L. C., & Chiou, A. H. J. (2009). Improving tenoxicam solubility
and bioavailability by cosolvent system. AAPS PharmSciTech, 10 (1), 166-171.
Al-Obaid, A. M., & Mian, M. S. (1993). Tenoxicam. In Analytical profiles of drug

substances and excipients (Vol. 22, pp. 431-459). Academic Press.

52



T oAbl Al A8y aladial g alSunS g2 o (g gy 1aa B e il jay it
Aaadiaal) (aleal

QLS i 3o dana Lga 400U 2as)

AUS 23]l g gyl 1 )

gl o daaa gisal 1 AU G e

: padlal)

e e Sliia (e (goting Clatiine JCG e mite jpaaad Al oda Caa g
Jal laeS; Adlide LS e alasiuly (Topical) dmaiasel) dgalal) ()Yl &llay (Tenoxicam)
ialal (20) ol (Sl As) 80 st aSye aladind a3 (sl 1aa 8 . (Tweens) o
(e Byl Al aa (Co-surfactant) <lyy&ll cudall axdiy Lad -(Surfactant) (¢t sl
go Al Gy o aadiddl ol eda . (Propylene  glycol) JsSide cplug ) Jia Jgasl)
b ol S in s sl Ll shay .(Oleic acid) LisY) (mess (Castor oil)
dac) A Al o2 Caags ey e 3es (0.1 N NaOH) asmseall auSs ) Jslas
AS i) lpdall alasiuly @llyy dddads 4 ana @iliSaS (Tenoxicam) (e < jidall Jlig <)
LAaliadl)

LS A8la) il (Agie dayn (455 37 ¢25) daliss By cilays Al a3 (Jad) 128
Al e el aUatl) (e Adajall @l e (Surfactant) Tween 80 S jall (e 4dlisg
Aol Ao (JsSile clugyl) aatiiall elyyall Cudall Al 30 duhall oda Cyelal ¢g)al

QS A msans gy )AY) LSl apen Janal adiing sgd oz yial) aUaill 3 Al )

53



oaibadl) aage (38 alaiie Aanaly alail) 3 dda ) ol Ty pial) Calaisd) cliia
(cross polarizer) Uasiu¥) yue s ¢(visual Inspection) syl Gari@ll 3yl e Llilas
-(dynamic light scattering)  Ssalisall ¢ gual) Cilsig

e (Tenoxicam) (ye« juoa clat e oSl mals He b 1) A uhll oda e oyl
il ailasl

el i) sl Ayl 8 Rendinal) A REA ciluial) (e paadl 38 Ay 5 ¢elly ) ALYl
A3 Ll 8 Al AS ) bl L Aol Gk e aysta sl e
Melting ) Jleai¥) As)y (s «(Fourier Transform Infrared) ¢)yasll st dai) Galilas
O S8 ()5S0 AS 55 Bys W gl Aapa y33 a5 (Solubility) Glisi) <l s «(point
Ol AL 8 Ty 1ss AS 8l bl 8 LAl AL e lal Iy ¢ o) s i

Ol ALE ) el llee LA ALG e

54



Appendices

55



Appendix 1:

FTIR spectrum for grinding techniques for pure diacid used
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Adipic Acid
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Azelaic Acid
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Appendix 2:

FTIR spectrum for grinding techniques in chloroform co-solvent molar ratio (1:1)
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L-Glutamic acid/ API co-crystal
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