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mt The mass of active ingredient at time “t”

Mi Initial mass of the active ingredient.

vd The volume of the dilution flask in ml

VT The volume of the release liquid contained in the bottle in ml




Mm The molar mass of the principle of the active ingredient
(g/mol)
mt ¢ mass of the galenic form at time “t” of weighing
mO initial mass of the “dry” dosage form.
Yield%o Yield.
M.H Mueller-Hinton
mm Milli-meter
Re Rference
Ge Generic
PO Per-o0s
FDA Food and drug administration
Gl Gastro-intestinal
v Intravenous
IM Intramuscular
SC Subcutaneous

Immediate-release
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Introduction:

Polymers have evolved progressively in many fields, especially in the pharmaceutical
field, “polymeric drugs”, due to the need for performance, safety and efficacy in medical
treatments. The most widely used polymers for Pharmaceutical applications are
polysaccharides: Celluloses, chitins and chitosans, alginates and starches, due to their nature,
biodegradability/degradability and biocompatibility [1].

As early as the 1950s, polymers were used as excipients in solid formulations [2], and
between 1970 and 1980 the emergence of controlled-release polymers such as
polymethacrylates or lactide-glycolide copolymers (PLGA), as well as cellulose-derived
polymers, led to the development of sustained-release pharmaceutical forms [3] .After the
1990s, their role expanded with the advent of nanotechnology, which enabled new techniques
to target the location of drugs in the body (specialized).

In this new pharmaceuticals forms the drug is dispersed in the matrix polymer and the
release of this active principle (PA) into the body is done by its diffusion through the polymer,
the factors influence this process are: the speed of penetration of the liquid into the galenic
form and the dissolution of the active principle.

Amoxicillin is a widely an antibacterial antibiotic from beta lactams family especially
from penicillin’s, this type of antibiotic is active against many type of bacteria especially the
gram-negative bacteria which is a type of strong bacteria [4].it is used to treat bacterial
infections of ear , nose ,lungs ,sinusitis ...[4-8].

The objective of this work is to find a new pharmaceutical form for oral administration
followed by microbial study to reduce the number of drugs taken in the pharmaceutical field
.for the purpose we made tablets with the active principle (AMX) and polymers which are
derivative from cellulose: Ethylcellulose (EC) and Hydroxypropyl-methylcelulose (HPMC).

This work was followed by the study of the release of the active principle (AMX) in
two pH media (1.2 stomach and 7.4 intestinal ) ;the prepared tablets were characterized by
FTIR and XRD followed by biological study against the referenced bacterial strains .

In our work, we have chosen amoxicillin as an active ingredient widely used in
pharmacological field and polymers: Ethylcellulose (EC) and hydroxypropyl-methycellulose
(HPMC) because they are non-toxic and used in marketed drugs.

The bibliographic part is includes two chapters:
» The first chapter will be about generality of pharmacology and types of drugs either
the different galenic forms or the drug delivery systems.
» The second chapter describes the types of antibiotics and generality about them also
information about the active principle (AMX) and it’s mode of action.
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» The experimental part contains three sub-parts:

o First part concerned the synthesis of tablets based on active principle AMX and two
types of polymers: the first two formulations were made by Ethylcellulose (EC) by
different weight and the third formulation was made by Hydroxypropyl-
methylcellulose (HPMC).

o Second part includes the Kkinetic study of release of the active ingredient
“Amoxicillin”.

o Third part is characterizing of tablets by different analysis techniques: IR, XRD.

> The fourth part followed by the biological study of prepared tablets with respect to the
referenced bacterial strains.
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I- Pharmacology :

I.1. Definition and history:

The word "pharmacology” is derived from the Greek word "pharmakon," which means
both poison and remedy [1-3].Pharmacology is the study of how chemicals can alter the
functions of living things. Because its primary original aim was to give treatments a scientific
basis, the subject really evolved in a more specialized sector. Pharmacology originated later
than the other medical sciences because its study requires a sufficient understanding of the
normal functioning of the organism (physiology) and the perturbations of these caused by
ilinesses (pathology) [4].

The goal of general pharmacology is to study the nature of the chemical reactions
that occur when drugs act on cells. The obvious way to do this is to use physicochemical
methods. However, any such attempt immediately raises the following fundamental
difficulties. First, the structure of the simplest cell is much more complex than any system
studied by a physical chemist. This complexity greatly reduces the ability for simple
quantitative estimates. Even if we know that the binding of a certain number of molecules to
a cell will cause a certain dysfunction, we still do not know that the observed effect is
determined by the proportion of bound drug. Moreover, in most cases, the entry of drugs
into cells is a complex process involving the adsorption and binding of molecules [4].

With the creation of Rudolf Buchheim as a professor at the University of Dorpat in
1847, pharmacology emerged as a separate scientific discipline. In 1869, he was succeeded by
his student, Oswald Schmiedeberg, who made important advances in the field, such as
creating experimental techniques for medical research [5].

In 1872, Schmiedeberg was appointed professor at the University of Strassbourg,
where he educated a number of aspiring pharmacologists. Teofilo Hernando, one of his
students, introduced pharmacology as a separate science in Spanish universities at the
beginning of the 20th century, demonstrating his influence outside of Germany [5].
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Figure 2: principal fields of pharmacology research.

There are two major categories into which chemical actions can be separated.
Understanding how drugs act as chemicals on specific organisms, particularly humans and
domestic animals, is the goal of medical pharmacology and toxicology, which is the first (left)
field. Both positive and negative effects are present the subject of pharmacokinetics talk about

medicament absorption, elimination and distribution .on the other part there

pharmacodynamic which concern the actions of chemicals on organism. Environmental
toxicology, the second domain (right) is focused on how chemicals affect all living things and

how long they can survive as a species and in groups [6].
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1.2. General Principles of pharmacology:
1.2.1. Nature of drugs:

Drugs are substances that alter biological processes by means of chemical
interactions. Usually, they function as either antagonists (inhibitors) or agonists (activators) of
particular receptors. Additionally, some medications may interact with water molecules or
other medications. Drugs can be synthetic (xenobiotics) or natural (hormones), and poisons
are substances that have negative effects. Toxins are biologically derived poisons [6, 10].

1.2-2.Drug’s physical characteristics:

For any medicines that interacts with his receptor, it must have the right
composition, form, electric charge, and size. Other than this, this drug needs to move from his
administration site to the action site and be eliminated or inactivated in the special place. The
form of medicament, solid, liquid, or gaseous, influences the way it is administered [6, 10].

1.2.3. Drug Reactivity and Receptor Bonds:

Covalent electrostatic, or hydrophobic, bonds allow drugs to interact with
receptors. Strong and regularly reversible covalent bonds result in long-lasting effects even
after the drug is eliminated from the body, as is the case with aspirin's interaction with
cyclooxygenase [6, 10].

I1. Drugs:

The word "medicine” is Latin. Medicinal: Drug [1].Any material or combination of
materials advertised as having the ability to treat or prevent disease in humans or animals, as
well as any material or combination of materials that may be used in or administered to
humans or animals in order to make a medical diagnosis or to restore, correct, or modify their
physiological functions through the action of pharmacological, immunological, or metabolic
mechanisms [11].

I1.1-origin of drugs: There are several sources of drugs [1].

I1.1.1.Natural:

a) Vegetable: This technique focuses on the use of plants (phytotherapy),
whole plants (tea), or essential oils. They extract from alkaloids (quinine and morphine) and
heterosides (digitalis) the active principles [1, 9].

b) Animal: They use blood and plasma of humans and animals, the active
principles are extracted from hormones and enzymes. (insulin from the pancreas and heparin
from the lungs) [1, 9].

c) Mineral: water, clay, bicarbonate of Ca+, iodine, and sodium chloride are
used like active principles [1, 9].

11.1.2.Synthetic or artificial:

vl
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There are diverse medicines made by synthesis; they have the same effect as natural
medicines when they are fixed on special receptors (ex: sulfamides, chloramphenical)[1, 9].

11.1.3.Semi-artificial or semi-synthetic:

An inactive natural substance can be modified by chemicals in a laboratory
into medicines. This is how a series of hemi-synthetic penicillins were obtained from the
amino acid amino_6_penicillium [1, 9].

11.2-Composition of medicines (drugs) : (Galenic forms) :
11.2.1.Active principle (PA):

The active principle: medicines react with one or diverse active principles
destined for the pharmacological action. It is the part of the medicine that gives curative
properties or preventive properties and the principal component for medicine (obligatory) [1,
9, 12].

11.2.2.Adjuvant:

A molecule or substance added to the active principle to enhance its
pharmacological effect in parallel with the PA; ex. (local anesthetic combined with
vasoconstrictor) [1].

11.2.3.Excipient :

An inert material called an excipient is used in drug formulation to give the
active pharmaceutical ingredient (API) a suitable medicinal form and guarantee its uniform
distribution. Its main functions include making the drug preparation process easier,
guaranteeing chemical stability, and making sure the drugs compatible with the body, other
excipients, and the active ingredient [1, 12].

To prevent negative effects like allergic reactions or intolerance (such as
lactose intolerance), the excipient needs to be non-reactive, chemically stable, and inert.
Depending on the therapeutic needs, it may affect the drug's release rate, encouraging either a
slow or rapid release. The amount of the excipient is denoted as "QSP" (quantity sufficient to
form one unit of the active ingredient) in the drug's composition. The excipient is still a
secondary, optional component of the drug's composition, despite its significance [1, 12].

Macromolecules are used as excipients because of their diverse functions
like binding, lubrication, disintegration, and stabilization. These excipients include natural,
semi synthetic, and synthetic polymers, such as sodium alginate, chitosan, cellulose
derivatives, polyethylene glycols, and xanthangum. Multifunctional polymers,which also
offer properties like mucoadhesion, enzyme inhibition, and improved drug absorption, are
increasing utilized across various drug delivery routes[13].

Designation Trade name Supplier

Polyvinyl alcohol PVA SRP80O® Merck

-
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Sodium alginate Protanal PH6160® FMC Biopolymer

Protanal CR8223®

Manucol LKX®

Propylene glycol alginate Kelcoloid K3B426®

Pregelatinized corn starch + | LAB 4435® Asahi kasei chemicals
mannitol

Ethyl cellulose Ethocel 10 CP® Colorcon

HPMC (hypromellose) Benecel KAMDC® Ashland

Table 1: synthesis of the tested functional excipients [12].

11.2.3.1-excipient origins :

-Among the five animal sources of excipients are lactose, gelatin, stearic
acid, bee wax, honey, musk, lanolin, and others [14].

-Sources of vegetables include starch, guargum, peppermint, turmeric,
arginates, acacia, and more [14].

-Calcium phosphate, silica, talc, calamine, asbestos, kaolin, paraffin, and
soforth are examples of mineral sources [14].

-Synthetic: polyethylene glycols, polysorbates, lacticacid, boricacid, saccharin and povidone
[14].

I11.Drugs classification :

Therapeutic and pharmacological properties are the base of drugs classification. this
system of classification reflect on both therapeutic classes (based on pathology treated) and

pharmacological classes (based on drugs pharmacological actions) [1].

I11.1. Therapeutic classes:
We sad that this class based on the diseases they treat [1].

I11. 2.Pharmacological classes:

Into each therapeutic class drugs are divided by theirs pharmacological

actions (how they affect on the body) [1]. For example: the "Anti-infectives" are incloded in
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therapeutic class,we have pharmacological classes like antibiotics ;antiseptics ;antiparasitics

;antifungals and antivirals. [1].

I11.3.Pharmacological categories :

These are subcategories into each pharmacological class. Example: in
antibiotics we have categories like: beta-lactams ,macrolides and tetracyclines. [1].

I11.4.Pharmacological groups :

Subdivision into each pharmacological category. Ex: into Beta-lactams,
there are groups like penicillins and cephalosporins. due to this complexity some drugs are
related to one specific family,while others may belong to several like aspirin. [1].

-Examples of Therapeutic Families:

Antibiotic family Examples
Anesthetics (painkiller) Ketamine
Analgesics: a painkiller also Codeine
Sedatives : soothing effect on organs Diazipam
Antiperitics: these drugs are used against | Aspirin
fever

Anti-inflammatories : against inflammation loratadine
Anti-biotics : assault bacteria penicillin
Antivirals: react against viruses Aciclovir
Antiparasitics : they react against parasites Chloroquine

Antifungals : used against allergies

Ketoconazole

Anti-emetics, which act against vomiting

Domperidone

=
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Laxatives, which stimulated efecation Lactulose
Cough-suppressants, which combat coughing | Ephedrine
Bronchodilators, which dilate the bronchial | Theophylline
tubes

Mucolytics, which thin bronchial secretions | Chymopsine
expectorants, which increase bronchial | Eucalyptol
secretions

Anti-hypertensives, which combat | Clonidine
hypertension

Diuretics, to increase urine secretion | Lasilix
(diuresis)

Psychotropic drugs for the treatment of
psychiatric illnesses (neuroleptics,
anxiolytics, antidepressants, hypnotics...)

-Antidepressants, which treat depression ,e.g :
fluoxetine.

-anxiolytics, which reduce anxietye,e.g:
dbromazine.
-Neuroleptics, which reduce psychotic

symptoms,e.g: chlorpromazine.
-Hypnotics, which induce sleep (sleeping
pills) ex: thiopental

Table 2: families of antibiotics [1].

IV. Classification of dosage forms:

IV.1.Solid dosage forms:

(E.g.: tablets, capsules, suppositories) must disintegrate to release the drug.
Disintegration of a dosage form may be impaired under certain conditions (e.g., dry mouth
due to aging, disease, or concomitant medications slows the dissolution of a nitro glycerin
tablet). On the other hand, a drug may be specially formulated to disintegrate only in certain
parts of the gastro-intestinal (GI) tract (e.g., enteric-coated tablets disintegrate in the small
intestine), to protect the drug from stomach acid (e.g., erythromycin), or to protect the

stomach from irritating drugs (e.g., enteric-coated aspirin). Tablets and capsules can also be
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formulated to release the drug slowly (controlled-release, extended-release, or sustained-
release formulations) and extend its duration of action. Extended-release formulations are
particularly useful for drugs that have a very short duration of action [15].

IV.1.1.Polymer formulations:

Are special classes of solid dosage forms that incorporate the drug into a
matrix and then gradually release the drug over an extended period of time or at a specific
site.Examples include transdermal patches and drug-eluting stents. New polymer formulations
for intravenous (V) drug delivery are also being developed [15].

1VV.2.Semi-solid formulations:

Include creams, ointments, and pastes. These formulations are often applied
topically to the skin and require the drug to be released and diffused through the skin [15].

IV.3. Liquid formulations:

Can be suspensions or solutions that do not require the formulation to dissolve
and therefore are often more easily absorbed than solid formulations. Suspensions or solutions
are also beneficial for patients who are unable to swallow tablets or capsules. The drug in a
suspension is not dissolved in the liquid carrier. Therefore, the drug must first dissolve before
it can be absorbed. The drug in a solution is already dissolved. Therefore, solutions are often
absorbed faster than suspensions. Drug solutions can also be injected directly into the
bloodstream [15].

V.Different pharmaceutical forms:

-The dosage form of a drug (also called galenic form) must enable the active ingredient to
reach the target organ as quickly and effectively as possible. This is an important aspect of
medicine, as the right method of administration means greater effectiveness and lower
risks. The dosage form is chosen by the doctor based on the site of action, duration of action
(immediate, delayed) and patient (adult, child) [16-18]. There are many different
pharmaceuticle forms. The most known are:

- Oral, administered by mouth

- Injectable, administered by injection

- Dermal, applied to the skin

- Inhalation, administered by aerosol

- Rectal, inserted through the rectum [16-18].
V.1.0ral dosage forms:

-Oral dosage forms are the most commonly used. They account for 80% of dosage
forms [16-18].

V.1.1.Tablets:
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-Tablets are preparations of different shapes and appearances, which consist of a
mixture of active ingredients and excipients [19].Compressed from a powder. To ensure
durability and mask the taste, tablets are often surrounded by a film or coating (film) [16-
18].

Tablet type Coating Decomposition time | Examples

Bactrim®
Film-coated Very thin polymer <30 min -

film
Film-coated Thicker coating, Brufen®
Often colored
<60 min
Dragee Sugar-based
<60 min

Table 3 : types of tablets [19].
-there are several types of tablets:

V.1.1.a.Enteric-coated tablets: are designed to dissolve in the intestines
and not be broken down by gastric juices. They must be swallowed whole. Extended-release
tablets release their active ingredient gradually, reducing the daily dose. Tablets should be
swallowed with water, except for certain types of tablets, such as effervescent or dispersible
tablets, which should be dissolved in water, or sublingual tablets, which dissolve under the
tongue for a quick onset of action. Lozenges are used to treat mouth and throat problems
[16-18].

V.1.1.b.Capsules: consist of two gelatin shells containing a powder and
are also swallowed with water, but can be opened to release their contents if necessary.
Some capsules release their active ingredient gradually. They are not suitable for children
under 6 years of age [16-18].

V.1.1.c. Liquid forms such as syrups and drinking solutions are more
suitable for children and allow for adjusted doses. Oral suspensions should be shaken well
before use [16-18].

V.2.Dermal forms: medecines are applied tipically or systimically to the skin in
dermal forms; including ointments,creams,gels,solutions and powders[16-18].

V.3.Transdermal devices:
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Dermal forms Patches and other transdermal devices enable the active ingredient to
gradually enter the bloodstream through the skin. You can wear patches for a few days.
dermal forms The Medicines Agency advises against cutting the patch unless instructed,
seeking advice from a physician or pharmacist regarding patch application location, and
switching the patch application site every day to avoid irritation in order to prevent
medication errors. Since poisoning has been documented, especially with nicotine patches, it
is crucial to keep patches out of children's reach. It’s important to disclose wearing the patch
during medical exams because it may result in burns during defibrillation or MRI.
Additionally, since the sun and hot sports can accelerate the release of the active ingredient
into the bloodstream, you should stay away from sources of extreme heat [16, 17, 18, 20].

V.4.Injectable :

-Injections are used when certain active ingredients such as insulin, heparin or
vaccines cannot be absorbed by the intestine. They are also chosen for their rapid and
intense effect. Depending on the product, injections can be intramuscular, subcutaneous or
intravenous. They are available in different forms: solution in ampoules, prefilled syringes,
prefilled pens or dissolving powders [38].

V.5.Administration forms for the nose, ears and eyes:

Are also common. Nasal drops are administered in the form of drops or sprays, ear
drops should be used in the supine position and can be warmed, while eye drops are instilled
into the lower eyelid and must be stored properly [16-18].

V.6.Inhalation forms :

-For the treatment of respiratory diseases such as asthma deliver drug particles
directly into the bronchi. Aerosols with metered valves or powder devices facilitate
administration, and a demonstration of use is recommended to ensure correct use [16-18,
21].

V.7.Rectal forms : Suppositories are used to treat people who have trouble swallowing
medication or to treat certain rectal or anal conditions topically. They should be stored away
from heat. Enemas should be injected into the rectum using a cannula attached to a slightly
elevated container [16-18].

V.8.Vaginal forms : Ovules, vaginal capsules, and vaginal tablets are preparations for
topical treatment of certain vaginal conditions. The ovule is inserted into the vagina in a
lying position. If it melts, you may experience an uncomfortable discharge [16-18].

-
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Figure 3: Different pharmaceutical forms
a).Tablets b).Injectable c¢).Transdermal patch

d).syrup

V1. Routes of drugs administration:

-The process of introducing a medication, liquid, or other substance into the body is
known as a route of administration. Usually categorized according to the site of application,
these routes can be local (topical, ocular) or systemic (oral, intravenous). While local routes
focus on particular regions for localized effects, systemic routes transport medications into the
bloodstream for distribution throughout the body [26-28].

VI1.1.0ral:
The stomach or intestines absorb drugs after they are swallowed. Often used for
convenience, but bioavailability is decreased by the first-pass effect. such as Tablets,
capsules, syrups .they are easy to administer but they have a variable absorption [29-31].

V1.2.Sublingual:
Located beneath the tongue to avoid the Gl tract and absorb directly into the blood
stream [30].
V1.3. Buccal:
Stored within the cheek for oral mucosal absorption [30].
V1.4. Rectal:
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Given by enemas or suppositories. It helps to partially avoid first-pass metabolism
when oral administration is not feasible [30].
VL.5. Intravenous Routes (1V)
These include injections and avoid the Gl tract: Intravenous (1V): Administered
straight into a vein for accurate dosage and prompt action Directly into a vein
They have a rapid effect and a precise dosing; But they Requires medical supervision and the
risk of infection [30-31].
V1.6. Intramuscular (IM):
Injectable into the muscles, such as the buttocks or thighs. Blood flow to the muscle
IS necessary for absorption. They are known by theirs slower absorption and they are Suitable
for large volumes, but they are painful [30-31].

IVV.7.Subcutaneous (SC):

Injected under the skin for gradual absorption, they are easy to administer, suitable

for self-injection,But they have Slower absorption compared to 1V [30-31].
IV. 8. Intrathecal:

Injected into the spinal canal for central nervous system effects, they have a local

effect on the spinal cord but they requires precise methods [30-31].
IV.9. Inhalation route:

The drug is inhaled into the lungs and rapidly absorbed through the alveoli, they
have a rapid absorption and they are suitable for respiratory conditions but they require
specialized equipments [30-31].

IV.10. Nasal route:

The drug is administered through the nasal cavity and absorbed through the nasal
mucosa, they are rapidly absorbed but they are limited to certain drugs [30-31].

IV.11.Topical route:

The drug is applied directly to the skin or mucous membranes for local effects
[30].they are easy to administer and they have a minimal systemic absorption but they are
limited to skin conditions [31].

IV.12. Transdermal route :

The drug is administered through a patch on the skin for prolonged systemic
absorption [30]. They offer controlled and consistent administration, improved therapeutic
bioavailability, are non-invasive and easy to apply, reduce the risk of under- and overdosing,
and are patient-friendly; however, they are limited to specific drugs, may cause skin irritation,
have variable absorption rates, limited dose flexibility, higher costs, and face technological
limitations [32].

IV.13. Vaginal route:

The drug is administered as a cream or suppository and absorbed through the
vaginal wall [30].they are suitable for treating vaginal conditions but they have limited
systemic absorption [33].

IV.14.Ocular Route:

Drugs are applied directly to the eye. they have a local effect and a minimal
systemic absorption but they are limited to eye conditions [34].
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VII. Drug delivery systems:

Drug delivery systems, popularly known as controlled-release systems, manipulate the
rate, time and duration of drug release in the body. This consequently improves therapeutic
efficacy, safety and patient compliance. The description of the most important forms of
release is detailed here with scientific references to support it [42-45].

VIIL.1. Immediate-release drugs (IR)

Immediate-release drugs release the active ingredient immediately upon
administration. These are typically used for fast-acting drugs. However, that may usually
lead to increased peak plasma levels hence increasing the risk of side effects [42-45].

VI11.2.Sustained-release drugs release:

The active ingredient gradually and continuously over a longer period of time which is
usually several hours. They are designed to maintain therapeutic plasma concentrations for a
longer period of time so that the frequency of dosing can be reduced. These systems can be
classified into two basic categories [42-45].

VI1.2.1. Repeated or fractionated release
These systems release the active ingredient at multiple time points, thereby
maintaining effective plasma concentrations over a longer period of time. Examples include
multilayer or dual-core tablets[42-45].

VI11.2.2. Sustained or time-contoured delivery
In these systems, the drug is made available at several times, thus keeping effective
plasma levels continuous for a prolonged period. For example, multilayer or dual-core
tablets [42-45].
VI1.3. Altered release

Sustained-release dosage forms release the active ingredient at specified times or over a
specified period of time. These comprise delayed or targeted release systems which release
the active ingredient in particular areas of the gastrointestinal tract [42-45].

VI1.4. Advanced controlled-release systems
These systems utilize several novel technologies for the control of drug release. Some
important ones are:

VI11.4.1.0smotic systems: An osmotic gradient powers these systems and allows for
constant release rate of the active ingredient. For instance, OROS (Osmotic Controlled
Release Oral Drug Delivery System) is designed to release the active ingredient in a
controlled manner for a prolonged period of time [42-45].

VI11.4.2.Bioadhesive systems: These systems utilize active ingredients developed in
carriers that adhere to the mucosa, therefore allowing prolonger release at the site of action
[42-45].

-
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Figure 4: Typical release profiles for controlled-release and traditional drug
delivery systems.
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|.Antibiotics :

|.1.Definition :

The word antibiotic is derived from the word antibiosis (i.e. against life). Antibiotics
are chemical substances obtained from various microorganisms (bacteria, fungi,
actinomycetes) that inhibit the growth of other microorganisms and eventually kill them.
The differences between antibiotics may lie in their physical, chemical and
pharmacological properties, antimicrobial spectrum and mechanism of action. They are
able to cure diseases caused by bacteria such as pneumonia, tuberculosis and meningitis
and save millions of lives around the world [1-2].

1.2. Types of antibiotics:

There are different families of antibiotics. The most important are beta-lactams
(penicillins and cephalosporins), macrolides, aminoglycosides, cyclins, and quinolones
[1-2].

I.2.1.Beta-lactam antibiotics

I.2.1.a. Penicillin:

Which have long been widely used antibiotics in general medicine. They are
divided into different classes according to their range of effects. Type G penicillins are
not as effective against bacteria as type A penicillins (such as amoxicillin or ampicillin).
Amoxicillin is sometimes combined with clavulanic acid to prevent it from being
destroyed by certain bacteria. These antibiotics are effective against a wide range of
infections, including respiratory, digestive, urinary, genital, and dental infections, and
can be used by pregnant or breastfeeding women. Side effects are rare but can include
severe allergic reactions. Drugs from the same family are contrain dicated in case of
allergy to penicillin [1-2].

Table 01: examples of penicillins with their status
.Re : Reference drug

. Ge : Generic drug

Medicines status
Simple
Penicillins AMOXICILLIN ALMUS Ge
AMOXICILLIN Ge
ARROW
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AMOXICILLIN ARROW LAB Ge
AMOXICILLIN Ge
BGR
AMOXICILLIN BIOGARAN Ge
CLAMOXYL Re
CLOXACILLIN ARROW Ge
CLOXACILLIN BIOGARAN Ge
CLOXACILLIN EG Ge
EXTENCILLINE Ge
ISTOPEN Ge
ORACILLINE Ge
ORBENIN

Re
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Penicillins  with
Beta-lactamase

Inhibitor AMOXICILLIN/CLAVULANIC ACID |Ge
ALMUS

AMOXICILLIN/CLAVULANIC ACID | Ge

ARROW
AUGMENTIN Re
LEVMENTIN Re

1.2.1.b.Cephalosporins :

Are antibiotics closely related to penicillin (they have a similar mechanism of
action). They are divided into three groups: first, second, and third generation. They are
taken orally to treat a variety of infections, especially those of the lungs, bronchi, sinuses,
throat, ears, and urinary tract. Injectable cephalosporins are mainly for hospital use. They
can usually be used during pregnancy and breastfeeding. Cephalosporins can cause
allergies, especially in people who are allergic to penicillin [1-2].

Table 02:examples of cephalosporins and theirs status:

Medecines Status

Ge
ALFATIL

Ge
CEFADROXIL BIOGARAN

Ge
ALMUS CERPHIXIME

Ge

CERPHIXIME EG
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Re

Orelox

I.2.1.c.Carbapenems :

.These antibiotics are prescription drugs and are only used in hospitals in certain
situations. They work against certain bacteria that have become resistant to other penicillins.
They are given by injection into a vein [1-2].

1.2.2.Cyclatin :

Is an antibiotic that inhibits the synthesis of bacterial proteins. It is active against
Chlamydia and Mycoplasma as well as other bacteria that multiply within cells. Infections
in these multiples sites are useful to treat respiratory infections, infections of the genital
tract, and acne. Doxycycline will also be used to treat malaria a infection. Minocycline
may cause severe hypersensitivity reactions and should be utilized only when there are
infections malleable to other cyclins. [1-2].

Owing to dental hazards, these antibiotics should not be ingested post the fourth month
of pregnancy, in kids below 8 years old, or alongside retinoids for acne. They may also
induce photosensitization so sun exposure should be avoided. These should be taken with a
full glass of water and not while lying down to avert damage to the esophagus. [1-2].

Antibiotics : cyclines

Doxy Ge

Doxycycline arrow  Ge
Mynocine Re
1.2.3.Aminoglycosides :

These antibiotics are effective against Gram-positive bacteria, especially
Staphylococci. They do not actually cross the intestinal wall and are therefore
administered by injection. They can be used to treat various infectious diseases,

especially urinary tract and kidney diseases, because they are excreted through the
kidneys in active form. This group of antibiotics may have toxic effects on the inner ear
or kidneys. These effects are mainly observed in cases of excessively high doses or pre-
existing renal insufficiency. [1-2].

-Antibiotiques aminosides ( Nebcine ;Tobi). [1-2].

-
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1.2.4. Macrolides :

These antibiotics work against certain gram-positive bacteria. They are used for
infections of the nose, throat, and ears (especially when penicillin cannot be used), as
well as infections of the bronchi, lungs, skin, genitals, and mouth. Some macrolides,
especially erythromycin, carry a risk of interactions with many common medications.
Some macrolides can be used during pregnancy. Their side effects are mainly related to
digestion. [1-2].

Antibiotiques macrolides : Azdose, Azithromycine arrow lab Ge ,Azithromycine Bgr
Ge, Rovamycine , Rulid Re ,Zeclar Re ,Zithromax Re [1-2].

Antibiotics macrolides combined with an imidazole:
Birodogyl Re
Rodogyl Re
Spiramycine metronidazole almus Ge
1.2.5.Fluoroquinolones :

Fluoroquinolones have been widely used as effective antibiotics for more than 30
years. Due to the risk of very rare but serious side effects, health authorities restricted their
use (oral or injection) to absolutely necessary cases in 2019. This restriction does not
apply to creams, ointments or eye drops. Some non-fluorinated quinolones (nalidixic acid,
flumequine, pipecolic acid) have been gradually withdrawn from the market because they
are considered non-essential [3].

Fluoroquinolones are potent antibiotics with grave adverse effects such as pain and
rupture of tendons, disorders of muscles and joints, cardiac affections, neuropathy, and
disturbances of sleep, mood, memory, and senses. The manifestation can take a period
between 2 days up to several months after the end of treatment. However, some patients
are more predisposed to these effects; notably elderly patients or those with kidney failure
as well as patients receiving corticosteroids. In case of worrying symptoms (pain,
palpitations, respiratory difficulties,sensory disorders), a consultation should be done as
soon as possible. These antibiotics should not be used in pregnancy or lactation; use in
case of risk factors (e.g., aneurysm) should be very careful [3].

Ciflox Re
tavanic Re
1.2.6.Clindamycine :

Antibacterial: prevents bacterial proliferation by binding to bacterial ribosomes and
inhibiting protein synthesis [4-8].

.
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-Side effects: Allergy, Diarrhea (increases risk of C. difficile colitis)
Type : Dalacin 600mg .
1.2.7.Tetracycline : the same mechanism of action of clindamycine [4-8].
-Tetracycline PO.
-Doxycycline (Vibramycin) PO.
- Minocycline (Minocin) PO.
-Side effects: Various side effects
- Light sensitivity

- Tooth discoloration and bone damage (do not use in pregnant women and children under
8 years old)

- Digestive system and liver damage
- Damage to the central nervous system (dizziness = minocycline,dizziness = tigecycline)
- Allergies
- Children under 18 years old should not take tigecycline [4-8].
1.2.8.Vancomycin :

Oral formulations are not absorbed from the gastrointestinal tract and therefore cannot
be used sequentially with intravenous formulations. The only indication for oral
medication is Clostridium difficile colitis.

-Bactericidal: destroys bacterial wall primarily by inhibiting bacterial synthesis. Inhibits
synthesis of bacterial cytoplasmic membrane. Inhibits synthesis of bacterial RNA.
Type :Vancomycin (Glycopeptide family) [4-8].

-Side effects: Red man syndrome (not allergy, but histamine release)— Depends on
how fast vancomycin is given. Nephrotoxicity , Ototoxicity [4-8].

1.2.9.Metronidazole :

Is used to treat C. difficile colitis and as an antiparasitic (flagyl). Because of its low
molecular weight, the bactericide diffuses into the germ through the wall and Kills it by
generating free radicals. The most common side effects include digestive issues and dark
urine[4-8].

1.2.10.Sulfonamides and Trimethoprim : Sulfonamides are often used in combination
with trimethoprim [4-8].
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-Mode of action : Bacteriostatic: prevents bacterial proliferation by continuously
disrupting folate synthesis [4-8].

-Most common combinations:
- Trimethoprim/sulfamethoxazole or
-TMP/SMX (Septra, Bactrim) I\V/oral

-Side effects: Allergies (most common),Neonatal jaundice,Do not use in the last trimester of
pregnancy,Digestive disorders [4-8].

1.2.11.Linezolid :

Antibacterial: prevents bacterial proliferation by binding to bacterial ribosomes and
inhibiting protein synthesis [4-8].

Linezolid (Zyvoxam) IV/oral

Oxazolidinones

Side effects: Pancytopenia (most common),Optic nerve damage [4-8].
1.2.12.Daptomycin:

Surfactant-inactivated: Do not use to treat lung infections. [4-8].According to the
Transparency Committee's 2008 opinion, daptomycin is indicated for the treatment of the
following infections in adults:

— Complicated skin and soft tissue infections
— Right-sided infective endocarditis caused by Staphylococcus aureus [9].

I.2.13.Nitrofurantoin : Diuretic only; concentrated only in the urinary tract, causing
diarrhea... [4-8].

1.2.14.Fosfomycin: For the treatment of uncomplicated cystitis in women and adolescents
[4-8].

I1/-Amoxicillin :

11.1. Generality:

Amoxicillin is a widely used beta-lactam antibacterial drug that is approved by the U.S.
Food and Drug Administration (FDA) for use in primary care. Amoxicillin is an
aminopenicillin that counteracts antibiotic resistance by adding an extra amino group to
penicillin. This amino group is added to:

— Better penetrate certain bacteria, especially so-called Gram-negative bacteria, which are
generally harder to reach.
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— Better resist certain bacterial defense mechanisms (such as enzymes called beta-
lactamases, which break down classic penicillins) [10].

-Amoxicillin is active against a wide range of Gram-positive bacteria and has additional
protection against some Gram-negative bacteria compared to penicillin. The spectrum of
activity of amoxicillin includes activity against Streptococcus spp. and enhanced efficacy
against Listeria monocytogenes and Enterococcus spp. In addition, amoxicillin is active
against Haemophilus influenzae, some strains of Escherichia coli, Actinomycetes spp.,
Clostridium spp., Salmonella spp., Shigella spp. and Corynebacterium spp. This course
provides a detailed overview of amoxicillin's indications, mechanisms of action, usage,

contraindications, and side effects. It provides clinicians with a comprehensive
understanding of amoxicillin to enhance their ability to optimally treat their patients'
infectious diseases [10].

-Approved uses of amoxicillin (according to the FDA):

Amoxicillin is an antibiotic that is officially approved to treat many common bacterial
infections, especially when the bacteria do not produce beta-lactamase (an enzyme that
makes some bacteria resistant to antibiotics) [10].

It is widely used to treat many common bacterial infections :

-Ear, nose and throat infections — such as sore throats, tonsillitis and middle ear
infections [10,11].

-Stomach and intestinal infections — especially against Helicobacter pylori (a
bacteria that can cause ulcers), usually in combination with other medicines
[10,12].

-Lung infections — including bronchitis and pneumonia [10,13].
-Sinusitis — when bacteria invade the sinuses (acute sinusitis) [10,14].

-Skin infections — caused by certain bacteria, such as Streptococcus,
Staphylococcus or E. coli [10,15].

-Urinary tract infections (UTIs) — including cystitis caused by bacteria such as E.
coli or Enterococcus [10,16].

-
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Figure 01: structure of amoxicillin
11.2. Mode of action :

Amoxicillin is a beta-lactam antibiotic. These antibiotics hinder processes necessary for the
building of the bacterial wall.

-Details:

-Bacteria have a tough wall to protect them. To build this wall, they use proteins called
penicillin-binding proteins (PBPs) [10,17].

-Amoxicillin binds to these PBPs, thereby preventing transpeptidation, which allows the
cell wall building blocks to cross-link [10,17].

-Without these links, the wall becomes weak and unstable. This activates enzymes within
the bacteria (autolytic enzymes), which break down the cell wall. The bacteria die [10,17].

-This mode of action is called bactericidal (directly kills the bacteria) [10,17].
11.3.Resistance and beta-lactamase inhibitors:

Some bacteria have learned to defend themselves against amoxicillin by producing beta-
lactamases. This enzyme breaks down the beta-lactam ring of amoxicillin, rendering it
ineffective [10,18].
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Amoxicillin is used in combination with a beta-lactamase inhibitor, such as clavulanic
acid or sulbactam.These inhibitors bind irreversibly to beta-lactamases and prevent their
action. They themselves are not bactericidal, but they protect amoxicillin so that it remains
effective against bacteria that produce this enzyme [10,18].

11.4. Pharmacokinetics :

11.4.1. Absorption (how the drug enters the blood): Amoxicillin is resistant to
gastric acid, so it is not destroyed when taken orally (as a tablet or syrup).It is quickly
absorbed into the blood. Peak blood concentrations are reached about 1 to 2 hours after
ingestion [10].

11.4.2. Distribution (where the drug enters the body): Amoxicillin diffuses into
many body tissues and fluids. Exception: it does not penetrate the brain and spinal cord
very well unless the membranes are inflamed (e.g. meningitis). About 20% of amoxicillin
is bound to blood proteins (this is moderate binding) [10].

11.4.3. Metabolism (transformation of the drug in the body) : Amoxicillin is
partially transformed (metabolized) by the following reactions:
Oxidation ;Hydroxylation;Deamination It enters cells via specific transporters, the so-
called OAT 1 and 3 (organic anion transporters) [19-20].

11.4.4. Elimination (excretion of the active ingredient) : The half-life (the time it
takes for half of the active ingredient to be excreted) is about 61 minutes (quite
short).About 60% of the dose is excreted unchanged in the urine within 6 to 8 hours.
Taking probenecid at the same time will slow down the elimination of amoxicillin. This
means that the active ingredient stays in the body longer [10].

I1.5.Gastro-intestinal release studies of amoxicillin:

Studies have shown that amoxicillin is well absorbed in the duodenum and jejunum,
but absorption is reduced in the ileum and almost absent in the colon [21]. Since the
release of amoxicillin is very low or non-existent, studies have been conducted and new
formulations have been developed to improve its release in the stomach to treat specific
diseases and improve efficacy [22-23].

I1.6.Reactions of amoxicillin in the body :
11.6.1. Oxidation :

. The liver enzymes (cytochrome P450 among others) modify the molecule of
amoxicillin by adding oxygen or removing hydrogen.the Purpose of this reaction is to :
Slight modification of the molecule to make it more water-soluble so that it can be
excreted through urine [24-25].

11.6.2. Hydroxylation :
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.This is a type of oxidation; the enzyme introduces an -OH group (hydroxyl group)
at a particular position of the molecule, generally on a side chain. This makes the
molecule soluble in water and so easy to excrete [24-25].

11.6.3. Deamination :

. An enzyme removes the amine group (-NH;) from the molecule of
amoxicillin.This can alter or inactivate the molecule. This reaction of amoxicillin,
however, is very rare [24-25].
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The present work focused on developing a new formulation or pharmaceutical form of
amoxicillin (AMX) for oral administration. This involved combining powdered amoxicillin
with two polymers: Ethylcellulose (EC) and hydroxypropyl methylcellulose (HPMC),
followed by kinetic and microbial studies.

First, we will present the products and materials used, the preparation of tablets using
EC and HPMC, and theirs characterizations. Then, we will study the release of the active
ingredient from these tablets in two physiological environments: the stomach (pH = 1.2) and
the intestine (pH = 7.4). biological test is needed to confirm the kinetics study of AMX%

I. Synthesis:
| .1 Products and Materials used:

I .1.1 Materials used
e Magnetic stirrer.
e Balance
e Spectrophotometre UV-Visible
e pH meter paper
e Beakers
e Volumetric flasks
e Thermometer
e Spatula

I .1.2 Chemical products
e Ethyl cellulose (EC)
e Amoxicillin (AMX)
¢ Sodium tetra Borate 10 hydrate (Borax)
e Ethanol
¢ hydroxypropyl-methylcellulose (HPMC)
e Sodium chloride (NaCl)
e chlorhydric acid HCI (36%)
o distilled water

I. 1. 2. a. Ethylcellulose (EC):

Ethylcellulose is a polymer derived from cellulose, which is the main
component of plant cell walls (e.g. cotton or wood). It is modified cellulose: some of the
hydroxyl groups (-OH) naturally present in the cellulose chain are replaced by ethyl groups (-
C,Hs), which changes its physicochemical properties (semi_crystalline). It (unlike crude
cellulose) is insoluble in water.Soluble in organic solvents such as alcohol, chloroform or
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Acetone. Non-toxic, biodegradable, biocompatible. Excellent ability to form moisture-proof
films. Thermoplastics: moldable or hot-melt [1].

Scope:
1. Pharmaceuticals: tablet coatings, sustained-release preparations [1]
2. Food: (Additive E462) | Thickener, stabilizer, texturizer [2]
3. Cosmetics: thickener in creams, gels, sprays [3]
4. Industry: inks, paints, varnishes, plastics

{I:gl—[g H

Figure 01: structural formula of ethylcellulose [4].

I .1.2 .b. Hydroxypropyl-methyl-cellulose:

Hydroxypropyl methylcellulose (HPMC) or hypromellose is a chemically modified,
water-soluble derivative of cellulose (amorphous). It is used in a wide range of industries due
to its non-toxicity, biodegradability and versatility. In the pharmaceutical field, it is used as a
binder for tablets and eye drops, film coating polymer and controlled release matrix. In food,
it is used as a thickener and stabilizer (E464), while in cosmetics and construction, it serves to
improve texture, adhesion and water retention. HPMC's molecular weight and substitution
degree dictate the characteristics of HPMC, and so it finds versatile application in a number of
areas [5-7].

CH:0H H OH

/‘H— O O V(})H—‘LH\\
o OH H N\ H O/ L

H OH CH:20H

Figure 02: structural formula of HPMC
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|.2. Tablets formulation:
1.2.1.Preparing tablets:

We made three different formulations charged amoxicillin (AMX) with two types of
polymer; the two first formulations are made by ethyl cellulose (EC) and amoxicillin (with
different masses and the 3rd formulation is made by the combination of the two polymers
EC and hydroxypropyl-methylcellulose (HPMC) with AMX , a drops of Ethanol was added
to the powders to produce a homogenous mixture and molded with some starch to produce
the final tablets .

Table 01: The different formulations were presented in the next table

Tablet Weight Weight (after | Yield (%)
(before drying )
drying)
T1:0.29(EC)+0.1g(AMX) 0.40g 0.29g 96.67%
T2:0.159(EC)+0.15g(AMX) 0.44g 0.31g 98%
T3:0.15g(EC)+0.05g(HPMC)+0.1g(AMX) | 0.46g 0.31g 98%
1 2 3
B -~ X
~'§~ !‘ S 5

< s
Figure 03: Tablets formulated T1, T2 and T3

I1. Study of the kinetics of the release of the active principle in ph=1.2 and
ph=7.4:

The release of the active ingredient is carried out in two ph environment (1.2 stomach and
7.4 intestines) ,monitored by UV-vis spectrophotometer at a specific wavelength corresponding
to the active principle’s maximum absorption Amax (AMX), in order to determine the
percentage of the liquid absorbed in each ph environment and deduce where is the best
liberation environment of ph and the influence of polymers about this liberation .

The aim of this kinetic study is to compare the effects of sustained and controlled release
of the active ingredient through different polymer matrices. In other words, the aim is to

.
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analyze how different polymer formulations can affect the speed and duration of drug release
over time, to optimize its therapeutic efficacy.

When the drug is dispersed alone in the polymer matrix, it is released into the body by
diffusion through the polymer matrix. 3 factors influence this release process:

1. The speed of penetration of the liquid into the dosage form: this refers to the speed
with which the liquid (body fluid) penetrates the polymer matrix surrounding the drug
(rapid penetration = accelerated release).

2. The speed of dissolution of the active ingredient in the trapped liquid: once the liquid
has penetrated the polymer matrix, the PA (AMX) must dissolve in the liquid to diffuse.

3. The diffusion of the active ingredient through the polymer matrix: once the drug has
been dissolved in the liquid, it must diffuse through the polymer matrix to leave the
system and be released into the body, and this depends on the structure and nature of the
polymer, as well as the solubility of PA.

I1.1 Factors influencing material transfers:
» Medium stirring speed
The concentration of the solution should be uniform at all points in the solution.
This uniformity is maintained thanks to the action of a magnetic stirrer (rotation speed
fixed at 750 r.p.m for all experiments).
» The temperature of the medium
The influence of temperature is very important in diffusion phenomena (the
solubility of the active ingredient and diffusion). All our experiments were carried out
at constant temperature 37°C (human body temperature), using a heating stirrer.
» The nature of the medium, pH and volume

e The nature of the environment influences the solubility of the active ingredient,
which will influence the diffusion.

e The pH of the medium influences the rate of hydrolysis and the solubility of the
active ingredient.

e The volume of the medium influences on the one hand the solubility of the
active agent, and on the other hand its mass released at infinite time (equilibrium
time).

> ""Non-sink™ method:

Where the chosen volume (100 ml) is used for the entire experiment. The

concentration of the active ingredient increases during the experiment.

» “Sink” method:

.The volume is constantly renewed by virgin liquid, the  volume used is
therefore greater.
The first method (non-sink) is much easier to perform, and it is this method that we
used in all our experiment

I1.2.Composition of the pH study environment:
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For our study of kinetics we have prepared two ph environment pH=1.2 which is the
stomach environment and pH=7.4 which is determined by the intestine part of the
organism at a temperature of 37°c (the temperature of the human organism) and this
study is controlled at a long time with collecting samples and take the mass at each time
of the disc, then controlled by uv-vis spectrophotometer to read absorbance at each
time.

% Gastric medium pH = 1.2:
HCI: 1N 80ml, NaCl: 2g, Distilled water: 11
% Intestinal environment of pH = 7.4:

HCI: 0.1N (20ml), Borax (sodium tetra borate 10 hydrate): 0.025N (500ml),
Distilled water: (1 liter)

.This parameter (pH and T) will allow us to the effect or the influence of the matrix and the
ph environment on Kinetic of the release of the active principle (AMX) from the different
formulations made.

11.3. Calibration curve of AMX:

The aim of this step is to determine & of the beer-lambert rule after drawing the calibration
curve of the active ingredient in each ph (1.2 and 7.4) using the method of preparing a
stock solution with PA and making a series of dilutions after reading the absorbance in the
UV visible spectrophotometer (with known concentrations).

From the Beer Lambert relation we thus establish the calibration line representing the optical
density, at maximum of the absorption band, depending on the concentration.

A=¢ C.|

A: Absorption

€. Specific absorption coefficient (L. mol-1.cm-1).
C: The concentration in mol/L of the solution.

L: The length of the quartz cell (1cm).

11.3.1.Determination of the maximum wavelength for both pH by UV Vis:

The active principle spectra were carried out on the Perkin Elmer LAMBDA 25, 35, &
45 UV/Vis Spectrophotometers spectrophotometer in two ph environment (pH=1.2and 7.4)
in the chemistry laboratory at the University of Belhadj Bouchaib Ain Temouchent ,the
wavelength are expressed in (nm) and respectively are :230 nm and 280 nm.
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Figure 04: Perkin Elmer LAMBDA 25, 35, & 45 UV/Vis Spectrophotometers
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Figure 5: a) Maximum wavelength pH 1.2; b) Maximum wavelength pH 7.7

11.3.2.Amoxicillin calibration curve at pH=1.2 :( Amax=230nm)

Table 02: The dilutions different concentrations amoxicillin in 50 ml of pH=1.2 (230nm)
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C (Mg/L)

0.001

0.0008

0.0006

0.0004
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Figure 06: Calibration curve of amoxicillin at pH=1.2 (230 nm)

11.3.3.Amoxicillin calibration curve at pH=7.7: (Amax=280nm)

Table03: The dilutions different concentrations amoxicillin in 50 ml of pH=7.7(280nm)

c(Mg/l)

0.001

0.0008

0.0006

0.0004

0.0002

Abs(nm)

0.256

0.2

0.158

0.1

0.05
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0.3 -

pH=7.4

0.25 +
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R? = 0.9982

Abs (nm)
o
G

0.1 -

0.05 -

0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012
c(m/L)

Figure 07: Calibration curve of amoxicillin at pH=7.7(280nm)
.The line being Linear A= f (c); its slope at the origin corresponds to € max

Table 04: Represents the values of A max and € max of amoxicillin in the different media

Active substance | Ph medium A max (nm) Emax (L.mol-1 .cm-1)
1.2 230 180,3
Amoxicillin 7.4 280 254,9

Under UV irradiation, amoxicillin undergoes photochemical degradation, which is influenced
significantly by the pH of the medium. UV light, can excite electrons in chemical bonds,
especially n-bonds (double bonds) and lone pair electrons on heteroatoms. In the case of
amoxicillin, the B-lactam ring, phenol ring, amide, and amine groups are particularly sensitive
to UV-induced excitation and breakdown.

In an acidic medium (pH 1.2), amoxicillin is chemically unstable even without light, due to
the susceptibility of its B-lactam ring to acid-catalyzed hydrolysis. When exposed to UV light,
this instability is amplified. The B-lactam ring contains a strained four-membered cyclic
amide, whose C-N bond is weakened under acidic conditions and even more reactive when
excited by UV. The light provides the energy needed to break this bond, leading to ring
opening and loss of antibiotic activity. Additionally, the aromatic ring in the amoxicillin
structure can undergo photo-oxidation, especially through excitation of the n=—=* transitions
in the benzene ring. As a result, in pH 1.2 under UV light, amoxicillin rapidly degrades,
forming products like penicilloic acids and other photolytic fragments that no longer exhibit
antibacterial properties.
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In contrast, in a neutral or physiological medium (pH 7.4), amoxicillin is more chemically
stable, and the degradation caused by UV light is less aggressive. However, UV light can still
initiate photochemical reactions. At this pH, the phenolic hydroxyl group, primary amine, and
carboxylic acid groups are mostly ionized, affecting the molecule’s overall reactivity and
electronic configuration. The aromatic ring remains the most UV-sensitive site, and
photolysis can still occur via n—n* and n—=n* transitions, especially involving the C=C and
C=0 bonds. Although the B-lactam ring is less prone to hydrolysis at pH 7.4, it can still be
affected by prolonged UV exposure, leading to partial loss of activity. However, the overall
degradation is slower and less severe than in acidic conditions.

Generally, amoxicillin degrades much more rapidly under UV light in acidic media, mainly
due to acid-facilitated cleavage of the B-lactam C—N bond and UV-induced excitation of the
aromatic w-bonds. In a neutral medium, UV degradation still occurs, primarily affecting
aromatic and carbonyl groups, but at a slower rate. These reactions result in structural
modifications that reduce or eliminate the antibiotic function of amoxicillin, highlighting the
need to protect such drugs from UV exposure, particularly in acidic environments.

I1.4. Measurement conditions:
The kinetics method is performed under the following conditions:

= Preparation of disks of different formulations (as we have already done).

= The disc support is a glass fiber with a magnetic stirrer to homogenize the mixture around
a galenic form.

= Temperature (37°c) and agitation (500 r.p.m).

= The initial volume of the bottle is 100ml and the sampling tubes 1ml in each time taken.

= Absorbance measurement with a visible uv spectrophotometer at maximum wavelength.

11.5. Kinetics of AMX release from tablets:

I1.5.1 Experimental methods:

.We placed the 500ml bottle in a water bath and fill it with 200ml of pH solution (either
1.2 or 7.4) using a magnetic stirrer and set the temperature 37°C and stir at 500 r.p.m. At each
time “t” the disk is removed from the bottle, then weighed, and at the same time a volume Vp
= 1mL of the liquid medium is taken. The volume taken diluted by a dilution volume Vd
=10ml of the same physiological medium. The density optical (OD) is then determined by UV
for each sample.
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1: Flask
2: Medmm

3 : Thermometer,
4: Crystallizer,
5 : Bar magnet,

6 : Fiber support
(pod)

7: Galenic form
(Tablet),

§: Magnetic sturrer.

Figure 08: Experimental device for drug release from tablets

I1 .5 .1.a. The rate of PA released
.The rate of PA released is therefore calculated in relation to the real mass of active
agent according to the following relationship:

%PA= (mt/mi).100
mt=D.O.Vd. M /& Vf
mt: The mass of active ingredient at time “t”
mi: Initial mass of the active ingredient.
Vd: The volume of the dilution flask in ml
Vf: The volume of the release liquid contained in the bottle in ml
M: The molar mass of the principle of the active ingredient (g/mol)

1.5 .1.b Calculation of the quantity of liquid absorbed by the dosage form:

The quantity of liquid absorbed by the “Tablet” dosage form is calculated by the
classic “weight monitoring” method. To calculate the mass of the absorbed liquid (mt’), we
apply the following equation:

mt =mt’ — m0

mt : mass of liquid absorbed by the galenic form at time “t”

of weighing

[YY%4]
t

mt ¢ : mass of the galenic form at time
mMO: initial mass of the “dry” dosage form.

47




Chapter 111 Experimental part

The percentage of liquid absorbed by the dosage form is calculated relative to the
initial mass of the dosage form.

% liquid abs = (mt/m0).100

11 .5.2 Study of amoxicillin release:

The PA release kinetic curves illustrate the quantity of PA released as a function of time in
the environment pH 1.2 and pH 7.7
The graph presents the release kinetic curves of 3 different systems:

Formulation 01 :

70 ~

60 -

50 -

A%  [*0 ——{ pH=7.4

30 1 — pH=1.2

20 A

10 -

0 50 Time (min) 200 250

Figure 09: T1% active ingredient amoxicillin released as a function of time at pH=1.2 and
pH=7.4 (T=37°c and 500 r.p.m)
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Formulation 02 :

60 -

50 A

-&-{ pH=7.4
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Figure 10: T2 % active ingredient amoxicillin released as a function of time at

PH=1.2 and PH=7.4 (T=37°c and 500 r.p.m)

Formulation 03 :

50 s
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Figure 11: T3 % active ingredient amoxicillin released as a function of time

pH=1.2 and pH=7.4 (T=37°c and 500 r.p.m)
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11.5.3.Interpretation of the results of the AMX kinetic study in the two PH (1.2
and 7.4) media:

In our study, we observed that all three formulations showed a higher release of amoxicillin
(AMX) in acidic medium (pH 1.2) compared to the neutral/basic medium (pH 7.4). This pH-
dependent release makes sense because AMX is more soluble in acidic conditions, and the
polymers we used especially ethylcellulose (EC) respond differently depending on the pH. In
all formulations, the release followed a classic pattern: a fast release at the beginning,
followed by a gradual decrease, which indicates that diffusion through the polymer matrix is
the main factor controlling release.

When the tablet comes into contact with the surrounding medium, the liquid penetrates the
polymer matrix and dissolves the AMX. Because AMX has moderate water solubility and
isn’t present in a high concentration in our system, it dissolves fairly quickly. Once dissolved,
the drug diffuses through the polymeric structure into the medium. But the efficiency of this
process depends heavily on the amount of polymer and drug used in each formulation.

Take Formulation 1 (0.2g EC + 0.1g AMX), for example. Here we used a higher amount of
EC, which created a thicker matrix, but the release was still good in acidic pH up to 57.42%,
suggesting that even with more polymers, the drug was still able to diffuse effectively because
of the swelling behavior of EC in acidic conditions and the balance we maintained with drug
content. Then in Formulation 2 (0.15g EC + 0.15g AMX), we increased the drug load and
reduced the polymer. This led to slightly lower cumulative release (47.71%), which could be
because the higher drug content may have saturated the matrix early, slowing down further
diffusion as time passed.

Then we have Formulation 3 (0.15g EC + 0.05g HPMC + 0.1g AMX), where we added
HPMC (Hydroxypropyl Methylcellulose). That clearly affected the release pattern. HPMC is
a hydrophilic and pH-sensitive polymer, and in acidic conditions, it forms a gel layer that
swells slowly and creates a barrier to drug diffusion. This is likely why the release in this case
was the lowest in pH 1.2 (46.29%) compared to the other two. And at pH 7.4, the release was
even more limited (27.42%), probably because of AMX’s lower solubility in neutral/basic
conditions, combined with the thicker gel formed by HPMC, which further slowed down drug
movement.

HPMC behaves quite differently based on the pH: in acidic media, it swells more slowly,
forming a compact gel that delays the release. In a more basic environment like pH 7.4, it
hydrates faster, but the higher viscosity of the gel and lower solubility of AMX still prevent
fast release. So, when we added HPMC, we achieved a more controlled and sustained release,
which could be useful for specific cases where we want extended drug action or delayed
release.

But beyond just release, we also have to consider how AMX behaves under UV , since our
formulations were tested for photostability. AMX contains a B-lactam ring, an aromatic ring,
and amide groups, all of which are sensitive to UV . Under acidic conditions (pH 1.2), AMX
becomes highly unstable under UV exposure. The B-lactam ring can break down quickly,
especially under both acid hydrolysis and photodegradation, resulting in loss of activity. The




Chapter 111 Experimental part

UV light excites = bonds and lone pairs, especially in the C—N bond of the B-lactam ring and
C=C bonds of the aromatic ring, which makes it easier for the drug to degrade.

At pH 7.4, AMX is relatively more stable, but UV still causes partial degradation, mainly
through oxidation of the aromatic and amide groups. So even though the drug doesn’t break
down as fast as it does in acidic conditions, prolonged UV exposure still reduces its activity.
That’s why the choice of polymer—and its ability to protect the drug from light—is very
important. A higher polymer content or the use of polymers like HPMC, which form a thicker
gel or barrier, could help reduce the exposure of AMX to light, adding some degree of photo
protection.

In general, we saw that the amount of polymer and drug really determines how the tablets
behave. More polymer usually means slower diffusion, but if the ratio is balanced, we can still
get high release in the right conditions. More drug might increase early release but doesn’t
always mean higher total release in the end. And adding HPMC helps create a controlled-
release system, ideal for longer-acting drug formulations.

All three formulations were clearly better for gastric (stomach) delivery, especially
Formulations 1 and 2, which released AMX more quickly in acidic pH. Formulation 3, with
HPMC, gave us a slower and more controlled release, which could be really beneficial when
we need extended drug action. At the same time, we have to consider UV stability, especially
in acidic environments where AMX degrades more quickly—meaning our formulation
strategy can also help protect the drug and improve its shelf life.

Il .5.4.Liquid absorption

During the dissolution process, we observed that the tablet undergoes a swelling
phenomenon (gonflement) when it comes into contact with the dissolution medium—whether
it's acidic (pH 1.2) or basic/neutral (pH 7.4). This swelling is a critical part of the release
mechanism, as it affects how water enters the tablet, how the drug dissolves, and how it
diffuses outward.

The extent and behavior of swelling depend heavily on the type of polymer used in the
formulation. In our case, we used ethylcellulose (EC) and hydroxypropyl methylcellulose
(HPMC), each of which reacts differently in acidic and basic environments.

In acidic medium (pH 1.2), the swelling of EC is relatively limited but sufficient to allow
water penetration and initiate drug diffusion. EC is a hydrophobic polymer, so it doesn’t
dissolve in water but it does absorb water and expand, forming a porous matrix. This allows
the medium to slowly penetrate, dissolve the amoxicillin (AMX), and then permit its
diffusion. The swelling here is slower and less intense, but still effective enough to support a
steady release, especially because AMX is more soluble in acidic conditions.

When HPMC is present like in Formulation 3 the behavior is different. In acidic conditions,
HPMC swells slowly due to lower ionization of its functional groups, forming a dense gel
layer on the tablet surface. This gel controls the movement of water into the core and slows
down the outward diffusion of AMX. The result is a more controlled, sustained release. The
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swelling of HPMC in acid is more compact and forms a stronger barrier, which explains why
this formulation released less AMX than the others.

In basic or neutral medium (pH 7.4), we see a more pronounced swelling, especially for
HPMC. At this pH, the ionization of hydroxyl and methoxyl groups in HPMC is higher,
leading to faster water uptake and the formation of a thicker, more expanded gel layer. This
increased swelling could allow more water to reach the drug, but in our case, the overall drug
release was still lower. That’s likely because AMX is less soluble at pH 7.4, so even though
swelling is higher, the amount of drug dissolving and diffusing remains limited.

For EC in basic medium, swelling still occurs but is not significantly different from acidic
conditions, since EC does not rely on pH for its swelling behavior it simply hydrates slowly
regardless of pH. However, the combination of slower drug solubility at pH 7.4 and the
hydrophobic nature of EC mean fewer drugs are released overall.

Swelling starts with water penetrating the outer layer of the tablet, causing the polymers
especially HPMC to hydrate and expand, forming a gel. In acidic medium, swelling is slower
and tighter, supporting a more controlled release. In basic medium, swelling is faster and
more extensive, but that doesn’t always lead to higher drug release, especially if the drug (like
AMX) isn’t very soluble at that pH. The nature and amount of the polymer, combined with
the medium'’s pH, directly influence how much the disc swells, how fast it releases the drug,
and how effectively the drug diffuses out.

At the same time as the 1mL samples are taken to determine the quantity of AMX
released, the tablets removed from the liquid have been weighed beforehand, and the mass of
the tablet immersed in the liquid is obtained. Some values are classified in the tableb.

Table 05: %liquid absorbed in all Tablets (T1, T2, T3) as a function of time at pH=1.2 at
T°=37°C.

Time (min) | 2 14 30 60 250
T1 4,54545 13,63636 | 18,18181 | 18,18181 | 22,72727
Liquid
% T2 3,7037 3,7037 7,4074 11,11111 | 14,8148
T3 17,24137 | 27,58620 | 27,58620 | 31,03448 | 34,48275

According to the table 5 , we observed that the Tablet T3 absorbs more liquid than T1 and T2
at all time points.

e At just 2 minutes, T3 has already absorbed ~17%b, while T1 and T2 remain below 5%.
e By 250 minutes, T3 reaches ~34.5% absorption, which is notably higher than T1
(~22.7%) and T2 (~14.8%).

T1 contains only EC and AMX, and EC (ethyl cellulose) is hydrophobic and water-
insoluble. However, it can swell moderately in an acidic environment, allowing for some
liquid absorption and diffusion of AMX.
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Though T2 has the same components as T1, the higher proportion of EC (relative to
AMX) may contribute to lower porosity or slower liquid penetration, thus limiting absorption.
EC forms a denser matrix, reducing fluid intake.

The highest absorption on T3 due to the presence of HPMC. HPMC is hydrophilic and has
strong water-absorbing and gel-forming capabilities, which increase water uptake and
swelling. This behavior can form a gel barrier, controlling the drug release rate.

I11.Characterization part:
I11.1.FTIR spectrums:

I11.1.1.FTIR characterization of AMX: the following figure represents the IR spectrum
of AMX:
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Figure 12: FTIR spectrum of AMX [10]
This spectrum shows the presence of peaks:

o Alcohol function (OH) at 3400 cm-1

o Amine function (NH2) at 3500 cm-1

o S-Cat 2000 cm-1

o Aromatic N-C at 1370 cm-1

o Vibration C=0 (carboxylic acid) at 1730 cm-1

> Vibration —OH (carboxylic acid also) at 2950 cm-1
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11.1.2.FTIR spectrum of EC:
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FT-IR spectra for Ethyl cellulose polymer

Figure 13: FTIR spectrum of EC [11]

The characteristic bands of EC:

o Aliphatic C-H at 2858 cm-1

o Ether C-O-C at 1122.37 cm-1
o Phenol O-H at 3436.55 cm-1

o Aromatic C-C at 1556.28 cm-1

111.1.3.FTIR spectrum of HPMC:
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Figure 14: FTIR spectrum of HPMC [12]
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The characteristic bonds of HPMC:

O-H a broad bond between 3200 and 3600 cm-1
Aliphatic C-H 2800-3000 cm-1

C=0 (ester) at 1700-1730 cm-1

C-O-C (ether or ester) at 1050-1150 cm-1
Deformation C-H (CH3) 1370-1470 cm-1

C-0O and C-C at 900-1200 cm-1

I11.1.4.Infrared spectroscopy of the tablets made:
111.1.4.1.FTIR of tablet 3 (EC+HPMC+AMX):

The next spectrum shows the FTIR of tablet 3 before and after the AMX release:

£ T3 after AMX release

| T3 before AMX release
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Figure 15: Spectrums IR of AMX pure, T3 before and after release.

In this spectrum we have the AMX spectrum to compare the characteristic bonds with
our tablet of the third formulation before and after the release:

The spectrum of tablet which prepared by EC and HPMC indicates the presence of
several characteristic bonds of AMX in the tablet 3: Aromatic bonds N-C at 1384.31 cm-1
and large bond OH at 3425 cm-1 (of EC and HPMC and AMX) and the bond of S-C at 2090-
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2100 cm-1.Those bonds confirms the presence of the antibiotic agent AMX in the formulation
before the release kinetics.

The tablet spectrum after release Kkinetics: indicated the disappearances of the
characteristic bonds of AMX which confirms that the release study was well done in
comparison with the percentage of AMX release

111.1.4.2.FTIR of tablet 2 (EC +AMX):

The next spectrum shows the FTIR of tablet 2 before and after the AMX release:

“T2 after dissolution
[ ———

| T2 before
dissolution

Figure 16: Spectrums IR of AMX pure, T2 before and after release.

In this spectrum we have the AMX spectrum to compare the characteristic bonds with
our tablet of the second formulation before and after the release:

The spectrum of tablet which prepared by EC indicates the presence of several
characteristic bonds of AMX in the tablet 2: Aromatic bonds N-C at 1384.31 cm™ and large
bond OH at 3425 cm™ (of EC and AMX) and the bond of S-C at 2090-2100 cm'?

Those bonds confirm the presence of the antibiotic agent AMX in the formulation before the
release kinetics.

The tablet spectrum after release kinetics: there are peaks of AMX at 1380 cm
indicated the disappearances just of some characteristic bonds of AMX which indicates that
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AMX release was not complete and was also confirmed by the kinetic study of tablet 2 in pH

7.4 at 31.79%.

IV.2.X-Ray-Diffraction (XRD):

This technique makes it possible to characterize the nature of the polymer from a
crystallinity point of view. The device used is a powder diffractometer. The analyzes were
carried out at ambient temperature. The sample to be analyzed is deposited in powder form on
a flat support. The general acquisition conditions correspond to an angular range in 26 of up

to 80°.

IV.2.1. XRD of EC:
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Figure 17: x-ray diffraction of EC [13]

80

The Figure 23 presents the XRD of Ethylcellulose , The diffractogram clearly shows
the presence of an intense peak at 26=11.16° of crystallinity and shows also a broadband
presents amorphous properties therefore the EC polymers semi-crystalline polymer

IV.2.2.XRD of AMX:

The diffractogram of Amoxicillin (Figure 24) clearly shows the presence of characteristic
crystallinity peaks which appear in the form of a more intense peak
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Figure 18:X-ray diffraction of AMX [14]

IV.2.3.XRD of HPMC:

Intensi
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2 0 (dearee)
Figure 19: X-ray diffraction of HPMC [15]

The HPMC diffractogram shows broad peaks confirming that it has amorphous
structure.
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IV.2.4.XRD of tablet 2 (EC+AMX): with the comparaison of the diffractograms of

AMX and EC:

AKC B dmorelly

AR

C- Tahlet EC/AMX T2

Figure 20: XRD patents of EC, AMX and T2

The peaks present in the tablet 2 diffractogram are less intense with the presence of a
broad bond of amorphous part of the polymer which shows that AMX is present in the

tablet and the presence of EC reduces the crystallinity of AMX.
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1IV.2.5.XRD of tablet 3 (EC+HPMC+AMX): with comparison also with XRD of EC,
AMX and HPMC:
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Figure 21: XRD patent of EC, AMX, HPMC and T3

The peaks present in the tablet 3 diffractogram are less intense with the presence of
some broad bond of amorphous part of the polymer of EC and HPMC which shows that AMX
is present in the tablet and the presence of HPMC and also the presence of EC which reduces

the crystallinity of AMX.
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IV. Biological study of EC-based formulations: Antibacterial and Antibiotic
Activity
To demonstrate microbial activity, four bacterial strains and one fungal strain were tested

against the prepared discs.

» Bacterial strains

The bacterial strains used are referenced and coded as follows:

e Gram-negative bacteria: Escherichia coli ATCC25922.

e Gram-negative bacteria : Pseudomonas aeruginosa ATCC27853.

e Gram-positive bacteria: Staphylococcus aurous ATCC25923.

» Mueller-Hinton agar

Mueller-Hinton agar is the only solid culture medium for the study of sensitivity that
has been validated by the NCCLS. It is recommended to always use agar M-H for agar
diffusion tests, depending on the guidelines international standards and the NCCLS. Since the
way Mueller-Hinton agar is prepared may affect the results of the disk diffusion procedure, it
is very important to refer to Section C below for instructions on preparation and quality
control of this environment [8-9].

IV.1.The Kirby-Bauer disk diffusion method:

Mueller-Hinton agar was prepared, autoclaved for 20 minutes at 130C°, and then
flowed into Petri dishes. After inoculation, four sterile 6 mm discs diameter are placed on
M.H agar, the discs soaked with 15 pL of the sample from the kinetic. A disk control loaded
with 15 pg of Amoxicillin is incubated with the loaded disks with the kinetics sample were
incubated at 30°C for 24 hours, to then compare the diameters in order to test the inhibitory
activity[9].

Incubation

——————————

/
\ /

Bacterial
suspension Spread on Mueller Addition of the Measurement of
Hinton agar surface tested samples the inhibition zone

@ (2 ©

Figure 22: Schematic representation of the disk diffusion method

The technique consists of using paper discs impregnated with the different products to be
tested. The discs are placed on the surface of an agar uniformly seeded with a suspension of
the bacteria to be studied. Each antibiotic diffuses from the disk into the agar and determines a
concentration gradient there.
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a- Preparation of the suspension:

A bacterial suspension with a density equivalent to the standard of 0.5 Mac Farland (0.1-
0.08) which corresponds to 10s colony forming units per milliliter (CFU/ml) this at a
wavelength of 620 nm.

b- Seeding:

Seeding is carried out by sterile swabs on Petri dishes containing MH agar. A swab is
dipped in the standardized bacterial suspension then rubbed over the entire agar surface, from
top to bottom in tight streaks. The operation is repeated three times, rotating the box 60° each
time. The boxes thus inoculated were left for 15 minutes.

Figure 23: Seeding of culture medium

IVV.1.a Evaluation of the antibiotic activity of amoxicillin in kKinetic samples
(pH7.7)

We took the kinetic sample of release of AMX from pH7.4 and Ph1.2 then flowed
into Petri dishes, After inoculation, four sterile disks are placed on M.H agar and
deposit the samples for 4 min,85 min,115min and 220 min is remains for 24 at
temperature 37°C.
1V.1.b Results of biological tests:

After 24 hours of incubation, the petri dishes containing the tablets soaked with the
Kinetic samples are timed after 4, 85,115 and 220 (min).the diameters of the inhibitory

zones were noted as deferent from one strain to another ,zone were measured in mm

B
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Figure 24: results of the microbial strains of the 1% formulation at pH7.4 tested in E-coli,

Experimental part

pseudo and staph.

Figure 25: results of the microbial strains of the 2" formulation at pH1.2 tested in E-coli
; pseudo and staph.

The diameters noted for tablet 2 (pH 7.4) and tablet 3 (pH 1.2):

Table 06: results of microbial study of tablet 1 (pH 7.4):

Diameters (mm)
Time(min) E-coli Staph Pseudo
4 min 6 0 0
85min 6 5 0
115min 0 6 5
220min 9 7 7
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Table 07: results of microbial study of tablet 2 (pH 1.2):

Diameter (mm)
Time (min) E-coli Staph Pseudo
4 min 6 6 0
85 min 6 6 0
115 min 8 6 6
220 min 9 7 8

We observed from both tablets, the zone of inhibition (diameter in mm) increases with time.
This aligns with the release kinetics of AMX, where more drugs are released as time
progresses. We have at 220 min :

e Tablet 1 (pH 7.4): Zones up to 9 mm (E. coli), 7 mm (Staph, Pseudo)
o Tablet 2 (pH 1.2): Slightly better, up to 9 mm (E. coli), 8 mm (Pseudo)

The results of the antibacterial evaluation of AMX release kinetics from the discs are
represented in the Histograms below:
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Figure 26: Results of microbial study of tablet 1 at different strain.
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Figure 27: Results of microbial study of tablet 2 at different strain.

The results were collected in the last two histograms, we can explain that:

(1 E. coli is inhibited early in both formulations (even at 4 min), suggesting it is more

sensitive to low concentrations of AMX.

[1 Staphylococcus shows inhibition after 85 min in T1 and immediately in T2, indicating

slightly higher sensitivity or faster drug availability in the acidic environment.

[1 Pseudomonas aeruginosa is more resistant; inhibition is only seen at later stages (115-220

min), and only when AMX concentration becomes sufficiently high.

We observed also that the pH mediums have an influence on the antibacterial activity of
formulation (T1, T2):

e Tablet 2 (T2) in acidic pH shows slightly faster and broader antibacterial action, especially
at earlier time points. This matches the earlier kinetic data showing higher AMX release in
acidic conditions.

e Tablet 1 (T1) in basic pH shows delayed onset, with activity against Pseudomonas only
appearing at 115 min and beyond.

E
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We can explain that the acidic medium (pH 1.2) enhances AMX release, leading to
earlier and more effective antibacterial activity. This suggests that the formulations are better
suited for stomach-targeted delivery, where AMX is released faster and can start acting

earlier.

We can conclude that the antibacterial activity results are consistent with the AMX
release kinetics observed in the formulations. In particular, faster AMX release under acidic
conditions, as seen with Tablet 2 (T2, pH 1.2), leads to earlier and more pronounced
antibacterial effects. This is evident from the larger inhibition zones recorded at earlier time
points compared to those in neutral or basic conditions. Among the tested bacteria,
Pseudomonas aeruginosa exhibited the highest resistance, with significant inhibition only
appearing at later stages when AMX concentrations had increased sufficiently. These findings
confirm the effectiveness of the pH-dependent release design, demonstrating that AMX is
more efficiently released and active in stomach-like acidic environments. This supports the
suitability of the formulation for targeted delivery to the stomach, where rapid therapeutic

action is desired.
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General Conclusion

General conclusion:

In this work was devoted to the preparation of forms pharmaceuticals: Tablets
supporting the active ingredient “Amoxicillin”. In the preparation of these forms, tow matrix

polymers were used Etylcellulose "EC", hydroxypropyl methylcellulose (HPMC).

The formulated tablets were prepared by mechanical compression with alcohol spray.
The first two tablets were prepared by EC and AMX with different masses and the 3rd was
made using HPMC and EC with AMX, after complete evaporation of the sprayed alcohol, we
have determined the mass and calculate the yield%.

Polymers, amoxicillin and prepared tablets were characterized by FTIR and DRX, and
the tablets were also followed by a kinetic study in two different environments of pH 1.2
(stomach) and 7.4 (intestine). FTIR results obtained from T2 and T3 tablets before release
indicate the presence of several amoxicillin and EC peaks as well as HPMC in T3
(formulation) and after release in T2 we didn't observe a total disappearance of AMX peaks
matches with the kinetic study of T2 in pH 7.4 of 31.79% , for T3 we noticed a
disappearance of AMX peaks also matches with the kinetic after release pH 1.2 of 46.30%.

This XRD technique makes it possible to characterize the nature of the polymer from a
crystalline. Tablet T2 is the mixture between Ethylcellulose and Amoxicillin, the pattern
clearly showed the presence of some peaks with different intensity. Those peaks are
confirmed the presence of Amoxicillin in the tablet in the broad-band of EC which is a semi-
crystalline polymer. This allows us to say that the Amoxicillin is dispersed in the polymer
matrix; the presence of EC reduces the crystalline of the Amoxicillin. The XRD pattern of the
T3 also showed the presence of intense and broad peaks crystalline and amorphous peaks
which confirm the formulation of T3 were based on EC, HPMC and AMX and also the

presence of EC reduces the crystalline of the Amoxicillin.

The release of the active ingredient was monitored using a UV-Vis spectrometer,
previously calibrated at the wavelengths Amax=230nm at pH 1.2 and Amax=280nm at pH 7.4
of the active ingredient used amoxicillin.

In the three formulations we made, there was an increase in release in the pH =1.2
medium (stomach). For all the formulation loaded with AMX, the percentage of active
ingredient released is greater in the medium at pH=1.2 compared to the medium at pH=7.4. A
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classic curve-shaped release profile was observed in all cases: At early times, the release rate

was high and then gradually decreased during the observation period.

All three formulations show pH-dependent AMX release, with significantly higher
release in acidic conditions, indicating their suitability for stomach-targeted drug delivery.
Formulations 1 and 2 (EC + AMX) release the drug more rapidly than Formulation 3, which
contains HPMC. This is likely due to HPMC's gel-forming, water-soluble nature, which slows
drug diffusion, unlike EC, which swells and allows faster release. Therefore, Formulation 3
may be better for sustained release, while Formulations 1 and 2 are more effective for faster

release in acidic environments.

As shown in the results of calculation the Liquid absorbed % from the tablets during the
dissolution, Tablet T3 consistently absorbs more liquid than T1 and T2 at all time intervals.
Notably, T3 absorbs approximately 17% of liquid within just 2 minutes, compared to less than
5% for T1 and T2. After 250 minutes, T3 reaches about 34.5% absorption, significantly
higher than T1 (22.7%) and T2 (14.8%). T1 and T2 both contain EC and AMX, but T1 has a
lower EC-to-AMX ratio, which may result in a more porous structure and better fluid uptake.
In contrast, T2’s higher EC content likely forms a denser matrix that limits liquid penetration.
The enhanced absorption in T3 is attributed to the presence of HPMC, a hydrophilic polymer
known for its strong water absorption and gel-forming properties. This contributes to
increased swelling and the formation of a gel layer that not only retains more liquid but also

modulates the drug release.

To demonstrate microbial activity, three bacterial strains which are the positive and negative
bacteria; we have applied the classical method of diffusion of antibiotic disks on Muller
Hinton (MH) agar which is a standardized medium for all bacteria were tested against the
prepared discs. After incubation at 24h at 37°c, we observe an increase in the diameters of

inhibition zones.

After 24 h of incubation, we observed that the antibacterial activity results are consistent
with the AMX release kinetics observed in the formulations. In particular, faster AMX release
under acidic conditions, as seen with Tablet 2 (T2, pH 1.2), leads to earlier and more
pronounced antibacterial effects. This is evident from the larger inhibition zones recorded at
earlier time points compared to those in neutral or basic conditions. Among the tested

bacteria, Pseudomonas aeruginosa exhibited the highest resistance, with significant inhibition
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only appearing at later stages when AMX concentrations had increased sufficiently. These
findings confirm the effectiveness of the pH-dependent release design, demonstrating that
AMX is more efficiently released and active in stomach-like acidic environments. This
supports the suitability of the formulation for targeted delivery to the stomach, where rapid

therapeutic action is desired.

Future in vivo biological studies on living cells and animal models, such as rats or
rabbits, will be essential to confirm that the amount of drug released from the most effective

formulations aligns with the required therapeutic concentrations.
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Abstract: This study aimed to develop and evaluate amoxicillin-loaded tablets using ethylcellulose (EC) and
hydroxypropyl methylcellulose (HPMC) as matrix polymers. Three formulations were prepared: T1 and T2 using
EC with different AMX ratios, and T3 combining EC, HPMC, and AMX. Characterization by FTIR and XRD
confirmed the presence and dispersion of AMX in the polymer matrices. Drug release studies in acidic (pH 1.2) and
basic (pH 7.4) media showed higher release in acidic conditions for all formulations, especially T1 and T2, making
them suitable for stomach-targeted delivery. T3, containing HPMC, showed slower and more controlled release due
to its gel-forming properties. Liquid absorption tests showed T3 absorbed significantly more water due to HPMC’s
hydrophilic nature, contributing to sustained drug release. Antibacterial tests demonstrated that the release behavior
directly influenced antimicrobial activity. Faster release in acidic conditions led to earlier and stronger bacterial
inhibition, particularly in T2. These results validate the pH-sensitive design and highlight the potential of these
formulations for targeted, effective drug delivery in gastric environments.

Key words: Galenic form*“Tablet”, Amoxicillin , EC , HPMC , Kinetics of release, microbial activity

Résumé : Cette étude visait a développer et évaluer des comprimés chargés en amoxicilline en utilisant
I’éthylcellulose (EC) et I’hydroxypropylméthylcellulose (HPMC) comme polyméres matriciels. Trois formulations
ont été préparées : T1 et T2 contenant de I’EC avec des proportions différentes d’AMX, et T3 combinant EC,
HPMC et AMX. La caractérisation par FTIR et DRX a confirmé la présence et la dispersion de ’amoxicilline dans
les matrices polymériques. Les études de libération du médicament dans des milieux acide (pH 1,2) et basique (pH
7,4) ont montré une libération plus importante en milieu acide pour toutes les formulations, en particulier T1 et T2,
les rendant adaptées & une libération ciblée dans 1I’estomac. La formulation T3, contenant du HPMC, a présenté une
libération plus lente et controlée en raison de ses propriétés de formation de gel. Les tests d’absorption de liquide
ont montré que T3 absorbait significativement plus d’eau grace a la nature hydrophile du HPMC, contribuant ainsi
a une libération prolongée du médicament. Les tests antibactériens ont démontré que le comportement de libération
influengait directement 1’activité antimicrobienne. Une libération plus rapide en milieu acide a entrainé une
inhibition bactérienne plus précoce et plus efficace, notamment pour T2. Ces résultats valident le concept de
libération sensible au pH et soulignent le potentiel de ces formulations pour une administration ciblée et efficace du
médicament dans des environnements gastriques.

Mots clés : Forme galénique « Comprimé », Amoxicilline , EC, HPMC, Cinétique de libération, activité
microbienne
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