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Summary

This study aims to develop a transdermal delivery system for baclofen, a
muscle relaxant used to treat muscle spasms. Although baclofen offers
significant therapeutic benefits, its clinical effectiveness is limited by its
short half-life and low bioavailability when administered through
conventional routes. This highlights the need for advanced strategies to
enhance its absorption and therapeutic efficacy. Nanotechnology-based
systems, particularly liposomes, represent one of the most promising
approaches for improving drug delivery due to their ability to increase drug
stability, penetrate biological barriers, and provide sustained release.
Furthermore, incorporating liposomes into hydrogel matrices enhances their

stability and performance.

In this research, four formulations of surfactant-modified, baclofen-loaded
liposomes were prepared using the thin-film hydration method, followed by
extrusion through nylon 6,6 nanofibers to obtain small unilamellar vesicles.
Characterization using FT-IR, DLS, zeta potential, and FESEM confirmed
successful nanoliposome formation, with particle sizes ranging from 36.67
to 172.6 nm, polydispersity indices of 0.369-0.663, and a zeta potential of —

65.6 mV, along with a maximum wavelength Amax of Baclofen at 218 nm.

Among the formulations, BLV: was selected as the optimized system based
on characterization results. An invitro release study was then conducted after
incorporating the selected formulation into Carbopol hydrogel at different
concentrations (0.5%, 1%, 1.5%) to evaluate drug release. The results
demonstrated that the highest baclofen release rate occurred at a Carbopol
concentration of 0.5%, which was therefore selected for subsequent in vivo

applications.

For the animal study, twenty male rabbits were divided into four groups: a

control group, a spasm-induced group administered an intramuscular



injection of lactic acid (30 mM) into the thigh muscle, an untreated spasm
group, and a group treated with the baclofen nanoliposome gel (0.5%). Blood
samples were collected from the ear vein as follows: from the control group
after acclimatization, from the spasm-induced group 12 hours after lactic
acid injection, from the untreated group after five days, and from the treated
group after five days of daily baclofen nano Liposome hydrogel (0.5%)
application. The collected samples were used to analyze blood ions (Ca*",
K*, Pi), muscle damage enzymes (CK, LDH), liver enzymes (AST, ALT),

and kidney function indicators (Urea, Creatinine).

The optimized formulation showed significant enzyme-inhibitory activity,
with ICso values of approximately 72.480 um/mL for CK and 86.359 um/mL
for LDH. Statistically significant improvements (P < 0.05) were observed in
the treated group compared to the spasm-induced groups, indicating marked
reductions in muscle damage biomarkers and improved physiological
parameters. These findings demonstrate that baclofen nanoliposome gel
provides an effective transdermal delivery platform, ensuring sustained drug
release, enhanced therapeutic efficacy, and reduced biomarkers associated
with muscle spasm. This study serves as the first scientific evidence
supporting the safety and efficacy of topical nanostructured baclofen for
spasm management, paving the way for broader future applications in

targeted transdermal drug delivery.
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Chapter One Introduction

1.Introduction

The constant development of technologies and materials resulting
from the collaboration between sectors such as bioengineering, physics,
chemistry, materials science, pharmacology, and not least medicine, has
allowed the advancement of increasingly efficient drug delivery tools [1] .
Researchers and clinicians from all over the world are continuously pursuing
the design and implementation of increasingly personalized, safe, and cost-
effective therapeutic solutions as new pharmacologically active molecules
and nanoparticles. Recently, the application of nanoparticles (NPs) has been
established to develop drug delivery efficiency [2], among nano-delivery
systems, liposomal drug delivery systems have emerged. These systems have
morphological, optical, mechanical, and electrical properties that enhance
drug stability and solubility by prolonging circulation time in the
bloodstream and improving delivery efficiency. The exploration of
liposomal formulations for drug delivery has gained significant traction over
the years, reflecting a growing interest in optimizing therapeutic efficacy
through advanced delivery systems. This literature review delves into the
intricate landscape of liposome-based technologies, highlighting their
evolution, design strategies, and applications in both In vitro and In vivo
settings. The foundational studies discusses the safety and efficacy of
multivesicular liposomes, particularly in the context of baclofen
administration. These investigations sets the stage for understanding how
liposomal formulations can enhance drug delivery methods in clinical
settings. Likewise, the findings emphasize the potential of optimizing lipid
excipients to enhance drug exposure, thereby laying the groundwork for
subsequent innovations in liposome drug delivery systems [3]. In this

context, transdermal delivery systems have emerged as a modern approach
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in the field, offering an innovative solution to overcome the traditional

limitations associated with conventional drug delivery methods .
1.1 Transdermal Drug Delivery System (TDDS)

The transdermal drug delivery system (TDDS) is a new
pharmaceutical strategy for drug administration, It is highly effective,
offering several advantages over conventional administration methods.
Conventional drug delivery system formulations require the use of high
doses and longer treatment durations to achieve desired therapeutic results,
and long-term systems may cause serious side effects, thus causing
decreased patient adherence to treatment [4]. Due to its many benefits, the
oral route is generally considered the most appropriate, convenient, and
optimal method of drug delivery, this method has significant disadvantages,
including gastrointestinal enzymatic  degradation, gastrointestinal
disturbances, limited absorption, and low bioavailability. In the case of
injectable drugs, needle phobia is a common psychological condition in
children and adults, as well as the risk of infection during drug administration
[5]. To overcome these issues, alternative delivery systems have been
developed, of which the transdermal drug delivery system (TDDS) is the
optimal method for these drugs [6]. The skin is the body's first line of defense
as it is the largest organ of the human body and acts as a natural shield,
protecting it from direct exposure to toxins, harmful pathogens and
environmental viruses, as well as protecting against water loss and

maintaining the stability of the internal and external environment [7].

This system has several advantages over oral and parenteral methods,
including direct effect on the skin, delivery of active ingredients directly to
damaged tissues, bypassing the first-pass effect of the liver, good absorption,
maintaining stable drug concentrations in the blood, low incidence of side
effects, and the ability to discontinue treatment quickly [8].

2
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1.2 Challenges in the using of TDDS and innovative solutions

Despite the advantages of a transdermal drug delivery system, the
biggest barrier to the adoption of TDDS is the presence of an outer layer of
skin that is resistant to active substances. The stratum corneum (SC) consists
of flat, keratinized cells that act as a primary barrier for active substances in
drugs and cosmetics [9]. In addition, the physical and chemical properties of
the drug such as molecular weight, polarity, dosage form, and solubility are
also a barrier to skin penetration. Therefore, drug formulation is an important
factor in developing a dosage form that ultimately reaches the target site

effectively [4].

To overcome this barriers or obstacles, different carriers have been
developed [10]. Nanomodification of drugs and other active substances
improves therapeutic efficacy while minimizing the risk of side effects.
Vesicular systems such as liposomes are one way to increase drug
permeation. Currently, interest in topical drug delivery via liposomes has
increased [11]. However, conventional liposomes are unable to penetrate
deeply into the skin due to their large particle size [8]. To address this
limitation, modified liposomes were prepared by incorporating surfactants to
enhance their elasticity and improve transdermal penetration. This
modification was based on previous research demonstrating that surfactants
can increase the flexibility of liposomes and their efficiency in transdermal
drug delivery [12]. In addition to the liposomal system, various other TDDS
have been developed, including mechanical, physical, chemical, electrical,

and lipid-based carrier methods, as illustrated in figure (1-1) [13] .
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Figure (1-1): A scheme representing the methods of transdermal delivery

systems
1.3 Liposomes

Liposomes are spherical structures composed of one or more bilayers
of phospholipids containing aqueous compartments at their center, as shown
in figure (1-2). Their sizes range from 30 nm to several micrometers,

depending on the need for their synthesis [14].

Studies have shown that phospholipids spontaneously form closed
structures when hydrated in aqueous media, forming what are known as
spherical vesicles. Due to the amphipathic nature of phospholipids in
aqueous media, their thermodynamic and self-assembling properties lead to
the arrangement of their hydrophobic components within spherical bilayers,

known as lamellae [15].

The discovery of liposomes began in the early 1960s by Bangham and

colleagues when they observed the formation of lipid vesicles upon the
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interaction of egg lecithin smears with water. These vesicles were initially
called thick mesophylls and later renamed liposomes. They were initially
used as artificial membrane models that mimicked simple biological
membranes to study transport functions, mechanisms, and permeability
properties, as well as to understand behaviors such as cell adhesion and

kinetic membrane fusion [14].

Liposomes were among the first drug delivery systems to be
successfully applied in clinical practice. Since their first development in
1965, these systems have undergone significant development in recent years
[16] .

They were quickly recognized as a potential drug delivery system.
This has led to intensified research into the design of specialized
formulations for multiple purposes, particularly in the medical and
pharmaceutical fields. The use of liposomes has also expanded to include
applications in cosmetics, the food industry, and agriculture. The delivery of
therapeutics via liposomes contributes to changing their biodistribution
pattern, significantly improving the therapeutic index of various drugs [14].
Various routes of administration for liposomes have been developed, such
as intravenous, oral, pulmonary, transdermal, nasal, and ophthalmic routes
[17].

Hydrophilic
Hydrophobic region
region
Drug in aqueous
core
Phospholipid
bilayer

Figure (1-2) : Structure of liposomes.
5
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1.4 Mechanism of Liposomes Penetration and Permeation via
the Skin

The skin is the primary barrier to topical medication, significantly
hindering the absorption of pharmaceutical compounds. Studies have
demonstrated the ability of vesicle systems to successfully deliver

medication into or through the skin [18].

A series of successive reactions occur with the skin when vesicle
systems are applied topically. The concentration of non-volatile active
substances on the surface of the skin increases when water evaporates, and
when this concentration reaches the degree of saturation, a moisture gradient
occurs towards the vesicles, which leads to the difference of water in the
outer layers of the skin from the inner layers, for example, the water content
in the outer layers of the skin increases from about 10% to 30% compared to
the inner layer of the skin, which contains about 75% water, and this water
gradient promotes the spread and penetration of vesicles into the skin

significantly [19].

These vesicles transfer through the skin toward the inner water-rich
layers as a result of the hydration gradient caused by water evaporation from
the skin surface, in addition to the high elasticity and hydrophilicity of these
vesicles. This gradient acts as a pulling force that drives the vesicles to
penetrate the stratum corneum. The movement of intercellular fluid in the
skin also contributes to this process. When the hydration gradient is absent,
as occurs when the skin is occluded by an impermeable medium, the
transport mechanism is completely disrupted, and thus the stratum corneum

cannot be penetrated by Vesicles systems [20].

The stratum corneum acts as a barrier to prevent foreign substances

from entering the body. This layer contains two hydrophilic pathways: an
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inter-cluster pathway, which has lower penetration resistance and constitutes
approximately 20% of the pathway area, and an inter-corneal pathway,
which resists penetration higher. The latter is more abundant, comprising
more than 80% of the pathway area, and has a tortuous shape [21]. Under the
stratum corneum is the living epidermis, in addition to the dermis, which is
the thickest layer of the skin and contains blood and lymphatic vessels,
collagen fibers, nerves, and then subcutaneous adipose tissue, consists of
adipocytes to which collagen fibers are attached. In recent years, we have
seen increasing interest in exploring new methods to improve the delivery of
drugs locally, either within or across the skin. One such approach, vesicle-
based systems, has demonstrated significant success compared to
conventional systems [18]. Previous research has shown that conventional,
unmodified vesicles exhibit limited ability to deliver drugs through the skin,
as they tend to accumulate in the upper part of the stratum corneum with
little or no penetration into the deeper layers [22]. Therefore, the
conventional vesicles were modified by incorporating surfactants. These
substances increase the flexibility of the vesicles [23],and in addition change
the lipid bilayers of the vesicles, which increases their deformability and thus
enables these vesicles to pass through narrow pores [24]. As shown in figure
(1-3).

Vesicles carrier

Stratum corneum

Epidermis Deformed vesicles

Dermis Sweat gland

Blood vessels

~ der]
N/
Hypodermis I S —OQ

Figure (1-3) : Mechanism of penetration of modified liposomes across the

skin layers.



Chapter One Introduction

1.5 Advantages and Disadvantages of Liposomes

Liposomes are considered one of the nanocarrier systems used in drug
delivery due to their multiple features in enhancing drug efficacy and
reducing damage to healthy tissues [25][26] . However, their use may also
be associated with some technical and production-related limitations [27].
Figure (1-4) illustrates the major advantages and disadvantages of

liposomes.

Advantages of liposomes Disadvantages of liposomes

Transportation of hydrophilic and TS et e

hydrophaobic drugs

Liposomes are non-toxic nature, high
biocompatibility, biodegradability and
non-immunogenic. Increase drug
stability through encapsulation \_ )
| |
Enhanced drug solubility and control itis
distribution, Site targeting, sustained or
controlled release

Leakage of drug from the liposomes

Short half-life

-

Protect drug from physiological Liposomes may undergo hydrolysis or

half-life of the drug and thus reduce the

frequency of dose N | )

|
reduce exposure of sensitive tissues to 4 )
toxic drugs , r_educe side effects , Low solubility
Increase the efficacy of the drug and
therapeutic index

- )

Figure (1-4): Main advantages and disadvantages of liposomes
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1.6 Classification of Liposomes
1.6.1 Based on Size

It can be classified into four types [26], as shown in the figure (1-5)

e ULVs- Unilamellar vesicles
e MLV;s-Multilamellar vesicles
e MVVs- Multivesicular vesicles

e OLVs-Oligolamellar vesicles

OLV (100-1000nm) MLV(>500nm) MVV(>1000nm)

Figure (1-5): Types of liposomes based on size

1.6.1.1 ULV- Unilamellar vesicles

Unilamellar vesicles are the most common type of liposome. They are
characterized by a single bilayer of phospholipids surrounding an aqueous
solution [28], offering a greater ability to encapsulate hydrophilic

compounds [29]. There are several methods for preparing this type of
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liposome, including ultrasound, extrusion through filters, and freeze-thaw

cycles, their size range from 10-1000 nm [30].

Unilamellar vesicles can be divided into three categories based on their
size [31][32].

e LUVs-Large unilamellar vesicles
e SUVs-Small unilamellar vesicles

e GUVs-Giant unilamellar vesicles

1.6.1.1.1 Large unilamellar vesicles

These are vesicles composed of a single bilayer, Its size reaches
(>100nm) [33]. They have a high capacity to retain aqueous components,
making them suitable for hydrophilic drugs. This type of vesicle can be
prepared using reverse-phase evaporation, detergent dialysis, extrusion,

ether injection, and ultrasound [34].
1.6.1.1.2 Small unilamellar vesicles

They are small spherical vesicles surrounding an aqueous core,
composed of a single bilayer, their size range from 10-100 nm. They are

prepared using ultrasound or extrusion technology [35] .
1.6.1.1.3 Giant unilamellar vesicles

They are very large vesicles composed of a single bilayer, exceeding 1000nm
in size [29]. This type of liposome can be prepared using electrophoresis,
physiological force-regulating solutions, and osmotic shock techniques [30].
This type of vesicle is used in biophysical studies and cell membrane
simulation experiments and is also widely used in studies of synthetic cell
[36].

10
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1.6.1.2 Multilamellar vesicles

They are vesicles composed of two or more co lipid bilayers
concentric ,arranged in an onion-like shape, suitable for encapsulating
lipophilic compounds. Their size may reach (>500) [37]. These multi-
lamellar vesicles are prepared spontaneously when dry lipid membranes are
moistened with an aqueous solution in the presence of an organic solvent
[38].

1.6.1.3 Multivesicular vesicles

It consists of several small, non-concentric vesicles enclosed within a
single bilayer. It is ideally suited for encapsulating large volumes of
hydrophilic materials [37]. This type of liposome reaches a size of (>1000)
[39].

1.6.1.4 Oligolamellar vesicles

They are vesicles composed of several concentric lipid bilayers with
relatively larger diameters compared to SUVs. They are intermediate
structures between MLVs and SUVSs, and provide a compromise between the
size homogeneity of SUVs and the stability of MLVs. This type of vesicle is
formed through the hydration of lipid membranes [35], and Its size ranges
between 100-1000nm [17].

1.6.2 Based on Compositions

Liposomes can be categorized, according to their compositional
characteristics, into several types, including conventional liposomes [40],
stealth liposomes [41], actively targeted liposomes [42], stimuli-responsive

liposomes [43], and bubble liposomes [44].

11
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1.6.2.1 Conventional liposomes

Conventional liposomes are the first generation used in therapeutic
applications. These liposomes are manufactured from natural or synthetic

phospholipids, with or without cholesterol [16].

Wu et al found that adding cholesterol to liposomes made from
hydrolyzed soybean phosphates resulted in a decrease in the rigidity of the
liposome membrane. Studies showed that liposomes of medium rigidity

were able to penetrate tumors well, enhancing their therapeutic efficacy [45].

Keddah et al studied how the permeability and fluidity of the liposome
membrane were affected by cholesterol concentration. The study showed an
increase in the average size of liposomes with increasing cholesterol
concentration, leading to a change in the shape of the vesicles from irregular
to spherical and nanoscale. Furthermore, the fluidity of the bilayer decreased

in the presence of cholesterol [46].
1.6.2.2 Stealth Stable Liposomes

Stealth stabilized liposomes are the second generation of liposomes.
This type of liposome has shown a longer half-life in the bloodstream

compared to conventional liposomes [47].

This type of liposome is characterized by coating the surface of the
liposome membrane with hydrophilic synthetic polymers such as poly
ethylene glycol (PEG) or chitosan. Coating the liposomes with PEG creates
a steric barrier between them and blood components [48], which reduces the
uptake of cryptic liposomes by mononuclear macrophages [47]. However,
one disadvantages of these liposomes is their random distribution in the
body, which means the encapsulated compounds cannot selectively reach the
target cells [49]. Stealth stabilized liposomes have also demonstrated

efficacy in both chemotherapy and gene therapy [50].
12
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1.6.2.3 Actively Targeted Liposomes

Actively targeted liposomes this type of liposome represents the third
generation. This type of liposome enhances the selectivity of liposome
interactions with diseased cells. It also stimulates phagocytosis via cell
surface receptors and enables the direct delivery of liposome contents to the
target site [51]. Through passive targeting, liposomes can accumulate in
tumor tissue within a period typically ranging from 24 to 48 hours. This is
attributed to the enhanced permeability and retention (EPR) effect exhibited
by tumor blood vessels [52]. However, one drawback of passive targeting is
that it does not provide cellular targeting alone, meaning it does not
distinguish between normal and cancer cells [53]. As a result, liposomes
have been shown to actively target cancer cells by binding the liposomes to
antibodies, which are specific to the endothelial cells of tumor or cancerous
blood vessels [52]. A new type of immunoliposome was designed by
Maruyama et al. in 1999. Suspended immunoliposomes by binding
antibodies to the immunoliposome at the distal end of the PEG chain.
Suspended immunoliposomes showed significantly higher targeting
compared to conventional liposomes, both in targeting lung endothelial cells
and in accumulating within solid tumors. This is attributed to the presence of
free PEG chains not arranged by antibodies, which reduce the uptake of
liposomes by ERS, which contributes to prolonging their survival time in the

blood and increasing their concentration at the target site [54].
1.6.2.4 Stimuli-responsive Liposomes

Stimuli-responsive liposomes are nano systems that release their drug
payload to the target site in response to stimuli they are exposed to [43].
These stimuli may be internal, such as changes in pH, redox reactions, or

enzyme activity. Or external stimuli, such as changes in temperature,

13
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magnetic fields, ultrasound, or light [55]. As shown in table (1-1) the most

common types of stimuli-responsive liposomes.

Table (1-1): Types of stimuli-responsive liposomes [56].

Stimuli-responsive liposomes Stimuli

pH-sensitive liposomes Change in Ph

Enzyme-responsive liposomes The enzymes amidase, esterase, and
protease

Redox-sensitive liposomes Peroxides, hydroxyl radicals, singlet
oxygen, and reactive oxygen species
(ROS)

Light-sensitive liposomes near infrared, or visible light, UV
Irradiation

Temperature-sensitive liposomes Microwave ablation or radiofrequency

1.6.2.5 Bubble Liposomes

Bubble liposomes are thin, spherical, gas-filled particles consisting of
a core and a shell. Of shell include silver, proteins, surfactants, lipids,
polymers, or sugars. Air and other gases fill the core, and their sizes range
from 1-10um [57]. These liposomes are expected to be used in developing
innovative gene and drug delivery applications, as their surfaces can be
adapted to carry a variety of drugs [58]. Bubble liposomes containing nitric
oxide are a promising option for intravenous therapy, as they prevent nitric
oxide from reacting with hemoglobin [51]. Oxygen bubble liposomes deliver
high concentrations of oxygen to the lungs, making them a promising

treatment for hypoxia in tumors [53].
1.7 Liposomes Compositions

Natural or synthetic phospholipids can be used to prepare liposomes. The
properties of liposomes such as size, stability, fluidity, charge and hardness
are greatly affected by their lipid composition [59], and thus the lipids used

in the formation of liposomes are classified :

14
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1.7.1 Steroids

Steroids are hydrophobic lipids compounds consisting of four interconnected
carbon rings. Based on this structure, different chemical groups are

associated with them to give several types of steroids [60].

The most important steroids used in the preparation of liposomes are
cholesterol and B-sitosterol as shown in the figure (1-6). Cholesterol is the
most commonly used steroid in the preparation of liposomes, as cholesterol
reduces the leakage of the drug from the liposomes, increases their stability
and duration of stay in the body and enhances the rigidity of the lipid
membrane. and B-sitosterol may be used as a substitute for cholesterol. In a
comparison of the effects of beta-sitosterol and cholesterol on liposome
membrane properties, they discovered that both steroids produce significant
changes in particle size, decrease the phase transition temperature (Tm) and
entropy, increase the absolute zeta potential, and decrease the fluidity of the

liposome membrane [61].

Cholesterol B-sitosterol

Figure (1-6): Chemical structure of Steroids ( cholesterol , B-sitosterol )[62].
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1.7.2 Natural lipids

Natural lipids are lipid compounds derived from natural sources such
as egg VYyolks or soybeans. They are primarily composed of
glycerophospholipids. These phospholipids consist of a glycerol molecule
linked to a phosphate group and two fatty acid chains. The phosphate group
can be linked to a small organic molecule such as choline. Phospholipids are
classified according to the polar nature of their organic group into several
types, including: phosphatidylcholine (PC), phosphatidylserine (PS)
,phosphatidylethanolamine(PE),phosphatidylglycerol (PG),phosphatidic
acid (PA), and phosphatidylinositol (PI) [29].AS shown in figure (1-7).
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Figure (1-7): Chemical structures of natural phospholipids used for liposome
preparation [51].
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1.7.3 Synthetic lipids

Synthetic lipids are lipid compounds that do not exist in nature but are
manufactured commercially. The polar and nonpolar parts of natural
phospholipids are chemically modified to form an unlimited number of
synthetic phospholipids. Saturated fatty acids, such as stearic and palmitic,
are the majoring components of synthetic phospholipids [51]. Examples of
synthetic lipids are 1,2-Dioleoyl-sn-glycero-3-phosphoethanolamine
(DOPE),1,2-Dioleoyl-trimethylammonium-propane(DOTAP), Dimyristoyl
phosphatidylcholine (DMPC) Hydrogenated soybean phosphatidylcholine
(HSPC),1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine(POPC),1,2-
dioleoyl-sn-glyceron phosphocholine (DOPC) [60]. AS shown in figure (1-

8).
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Figure (1-8) : Chemical structures of synthetic phospholipids used for
liposome preparation [51].
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1.7.4 Surfactants

They are amphipathic molecules meaning they contain a hydrophilic
part and a hydrophobic part, and have a single acyl chain [63]. Surfactants
modify the encapsulation and release properties of liposomes by reducing
the surface tension between immiscible phases [64]. They also make
liposomes more elasticity and less rigid, increasing their deformability,
enabling them to pass through skin barriers more easily. They also help

produce smaller vesicles [65]. AS shown in figure (1-9).
The most commonly used surfactants [66] :

e Polysorbate 80 ( Span 80, Tween 80 )
e Tween 20, Span 60

e Sodium deoxycholate

ONa

Figure (1-9): Structure of surfactants A) Polysorbate 80 [67], B) Sodium
Deoxycholate [68].
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1.7.5 Polysaccharides

Polysaccharides are long-chain polymeric carbohydrates, consisting
of repeating monosaccharide units linked by glycosidic bonds.
Polysaccharides serve an important function in cell communication, helping
to recognize tissues and cells and assisting in various transport systems [69].
Studies have shown that coating liposomes with oligosaccharides or
polysaccharides can enhance the targeting of liposomes to specific cell
receptors [70]. Polysaccharides have unique properties, such as
biocompatibility and antibacterial, antiviral, and antitumor properties,
making them a promising choice for drug delivery systems [71]. The most

important polysaccharides are hyaluronan [72]and chitosan[73].
1.8 Application of Liposomes

Liposome-based drug delivery systems have shown promising results
for several types of clinical treatments. Extensive research into the use of
liposomes in medical fields has led to the improvement and development of
various liposomal structures aimed at treating a wide range of diseases.
These liposomes can encapsulate hydrophilic or hydrophobic drugs, and this
encapsulation improves the therapeutic effect of the drugs through changes
in pharmacokinetics and pharmacodynamics. Although the clinical
applications of liposomes primarily focus on the treatment and diagnosis of
cancer, these systems represent a versatile therapeutic platform in medical

and research fields [37], as shown in figure (1-10) .
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Cancer Cosmetic
Treatment Applications

Applications
of Liposomes

Treatment of Gene Therapy
Dermatophyte /@\ Getilar
Disorders

Figure (1-10): Schematic representation of the main therapeutic applications
of liposomes [74].

1.8.1 Cancer Treatment

Cancer is one of the most common causes of death. Global cancer data
for 2020 showed approximately 10 million cancer deaths and 19.3 million
new cancer cases [75]. Currently, existing treatments may face limitations in
terms of efficacy and side effects. Therefore, scientists have focused on
developing safer alternatives using nanotechnology in cancer treatment,
producing nanoparticles that specifically target malignant tumors. These
nanomaterials include liposomes [76]. Liposomes have been widely used
and studied in tumors due to their unique properties, making them suitable
drug delivery vehicles in oncology. Several liposome-based drugs have
successfully transitioned to clinical applications in recent years due to rapid
advances in liposome technology, and several liposome-based drugs are
currently under study [16]. Doxil, the first liposome-based drug, was
launched in the United States in 1995 to treat patients with ovarian cancer

and AIDS-related Kaposi's sarcoma [17].
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1.8.2 Cosmetic Applications

Cosmetics are beauty products containing active ingredients. When
some of these products reach their target sites in the deeper layers of the skin,
they are effective. However, the nature of the skin makes it difficult for these
substances to pass through it. Therefore, scientists have developed liposomal
formulations as a system for delivering cosmetics through the skin with high

efficiency [11].
1.8.3 Gene Therapy

Gene therapy, a modern approach to treating genetic diseases, aims to
introduce a healthy or modified gene into an affected cell to correct genetic
defects or a cellular process. Viruses, nucleic acids, or microorganisms are
used as vectors to deliver genetic material to cells [77]. Despite advances in
this technology, the immune response remains a major obstacle to the clinical
development of viral gene therapy [78].In this case, liposomes emerge as
non-viral vectors for gene delivery due to their unique properties, most
notably low immune response, high biocompatibility, and ability to

encapsulate genetic material and protect it from degradation [77].
1.8.4 Treatment of Dermatophyte

The long-term use of antifungal drugs to treat fungal skin diseases is
associated with numerous undesirable side effects. Therefore, there is an
urgent need for new treatments with better absorption and fewer side effects.
In this context, liposomes have been used as a transdermal drug delivery
system. Liposome-encapsulated antifungal drugs have demonstrated
effective drug delivery to the target, improved skin penetration, and reduced
side effects [79].
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1.8.5 Ocular Disorders

Controlling the entry of foreign materials is one of the key functions
of the eye. Due to this property, drugs used in treatment are difficult to access
into the eye chamber. Furthermore, tear drainage forms a barrier, reducing
drug resistance and reducing the effectiveness of treatment on the ocular
surface. Therefore, the emergence of drug delivery systems (liposomes)
represents an important step in solving these problems. These liposomes can
penetrate the ocular barrier, increasing drug resistance on the ocular surface

and thus enhancing drug efficacy [80].
1.9 Baclofen

It is a chemical derivative of the neurotransmitter y-aminobutyric acid
(GABA), which acts as an agonist of GABAg receptors and a depressant of
the central nervous system [81]. It is drug a skeletal muscle relaxant and anti-
inflammatory [82]. It is commonly used to relieve spastic movement disorder
or to treat spinal cord injuries, multiple sclerosis, or motor neuron disease
[81]. It has also been increasingly used to treat gastroesophageal reflux

disease and musculoskeletal pain [83].

Oral baclofen was initially designed by Heinrich Keberle to treat
epilepsy. Despite its limited efficacy in treating epilepsy, baclofen has been
found to be effective in relieving spasms. A decrease in muscle strength was

observed in patients who took this drug [84] .

In 1971, baclofen was reintroduced to treat muscle spasms resulting
from multiple sclerosis and spinal cord injuries, as well as to relieve of flexor
spasms and the accompanying pain, in addition to relieving spasms resulting
from skeletal muscle damage. It was approved by the US Food and Drug
Administration (FDA) in 1977 [85].
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1.9.1 Physicochemical properties of Baclofen

Baclofen has physical and chemical properties that make it suitable
for pharmaceutical use. It is a white, odorless crystalline compound with
good water solubility and chemical stability under normal conditions. Its
molecular formula indicates that it contains chlorine and amine atoms, which
influence its acidic and basic properties and enable it to interact in various

biological environments AS shown in table (1-2).

Table (1-2) : Physicochemical properties of baclofen [86]

Chemical name 4-amino-3-(4-chlorophenyl)butanoic acid
Molecular formula C10H12CINO2
Molecular weight 213.66 g/mol
Chemical structure i
(@]
H—_
|
H
Cl
Melting point 206-208°C
The appearance White crystalline powder
Solubility It is soluble agueous solution and weak soluble
in organic solvent
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1.9.2 Baclofen Mechanism of Action

Baclofen activates GABAg receptors located in presynaptic type la
neurons and postsynaptic motor cells in both the central and peripheral
nervous systems, Thus, its effect leads to inhibition of nerve signal
transmission, especially both monosynaptic and polysynaptic reflexes in the
spinal cord , which leads to the relief of spasticity and muscle tension. The
activation of GABAg receptors leads to the efflux of potassium (K*) from
neurons, causing hyperpolarization of the neuron's membrane. In addition,
the influx of calcium ions (Ca*?) to presynaptic nerve endings is reduced,
leading to a reduction in the induced release of neurotransmitters such as
glutamate. As a result of these changes , the rate at which presynaptic la
neurons reach a threshold that allows the initiation of an action potential is
reduced, and the amplitude of the excitatory postsynaptic potential within
the gamma motor neurons that innervate the fibers within the nerve spindle
Is reduced. This mechanism illustrates the role of baclofen in reducing
muscle spasms through its therapeutic effect, as shown in figure (1-11) [83].

Presynaptic

K+
Inhibitory Neuron

GABAs

©

Action Potential

Postsynaptic Motor
Neuron

Figure (1-11) : Baclofen Mechanism of Action.
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1.9.3 Motivations for Converting Baclofen to nano Liposomes

Based Topical Formulation

Oral baclofen is effective in treating muscle spasms, but it causes
several undesirable systemic side effects [87], including nausea, dizziness,
bradycardia, delirium, drowsiness, psychotic disturbances, sedation, and
excessive weakness [88][89]. In addition, oral baclofen has a narrow
therapeutic index and a short half-life of 2-4 hours [87], which necessitates
frequent dosing to maintain therapeutic levels. This repeated administration
increases the risk of severe complications, such as generalized tonic—clonic

seizures (GTCS) and non-convulsive status epilepticus [81].

These limitations have encouraged the development of an alternative
pharmaceutical form. Therefore, in this study, a topical baclofen formulation
based on nano-liposomes was designed to enhance its bioavailability and
prolong its half-life in systemic circulation. This approach aims to reduce
dosing frequency, deliver the drug directly to the target site, and protect it
from premature degradation—thereby improving therapeutic efficacy and

minimizing the adverse effects associated with oral administration [87].
1.10 Carbopol

It is a synthetic high-molecular-weight polymer, derived from acrylic
acid cross-linked with polyalkenyl ethers or diphenyl glycerol. In recent
years, interest has increased in the using of carbopol as an auxiliary material
of pharmaceutical applications, as it can be an ideal gel for topical
application. as carbopol is an effective material in modifying rheological
behavior, offering excellent properties in improving stability, suspending
molecules and thickening, and is biocompatible and non-toxic. Carbopol is
classified into several types including Carbopol 934, Carbopol 940,
Carbopol 974, and Carbopol 981 [90]. AS shown in figure (1-12).

25



Chapter One Introduction

R
n

Figure (1-12): Chemical Structure of Carbopol [91].

1.10.1 Motivations for Incorporation Baclofen nano Liposomes

Vesicles with Carbopol gel

Despite the development of hydrogel and liposome technologies.
However, the capability of these techniques to deliver drugs is limited by
several obstacles, such as the potential for rapid degradation and instability.
To overcome these issues, liposomes can be combined with hydrogels such
as carbopol gels to reduce the speed of drug release and enhance its efficacy,
especially in special areas such as prolonged drug delivery, both liposomes
and hydrogels may improve each other structurally, for example, carbopol
gels can maintain the integrity of liposome membranes and support
mechanical stability, and in addition, it provides bio adhesive properties to
extend the contact time with the skin surface. The interaction of liposomes
with hydrogels may improve their physical and chemical properties, which
in turn may change the drug release patterns in the hybrid system. As a result,
the combination of liposomes and gels improves drug formulations and

administration methods [92].
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1.11 Importance of In Vitro Studies in Evaluating Baclofen
Delivery System

In vitro studies represent a necessary step to evaluate the efficacy of
a drug delivery system, providing preliminary results on drug release
characteristics a step before in vivo studies [93]. Among these systems, the
incorporation of baclofen liposome vesicles into Carbopol gel is a promising
approach aimed at achieving controlled and sustained drug release [94].
Performing in vitro studies on such a system provides the possibility of
understanding drug release behavior in a physiologically simulated
environment and assessing the stability of the vesicles after their
incorporation into the gel [95]. This study also enables comparison of the
release rate between baclofen liposomes vesicles and those incorporated into
the gel, providing practical evidence of the importance of incorporation in
enhancing baclofen is half-life and therapeutic efficacy. In vitro testing is
therefore an essential tool for clarifying the relationship between gel-vesicle
properties and drug release rate, paving the way for designing more efficient

and therapeutically effective drug formulations [94] .
1.12 A Study of the Mechanism of Muscle Spasm in Vivo

Muscle Spasms are a common clinical and physiological phenomenon
associated with a wide range of conditions, from simple muscle fatigue to
neurological or systemic disorders. Despite their prevalence, the underlying
mechanisms of muscle spasms in vivo remain incompletely understood, as
they involve a complex interplay of neuronal, chemical, ionic and

mechanical factors [96].
1.12.1 Neuronal factors

One of the primary contributors to spasms is neuromuscular

hyperexcitability. Normally, muscle spindles provide excitatory input, while
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Golgi tendon organs (GTO) provide inhibitory feedback to motor neurons.
An imbalance in these signals may lead to excessive excitatory drive and
repetitive, uncontrolled firing of the a-motor neuron, producing sustained

involuntary contractions [97] [98].
1.12.2 Chemical and lonic Factors

Metabolic changes within the muscle also influence cramp
development. Accumulation of lactate and hydrogen ions during intense
activity lowers intracellular pH, which can impair sarcoplasmic reticulum
(SR) calcium handling and slow relaxation [99]. Electrolyte imbalances play
a more direct role. Altered concentrations of calcium (Ca?"), potassium (K*),
and sodium (Na*) affect the excitability of muscle fibers and motor neurons,

thereby increasing the likelihood of abnormal, repetitive firing.
1.12.3 Mechanical Factors

Spasms are often precipitated when muscles are shortened or remain
under tension (e.g., during exercise, weightlifting, or prolonged sitting). In
such conditions, muscle fibers are insufficiently stretched and the force
generated does not adequately activate the GTO. This reduces inhibitory
signaling to the spinal cord and favors persistent activation of the a-motor
neuron. The GTO reflex normally serves to protect muscle fibers and tendons
from excessive strain by inducing relaxation in response to tension. When its
feedback is diminished, the risk of spasms increases. lonic and Metabolic

Changes During spasms [100].

During normal contraction, Ca?* is released from the SR and binds to
troponin, initiating cross-bridge cycling. Relaxation occurs when Ca?" is
actively resequestered back into the SR by ATP-dependent SERCA pumps
[101]. In spasms, excessive or repetitive Ca?* release, together with impaired

reuptake due to ATP depletion, keeps cytosolic Ca** levels elevated. This
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sustained elevation maintains cross-bridge binding and prolongs contraction,
This keeps the muscle in a state of sustained contraction. It can also lead to
a large influx of calcium into the muscle fibers, which may result in a

potential decrease in blood calcium levels [102].

Potassium flux is also altered. Under normal conditions,
depolarization occurs via Na* influx, followed by repolarization through K*
efflux, with ion balance restored by the Na*/K* ATPase pump [103]. During
spasms, rapid repetitive discharges lead to accumulation of K* in the
extracellular space and Na* inside the cell [104]. The Na*/K* pump works at
near-maximal capacity but requires large amounts of ATP. As ATP
availability decreases, the pump cannot maintain ionic gradients, further

predisposing the fiber to hyperexcitability and sustained contraction [105].

Inorganic phosphate (Pi), a byproduct of ATP hydrolysis and creatine
phosphate breakdown, accumulates inside the muscle during sustained
activity [106]. High intracellular Pi contributes to fatigue and impaired cross-
bridge function. However, significant increases in plasma phosphate occur

mainly in severe muscle injury (e.g., rhabdomyolysis).

Enzymatic changes during muscle spasm, In addition to ionic and
metabolic disturbances, muscle spasm are also accompanied by changes in
the levels of certain muscle enzymes in the blood. Creatine Kinase (CK) is
one of the most important biochemical parameter of muscle fiber membrane
damage. Normally, it remains within the cell, but during prolonged or
repeated spasm, the muscle membrane may be exposed to mechanical or
chemical stress or an imbalance in the ionic balance, leading to increased
permeability.CK leaks into the blood [107]. Elevated CK is used as an
indicator of muscle damage or rhabdomyolysis [108]. Lactate
dehydrogenase (LDH) elevated activity reflects increased reliance on

anaerobic metabolism and may rise in blood when muscle fibers are

29



Chapter One Introduction

injured [109]. Aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) although typically used as liver function markers,
they are also present in muscle tissue. Elevated levels may arise from muscle

injury, potentially mimicking hepatocellular damage[110].

In addition to ionic and enzymatic changes within muscle fibers, repeated or

severe spasms may affect vital organs such as the kidneys and liver.

In cases of severe muscle spasms associated with rhabdomyolysis,
intracellular proteins, enzymes, and electrolytes-including myoglobin,
potassium, and phosphate—are released into the bloodstream. Myoglobin
can precipitate within renal tubules, promote oxidative stress, and lead to
acute kidney injury, clinically reflected by elevated serum creatinine and
urea [111]. The liver itself is not directly damaged by cramps, but elevations
of AST and ALT may misleadingly suggest hepatic injury when the true
source is muscle. Differentiating between muscular and hepatic origins

requires careful clinical and laboratory assessment [112].
1.13 Literature review

e The study (Raveendhra et al., 2018) focused on the development of a
topical gel for controlled release of baclofen at a concentration of 0.5%
using a range of hydrophilic polymers such as Carbopol, Carrageenan,
Xanthum and others. The results showed that the gel systems had good
physical properties, no interaction between the drug and the polymers
was observed, and no skin irritation was observed during topical
application. The prepared formulations showed a high in vitro drug
release rate of 98% within (22-24) hours. In transdermal permeation
experiments in rats ex vivo, the formulations showed high
permeability to baclofen [113].

e Inastudy by (Keservani etal. 2020), baclofen-loaded liposomes were

prepared by the ethanol injection method, where different ratios of
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cholesterol, lecithin, and ethanol were used with stabilized drug and
stearic acid ratios. The physical and chemical properties of the
liposomes were studied. The results showed that the average size of
the liposomes ranged between (3.98+0.45-4.24+0.65 um) with the
observation that the vesicles are small, single membrane spherical,
with a gradual release of (67.66+5.32%) within 10 hours. In addition
to in vitro studies, the efficacy of the formulation was evaluated in
vivo using Swiss Benoit mice, where it showed muscle relaxant
activity by increasing the number of falls in the Rota-Rod test
compared to the control group. The researchers concluded that
baclofen-loaded liposomes show high efficiency in improving the
pharmacological effect of baclofen when used topically [114]

e In this study (Mahesh et al. 2021), liposomes were prepared using
thin lipid film hydration method. The liposomes were evaluated using
zeta sizer, encapsulation efficiency and drug release in vitro. The drug
used in the liposomes formulation was diclofenac sodium, which has
anti-inflammatory and antipyretic properties. The bioavailability of
diclofenac sodium is 50% , when this drug is encapsulation in
liposomes its bioavailability increases. The results indicate that the
liposome formulation of diclofenac demonstrated a more substation
drug release into the systemic circulation, along with anti-
inflammatory effects and reduced side effects [115].

e A study conducted by (Tayal et al. 2024) addressed the design of a
topical delivery system for the treatment of arthritis. Diclofenac
sodium is encapsulated by liposomes and then carried in a hydrogel.
The results of this study showed that the average vesicle size ranged
from 100 to 200 and that drug release exceeded 96% in all liposomal
gel formulations. These results indicate that liposomes gels have

proven to be an effective vehicle for transdermal delivery of
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diclofenac sodium and the treatment of inflammatory conditions
[116].

e (Jiaetal., 2025) developed a topical delivery system for docetaxel for
the treatment of psoriasis using gel-loaded liposomes. This system
was developed to overcome problems with the drug, such as its low
bioavailability and insolubility. The results showed that the DTX-LP-
G formulation released the drug cumulatively, releasing larger
amounts of the drug into the skin compared to liposome-loaded and
gel-loaded docetaxel. The DTX-LP-G formulation also demonstrated
high efficacy in removal hydrogen peroxide free radicals in vitro. This
study was conducted in vivo (mouse), and the formulation was a
therapeutic agent for psoriasis in terms of improving the skin's
external appearance, reducing splenomegaly, and inhibiting MDA in
skin tissue [117].

A review of previous studies has shown that most research on topical drug
delivery has focused on the use of liposomes as carriers, exploring various
active ingredients, preparation methods, and applications, including in vitro
studies and animal models. Studies have successfully demonstrated the
advantages of liposomes in enhancing drug stability, controlling release
rates, and improving therapeutic effects. Similarly, baclofen has been
formulated in topical gels and other delivery systems, showing promising
results in terms of drug release and skin permeation. However, none of the
previous studies have combined baclofen with liposomes incorporated into
a gel formulation and further evaluated it both in vitro and in vivo in a rabbit

model.

Therefore, the novelty of this work lies in the development of a baclofen
nano liposome gel and its comprehensive evaluation, including drug release,

permeation behavior, and in vivo efficacy. This study addresses a clear gap
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in the scientific literature, offering a new approach for topical baclofen
administration that has the potential to improve therapeutic outcomes, reduce
systemic side effects associated with oral administration, and provide a more

effective treatment option for localized conditions.
1.13 Aims of Study

1-To design and formulate a gel-based nanoliposome Baclofen vesicles
composition, and to characterize its physicochemical properties, including

particle size, distribution, stability, and drug entrapment efficiency.

2- To fabricate polyamide (Nylon 6,6) fibers and use them as a filtration
medium for the prepared liposomal vesicles, aiming to obtain small

unilamellar liposomes.

3-To induce a direct muscle spasm model by injecting specific
concentrations of lactic acid into the muscles of laboratory animals,

simulating acute muscle spasticity conditions.

4- To monitor selected clinical and physiological parameters relevant to
muscle spasm, such as spasm severity, mobility range, and inflammatory

markers, for therapeutic assessment.

5-To evaluate the therapeutic efficacy of the optimized nanoliposome
Baclofen gel formulation in treating induced muscle spasms, in comparison

to conventional treatment approaches.

33



Chapter Two

Materials and Methods



Chapter Two

Materials and Methods

2. Materials and Methods

2.1 Instruments

All devices used in this study were listed in table (2-1) with the companies
and origin mentioned.

Table (2-1): Devices used in this study

Ser | Devise Company Origin

1 Bath sonicator Daihan Scientific China

2 Buechner funnel Chemlab UK

3 Centrifuge Hettich-D-78532 Germany

4 Dynamic light scattering (DLS) Analysis Malvern UK

5 Electrospinning device ,16kv Homework Basra

6 Field Emission Scanning Electronic Microscope | TESCAN USE
(FESEM) , 15kv

7 FT-IR Spectrophotometer, FT-1R-8400s Shimadzu Jaban

8 Hotplate magnetic stirrer Medilab Korea

9 Micropipette Dragonmed China

10 Overhead stirre Joanlab China

11 pH meter Inolab Germany

12 | Rotary evaporator Heidolph USA

13 Stuart Melting Point Apparatus-SMP30 Bibby Scientific UK

Limited

14 UV-Vis spectrophotometer UV-1800 Shimadzu Jaban

15 Vortex mixer Joanlab China

17 Vacuum filtration Value China

18 Zeta potential analysis Horiba Scientific Jaban
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2.2 Materials

All materials used in this study were listed with their companies, origin
and chemical formulas in table (2-2).

Table (2-2): Materials used in this study

Ser | Materials Molecule M.wt Purity | Company Origin
Formula
1 Baclofen C1oH12CINO, | 213.66 g.mol* | 99% Baoji Guokang | China
2 Carbopol 934 (C3H402)n (72.1)ng.mol? | 99% Himedia India
3 Cholesterol Ca7H460 386.66 g.mol* | 99.8% | Avonchem UK
4 Chloroform CHCI; 119.38 g.mol? | 99% Chemlab UK
5 Distilled water H.0 18 g.mol* 98% | Chemlab UK
6 Ethanol CoHsOH 46 g.mol™* 99.8% | Chemlab UK
7 Formic acid HCOOH 46 g.mol* 90% Chemlab UK
8 Glycerol C3HsO3 92 g.mol* 99% Thomas Baker | India
9 Lactic acid C3HsO3 90 g.mol* 98% Lobachemie India
10 Nylon 6,6 (C12H22N202)n (226.32)n 99% Mackin China
g.mol*
11 | Phosphate buffer | NaCl 58.44 g.mol* 99% Himedia India
saline (Ph 6.8) KCI 74.55 g.mol?
Na,HPO,, 89.98 g.mol*
KH,PO, 136.1 g.mol*
12 | Sodium Ca4H39NaO4 414.6 g.mol* 97% Lobachemie India
deoxycholate
13 | Soya lecithin CasHg7NOgP 789.2 g.mol* 89% Himedia India
14 | Span 80 C24H4406 428.6 g.mol* 99% | Lobachemie India
15 | Triethanolamine | C¢HisNO3 147.2 g.mol* 85% Lobachemie India
16 | Tween 20,80 CsgH11402, 1227 g.mol* 97% Lobachemie India
CoaHi2402s 1309 g.mol*
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2.3 Assay kit

Table ( 2-3) shows a set of manual analyses used in this experiment.

Table ( 2-3): Manual analyses used in this experiment

No | Kits Company | Origin

1 Alanine Aminotransferase enzyme | Human Germany

2 Aspartate Aminotransferase enzyme | Human Germany

3 Calcium Biosam UAE

4 Creatin kinase enzyme Medichem | Syria
Middle East

5 Creatinine Spinreact Spain

6 Lactate dehydrogenase enzyme Biolabo France

7 Phosphorus Spinreact Spain

8 Potassium Biosam UAE

9 Urea Randox UK
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2.4 Methods

2.4.1 Characterization of Baclofen

2.4.1.1 Determination of Baclofen melting point

The melting point of baclofen was measured using the capillary tube

method and recorded using a Stuart melting point apparatus (SMP30) (UK).
2.4.1.2 Determination of Amax Wavelength of Baclofen

Baclofen 50mg was dissolved in 100 ml of phosphate-buffered saline
(PBS) (pH 6.8) to prepare a stock solution 500 pug/mL . The maximum
wavelength (Amax) Of baclofen was determined by preparing a dilute solution
of 25 pug/mL of the stock solution and spectral scanning was measured at
wavelength range (200-400 nm) using a UV-vis spectrophotometer
[118][119] .

2.4.1.3 Determination of Calibration Curve of Baclofen

To determine the calibration curve, a series of diluted solutions with
different concentrations (5,10,15,20 and 25 pug/mL) were prepared from the
previously prepared stock solution 500 pg/mL . The absorbance of each
diluted solution was measured at the maximum wavelength (Ama) Of
baclofen using an UV-visible spectrophotometer. The absorbance of each
diluted solution was then plotted against its concentration [119]. Sample
types, experimental repeats, and statistical analyses of the data were

presented as mean + S.D. (n = 3).
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2.4.2 Preparation of Baclofen nano-Liposome Vesicles

1.

Liposomes were prepared using the thin film hydration method, as
reported in the study conducted by Alec Bangham in 1964 [120], with
some modifications.

These modifications included the addition of surfactants to improve
liposome permeability by increasing the flexibility of the lipid
membrane, which facilitates penetration of biological barriers. The
addition of surfactants also increased the membrane's hydrophilicity,
which improved drug release and distribution [121].

In this method, lecithin, cholesterol, and surfactants were dissolved in
an organic solvent (chloroform) in a round-bottomed flask under
continuous stirring using a magnetic stirrer.

The organic solvent was subsequently evaporated using a rotary
evaporator, resulting in the formation of a thin film lipid.

This film was placed in a vacuum to remove any residual solvent. The
lipid film was hydrated using 10ml of PBS (pH 6.8) containing the
baclofen to be loaded into the liposomes.

The mixture was heated at 58 +1 °C for 10 minutes to ensure the lipid
film was combined with PBS solution. This resulted in the formation
of multilamellar vesicles. This mixture was stirred using a VVortex for
10 minutes to accelerate vesicle formation as shown in the figure (2-
1) [122].

These vesicles were subjected to ultrasonication using a sonication
bath for 30 minutes at 400 watts to produce unilamellar vesicles.
However, sonication produces heterogeneous liposomes, so these
vesicles were filtered by passing them through Nylon 6,6 nanofibers
to improve homogeneity and allow small unilamellar vesicles to pass

through [86], The preparation of liposomes by the thin film hydration
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method, encompassing the formation of multilamellar and unilamellar
vesicles, is schematically detailed in Figure (2-3).

8. This filtration process was performed using a Buechner funnel
technique, as shown in the figure (2-2).

9. After preparing the liposomes loaded with the active ingredient
(BFN), they were stored in a cool, dry place to ensure their stability
[123].

10.The BLV2 formulation, which demonstrated the optimum vesicle size,
was identified for further studies.

11.This method uses different ratios of lecithin and surfactants, while
maintaining a constant ratio for baclofen and cholesterol, as shown in
the table (2-4) [118] .

Table (2-4) : Formula for preparation of Baclofen liposome vesicles

e e

BLV1 50mg 80mg 10mg Tween80 (10mg)
Span80 (10mg)
BLV?2 50mg 85mg 10mg Tween80 (15mg)
BVL3 50mg 80mg 10mg Span80 (20mg)
BVL4 50mg 85mg 10mg Sodium
deoxycholate(15mg) |

= 2 ’

Dissolving lipid components Form a thin lipid film hydrated of the thin lipid
in organic solvent film by a baclofen-loaded

Figure (2-1): Steps for preparing Baclofen nano-Liposomes Vesicles
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Figure (2-2) : Buechner funnel for filtration of liposomes

Buffer solution containing
a hydrophilic drugs
s A
' . Rotary ) \ \ /
evaporation , . ... . - &
Lipid Lipid thin film Lipid thin film Multilamellar
components formation hydration vesicles
dissolved in
organic solvent
= e
Bath sonication Filtration by l
‘ £ 7- N Fibers or e
v_-.':;/»; .| Membranes ( ’.‘
E — |
&/ 00 0)
Heterogeneous liposomes Unilamellar vesicles

Figure (2-3): Scheme shows the preparation of nano-Liposomes by thin

film hydration method
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2.4.3 Manufacturing of Nylon 6,6 Nanofibers using

Electrospinning

2.4.3.1 Sample preparation

In this study, the materials used were Nylon 6,6 and formic acid to
prepared nylon 6,6 solution at room temperature. 25 ml of formic acid was
used to dissolve 3.6 g of nylon 6,6 granules. The solution was continuously
stirred with a magnetic stirrer for 90 minutes for homogeneous solution.
Afterwards the solution was kept idle in the refrigerator for 15 minutes

before electrospinning [124] .
2.4.3.2 Electrospinning

The electrospinning device consists of a syringe (5 ml) and a flat
collector. The electric voltage was (16 kV) and the flow rate was 0.5 mi/hour.
The distance between the needle tip and the flat collector was maintained at
15 cm [124], as shown in Figure (2-4) . To form nanofibers made of Nylon
6,6, the previously prepared solution was poured into a 5 ml syringe.
subsequently, aluminum foil was fixed on the flat collector and the
nanofibers were deposited on the aluminum foil using electrospinning
technique for 10-20 hours as show in the figure (2-5). After the deposition
process, the nanofibers were heat treated at 50°C to remove the remaining
solvent and to separate the fibers from the aluminum foil. The fibers were

stored in suitable conditions away from contamination [125].
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‘g/ Syringe
Needle

I Power supplyl

Flat collector

Figure (2-4) : Diagram of an electrospinning Device at the laboratory
scale:[126]

Figure (2-5) : Image for Deposition of Nylon 6,6 Electrospun Nanofibers
on aluminum foil
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2.4.3.3 Application of Nylon 6,6 nanofibers in Liposome
Filtration

In this study, Electrospun nylon-6,6 nanofibers were employed as a
filtration medium for a liposomes suspension to obtain small unilamellar
vesicles (SUVs) [86]. The nanofibers were prepared and cut to match the
diameter of a Buchner funnel, after which they were placed directly onto the
funnel plate. The liposomes suspension was carefully applied onto the
surface of the nanofibers, and vacuum filtration was subsequently performed
to facilitate the passage of the suspension through the fibers. Due to the
nanostructure and small pore size of the fibers, larger unilamellar vesicles
and heterogeneous were retained on the fiber surface, whereas smaller
vesicles successfully permeated through the fibers and were collected in the
receiving flask. This approach enabled the production of liposome vesicles

with reduced size and enhanced size homogeneity.

2.4.4 Characterization of Liposomes

2.4.4.1 Fourier Transform Infrared Spectroscopy (FT-IR)

An FTIR spectrophotometer was used to get the FTIR spectra of
Baclofen and the Baclofen-loaded liposome vesicles to anticipate and
explore any physicochemical intuitive between different components in a
detailing.were analyzed of the samples at wave numbers (400-4000 cm™)
[118].

2.4.4.2 Field Emission Scanning Electronic Microscope
(FESEM)

The sample was examined using a scanning electron microscope to
determine the size and shape of the particles in the sample at an accelerating

voltage of 15 kV and under a high vacuum. Baclofen liposomes vesicles
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were frozen using liquid nitrogen, the sample was mechanically crushed.
After crushing, the surface of the sample was coated with a thin layer of
carbon , which allows the surface structure of the liposomes to be clearly

seen when examined by a scanning electron microscope [127].
2.4.4.3 Dynamic Light Scattering (DLS) Analysis

Using dynamic light scattering analyzer, the average particle size and
the polydispersity index were determined. When measuring liposomes using
DLS, they were diluted with PBS to increase the accuracy of the
measurement and the temperature was fixed at 25°C because it affects the

movement of the particles.
2.4.4.4 Zeta Potential

A C-potential (zeta potential) analysis was performed to evaluate the
surface charge of the liposomal formulations and to assess their colloidal
stability. Measurements were taken using a {-potential analyzer after diluting
the samples in PBS in order to avoid particle aggregation. The resulting
values provided an indicator of the magnitude of electrostatic repulsion
between the vesicles; higher |(-potential| values (either positive or negative)
correspond to greater stability and lower likelihood of aggregation. This
analysis was essential to confirm the physical stability of the liposomes

during preparation and storage.
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2.4.5 Preparation of Baclofen nano-Liposome Vesicles Gel

To prepare the Carbopol gel, 0.5 g (0.5% wi/v) of Carbopol polymer was
weighed and added to distilled water under continuous stirring with a
mechanical mixer a 2000rpm and for 60 minute, take care to avoid
aggregation [118]. The mixture was left for two hours to fully hydrate and

expand.

Subsequently , glycerol was added (2% v/v) to hydrate and improve the
gel consistency and Tween 20, which helps reduce the surface tension
between the liposomes and the aqueous medium of the carbopol gel, which
improves the stability and homogeneity of the distribution of liposomes

within the gel .

The previously prepared optimum liposome formulation was gradually
added to the gel base containing glycerol and tween 20 under continuous
stirring to obtain a homogeneous gel. The pH of the gel was adjusted using
triethanolamine in the range of (5-7), It was considered suitable for the
stability of the Carbopol gel [128].

The drug-loaded gel was stored in sealed containers away from light and
at various temperatures [3]. The same steps were followed for the remaining
concentrations found in the table (2-5).The practical steps for the preparation
of the BLVG were illustrated in figure (2-6).

Table (2-5) :Composition of Baclofen nanoliposome Vesicles Gel
Formulations (BLVGL1, BLVG2, and BLVG3)

INGREDIENTS BLVG,; |BLVG; |BLVGs; %

Baclofen liposomes | 5% 5% 5% vIv
Carbopol 934 0.5% 1% 1.5% w/v
Glycerol 2% 2% 2% vIv
Tween 20 5% 5% 5% viv
Triethanolamine Q.s Q.S Q.s vIv
Distilled water Qs Q.s Qs viv
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Figure (2-6): (A) After soaking Carbopol 934 in distilled water (B,C) After
adding glycerol, Tween 20 and the optimum liposome formulation (D)
After adjusting the pH of the gel using triethanolamine
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2.4.6 Biological Evaluation of Synthesized Baclofen nano
Liposome Vesicles (BLV2) In Vitro

2.4.6.1 Determination of the effect of BLV: on inhibition of
Lactate Dehydrogenase enzyme (LDH)

According to the manufacturer's instructions (BIOLABO SAS,
France), the estimation of LDH enzyme activity was assessed using tris pH
7.2 (80 mmol/L) as a buffer, pyruvate (1.6 mmol/L) as a substrate, and
NADH (0.2 mmol/L) as a coenzyme.

LDH

L-Lactate + NAD'

Pyruvate + NADH + H

To stimulate the inhibition of LDH enzyme activity, several diluted
concentrations of baclofen nanoliposome vesicles (15, 30, 45, 60, 75, and
100 ppm) were prepared as enzyme inhibitors. Accordingly, 1 mL of the
LDH working reagent was placed in a water bath for 5 minutes at 37°C,
followed by the addition of 20 pL of each inhibitor solution and a serum
sample (from patients with muscle spasms). The enzyme activity absorbance
was measured at 340 nm before and after adding the inhibitor using a UV-
Vis spectrophotometer after 30 seconds, 1 minute, and 2 minutes. The

enzyme activity rate was calculated using Equation (1) [129].

IU\L = (AAbs/min) x 8095............... (1)

While equation (2) was used to measure the percentage inhibition.

% Inhibition = 100 - (LACtity U\Dwith inhibitors y y 100 . (2) [130]

Activity(IU\L) whiout inhibitors
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2.4.6.2 Determination of the effect of BLV2 on inhibition of
Creatine Kinase enzyme

According to the manufacturer's instructions (Medichem Middle East,
Syria), the estimation of CK enzyme activity was assessed using
Buffer/Glucose/NAC. Imidazol buffer( 100 mmol/L ) pH 6.7, glucose(40
mmol/L), NAC (30 mmol/L), magnesium acetate (15.3 mmol/L), NADP (2.5
mmol/L), HK > 4000U/L, EDTA (2.6 mmol/L). Substrate/Coenzymes CP
(150mmol/L), AMP (5mmol/L), ADP (5.88mmol/L), di(adenosine-5)
pentaphosphate (10 umol/L), G6P- DH> 2800 U/L.

CK

Creatin + ATP Creatin phosphate + ADP

To inhibit the CK enzyme, several diluted concentrations of baclofen
nanoliposomes vesicles (15, 30, 45, 60, 75, 100, ppm ) were prepared.Thus,
1ml of the CK enzyme the working reagent put in a water bath for 5 min at
37°C ,then 20 pL of each of the inhibitor and serum (from people suffering
from severe muscle spasms) were added. The absorbance of the enzyme
activity was measured after and before adding the inhibitor at 1, 2 and 3
minutes using UV-Vis Spectrophotometer at a maximum wavelength of 340

nm . The enzyme activity rate was estimated using the equation (1).
IU\L = (AAbs/min) x 8095................ (1)

The inhibition percentage was measured using Equation (2).

% Inhibition = 100 - (LActity UU\Dwith inhibitors y 100 (2) [130]

Activity(IU\L) whiout inhibitors
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2.4.6.3 Half-maximal inhibitory concentration 1C50

Calculations

The IC50 values were calculated by plotting the relationship between
the percentage of inhibition (%) and the concentration of the inhibitor BLV?2
for both LDH and CK enzymes. The half-maximal inhibitory concentration
IC50 is the concentration that results in 50% inhibition of the enzymatic
activity, and it is an important indicator for measuring the strength and
effectiveness of the inhibitor. To obtain these values, experiments were
performed at different levels of BLV2, and the enzymatic activity was
measured at each concentration, followed by calculation of the percentage of
inhibition in comparison with the enzymatic activity in the absence of the
inhibitor. Subsequently, a plot of the percentage of inhibition versus BLV?2
concentration was drawn, from which the concentration that produced 50%
inhibition of the enzymatic activity was determined. This method is standard

for evaluating the effectiveness of chemical inhibitors.
2.4.6.4 In Vitro release study of BLV2 Gel

In this study, the release rate of Baclofen was measured at different
formulations of baclofen Nano-Liposome vesicles gel. The gel was
immersed in 100 ml of phosphate-buffered saline PBS (pH 6.8). UV-Vis
spectrophotometer at 218 nm was used to measure the absorbance of the drug
released from the gel at times 1, 2, 3,4, 5, 6, 7, 8, 9, and 10 h. The standard
calibration curve was used to calculate the baclofen concentration and the
amount of drug released according to Equation (1), and the percentage of

baclofen released from the gel was calculated using Equation( 2 ) [127].

Concentration x Dissolution bath volume x dilution factor
Amount of drug released = —m—m—————F————————————@@ ...

1000
1)

Amount of drug released

Percentage of drug release = woight of BLV gel
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2.4.7 Biological Evaluation of Synthesized BLV2 Gel in Vivo
2.4.7.1 Experimental Animals

In this experiment, twenty male rabbits of the species domesticus, with
a weight ranging between 1900-2200 g and an age of 6-7 months, were

used. They were obtained from some rabbit breeders in Basra governorate.

The rabbits were placed in large plastic cages and raised under temperature
conditions of 25-20°C, with a 12-hour light /12-hour dark cycle, during the
two-week experimental period. The animals' nutrition and health were
monitored daily with appropriate feed and water provided throughout the

study duration.
2.4.7.2 Division of Experimental Animals

Rabbits were divided into four groups, with five animals in each group, as

follows:

Control Group: This group received no treatment or spasm induction.
Blood samples were collected directly and used as a reference for normal

physiological conditions.

Spasm-Induced Group: Muscle spasms were induced using lactic acid
at a concentration of 30mM. Blood samples were collected 12 hours after

spasm induction.

Untreated Spasm Group: Rabbits in this group also underwent muscle
spasm induction as described above, but received no treatment. Blood

samples were collected after 5 days.

Treated Group: Muscle spasms were induced in the same manner as
in the previous groups. The affected area was treated topically with baclofen
gel twice daily (every 12 hours) for 5 days. Blood samples were collected at

the end of the treatment period.
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2.4.7.3 The method of inducing muscle spasm

The rabbit was placed in a 3-meter-long enclosed corridor and visual
stimuli such as a hand were used to guide the rabbit to run intermittently for

15 minutes

Ten minutes after the end of the exercise , 30mM lactic acid was injected
into the rabbit's thigh muscle at a dose 1ml, according to the weight of the

rabbit using a 1ml syringe.

Lactic acid injections with strenuous exercise leads to an accumulation
of acids in the muscles, which increases the concentration of hydrogen ions
[H*] within muscle cells. This leads to a decrease in pH, making the muscle
environment more acidic. This directly impacts the efficiency of enzymes
involved in energy generation, thus reducing the muscle's ability to produce
ATP effectively [131] . Additionally, the balance of ions inside and outside
the cell, particularly potassium, is affected, increasing the likelihood of
muscle spasm [132]. The motor behavior of the rabbits was relied upon, a
biomarker for muscle spasm Along with performing some biochemical

analyses .
2.4.7.4 Sample collected

Blood samples were drawn from all groups at the specified times from
the rabbit's auricular vein using a 3 ml syringe .After that, the blood samples
were placed in gel tubes and left to coagulate at room temperature for 10
minutes and then transferred to a centrifuge at 5000 rpm for 10 minutes to
separate blood components and obtain serum. After that, the serum was
separated by micropipettes and placed in Eppendorf tubes and stored at 4°C

for several hours, until biochemical Analyses are performed on it.
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Figure (2-9): Steps to treat muscle spasms by BLV: gel
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Experimental animals 20 rabbits

l l

Control Group (The group affected
(5) rabbits by muscle spasm
l (15) rabbits
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/In this group, \ /Inthis group, \ /This group was \

blood was drawn blood was drawn treated with
from the rabbits from the rabbits baclofen gel for 5
auricular vein 12 auricular vein 5 days after spasm

induction, then a
blood sample was
collected after the

hours after the days after the
onset of muscle onset of muscle

spasm spasm

k / K l / kend of this period./

Blood samples were collected from all group | +—
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and subjected to biochemical parameters

K|
R
Creatinine <——->

ol

Figure (2-10): General schematic diagram of experimental group distribution
and biochemical parameters
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2.4.7.5 Biochemical parameters
2.4.7.5.1 Creatin kinase enzyme

CK activity was measured manually in serum samples using the
Kinetic enzymatic method. This method uses reagents from Medichem
Middle East, Syria. The measurement is based on the following reaction:

CK

Creatin + ATP Creatin phosphate + ADP

In this method, changes in absorbance at a wavelength of 340 nm were
recorded using a UV-Vis spectrophotometer. Enzyme activity was calculated

in U/L according to the following equation:
U\L = (AAbs/min) x 8095
2.4.7.5.2 Lactate Dehydrogenase enzyme

LDH activity is measured manually in serum samples using the
Modified Method (SFBC) based on reagents from Biolabo ,France. The

measurement is based on the following reaction:

LDH

L-Lactate + NAD'

Pyruvate + NADH + H'

In this method absorbance changes were tracked at a wavelength of
340 nm using UV-Vis spectrophotometer. Enzyme activity was calculated in

U/L according to the following equation:

U\L = (AAbs/min) x 8095
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2.4.7.5.3 Aspartate Aminotransferase (AST) enzyme

The concentration of AST enzyme in serum samples was measured
manual using the kinetic enzymatic method without pyridoxal phosphate

activation. This method relies on the following reactions:

AST

2-oxoglutarate + L-aspartate L-glutamate + oxaloacetate

MDH

oxalocetate + NADH + H™ L-malate + NAD'

Absorbances were read at a wavelength of 340 nm using UV-Vis
spectrophotometer. Enzyme activity U/L was calculated based on the

following equation:

(A2 — AD)
U/L = ————= x 1745

The reagents were used in this method from Human ,Germany.

2.4.7.5.4 Alanine Aminotransferase (ALT) enzyme

The concentration of AST enzyme in serum samples was measured
manual using the kinetic enzymatic method without pyridoxal phosphate

activation. This method relies on the following reactions:

ALT

2-oxoglutarate + L-alanine L-glutamate + pyruvate

LDH

pyruvate + NADH + H L-lactate + NAD'

Absorbances were read at a wavelength of 340 nm using UV-Vis
spectrophotometer. Enzyme activity U/L was calculated based on the

following equation:
(A2 — A0)
U/L="——— x 1745

The reagents were used in this method from Human ,Germany.
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2.4.7.5.5 Calcium

Calcium concentration in blood serum samples is determined
manually using Calcium (Arsenazo Il1) reagents from Biosam, Dubai UAE.
This method was based on the principle of colour reaction between calcium
ions and Arsenazo Il at moderate pH. This reaction produces a blue-purple
complex and the color intensity is directly proportional to the calcium

concentration in the sample

Ca** + Arsenazoll —> lCa (Arsenazo 111 )| Blue purple colored complex

The absorbance was read using UV-Vis spectrophotometer at a wavelength
of 650nm and calculate the calcium concentration in the samples according

to the following equation:

Abs. T

x 10
Abs. S

Concentartion of calcium mgldl =

2.4.7.5.6 Potassium
Potassium concentration in serum samples was measured manually using the
final colorimetric method. This method uses the Monotest potassium reagent

from Biosam, Dubai UAE. The test is based on the following reaction:

K"+ Sodium tetraphenyl boron ——> K-Tetraphenylboron (Turbidity)

Potassium concentration was calculated by measuring absorbance at a
wavelength of 630 nm using a UV-Vis spectrophotometer according to the
equation:

Abs.T

X
Abs.S 5

. . E
Concentration of Potassium (?) =
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2.4.7.5.7 Phosphorus

The concentration of inorganic phosphorus in serum was determined
manually using the colorimetric phosphomolybdate method, with reagents

supplied by Spinreact, Spain.

This method is based on the reaction of inorganic phosphate ions with
molybdic acid to form a phosphomolybdic complex, according to the

following reaction:
PO*, +12(M0o0,>) +27H* ——> H; [P (Mo;,049)] + 12H

The resulting complex is subsequently reduced in an alkaline medium,

yielding a blue molybdenum complex (molybdenum blue).

The absorbance of the colored complex was measured at a wavelength
of 710 nm using a UV-Vis spectrophotometer, and the phosphorus

concentration in serum (mg/dL) was calculated using the following equation:

(A)sample — ( A)blank
(A)standard — ( A)blank

Phosphorus conc (mg/dl) = X 5 (Standard conc)

2.4.7.5.8 Urea

Urea concentration in serum samples was determined manually using
the Urease—Berthelot method, with reagents obtained from Randox, UK. In
this method, urea is enzymatically hydrolyzed by urease to produce ammonia

and carbon dioxide, as represented by the following reaction:

AO—0O

H2N/ \NHZ + H,0 Urease 2NH; + CO,

Urea Ammonia

The ammonia formed then reacts with salicylate and sodium

hypochlorite (NaOCI) in the presence of sodium and phenolic ions to form a
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green-colored complex known as 2,2-dicarboxyindophenol, according to the

following simplified reaction:

NH; + Salicylate + NaOCH——"> Green Complex ( 2,2 dicaboxyindophenol) + H,0

The intensity of the green color was measured at a wavelength of 600 nm
using a UV-Vis spectrophotometer, and the urea concentration (mg/dL) was

calculated using the equation :

U traion ( dl) = _2sampe. : Standard
_ b x
rea concentraion (mg/ - . andard conc

2.4.7.5.9 Creatinine
Creatinine concentration in blood serum samples was determined manually
using Jaffé colorimetric-kinetic method, which relies on the reaction of

creatinine with picric acid in an alkaline medium, forming a red complex.

Creatinine + Picric acid —~29H 5 Creatinine-picrate complex (red)

The rate of change in absorbance was measured at a wavelength of 492 nm
using a UV-Vis spectrophotometer . Reagents from Spinreact, Spain, were
used to measure creatinine concentration. Creatinine concentration in the

samples was calculated using the equation.

AAsample — AAblank
AAstandared — Ablank

Concentration of Creatinine mg/dl = X 2 (Standared Conc)

All analyses were performed according to the instructions supplied with the
reagents
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2.4.7.6 Statistical Analysis

Statistical Package for the Social Sciences (SPSS) program was used
to analyze the data statistically, and data were expressed as mean + standard
deviation. One-way analysis of variance (ANOVA) was used to compare the
mean of the four groups to find statistically significant differences. Followed
by the least significant difference test (LSD) to find the difference between

the means of each two groups at a significance level (P<0.05).
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3. Results and Discussions

3.1 Characterization of Baclofen

3.1.1. Baclofen melting point

The results of measuring the melting point of baclofen (208-210°C) showed
values close to the reference values (206-208°C). This slight difference is
attributed to the possibility of the presence of a different crystalline form of
the baclofen used [86].

3.1.2 Wavelength maximum ( Amax) 0f Baclofen

Using a UV-Vis spectrophotometer, a spectral scan was performed in
the range (200-400 nm) for a solution containing 25 ug/mL of baclofen in
PBS. As shown in Figure (3-1) the maximum absorption peak was observed
(Amax) at 218 nm, which is close to the maximum absorption value (Amax)

determined in previous studies [133].

3.10000
3.00000

2.00000 -

Abs,

1.00000

[~ 259.00

%— 265.50

f 274.00

0.00000
200.

1 N s
.00 220.00 240.00 260.00 280.00 300.00

Figure (3-1): Absorption Spectrum of Baclofen in PBS
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3.1.3 Baclofen Calibration Curve

Using a series of standard solutions diluted of baclofen in PBS at 218 nm, a
calibration curve for BFN was determined as shown in figure (3-2). A
straight line value (R = 0.9993) was observed when plotting absorbance
versus concentration, indicating a strong linear relationship consistent with

the Beer-Lambert law and confirming the reliability of the calibration curve.

Table (3-1): Graph data of Baclofen in (PBS ) pH 6.8

S.no

Conc.(ug/mL) | Abs.

N U1 = WO N -

0
5
10
15
20
25

0

0.235 +0.001
0.459 + 0.037
0.653 + 0.002
0.869+0.0014
1.101 + 0.068

1.4

1.2

ABSORBANCE

y =0.0434x + 0.0099
R?=0.9993

10 15
CONCENTRATION pg/mL

20

25

30

Figure (3-2 ): Calibration Curve of Baclofen in PBS
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3.2 Characterization of Liposomes

3.2.1 Fourier Transform Infrared Spectroscopy (FTIR)

In this study, Fourier transform infrared spectroscopy was used to
identify the chemical and physical interactions between baclofen and
baclofen liposomes vesicles. The FTIR spectrum of baclofen showed distinct
absorption peaks at 3522 cm™, attributed to the N—H stretching vibrations of
the amino group, and at 3381 cm™!, attributed to the O—H stretching
vibrations of the hydroxyl group. The aliphatic C-H group exhibited a
medium absorption band extending between (2926 and 2895 cm™) . A peak
at 1647 cm™ was also identified, attributed to the vibrational stretching of
the carboxylic C=0 bond, and a peak at 1508 cm™ was attributed to the
vibrational stretching of the aromatic C=C bond. A peak at 785 cm™ was
observed, attributed to the bending stretching of the C-CI bond, figure (3-3).
The spectrum of baclofen nano liposome vesicles showed a slight shift in the
main baclofen peaks. This shift may be due to physical interactions, such as
hydrogen bonding, dipole-dipole interaction, or van der Waals forces,
between the functional groups in the drug and the nano liposome
components. This shift did not result in a chemical change in the drug
structure, indicating successful loading of baclofen into the nano liposomes.
This confirms the good compatibility between baclofen and the additives .

The results of this study are consistent with previous studies [134] [135].
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Figure (3-3) : FT-IR Spectrum of the Baclofen and nano Liposome
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3.2.2 Field Emission Scanning Electronic Microscope
(FESEM) of Baclofen Liposome Vesicles

FESEM images in figure (3-4) show that the baclofen-loaded liposomes
exhibit non-spherical morphology and irregular shapes. Although liposomes
are generally defined as vesicles with a spherical shape, their appearance
under the scanning electron microscope can be influenced by the preparation
steps required prior to imaging. These include fixation to preserve the surface
structure, followed by freezing/lyophilization, and coating with a conductive
layer to enhance electron conductivity. Collectively, these procedures may
induce mechanical stress and relative shrinkage, leading to deviation from

the ideal spherical shape [136].

In addition, loading liposomes with a hydrophilic drug such as baclofen can
increase the osmotic pressure inside the vesicles, resulting in partial water

loss, which may also contribute to morphological deformations [137].

It is important to note that the non-spherical shape does not necessarily
indicate reduced drug efficiency, as recent studies have suggested that
intentionally designing non-spherical nanocarriers may offer improved
pharmacological properties, such as reducing cellular uptake rate,
prolonging residence time, enhancing permeability, and consequently

increasing particle accumulation at the target therapeutic site [138].
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Figure (3-4): Field Emission Scanning Electron Micrographs (FESEM) of
Baclofen Liposome Vesicles at Different Magnifications: (A) 100 nm scale;
(B) 200 nm scale, (C) 500 nm scale, (D) 10 um scale.
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3.2.3 Dynamic Light Scattering (DLS) Analysis of Baclofen
Liposome Vesicles

The average hydrodynamic diameters and polydispersity indices of
liposomes were determined by Dynamic light scattering (DLS) analysis.
DLS measures the hydrodynamic diameter of particles in aqueous solution
based on Brownian motion and also measures the particle size including the
hydration layer of surrounding water molecules [127]. The results showed a
significant difference in the average hydrodynamic diameter of the liposome
samples. The average diameter of the sample containing a mixture of Tween
80 and Span 80 was 172.6 nm figure (3-5), while the average diameter of the
sample containing Tween 80 was 36.67 nm figure (3-6). The sample
containing Span 80 showed an average diameter of 167.2 nm figure (3-7),
while the sample containing sodium deoxycholate recorded an average
diameter of 169.8 nm figure (3-8). This variation in liposome sizes can be
explained by the different types and ratios of surfactants used in the liposome
composition, as these directly affect the nature of the phospholipid
membrane and its chemical and physical properties, which is reflected in the
size of the resulting liposome. The introduction of Tween 80 into the
liposome preparation resulted in a decrease in their size. This is logical
because Tween 80 increases the spontaneous curvature of the phospholipid
membrane, and to accommodate this curvature, liposomes are smaller.
Furthermore, Tween 80 reduces the high surface tension of the liposomes
due to its hydrophilic nature, resulting in the production of small,
homogeneous liposomes [139]. While samples containing Span 80 showed
larger liposomes compared to those containing Tween 80, this is attributed
to the lipophilic nature of Span80, which can interact with the lipophilic
chains of the phospholipids and lipid substances such as cholesterol, leading
to competition and clustering within the membrane, thus increasing the

relative size of the particles [65].
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Sodium deoxycholate is amphipathic, containing a hydrophilic part and
lipophilic part. Therefore, it does not completely cover the liposome surface
like Tween 80. Therefore, the surface layer is less stable, and the surface
pressure decreases, allowing liposomes to be larger [140]. However, mixing
Tween 80 with Span 80 results in larger liposomes. This may be attributed
to the imbalance in the internal arrangement of the particles and the
interaction of the different properties of Sp80 and Tw80.

The polydispersity index (PDI) values for all samples were within the
acceptable range of 0.369-0.663, as shown in Table (3-2). It is well
established that PDI values below 0.7 indicate a uniform nanoparticle size

distribution and the absence of significant agglomeration [141].

Table (3-2): All Formulation hydrodynamic diameters and PDI

Formulation | Hydrodynamic diameters PDI
BLV: 173.6 nm 0.486
BLV> 36.67 nm 0.359
BLV; 167 .2 nm 0.514
BLV4 169.8 nm 0.663

Size Distribution by Intensity
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Figure (3-5): Size Distribution by Intensity of the BLV;
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Size Distribution by Intensity
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Figure (3-6): Size Distribution by Intensity of the BLV;
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Figure (3-7): Size Distribution by Intensity of the BLV
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Figure (3-8): Size Distribution by Intensity of the BLV,
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3.2.4 Field Emission Scanning Electronic Microscope
(FESEM) of BLV:2 Gel

FESEM images in figure (3-9 A) of the carbopol gel containing baclofen-
loaded liposomes show a homogeneous surface structure with a branched
network pattern. This pattern indicates a clear physical interaction between
the carbopol network and the liposomes within the gel matrix, suggesting the
formation of a stable three-dimensional structure. This structural behavior
results from the incorporation of liposomes into the gel framework, which
modifies the internal structure of carbopol and improves the physical and
rheological properties of the gel, such as viscosity, shrinkage, and swelling

capacity.

The accompanying histogram in figure (3-9 B) illustrates the particle size
distribution of the liposome vesicles within the gel. The curve indicates that
most of the particles fall within a size range of 40-80 nm, with an average
diameter of approximately 60 nm. This relatively narrow distribution reflects
particle size uniformity and the successful encapsulation of liposomes within

the gel matrix in an orderly manner.

These findings confirm the high efficiency of liposome loading within the
carbopol gel and are consistent with previous research indicating the role of
liposomes in enhancing the structural and mechanical properties of hydrogel
materials [142][92].
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Figure (3-9): (A) Field Emission Scanning Electron Micrographs of BLV:

Gel, (B) Particles Diameters Distribution

3.2.5 Zeta Potential Analysis

The zeta potential measures the surface charge of particles and is an
important indicator of their physical stability. With an increase in the
magnitude of the zeta potential, whether positive or negative, the
electrostatic repulsion between particles increases, which prevents

aggregation or sedimentation and makes the particles more stable.

As shown in figure (3-10), the zeta potential of liposomes (BLV2) was
-65.6 mV, with an electrophoretic mobility of -0.000508 cm?/V-s. This high
negative charge reflects the ability of the liposomes to resist aggregation or
sedimentation, confirming their good physical stability. These results are
consistent with the findings of Naemeh et al [143], which showed that a high
negative charge increases particle stability and reduces aggregation.
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After encapsulating the liposomes in Carbopol gel, the zeta potential
slightly decreased to -63.3 mV, which is close to the original value of BLV?2.
This indicates that the encapsulation process did not adversely affect the
surface charge or stability, demonstrating good compatibility between
Carbopol gel and BLV?2.

Calculation Results
Peak No, | Zeta Patential | Electrog
i -65.6 my -0.00
2 -— i\ —
3 - mV —cm2/\Vs
Zeta Potential (Mean) : -65.6 mV
Electrophoretic Mobility Mean : -0.000508 cm2/Vs

1.0, i

%

e i v A RRAR AR AR ARRLRARE "
-150 -100 -50 o 50 100 150 200

Intensity (a.u.)

Zeta Potential (mV)

Figure (3-10) : Zeta Potential of BLV;

Calculation Results

Peak No. | Zeta Potential | Electrophoretic Mobility
| -63.3mV -0.000491 cm2/Vs
2 | —mv - cm2/Vs
3 = m\V - cm2iVs
Zeta Potential (Mean) : -63.3 mV
Electrophoretic Mobility Mean : -0.000491 cmi/Vs

Intensity (a.u.)

Zeta Potential (mV)

Figure (3-11) : Zeta Potential of BLV; gel
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3.3 Field Emission Scanning Electronic Microscope (FESEM)
of Nylon 6,6 Nanofibers

The field emission scanning electron microscopy (FESEM) images
show figure (3-12 A,B,C) the morphological characteristics of the
Electrospun nanofibers made from nylon 6,6 polymer. The images reveal
that the fibers exhibit a uniform and interconnected network structure
forming a dense web of interlaced fibers, and they are free from beads, which
typically appear as a result of low polymer solution viscosity or poor

homogeneity.

The absence of beads in this system is attributed to the optimal balance in
polymer solution viscosity and its compatibility with the electrospinning
process parameters, which allowed the formation of homogeneous and stable
nanofibers. The images also show that the fibers display a high degree of
interconnection and visible porosity, indicating the successful production of
nanofibers with a porous structure suitable for applications requiring high

permeability, such as filtration [144].

Figure (3-13 B) illustrates the distribution of nanofiber diameters,
showing an average diameter of approximately 57.29 nm. The distribution
curve indicates that most of the fibers fall within the range of 40-80 nm,
reflecting uniformity in nanofiber size and the absence of agglomeration or

significant diameter variations.

These results confirm that the preparation conditions were optimal for
obtaining fine and uniform nanofibers and are consistent with previous
studies, which have demonstrated that increasing the viscosity of the
polymer solution and precisely controlling the electrospinning parameters
result in bead-free nanofibers with homogeneous size distribution
[145][1486].
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Figure (3-12): FESEM Images of Nylon 6,6 Nanofibers at Different
Magnifications (a) 10 um scale, (b) 1 um scale, (c) 500 nm scale
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Figure (3-13): (A) Field Emission Scanning Electron Micrographs of Nylon
6,6 Nanofibers Showing Diameter Measurement, (B) Nanofibers Diameters
Distribution
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3.4 Applications for Baclofen nano-Liposome Vesicles (BLV?2)
in vitro

3.4.1 Determination of the effect of BLV2 on inhibition of
Lactate Dehydrogenase enzyme (LDH)

Table (3-3) presents the relationship between substrate concentration
and the rate of enzymatic reaction for LDH in the absence of an inhibitor
while table (3-5) illustrates the effect of adding BLV2 on the same enzymatic
reaction. Figure (3-14) illustrates the Michaelis-Menten curve, showing that
at high substrate concentrations, the enzymatic reaction rate reaches Vmax due
to the saturation of all active enzyme binding sites . This observation
confirms that further increases in substrate concentration do not lead to a
higher reaction rate due to full occupancy of the active sites [147]. The values
of Vimax and Km in the absence of an inhibitor were 2500 and 1, respectively.
Upon addition of BLV2, both V.« and Km decreased to 769 and 0.3,
respectively, as shown in table (3-6). Theoretically, this behavior could be
described as competitive inhibition, as the inhibitor is capable of binding to
the ES complex. However, practically, the simultaneous decrease in both
Vmax and Km is characteristic of uncompetitive inhibition, where the
inhibitor binds only to the ES complex, resulting in a reduction of both the

maximum velocity and the affinity constant figure (3-15) [148] .

Table (3-4) shows the percentage inhibition of LDH enzyme activity
estimated at 356IU/L using six dilute concentrations of baclofen
nanoliposomes vesicles. The inhibition reached its highest value of 52% at
the highest dilute concentration. This supports the inhibitor’s ability to affect
the enzyme’s activity by binding to ES through hydrogen bonds that are
believed to form between the functional groups in baclofen and the active

binding sites in enzyme [149].
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Table (3-3):Substrate concentrations values and enzymatic reaction rate of

LDH Before adding baclofen nanoliposome vesicles as an inhibitor .

V IU/L 130 170 259 332 348 356

[SJmmol/L | 0.05 0.07 0.11 0.15 0.018 0.2
400
350
300
250

_
5 200
> 150
100
50
0
0.05 0.1 0.15 0.2 0.25
[S] mmol/L

Figure (3-14): Michaelis-Menten Equation’s curve between the rate
of enzymatic reaction V and Substrate concentration [S].

Table (3-4): The estimated effectiveness of baclofen nanoliposome vesicles
in inhibiting the LDH enzyme was 356 1U/L.

Inhibitor conc. Ppm | Enzyme Activity 1U/L | % Inhibitor
15 300 16
30 275 23
45 227 36
60 219 38
75 194 46
100 170 52
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Table (3-5): Substrate concentrations values and enzymatic reaction rate of

LDH after adding baclofen nanoliposome vesicles as an inhibitor.

V IU/L 117 137 162 202 227 267
[S] mmol/L 0.05 0.07 0.11 0.15 0.18 0.2
ot Lineweaver Burk Polt
' y = 0.0004x + 0.0004
0.01 R? = 0.9881
0.008
> 0.006
S~
-
0.004
*
0.002
e
5 0 5 10 15 20
1/S
with inhibitor

V-2 without inhibitor

Figure (3-15): ( Line Weaver Burk Plot ) Equation of LDH enzyme
without and with inhibitor

Table (3-6):The kind of inhibition for Baclofen nanoliposome vesicles
affecting the LDH enzyme.

Name of compound | Kind of Inhibition | Km Vmax
baclofen nano Uncompetitive Without inhibitor | Without inhibitor
liposome vesicles Inhibition

1 2500

With inhibitor With inhibitor

0.3 769
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3.4.2 Determination of the effect of BLV2 on inhibition of
Creatine Kinase enzyme (CK)

The data presented in table (3-7) show the relationship between
substrate concentration and the rate of enzymatic reaction in the absence of
any inhibitor while table (3-9) illustrates the effect of adding BLV2 on the
same reaction. Figure (3-16) illustrates a typical Michaelis-Menten curve for
CK, representing the behavior of enzymes that follow the Michaelis-Menten
equation in the absence of an inhibitor. It is observed that the enzymatic
reaction rate increases with increasing substrate concentration due to the
availability of active binding sites in the enzyme. However, as the substrate
concentration continues to increase, the rate of increase in reaction velocity
gradually decreases until the velocity reaches its maximum (Vmax), When all
active sites of the enzyme are saturated [147] . According to table (3-10), the
values of Vmax and Km in the absence of an inhibitor are 588 and 45,
respectively. Upon addition of BLV2, Vnax decreased to 500 while Km
remained constant. Theoretically, this behavior could be interpreted as
competitive inhibition because the inhibitor can interact with the enzyme.
However, practically, the reduction Vnyax in without any change in Km
indicates a non-competitive inhibition, where the inhibitor can bind to the
enzyme whether it is free or substrate-bound, leading to a decrease in

enzymatic activity without altering the affinity constant figure (3-17) [148].

Table (3-8) shows percentage inhibition CK enzyme active estimated 440
IU/L Using six diluted concentrations of baclofen nanoliposomes vesicles,
the highest inhibition rate reached 66% at the highest diluted concentration.
This supports the inhibitor's ability to affect the activity of the CK enzyme
by binding to ES and E via hydrogen bonds believed to form between the
functional groups in baclofen and the active binding sites in enzyme [149].
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Table (3-7) : Substrate concentrations values and enzymatic reaction rate of

CK Before baclofen nanoliposome vesicles as an inhibitor.

V IU/L 234 325 385 410 440

[S] mmol/L 30 60 90 120 150
450
400
350
| 300
35 250
= 200
150
100
50
0

0O 20 40 60 8 100 120 140 160 180 200

[S] mmol/L

Figure (3-16): Michaelis-Menten Equation's curve between the rate of
reaction V and Substrate concentration [S].

enzymatic

Table (3-8): The estimated effectiveness of baclofen nanoliposome vesicles

in inhibiting the CK enzyme was 440 IU/L.

Inhibitor conc. Ppm | Enzyme Activity U/L % Inhibitor
15 400 10
30 345 21
45 305 31
60 243 45
75 213 52
100 152 66
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Table (3-9): Substrate concentrations values and enzymatic reaction rate of

CK after adding baclofen nanoliposome vesicles as an inhibitor.

V IU/L 202 265 310 382 401
[S] mmol/L | 30 60 90 120 150

Lineweaver Burk Polt
y = 0.0898x + 0.002
0.005 R? = 0.9956
0.004
2 0.003
—
0.002
0.001
-0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04
1/S
with inhibitor

V-2 without inhibitor

Figure (3-17): ( LineWeaver Burk Plot ) Equation of CK enzyme without
and with inhibitor

Table (3-10):The kind of inhibition for baclofen nanoliposome vesicles
affecting the CK enzyme.

Name of compound | Kind of Inhibition | Km Vmax
baclofen nano Non-Competitive | Without Without inhibitor
liposome vesicles Inhibition inhibitor

45 588

With inhibitor With inhibitor

45 500

79



Chapter Three Results and Discussions

3.4.3 Half-maximal inhibitory concentration 1C50
Calculations

The 1C50 value represents the concentration of the inhibitor (BLV,)
required to inhibit the enzymatic reaction rate by 50% [150]. In this study,
the results showed that the IC50 value for BLV. was 72.48ug/ml for
inhibiting the CK enzyme, and 86.354pug/ml for inhibiting the LDH enzyme,
as shown in two Figures (3-18) (3-19).

IC50 Calculation

60

56— L
. Lo
X
- 40 P
2 o . y £ 0.4096x + 13.646
S ogp L e 2
£ s R?=0.952
L oot IC50= 86.354
— °

10

0 20 40 60 80 100 120
Concentration (pg/ml)

Figure (3-18): IC50 of BLV; as inhibitor to LDH- enzyme

IC50 Calculation
80
70
< LU e ®
S 60 f e
S F
= 0 o IC50=72.48
o b e
=IO BT y = 0.6643x + 1.8515
c e
= B
5 20— e L R? =0.9898
10 ¢
0 o
0 20 40 60 80 100 120
Concentration(pg/ml)

Figure (3-19): IC50 of BLV;as inhibitor to CK-enzyme
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3.4.4 In vitro release of Baclofen from BLV2 Gel in PBS for 1-
10 hour

he in vitro release results of baclofen from BLV2 gel formulations containing
different concentrations of Carbopol 934 (0.5%, 1%, and 1.5%) show distinct
differences in cumulative release percentages among the formulations over
the experimental period. The formulation containing 0.5% Carbopol
exhibited the highest cumulative baclofen release within 10 hours, followed
by the 1% and then the 1.5% formulations, as shown in Figure (3-20) and
Table (3-11). This behavior is related to the properties of the gel itself, as
decreasing the Carbopol concentration reduces the gel viscosity, allowing
easier drug diffusion and consequently increasing the cumulative release
percentage. Conversely, increasing the Carbopol concentration leads to
higher gel viscosity, which hinders drug molecule mobility and reduces the
rate and extent of drug release over time. These results are in agreement with
previous studies that have reported a correlation between gel viscosity and

the smoothness of drug release [151].

Table (3-11): Percentage release of BLV; Gel

Time(hr.) | BLV2with BLV2 with BLV2 with
0.5%Carbopol 1%Carbopol 1.5%Carbopol

0 0 0 0
1 13.3+0.02 9.46+0.015 6.75+0.02
2 19 £ 0.0264 16.81+0.15 15.06+0.1
3 29.58 £ 0.102 25.76+0.019 23.55+0.09
4 43.87 £ 0.210 39.83+0.054 38.25+0.05
5 49.78 £ 0.07 45.71+£0.801 43.27+0.016
6 58.423+0.489 52.56+0.3 48.50+0.02
7 65.52+0.453 57.58+0.2 54.77+0.61
8 71.65+0.300 64.29+0.005 60.43+0.5
9 75.45+0.736 71.94+0.2 66.25+0.12
10 80.75+0.11 74.38+0.1 70.25+0.89
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Figure (3-20) : In vitro release of BFN from BLV, gel With Different
concentrations of carbopol 934 in PBS.

3.5 Applications for BLV2 Gel In vivo

The results of this study indicate that inducing muscle spasms by lactic
acid injections with strenuous exercise led to disturbances in ionic and
enzymatic balance and kidney function. Mean values + Standard Deviation
were analyzed using one-way analysis of variance (ANOVA), followed by
Least Significant Difference test ( LSD) for post hoc comparisons with a

significance level of a=0.05.

As shown in table (3-12), the Spasm-Induced group (B) and the
untreated group (C) showed a significant decrease in calcium (Ca?") levels
compared to the control group (A) (P < 0.05). This reduction can be
attributed to the accumulation of inorganic phosphate within the muscle
fibers, which impairs the release of Ca** from the sarcoplasmic reticulum
through the formation of CaPi complexes. Consequently, the availability of
releasable calcium stores is diminished, thereby contributing to increased

muscle fatigue and spasm.
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In contrast, the Treated group (D), which received baclofen liposome vesicle
gel, showed calcium levels that returned to near-normal values, with no
significant differences from the Control group (A). This finding indicates

that the treatment effectively stabilized calcium release mechanisms.

With respect to potassium (K*), the Spasm-Induced group (B) showed
a significant increase compared with the Control group (A) (P < 0.05), due
to the efflux of potassium ions from muscle cells into the extracellular space
as a result of hyperexcitability and acidosis. Although potassium levels
decreased relatively in the Untreated group (C) after 3-5 days, they remained
significantly higher than those of the Control group (A), reflecting a

persistent ionic imbalance.

Similarly, inorganic phosphorus (Pi) concentrations were
significantly elevated in both the Spasm-Induced group (B) and the
Untreated group (C) compared with the Control group (A) (P < 0.05).
However, no significant differences in K* or Pi levels were detected between
the Treated group (D) and the Control group (A), confirming the efficacy of

baclofen liposome vesicles in restoring ionic balance.

These findings are further supported by Figure (3-21), which
illustrates decreased Ca?* and elevated K* and Pi levels in the Spasm-Induced
and Untreated groups, whereas values in the Treated group returned to near-
normal levels, highlighting the effectiveness of the treatment system in

correcting ionic disturbances associated with muscle spasms.
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Table (3-12): Comparison of bio-ions parameters among study groups and

control
Mean + SD
Parameters Group A Group B Group C Group D
Control Spasm-Induced | Untreated Treated
Spasm

Ca mg/dl 10.24 £ 0.61887% | 7.54 + 0.594138 | 8.14 +0.230217° | 9.54 + 0.673053°
K mEqg/dl 4.36 +0.403733% | 6.58 + 0.389872" | 5.62 +0.258844° | 4.82 +0.443847°
Phosphorus 4.5+ 0.355353* | 6.5+0.228035° | 5.24 +0.288097¢ | 4.68 + 0.402492?
mg/dl

Data are given as meanz SD; Different small letters indicate statistically significant differences

(P<0.05) between groups; Similar small letters indicate no statistically significant differences
between groups

15

Ca mg/dl

(6]

Control

Calcium

Spasm Untreated Treated

H Mean 8
—6
RS
g4
IS
X5
0

Potassium

Control

Spasm Untreated Treated

H Mean

P mg/dl

8
6
4
2

0 I

Control

Phosphorus

Spasm

H Mean

Untreated Treated

Figure (3-21): Calcium , Potassium and Phosphorus concentrations in
rabbit groups ( Control , Spasm-Induce, Untreated Spasm, Treated)

As shown in table (3-13), creatine kinase (CK) and lactate
dehydrogenase (LDH) exhibited a significant elevation in the Spasm-
Induced group (B) and the Untreated Spasm group (C) compared with the
Control group (A) (P < 0.05), reflecting muscle fiber damage resulting from

spasms. Although the Treated group (D), which received baclofen liposome
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vesicle gel, showed a significant reduction in CK and LDH levels compared
with the Spasm-Induced group (B), statistically significant differences
remained when compared with the Control group (A). This can be attributed
to residual muscle damage following spasms or to the insufficient duration
of treatment to allow complete muscle recovery. CK and LDH are highly
sensitive markers of muscle injury, and even minor physiological changes
whether due to partial structural damage or localized drug effects can
produce measurable variations in their levels, even in the absence of overt
clinical symptoms.

Regarding liver enzymes (AST and ALT), both showed significant
increases in the Spasm-Induced group (B) and the Untreated Spasm group
(C) compared with the Control group (A) (P < 0.05). However, no significant
differences were observed between the Treated group (D) and the Control
group (A), indicating that treatment with baclofen liposome vesicle gel
effectively reduced the enzyme disturbances associated with muscle spasms.

Figure (3-22) further supports these findings, demonstrating elevated
CK, LDH, AST, and ALT levels in the Spasm-Induced and Untreated
groups, whereas the Treated group exhibited substantial improvement,
confirming the therapeutic effectiveness of the system.

Table (3-13): Comparison of bio-enzymes parameters among study groups
and control

Mean + SD
Parameters | Group A Group B Group C Group D
Control Spasm-Induced | Untreated Treated
Spasm

CK U/L 267.4+20.04495% | 974.6+21.44295° | 515.8 + 17.3839¢ | 361.4 +21.52444
LDH U/L | 269.8+28.83921% | 807.6+26.67021° | 575.2+30.40888° | 376.4+27.42809¢
AST U/L 67.6 £7.127412% | 122.6+6.348228° | 88 + 7.615773° | 74 + 8.514693%
ALT U/L | 51.2+4.658326° | 68.8 +£5.167204° | 61.4 +7.127412° | 54.2 +3.898718%

Data are given as meanz SD; Different small letters indicate statistically significant differences
(P<0.05) between groups; Similar small letters indicate no statistically significant differences
between groups.
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Figure (3-22):CK, LDH, ALS and ALT enzyme activities in rabbit groups

( Control , Spasm-Induce, Untreated Spasm, Treated)

As for the kidney function indicators urea and creatinine, a significant
increase was observed in the Spasm-Induced group (B) and the Untreated
Spasm group (C) compared with the Control group (A) (P < 0.05). However,
these elevations remained within the normal physiological range, suggesting
that the increase is most likely related to enhanced muscle protein breakdown
associated with muscle spasms and muscle damage, rather than reflecting
true renal dysfunction. No significant differences were detected between the
Treated group (D) and the Control group (A), which reinforces the protective
role of the applied gel in mitigating muscle damage, as shown in table (3-
14).

Figure (3-23) further illustrates that urea and creatinine concentrations were
elevated in the Spasm-Induced and Untreated groups, whereas their levels in
the Treated group were comparable to those of the Control, indicating the

effectiveness of the treatment system in restoring values to the normal range.
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Table (3-14): Comparison of Kidney Function Tests among study groups and

control
Mean + SD
Parameters Group A Group B Group C Group D
Control Spasm-Induced | Untreated Treated
Spasm
Urea mg/dl 27.6 +3.209361% | 37 + 2.54951° 31.8 +2.588436° | 28 + 2.588436%
Creatinine mg/dl | 0.78 + 0.238747% | 1.52 + 0.496991° | 1.26 + 0.279285° | 0.86 + 0.260768%

Data are given as meanz SD; Different small letters indicate statistically significant differences
(P<0.05) between groups; Similar small letters indicate no statistically significant differences

between groups

Ureamg/dl &

o

Control

Urea

Spasm

untreated treated

H Mean 3

2

Creatinine mg/dl

1
0

Creatinin

Control

Spbasm Untreated Treated

B Mean

Figure (3-23): Urea and Creatinine concentrations in rabbits groups
( Control , Spasm-Induce, Untreated Spasm, Treated)

These results indicate that the use of Baclofen Liposome Vesicles gel

led to a significant improvement in certain ionic and enzymatic parameters

,as well as kidney function, compared to the Spasm-Induce and untreated

groups. However, the treatment period (5 days) was not sufficient to achieve

complete muscle recovery from damage. This may be explained by the fact

that muscle damage resulting from spasms may require a longer recovery

period, or that the formulation and dosing frequency of the baclofen

liposomal vesicle gel need to be optimized to achieve maximum therapeutic

efficacy.
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Chapter Four Conclusion and Recommendations

Conclusion

This study successfully achieved its intended objectives through the design,
formulation, characterization, and evaluation of a novel nanoliposome-based

baclofen gel system for the treatment of induced muscle spasms.

1. In alignment with the initial objective, a gel-based nanoliposome
baclofen vesicular formulation was successfully designed and
developed. Among the prepared formulations, the optimized sample
BLV: was selected based on its superior physicochemical properties
and encapsulation efficiency. This optimized formulation was then
incorporated into a Carbopol 934 gel base at a concentration of 0.5%
(w/w) for topical application. The prepared gel exhibited desirable
consistency and homogeneity, suitable for transdermal drug delivery.

2. Consistent with the second aim, polyamide (Nylon 6,6) nanofibers
were fabricated using the electrospinning technique and utilized for
filtering and refining the liposomal suspension. The resulting fibers
displayed a uniform, bead-free morphology with an average diameter
of approximately 57 nm, confirming their efficiency in producing
homogeneous nanoliposomes suitable for pharmaceutical use.

3. To simulate acute muscle spasticity, a direct muscle spasm model was
established by injecting specific concentrations of lactic acid into the
muscles of laboratory animals. This approach effectively reproduced
the physiological and biochemical characteristics of acute muscle
spasm conditions.

4. Several clinical, physiological, and biochemical parameters related to
muscle spasm severity were monitored, including LDH, CK, AST, and
ALT enzyme activities, as well as Ca?*, K*, P, blood urea, and serum
creatinine levels. These parameters provided comprehensive insight

into the therapeutic effects of the developed formulation.
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5. In accordance with the fifth objective, the therapeutic efficacy of the
optimized nanoliposome baclofen gel (BLV:, 0.5%) was evaluated
both in vitro and in vivo. The formulation exhibited a controlled and
sustained drug release profile, which significantly reduced muscle
spasm intensity and improved biochemical parameters compared to
the untreated and conventionally treated groups (P < 0.05). The treated
animals showed notable recovery in muscle function and biochemical
balance, indicating the effectiveness of the topical nanoliposome

baclofen gel in alleviating muscle spasm symptoms.

In conclusion, this research provides the first comprehensive evidence
supporting the use of BLV2 nanoliposome-based baclofen gel (0.5%) as a
safe, stable, and efficient transdermal therapeutic system. The findings
highlight its promising role in Nano formulation-based targeted therapy for
muscle spasms, paving the way for future advancements in nanomedicine

and controlled drug delivery technologies.
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Recommendations

1. Study the new systems for transdermal delivery of baclofen such as

niosomes or ethosomes .

2. Study the physicochemical properties of the gel, such as viscosity and

stability, to determine their suitability for pharmaceutical applications.

3. Conduct pharmacokinetic studies to evaluate absorption, distribution,

metabolism, and excretion.

4. Evaluate the effect of BLV,gel on inflammatory enzymes.
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