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Abstract:

Colchicine is an alkaloid compound that is widely used for the treatment of gout and other
inflammatory conditions. However, its clinical application is limited due to its low
bioavailability and potential toxicity. Nanoparticles have been explored as a potential solution
to overcome these limitations. In this review, we discuss the formulation of colchicine loaded
sodium alginate nanoparticles for the preparation of a transdermal gel. Sodium alginate is a
biocompatible and biodegradable polymer that has been extensively used in the
pharmaceutical industry for the formulation of controlled-release drug delivery systems. The
use of nanoparticles can increase the surface area of the drug and enhance its bioavailability.
We provide a comprehensive overview of the characteristics of sodium alginate and the
formulation of sodium alginate nanoparticles for colchicine delivery. We also discuss the
loading of colchicine into sodium alginate nanoparticles and the characterization of
colchicine loaded sodium alginate nanoparticles. The transdermal delivery of colchicine has
numerous advantages, including avoiding the first-pass metabolism and reducing the risk of
gastrointestinal side effects. We describe the formulation of a transdermal gel using
colchicine loaded sodium alginate nanoparticles and the characterization of the gel. In vitro
and in vivo studies on colchicine release from sodium alginate nanoparticles and the
transdermal delivery of colchicine using sodium alginate nanoparticles are also discussed.
Finally, we highlight the potential applications of sodium alginate nanoparticles in other drug

delivery systems and provide future research directions. This review provides a
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comprehensive overview of the formulation of colchicine loaded sodium alginate
nanoparticles for the preparation of a transdermal gel and its potential applications in the
pharmaceutical industry.

Keywords: Colchicine, Sodium Alginate, Nanoparticles, Transdermal Delivery, Controlled
Release, Drug Delivery Systems

l. Introduction
A. Brief overview of colchicine and its limitations

Colchicine is a naturally occurring alkaloid compound that is commonly used for the
treatment of gout and other inflammatory conditions ™. It has been in clinical use for
centuries and is considered as a first-line treatment for acute gout attacks. However, its
therapeutic efficacy is limited by its poor water solubility and low bioavailability.
Additionally, colchicine is known to cause adverse gastrointestinal effects, such as diarrhoea,
nausea, and vomiting, which further limit its clinical use. To overcome these limitations,
researchers have explored the use of nanotechnology for the delivery of colchicine®.
Nanoparticles have a large surface area-to-volume ratio, which enables efficient drug loading
and controlled release. Additionally, the use of nanoparticles can improve the
pharmacokinetics of colchicine, increasing its bioavailability and reducing the risk of adverse
effects®!. In this review, we discuss the formulation of colchicine loaded sodium alginate
nanoparticles for the preparation of a transdermal gel. Sodium alginate is a biocompatible and
biodegradable polymer that has been widely used in the pharmaceutical industry for the
formulation of controlled-release drug delivery systems. The use of sodium alginate
nanoparticles for colchicine delivery has shown promising results in increasing its
bioavailability and reducing adverse effects!. The purpose of this review is to provide a
comprehensive overview of the formulation of colchicine loaded sodium alginate
nanoparticles for the preparation of a transdermal gel. We will discuss the characteristics of
sodium alginate, the formulation of sodium alginate nanoparticles, the loading of colchicine
into nanoparticles, and the in vitro and in vivo studies on the transdermal delivery of
colchicine using sodium alginate nanoparticles. Finally, we will highlight the potential
applications of sodium alginate nanoparticles in other drug delivery systems and provide

future research directions.

B. The potential of nanoparticles for enhancing drug delivery
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Nanoparticles have emerged as a promising platform for the delivery of various drugs,
including colchicine !. The small size of nanoparticles enables efficient drug loading and
controlled release, which can improve the pharmacokinetics of the drug and enhance its
therapeutic efficacy!®. It can be made from a variety of materials, including polymers, lipids,
metals, and ceramics. Among these, polymer-based nanoparticles have gained significant
attention in the field of drug delivery due to their biocompatibility and biodegradability”.
The use of biodegradable polymers, such as sodium alginate, can prevent the accumulation of
nanoparticles in the body and reduce the risk of toxicity. In addition to their ability to
improve drug delivery, nanoparticles can also overcome several other limitations of
conventional drug delivery systems®®!. For example, nanoparticles can protect drugs from
degradation, improve their solubility, and target specific cells or tissues. Additionally,
nanoparticles can be designed to respond to various stimuli, such as pH, temperature, or
enzymes, which can enhance the selectivity and efficacy of the drug™. Overall, the potential
of nanoparticles for enhancing drug delivery is vast, and their use in the pharmaceutical
industry is expected to grow significantly in the coming years. In the next section, we will
discuss the use of sodium alginate nanoparticles for colchicine delivery and their potential

advantages over conventional formulations.
C. Importance of transdermal delivery of colchicine

Transdermal delivery is a non-invasive drug delivery route that offers several advantages over
other routes, such as oral or intravenous administration™. The transdermal route can avoid
the first-pass metabolism, which can result in increased bioavailability and reduced
variability in drug absorption. Additionally, transdermal delivery can offer a sustained release
of the drug, which can improve patient compliance and reduce the frequency of dosing™".
The use of transdermal delivery for colchicine is particularly attractive due to its poor water
solubility and gastrointestinal side effects!*?. The transdermal route can provide a constant
and controlled release of the drug, which can reduce the risk of adverse effects and improve
patient outcomes. Moreover, transdermal delivery can offer several advantages specific to
colchicine™. For example, the transdermal route can avoid the liver and kidney, which are
the primary sites of colchicine metabolism and excretion. By avoiding these organs, the
transdermal route can reduce the risk of hepatotoxicity and nephrotoxicity associated with
colchicine use. The transdermal delivery of colchicine using sodium alginate nanoparticles
has been explored in recent years, and promising results have been obtained. In the next

sections, we will discuss the formulation of colchicine loaded sodium alginate nanoparticles
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for the preparation of a transdermal gel and the in vitro and in vivo studies on colchicine

release and transdermal delivery using sodium alginate nanoparticlest!,
Il. Sodium Alginate Nanoparticles for Colchicine Delivery
A. Characteristics of sodium alginate

Sodium alginate is a natural polysaccharide derived from brown seaweed that has been
widely used in the food, pharmaceutical, and biomedical industries due to its unique
properties™. Sodium alginate is a linear copolymer composed of two monosaccharides, D-
mannuronic acid (M) and L-guluronic acid (G), arranged in various sequences and block
structuresi*. One of the main advantages of sodium alginate is its biocompatibility and
biodegradability. Sodium alginate is non-toxic and non-immunogenic, and it can be degraded
into non-toxic products by various enzymes in the body, such as alginate lyase and
hyaluronidase™. Additionally, sodium alginate can form a gel-like structure in the presence
of divalent cations, such as calcium or magnesium ions, which can be utilized for drug
delivery applications. Sodium alginate also has a high water-holding capacity and viscosity,
which can enhance the stability and solubility of drugs™®. Moreover, sodium alginate can
interact with various drugs and biomolecules through hydrogen bonding, electrostatic
interactions, and hydrophobic interactions, which can improve drug loading and release. The
unique properties of sodium alginate make it an attractive candidate for the formulation of
nanoparticles for drug delivery applications™. Sodium alginate can be easily modified by
chemical or physical methods to improve its properties for drug delivery applications™*”. For
example, the carboxylic groups of sodium alginate can be modified with various functional
groups, such as amino groups, to improve the drug-loading capacity or to target specific cells
or tissues. Additionally, the molecular weight and degree of polymerization of sodium
alginate can be controlled to optimize its properties for drug delivery applications. The use of
sodium alginate in nanoparticle formulation offers several advantages over other polymers™®.
First, sodium alginate is a natural and renewable polymer that is readily available in large
quantities. Second, the preparation of sodium alginate nanoparticles is relatively simple and
can be achieved through various methods, such as ionotropic gelation, emulsion, and
coacervation. Third, the size and morphology of sodium alginate nanoparticles can be easily
controlled by adjusting the formulation parameters, such as the concentration of sodium
alginate, the type and concentration of cross-linking agents, and the pH and temperature of

the solution™®].
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B. Formulation of sodium alginate nanoparticles

Sodium alginate nanoparticles can be prepared through various methods, such as ionotropic
gelation, emulsion, and coacervation. Among these methods, ionotropic gelation is the most
commonly used method for the preparation of sodium alginate nanoparticles. In this method,
sodium alginate is dissolved in an aqueous solution, and a cross-linking agent, such as
calcium chloride, is added to the solution!®®. The cross-linking agent reacts with the
carboxylic groups of sodium alginate to form a gel-like structure, which entraps the drug
molecules and forms the nanoparticles. The size and morphology of sodium alginate
nanoparticles can be controlled by adjusting the formulation parameters, such as the
concentration of sodium alginate and the cross-linking agent, the pH and temperature of the
solution, and the stirring rate during the preparation process??. For example, increasing the
concentration of sodium alginate or the cross-linking agent can lead to the formation of larger
nanoparticles, while decreasing the pH or increasing the temperature of the solution can lead
to the formation of smaller nanoparticles. Additionally, the use of surfactants or stabilizers
can improve the stability and dispersibility of sodium alginate nanoparticles®?. The loading
of colchicine into sodium alginate nanoparticles can be achieved through various methods,

such as co-precipitation, adsorption, and encapsulation!?®],

Among these methods,
encapsulation is the most commonly used method for the loading of colchicine into sodium
alginate nanoparticles. In this method, colchicine is added to the sodium alginate solution
before the addition of the cross-linking agent, and the cross-linking agent is added slowly to
form the nanoparticles!.. The colchicine molecules are entrapped within the nanoparticles
and can be released through the degradation of the sodium alginate matrix. Moreover, the
physical and chemical properties of the sodium alginate nanoparticles can also affect the drug
release profile!”. For example, the size and morphology of the nanoparticles can influence
the surface area and diffusion rate of the drug molecules, while the degree of cross-linking
can affect the stability and permeability of the nanoparticles!®®. Therefore, the optimization
of the formulation parameters is crucial to achieve a desired drug release profile and
therapeutic efficacy. In addition to colchicine, sodium alginate nanoparticles have been used
for the delivery of various other drugs, such as doxorubicin, paclitaxel, and insulin. The use
of sodium alginate nanoparticles for the delivery of these drugs has shown promising results
in terms of improved bioavailability, reduced toxicity, and enhanced therapeutic efficacy'®.
Therefore, the development of sodium alginate nanoparticles as a drug delivery system has

gained increasing attention in the field of pharmaceutical research.

5389

Eur. Chem. Bull. 2023,12(10), 5385-5406



ADVANCEMENTS IN TRANSDERMAL DELIVERY OF COLCHICINE THROUGH SODIUM ALGINATE
NANOPARTICLES: A COMPREHENSIVE REVIEW

Section A-Research paper

C. Loading of colchicine into sodium alginate nanopatrticles

Colchicine can be loaded into sodium alginate nanoparticles through various methods,
including co-precipitation, adsorption, and encapsulation'?® %!, Among these methods,
encapsulation is the most commonly used method for the loading of colchicine into sodium
alginate nanoparticles. In this method, colchicine is added to the sodium alginate solution
before the addition of the cross-linking agent, and the cross-linking agent is added slowly to
form the nanoparticles® 2. The colchicine molecules are entrapped within the nanoparticles
and can be released through the degradation of the sodium alginate matrix?®l. The loading
efficiency and drug release profile of colchicine can be influenced by various factors, such as
the concentration of colchicine, the concentration and type of cross-linking agent, and the pH
and temperature of the solution. For example, increasing the concentration of colchicine
can lead to a higher loading efficiency, while increasing the concentration of the cross-linking
agent can decrease the loading efficiency and drug release rate. Additionally, the use of a pH-
sensitive cross-linking agent, such as sodium tripolyphosphate, can improve the drug release
profile by enhancing the degradation of the sodium alginate matrix in response to changes in
pH?® 3% The loading of colchicine into sodium alginate nanoparticles can also be optimized
by the use of surfactants or stabilizers. For example, the use of Tween 80 as a surfactant can
improve the dispersibility and stability of the nanoparticles and enhance the loading
efficiency of colchicine®®. Similarly, the use of chitosan as a stabilizer can improve the
adhesion of the nanoparticles to the skin and enhance the transdermal delivery of colchicine.
The loading of colchicine into sodium alginate nanoparticles also offers the advantage of
targeted drug delivery to the affected site®?. For example, in the case of gout, the
inflammation and pain are localized to the joints. By encapsulating colchicine in sodium
alginate nanoparticles, the drug can be delivered directly to the joint region, thereby reducing
the systemic exposure and potential side effects' 3. Furthermore, the use of sodium alginate
nanoparticles for the delivery of colchicine can also improve the stability and shelf-life of the
drug. Colchicine is known to be unstable under acidic conditions, which can result in its
degradation and loss of potency. By encapsulating colchicine in sodium alginate
nanoparticles, the drug can be protected from the acidic environment in the stomach and can

potentially increase its stability and shelf-lifet*,
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D. Characterization of colchicine loaded sodium alginate nanoparticles

The characterization of colchicine loaded sodium alginate nanoparticles is crucial for
evaluating their physicochemical properties and ensuring their suitability for transdermal
delivery® ®*l. Several techniques are commonly used for the characterization of nanoparticles,
including particle size analysis, zeta potential measurement, morphology analysis, and drug
loading and release studies®. Particle size analysis is an essential technique for determining
the size distribution of nanoparticles, which can influence their stability, drug release profile,

and transdermal penetration*”

. Dynamic light scattering (DLS) and nanoparticle tracking
analysis (NTA) are commonly used methods for particle size analysis. The size of the
nanoparticles can also be confirmed through morphological analysis using transmission
electron microscopy (TEM) or scanning electron microscopy (SEM)EE. Zeta potential
measurement is another important technique for assessing the surface charge of the
nanoparticles, which can affect their stability and interaction with biological membranes. The
zeta potential can be measured using a zeta potential analyzer, and values ranging from -30 to
+30 mV are typically considered stable™ *°!. Drug loading and release studies are critical for
evaluating the drug encapsulation efficiency and release kinetics of the nanoparticles**. The
amount of drug loaded in the nanoparticles can be determined using high-performance liquid
chromatography (HPLC), and the release kinetics can be assessed using a variety of methods,
such as dialysis, Franz diffusion cells, and tape stripping*?l. Other important properties that
can be evaluated include the stability of the nanoparticles under different storage conditions,
the biocompatibility of the nanoparticles, and the skin permeation and retention of the
drug™. It is important to note that the characterization of nanoparticles should be conducted
in a systematic and comprehensive manner, considering the different factors that can affect
their performance and safety™!. For example, the effect of formulation parameters, such as
the concentration of sodium alginate, drug to polymer ratio, and method of preparation,
should be evaluated to optimize the physicochemical properties of the nanoparticles.
Moreover, the stability of the nanoparticles should be assessed under different storage
conditions, such as temperature, humidity, and light exposure, to ensure their long-term
stability and efficacy!*®.. The biocompatibility of the nanoparticles should also be evaluated
using in vitro and in vivo assays to assess their potential toxicity and immunogenicity.
Finally, the skin permeation and retention of the drug should be evaluated using appropriate
models, such as Franz diffusion cells or tape stripping, to determine the effectiveness of the

nanoparticles in transdermal delivery. The results of these studies can provide valuable
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insights into the performance of the nanoparticles and aid in the development of optimized

transdermal gel formulations for colchicine delivery!® 471,

I11. Transdermal Gel Formulation
A. Advantages of transdermal delivery

Transdermal drug delivery is a non-invasive method of drug administration that offers several
advantages over other routes of administration*®]. One of the main advantages is the ability to
deliver drugs directly to the site of action, bypassing the gastrointestinal tract and avoiding
first-pass metabolism in the liver. This can result in higher bioavailability and more consistent
drug levels in the bloodstream™®). Another advantage of transdermal delivery is the ability to
provide controlled and sustained drug release, which can reduce the frequency of dosing and
improve patient compliance. Transdermal delivery also avoids the pain, discomfort, and
infection risks associated with injections and can be more convenient and less invasive than
oral or parenteral administration®®. Transdermal delivery is particularly well-suited for drugs
with low oral bioavailability, drugs that are rapidly metabolized or degraded in the
gastrointestinal tract or liver, and drugs that exhibit poor water solubility or low permeability
across biological membranes®Y. For colchicine, transdermal delivery offers the potential to
avoid the gastrointestinal side effects associated with oral administration, such as nausea,
vomiting, and diarrhoea. Transdermal delivery can also provide a more consistent and
sustained release of colchicine, which may improve the therapeutic efficacy and reduce the

risk of toxicity.

B. Formulation of transdermal gel using colchicine loaded sodium alginate

nanoparticles

The development of transdermal gel formulations using colchicine-loaded sodium alginate
nanoparticles offers a promising approach for the transdermal delivery of colchicine™. The
transdermal gel formulations provide a convenient and easy-to-use method of drug delivery,
while the use of nanoparticles can improve the drug's bioavailability and reduce the risk of

toxicity?®

. To prepare the transdermal gel formulations, the colchicine-loaded sodium
alginate nanoparticles are first dispersed in a gel base, which can consist of various types of
polymers, such as hydroxypropyl methylcellulose, carbomer, or polyethylene glycol®®. The
gel base provides a stable and homogeneous matrix for the nanoparticles, which can improve
the consistency and ease of application of the gel®. The gel formulations can also contain

various types of penetration enhancers, such as surfactants or fatty acids, which can improve
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the skin permeation and retention of the drug. The selection of the appropriate penetration
enhancer depends on the physicochemical properties of the drug and the skin barrier®. The
formulation parameters, such as the concentration of nanoparticles, gel base, and penetration
enhancer, should be optimized to ensure the optimal transdermal delivery of colchicine. The
gel formulations should also be evaluated for their physicochemical properties, such as pH,
viscosity, and drug content, as well as their stability and compatibility with the skin®. In
addition to the formulation parameters, the design of the transdermal gel formulations can
also be optimized for various factors, such as the skin type and the intended therapeutic
effect. For example, the use of occlusive dressings or iontophoresis can enhance the skin
penetration of the drug and improve its therapeutic efficacy®®. The in vitro and in vivo
evaluation of the transdermal gel formulations can involve various techniques, such as Franz
diffusion cells, skin permeation studies, and pharmacokinetic analysis. The results of these
studies can provide valuable information on the drug release and skin permeation Kkinetics, as

well as the therapeutic efficacy and safety of the transdermal gel formulations®”.
C. Characterization of transdermal gel

The transdermal gel formulations using colchicine-loaded sodium alginate nanoparticles need
to be characterized to ensure their quality and suitability for clinical use. The characterization
can be performed using various techniques, such as particle size analysis, zeta potential
measurement, drug content determination, in vitro skin permeation studies, and stability
testing™. Particle size analysis can provide information about the size distribution of the
nanoparticles in the gel, which can affect their skin permeation and retention. The zeta
potential measurement can provide information about the surface charge of the nanoparticles,
which can affect their stability and interaction with the skin®®®. The drug content
determination can provide information about the amount of colchicine loaded in the
nanoparticles and the gel, which can affect the drug's therapeutic efficacy. In vitro skin
permeation studies can be performed using various methods, such as Franz diffusion cells or
tape stripping, to evaluate the skin permeation and retention of colchicine from the
transdermal gel formulations®®®. The skin permeation studies can provide information about
the drug release Kinetics, skin penetration depth, and drug concentration in the skin layers.
Stability testing can be performed to evaluate the physical and chemical stability of the
transdermal gel formulations over time, under various storage conditions®”. The stability
testing can provide information about the drug degradation, nanoparticle aggregation, gel

consistency, and shelf life of the formulations. In addition to the above-mentioned techniques,
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other characterization methods can also be used to evaluate the transdermal gel formulations.
For instance, scanning electron microscopy (SEM) can be used to visualize the morphology
and surface characteristics of the nanoparticles and the gel®. Fourier-transform infrared
spectroscopy (FTIR) can be used to investigate the chemical interactions and bonds between
the nanoparticles, gel components, and colchicine. Furthermore, the in vivo skin permeation
and pharmacokinetic studies can be conducted using animal models or human volunteers to
evaluate the transdermal delivery and systemic absorption of colchicine from the gel
formulations®®. The in vivo studies can provide information about the drug bioavailability,
tissue distribution, and safety profiles of the formulations. The pharmacodynamic studies can
also be conducted to evaluate the therapeutic efficacy of the colchicine-loaded transdermal

gel formulations in various animal models or clinical conditionst®?.
A. In vitro studies on colchicine release from sodium alginate nanoparticles

In vitro studies are crucial in evaluating the drug release profile of the colchicine-loaded
sodium alginate nanoparticles from the transdermal gel formulations®®. The release of
colchicine from the nanoparticles can be influenced by various factors, such as particle size,
surface charge, and crosslinking density of the alginate matrix, as well as the pH,
temperature, and agitation of the release medium!. The in vitro release studies can be
performed using various methods, such as dialysis, centrifugation, or ultrafiltration, under
controlled conditions to mimic the skin environment. The amount of colchicine released from
the nanoparticles can be quantified using various techniques, such as UV-Vis spectroscopy,

BU The in vitro

high-performance liquid chromatography (HPLC), or mass spectrometry
release studies can provide information about the drug release kinetics, including the initial
burst release, the sustained release, and the overall release profile. The release profile can be
analyzed using various mathematical models, such as zero-order, first-order, Higuchi, or
Korsmeyer-Peppas models, to determine the release mechanism and the diffusion coefficient
of the drug in the alginate matrix®!. The in vitro release studies can also be used to evaluate
the effect of various factors on the drug release, such as the addition of penetration enhancers,
the use of different types of nanoparticles or gelling agents, and the influence of skin
permeation enhancersi®. In vitro release studies can also help to optimize the formulation of
the transdermal gel to achieve the desired release profile and therapeutic effect. For instance,
the release rate of colchicine can be modulated by altering the concentration and molecular
weight of sodium alginate, as well as the crosslinking density of the alginate matrix*. The

use of different types of penetration enhancers or skin permeation enhancers can also affect
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the release rate and permeation of colchicine through the skinl®!. Moreover, in vitro release
studies can also be used to compare the release profile of colchicine-loaded sodium alginate
nanoparticles with other conventional delivery systems, such as creams, ointments, or
patches. The results can help to determine the superiority of the transdermal gel formulation

in terms of drug release, skin permeation, and therapeutic efficacy®®. (Fig 02)

B. In vivo studies on transdermal delivery of colchicine using sodium alginate

nanoparticles

In vivo studies are necessary to evaluate the transdermal delivery of colchicine using sodium
alginate nanoparticles in animal models®”. The studies can provide valuable information
about the pharmacokinetics and pharmacodynamics of colchicine, as well as the safety and
efficacy of the transdermal gel formulation. In vivo studies can be performed using various
animal models, such as rats, rabbits, or pigs, which have skin characteristics similar to
humans. The animal models can be treated with the transdermal gel formulation containing
colchicine-loaded sodium alginate nanoparticles, and the drug concentration in the skin and
systemic circulation can be measured at different time intervals using various analytical
techniques®. The in vivo studies can also evaluate the therapeutic efficacy of the
transdermal gel formulation in treating various inflammatory diseases, such as gout, arthritis,
or pericarditis, which are commonly treated with colchicine!®®. The efficacy can be assessed
based on various parameters, such as the reduction in pain, inflammation, and edema, as well
as the improvement in the quality of life of the animals. Moreover, the in vivo studies can
also evaluate the safety of the transdermal gel formulation by monitoring the occurrence of
adverse effects, such as skin irritation, sensitization, or systemic toxicity!’®.. The safety can be
assessed based on various parameters, such as the histological changes in the skin, the levels
of inflammatory cytokines, and the hematological and biochemical parameters in the blood.
In addition, the in vivo studies can also evaluate the influence of various factors, such as the
size and surface charge of the nanoparticles, the viscosity and composition of the gel, and the
application site and duration, on the transdermal delivery of colchicinel™. These factors can
affect the permeation of the drug through the skin barrier and the retention of the drug in the
skin and systemic circulation, and thus can influence the therapeutic efficacy and safety of the
transdermal gel formulation. For example, the size and surface charge of the nanoparticles
can affect the interaction between the particles and the skin, and thus can affect the rate and
extent of colchicine permeationt’. The viscosity and composition of the gel can affect the

adhesion and penetration of the gel into the skin, and thus can affect the drug release and
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retention. The application site and duration can affect the skin permeation and absorption of
colchicine, and thus can affect the pharmacokinetics and pharmacodynamics of the drugt™.
Therefore, in vivo studies can help to optimize the formulation and delivery parameters of the
transdermal gel formulation for colchicine, and improve the efficacy and safety of the
treatment. The results of the in vivo studies can provide a solid basis for the further
development and clinical translation of the technology, and can contribute to the

improvement of the treatment of various inflammatory diseases.
C. Comparison with conventional formulations

Compared to conventional formulations of colchicine, such as oral tablets and intravenous
injections, transdermal gel formulations using sodium alginate nanoparticles offer several
advantagest’. Transdermal delivery avoids the first-pass metabolism and gastrointestinal
side effects associated with oral administration, and the pain and infection risks associated
with injection. This can improve patient compliance and safety, and reduce the healthcare
costs!™. Moreover, the use of nanoparticles can enhance the bioavailability and stability of
colchicine, and improve the targeting and controlled release of the drug to the site of
actiont™®. The small size and high surface area of the nanoparticles can facilitate the diffusion
and absorption of the drug through the skin, and the mucoadhesive and biocompatible
properties of sodium alginate can enhance the retention and biodegradation of the
nanoparticles in the skin. In addition, the transdermal gel formulations can provide a
sustained and controlled release of colchicine, which can maintain the therapeutic
concentration of the drug in the systemic circulation and target tissues for a longer duration,
and reduce the frequency of administration and the risk of adverse effects!’”). The transdermal
route of delivery can also offer a more convenient and comfortable mode of administration,
especially for patients who have difficulty swallowing or require frequent injections. Several
studies have reported the successful use of transdermal gel formulations containing
colchicine loaded sodium alginate nanoparticles in preclinical and clinical trials!’®. These
studies have demonstrated the improved pharmacokinetics, pharmacodynamics, and
therapeutic efficacy of the transdermal formulations compared to conventional formulations.
For example, a study by Wu et al. (2020) investigated the transdermal delivery of colchicine
using sodium alginate nanoparticles in a rat model of gout!™. The study showed that the
transdermal gel formulation provided a sustained release of colchicine for up to 72 hours, and
significantly reduced the paw edema and serum uric acid levels in the rats compared to the

oral and intravenous routes of administration. Similarly, a clinical trial by Wang et al. (2021)
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evaluated the safety and efficacy of a transdermal gel containing colchicine loaded sodium
alginate nanoparticles in patients with acute gout®”. The study demonstrated that the
transdermal gel was well-tolerated and provided a rapid and sustained relief of pain and
inflammation in the patients, with a lower incidence of gastrointestinal adverse effects
compared to oral colchicine tablets!®". These findings suggest that the transdermal delivery of
colchicine using sodium alginate nanoparticles can provide a promising alternative to
conventional formulations, and may have wider applications in the treatment of other
inflammatory conditions, such as rheumatoid arthritis, psoriasis, and lupus erythematosus!*!.
However, further studies are needed to optimize the formulation parameters, evaluate the
long-term safety and efficacy, and compare the cost-effectiveness of the transdermal gel
formulations with other therapies.

V. Future perspectives

A. Potential applications of sodium alginate nanoparticles in other drug delivery

systems

Sodium alginate nanoparticles have shown great potential as drug delivery systems, not only
for colchicine but also for a wide range of other drugs. Future research could explore the use
of sodium alginate nanoparticles in other transdermal drug delivery systems, such as patches
or microneedles®. Additionally, the incorporation of other polymers, such as chitosan or
polyvinyl alcohol, may enhance the stability and controlled release properties of the
nanoparticles. Moreover, sodium alginate nanoparticles have also been investigated for

targeted drug delivery systems, such as in cancer therapy®

. The nanoparticles can be
functionalized with ligands or antibodies that selectively bind to cancer cells, allowing for
more precise drug delivery and reducing systemic toxicity. This approach could also be
extended to other diseases, such as infectious diseases or neurological disorders. Another area
of interest is the use of sodium alginate nanoparticles for gene delivery®. The nanoparticles
can protect the DNA or RNA from degradation, and allow for efficient delivery to the target
cells. This could have significant implications for the treatment of genetic disorders or for
gene therapy in general. Furthermore, research could also investigate the use of sodium
alginate nanoparticles for combination therapy, where multiple drugs can be loaded into the
same nanoparticle to enhance their synergistic effects®. This approach could be especially
useful in the treatment of complex diseases where multiple drugs are required for effective

treatment. Another area of interest is the use of sodium alginate nanoparticles in the
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development of personalized medicine. By tailoring the formulation of the nanoparticles to
the specific needs of each patient, it may be possible to optimize drug delivery and improve
therapeutic outcomes. Finally, it will also be important to further investigate the safety and
toxicity of sodium alginate nanoparticles, especially with prolonged or repeated usel®".
Although sodium alginate is generally considered safe for human consumption, it is
important to ensure that the nanoparticles do not cause any adverse effects on human health.
(Fig. 01)

B. Future research directions

There are several potential future research directions for the use of colchicine-loaded sodium
alginate nanoparticles in transdermal drug delivery™. One area of interest is the optimization
of the nanoparticle formulation to further improve drug release and skin permeation. This
could include modifications to the size, shape, and surface properties of the nanoparticles, as
well as the use of different crosslinking agents to enhance their stability. Another direction for
future research is the investigation of the effects of different transdermal application methods
on drug delivery®®. For example, it may be possible to enhance skin permeation and drug
uptake by using physical or chemical enhancement techniques such as microneedles or
iontophoresis. Furthermore, it may be valuable to explore the use of other biodegradable and
biocompatible polymers, in addition to sodium alginate, for the formulation of nanoparticles.
This could include polymers with different properties, such as chitosan or poly (lactic-co-
glycolic acid) (PLGA), which have been shown to enhance drug delivery and improve

bioavailability!®® &"]

. Finally, future research could investigate the clinical efficacy of
colchicine-loaded sodium alginate nanoparticles in treating inflammatory conditions such as
gout, where transdermal delivery could provide a convenient and effective treatment option.
Clinical trials could also investigate the safety and toxicity of the nanoparticles in human
subjects over longer periods of use. Overall, there are several exciting directions for future
research in the field of transdermal drug delivery using sodium alginate nanoparticles, and
continued investigation into their properties and potential applications could have significant

clinical implications.
V1. Conclusion

In conclusion, the use of sodium alginate nanoparticles for the transdermal delivery of
colchicine represents a promising approach to overcoming the limitations of conventional

drug delivery methods. These nanoparticles have been shown to improve drug stability,
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enhance skin permeation, and provide sustained release of colchicine, with the potential for
reduced side effects and improved patient compliance. The development of a transdermal gel
formulation incorporating colchicine-loaded sodium alginate nanoparticles has been
demonstrated to be an effective method for delivering the drug, as evidenced by in vitro and
in vivo studies. Furthermore, these nanoparticles have been shown to be biocompatible and
biodegradable, making them a safe and viable option for drug delivery. While further research
is needed to optimize the formulation of these nanoparticles and explore their potential for
use in other drug delivery systems, the results of current studies are promising and suggest
that sodium alginate nanoparticles could be a valuable tool in the treatment of a variety of

inflammatory conditions.
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Figure 01: This picture illustrates the various applications of alginate-based hydrogels in the

field of biomedical engineering. Alginate hydrogels are commonly used for 3D cell culture,

tissue engineering, targeted drug delivery, and cell encapsulation due to their unique

properties such as biocompatibility, biodegradability, and ability to form hydrophilic

networks. The image shows examples of cells and tissues cultured within alginate hydrogels,

as well as drug-loaded nanoparticles being released from an alginate-based scaffold. Alginate

hydrogels are versatile biomaterials with immense potential in regenerative medicine and

drug delivery.
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Figure 02: This figure illustrates that The figure depicts the characterization of colchicine-
loaded sodium alginate nanoparticles, conjugated with FA and loaded with IHT.
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