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Abstract: Nowadays, microbeads are inevitable in pharmaceutical formulations with remarkable drug
delivery and therapeutic outcome benefits. Usually made from biocompatible polymers, these tiny spherical
particles allow for controlled and targeted delivery of APIs within the human body. Other benefits associated
with microbeads include their ability to control drug release kinetics in terms of sustained or pulsatile
release profiles in order to facilitate patient compliance and minimize adverse effects. This also has a
minimal size and allows for adaptation for precise dosing and targeting the right sites, which augments
therapeutic efficacy while cutting down systemic exposure.

The need for safe and effective drug delivery systems has been a crucial aspect in the advancement of new
pharmaceutical formulations. Researchers continue to seek new ways in prolonging drug release, minimizing
drug wastage, and reducing the side effects of drugs. However, synthetic polymers are costly, non-
biocompatible, and potentially toxic. On the other hand, sodium alginate, a natural polymer, is generally
used as a matrix material because of biodegradability, low price, simplicity, and excellent biocompatibility.
Sodium alginate is nontoxic when delivered orally and gives protection on the mucous membrane of the
upper gastrointestinal tract.

Sodium alginate is an anionic polysaccharide of natural origin wherein gelation can be obtained with the use
of calcium ions to form stable microbeads. There are multiple techniques used to prepare alginate
microbeads, that is, ionotropic gelation, cross-linking, emulsion gelation, spray drying, and both simple and
complex coacervation phase separation methods. This review shall highlight the preparation and
characterization of alginate microbeads, their therapeutic applications, and their position in the realm of
controlled and novel drug delivery systems.

Keywords: Biocompatible polymers, Biodegradable, Emulsion gelation method, Ionotropic gelation
method, Site-specific targeting

I. INTRODUCTION

The main aim of any drug delivery system is to deliver a therapeutic dose to the desired target in the body at the
required level and duration. In the attempt to achieve this, the therapeutic is made to be released at a rate synchronized
with the body's demand all through the period of treatment.!'? An important development in the realm of controlled drug
delivery is the creation of polymeric gel beads. They present a revolutionary method to the sustained and accurate
delivery of a variety of medicinal agents. %!

Microbeads, as their name indicates, are small, almost spherical-shaped particles with diameters from 0.5 to 1000 pm.
They are solid, free-flowing carriers which contain drug particles either dispersed in a solution or in a crystalline form.
This structure allows for sustained or multi-phase drug release profiles with minimal side effects, enabling efficient
delivery of APIs. Furthermore, microbeads allow for localized drug delivery at a high concentration where therapeutic
levels are provided at the site of interest but reduced systemic exposure and side effect. The beads remain functional
under physiological conditions. They are made up of different polymers, including cationic like chitosan and anionic
ones like sodium alginate, which are usually mixed together with binding agents like gelatin, chondroitin sulfate, and

avidin in certain proportions. Unj if rmly sized round microbeads avoid any problems conaected with powders or
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Sodium alginate is widely used in controlled-release dosage forms owing to its mechanical strength, hydrogel-forming
ability, biodegradability, and natural origin. Brown algae are the source of alginates, which are naturally occurring
polysaccharide polymers consisting of two distinct units: B-d-mannuronic acid and a-1-guluronic acid. The homo- and
hetero-polymeric blocks are found within the polymer chain due to these monomeric units. At the same time, when
exposed to divalent cations, such as Ca?*, Sr?*, or Zn**, the otherwise non-gelling alginates show gelling properties and
are suitable for the production of microbeads. ['"*Extensive studies have confirmed the suitability of alginate-based
microbeads for xenogeneic tissue transplantation and the encapsulation of laboratory cell lines. Such microbeads are
usually prepared using the ionotropic gelation technique, where sodium alginate, an anionic polymer, is cross-linked
with calcium ions to rapidly form beads. Careful examination is made on critical factors like swelling behavior,
degradation, and mechanical stability of the beads. In the pharmaceutical sector, several microbeads formulated from
natural polymers such as alginate, agar, chitin, agarose, gellan, gum, and chitosan have been developed and investigated
over the last two decades. It is also evident that synthetic polymers are used for the development of microbeads, but
specific strengths and weaknesses exist in terms of their use over and above natural polymers.!®)
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Fig. 1. Image of Microbead

1.1 SUSTAINED RELEASE OF MICROBEADS:

The mechanism of sustained release within an alginate-based microbead is mainly controlled by the matrix structure
and the interaction between the encapsulated drug and the alginate polymer. The mechanism can be explicated in the
following steps:

1. Drug Entrapment in Alginate Matrix

-Tonotropic Gelation: Alginate is a natural polyelectrolyte polysaccharide that cross-links with divalent cations, such as
calcium (Ca?"), forming a hydrogel network having pores to trap the drug within the beads.

The distribution of the drug is uniform if either dispersed or dissolved in the alginate solution before gelation.

2. Diffusion-Controlled Release

Drug release occurs primarily through diffusion within the hydrogel matrix.
The rate of diffusion is influenced by:

- Molecular weight of the drug: The smaller the molecule, the faster it diffuses.
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3. Matrix Swelling

Alginate beads swell upon contact with aqueous media such as gastric or intestinal fluids as they absorb water.

This swelling generates a hydrated layer, which permits the drug to diffuse out gradually over time while maintaining
the structural framework of the bead intact.

4. Matrix Erosion

- As time progresses, alginate degrades or erodes through enzymatic reaction and ionic exchange in the surroundings,
such as Ca?* displaced with Na* in the gastrointestinal fluid.

- Erosion is the third mechanism to enable the release of drugs but sustain and control drug delivery.

5. pH Sensitive Behavior

Alginate micro-beads are sensitive to pH, and this affects the release of drug:

a. Acidic pH environment: In the stomach, alginate beads do not break since solubility is low, and the drug to be
released will be less.

b. Alkaline pH environment: Beads swell partially and break down, hence releasing the drug better.

6. Factors Affecting Rate Dependence

Multiple factors affect the sustained release profile:

Alginate concentration: Higher alginate concentration increased matrix density, slowing drug release.

The remaining parameters are as follows:

Calcium ion concentration: Higher cross-linking results in denser gels and slower release

Coating materials: Extra coatings are used, such as chitosan or hydrophobic polymers, for further adjustments of
release.

Drug properties: Solubility and solubility compatibility with alginate significantly influence the release kinetics.

By integrating these mechanisms, alginate microbeads offer a controlled and sustained release of drugs. They are thus
of interest for various pharmaceutical applications, and adjusting formulation parameters allows tailoring of the release

profile to meet specific therapeutic needs.!'”
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Fig. 2. Mechanism of Sustained Release Of Microbeads

1.2 ADVANTAGES OF MICROBEADS:
e Good control of drug therapy is realized.
e  The safety margin of high potency drugs is greatly enhanced.
e  The fluctuations within the therapeutic range are reduced.
e The side effects are my ‘
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e Drugs encapsulated within the microbeads enhance bioavailability and hence they are particularly useful for
drugs that have poor solubility or stability.

e [tis even possible to engineer microbeads for targeted delivery to specific sites of the body.

e This way, stability of the formulation is improved.

e Incorporation of multiple drugs in a single formulation is allowed with the help of microbeads so that
combination therapy can be utilized for complicated diseases or conditions.

Synthetic polymers offer customizable mechanical properties and controlled degradability.

They can be molded into different shapes, which offers diversity in drug delivery.

Polymers can be modified with specific functional chemical groups in order to be used with particular
therapeutic needs.

1.3 DISADVANTAGES OF MICROBEADS:

e The loading capacity is low, and the release may be difficult for high molecular weight compounds.

e  Production, especially is costly and this again leads to a higher overall cost.

e Technology used is highly sophisticated and thus requires skilled expertise and experience in the
manufacturing process.

e [tis difficult to maintain the stability of the dosage form.

e One major disadvantage of microbeads is their potential for environmental damage, since many are fabricated
from synthetic polymers not biodegradable in the environment.

e Increasing environmental concerns lead several countries to implement restrictions or totally ban the use of
microbeads in personal care products, including their applications in pharmaceuticals.

e [t is quite difficult to achieve uniformity as well as precise control over the size distribution of microbeads
during production.

e  Production costs are significantly higher compared to that of natural polymers.

e Some synthetic polymers are not biocompatible and will also cause toxic effects.!"!

II. TECHNIQUES OF MANUFACTURE OF MICROBEADS
2.1 Ionotropic Gelation Method-

1. Accurately weigh every component, including calcium chloride, sodium alginate, and the medication being
used.

2. The weighed amount of sodium alginate is mixed with distilled water to create mucilage pest andlet it warm on
a hot plate for 5 to 10 minutes.

3. The weighed amount of calcium chloride is then combined with distilled water to create a solution.
After that, the sodium alginate mucilage pest is agitated for a few minutes at an appropriate speed using a
magnetic stirrer.

5. The medication is dissolved in the sodium alginate mucilage pest and agitated in the magnetic stirrer at an
appropriate pace.

6. Using a glass syringe, the calcium chloride solution is dropped into it to create the micro-beads by needle.
The micro-beads are filtered & washed thoroughly with distilled water.

8. Dried at room temperature subsequently for few hours. '®!

Drawbacks-
leaching during preparation,
chances of reactions.”*"
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Drug /Polymer Result Reference
Author
Name
Ibuprofen/Alginate, The microbeads were prepared by ionotropic gelation technique, and the Ibuprofen Jha AK et al.
Potato Starch was thoroughly encapsulated in the microbeads. And he founded that the potato starch a7
retarded the release of beads in comparison to alginate.
Diclofenac This study concluded that the prepared micro-beads enhanced the bio-availability and | Maiti AK et
Potassium/Sodium reduces the dose frequency and improves patient compliance. al. (18)
Alginate, Starch
Ambroxal /Sodium This study concluded that the prepared beads were found to release immediately and Venkatesh
Alginate steady state of release was obtained 12hrs. DN et al. (19)
Acelofenac This study concluded that the ionotropic gelation technique can be successfully used Manjanna
Sodium/Sodium Alginate | for preparation of aceclofenac sodium microbeads using sodium alginate and the drug | KM et al. (20)
release from the microbeads was affected by the pH of the dissolution medium results
more sustained effect in alkaline medium.

TABLE I. Microbeads of Different Drugs, Different Polymers and their Results by Manufacturing through Ionotropic
Gelation Method

Syring with needle
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Fig. 3. Tonotropic Gelation Method

2.2 Cross-linking:
Steps involved in the general preparation of beads by cross-linking
1. The cross-linking polymer solutions were made by dissolving them in water with gentle stirring at varying
concentrations.
2. To ensure even distribution, the drug was introduced to the polymer solution while being continuously stirred
for two minutes all through the solution.
3. Lastly, a 1.2 mm diameter needle was used to extrude the drug and polymer solution drop by drop into a room
temperature, stirred calcium chloride solution.
Following the formation of micro-beads, the beads were left in the agitated solution for ten minutes to cure.

5. After being filtered and cleaned with distilled water, the micro-beads were allowed to dry at room temperature
[25]

Drawbacks- Use of organic !
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Drug/Polymer Result Reference
Author
Name
5-Flurouracil/ Alginate, | This study concluded that the prepare chitosan-sodium alignate | Shabbeer S
Chitosan, Pectin microcapsules of 5-fluorouracil remain intact and shows minimal | et al. (22)

drug release in stomach and small intestine, it is very advantage
because S-fluorouracil the initial release it is required to be
drastically minimized to avoid the sight effects associated with
these agents.

Ofloxacine Hydrochloride/ | This study concluded that the crosslinking procedure gave a more | Kulkarni PV
Sodium Alginate, Chitosan sustained release in the release medium because of the denser gel | et al. (23)
structure after the cross-linking process, The in vitro dissolution
studies, the IPN beads showed sustained effect up to 24 hrs.

Metronidazole/Alginate, This study concluded that the in-vitro release rate showed that | Garud A et
Chitosan increasing the amount of chitosan in the microcapsules decreased | al. (24)
the release rate after 12 h.

TABLE II: Microbeads of Different Drugs, Different Polymers and Their Results by Manufacturing through Cross

Linking Method.

2.3 Emulsion Gelation Method

1.

2.
3.
4

4

In emulsion gelation technique polymer sodium alginate were dissolved in the water.

The drug was added in to the polymer solution and mixed uniformly.

The polymer solution was then added in a thin string of heavy liquid paraffin solutioncontained in abeaker.
Then calcium chloride solution was added into the emulsion and stirring for 15 min to formed spherical micro-
beads.

The micro-beads were collected by decantation and washed with petroleum ether.

The micro-beads were then air dried to obtain discrete microcapsules!®®)

Drawbacks- Use of organic solvents and the high shear forces used. *”!
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Reference
Drug/Polymer Result Author
Name

This study found Among the two methods Emulsification
ionotropic gelation method was found to be more suitable for slow
and complete release of glipizide over a long period of time. These

microcapsules exhibited good mucoadhesive property in the in-
vitro wash-off test.
This study concluded that these beads can entrap even a water
soluble drug as Ranitidine Hydrochloride in sufficient amount and
also can successfully deliver the drug in stomach for a prolong

Glipizide/Sodium
Alginate

Putta SK et
al. (26)

Ranitidine /Sodium Jaiswal D et

Alginate, Pectin duration of time without using any organic solvent and any time al. (27)
consuming step in the preparation
This study concluded that the oil entrapped gel beads used as
Acyclovir/Calcium floating drug delivery system for systemic drug delivery. Beads Singhal P et
Alginate, Olive oil showed the excellent sustaining properties as compared to the al. (28)

conventional dosage form.

TABLE III: Microbeads of Different Drugs, Different Polymers and their Results by Manufacturing through Emulsion

Gelation Method.
/‘-“v_-.-/>l__— »
Alginate solution Ca** solution
Mixing @
—-—) ) O () | w— ® ® o
) o © o ®
e
O1l phase l
e - () | -0 @
eo0ed © o) \eo%® )
Separation from oil phase by Gelled alginate Alginate droplets
centrifugation or decanting microgel formed coalesce with Ca?

followed by solvent washing in the oil phase solution droplets
to remove excess oil

Fig. 4. Emulsion Gelation Method

2.4 Polyelectrolyte Complexation Method-

Alginate—chitosan microcapsules with biocompatibility and biodegradability can be prepared under mild conditions,
even physiological conditions, making them suitable for use in biomedical fields. Another method of creating
microbeads is the complex coacervation of oppositely charged polyelectrolytes, polycation, and polyanion materials.
The investigation of the application of alginate—chitosan microcapsules given for the drug-delivery systems of proteins
and polypeptides has gained attention in recent years. Using this technique, the mixture will separate into a dense
coacertive phase that contains the microbeads and a diluted equilibrium phase under particular polyion concentration,
pH, and ionic strength parameters. For instance, strong microbeads were produced by spraying the sodium alginate
solutlon into the chitosan solutlon achieving complex coacervation between alginic acid and chitosan. The preparation
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Fig. 5.Polyelectrolyte Complexation Method

III. APPLICATIONS OF MICROBEADS
Cleansers/exfoliators, shower/bath products, face cleansers, creams, deodorants, foundations, nail polishes, facial
cleansers, insect repellents, toothpastes, eye shadows, blush powders, hair dyes, liquid makeup, mascara, baby products,
emulsions, and sunscreens have all been found to contain microbeads.
Microbeads can also be seen in many customer products and purposes, like cleaning supplies and printer toner.
For instance, Napper and Thompson (2015, in press) measured the amount of microbeads used as exfoliants in personal
care products and found that the abundance differed significantly between brands.
Microbeads are also used in industry (such as oil and fuel lines, fabric printing, and automobile molding), business
merchandise (such as abrasive media (such as plastic blasting at shipyards and production centers that produce clothing
and vehicle parts), various plastic products (such as anti-slip and anti-blocking off applications), and clinical
applications (biotechnology and biomedical research).

Controlled and Sustained Drug Delivery

Modulation of Drug Release: Alginate microbeads are frequently employed to accomplish regulated and prolonged
drug release over a long duration. It is possible to design the microbeads to release medications in a predictable way,
which lowers dosage frequency and increases patient adherence. As an illustration, alginate microbeads can be used to
encapsulate anti-inflammatory or painkillers for regulated release, guaranteeing long-lasting therapeutic benefits while
reducing adverse effects.

Oral Drug Delivery

¢ Protection from Stomach Acid: Drugs that are susceptible to the stomach's acidic environment are frequently
encapsulated in alginate microbeads. The medicine can pass through the stomach and be released in the small intestine,
where it is better absorbed, thapkgrtopgh -‘:iﬁz‘cs,- tion, alginate-based
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formulations can shield peptides (such as insulin), enzymes, or probiotics from stomach breakdown so they can enter
the intestines undamaged and be absorbed.

Targeted Drug Delivery

Site-Specific Release: Using pH-sensitive formulations or enzyme-triggered release, alginate microbeads can be made
to release their contents in certain bodily locations, like the colon. This makes them perfect for treating conditions like
colon cancer or inflammatory bowel disease (IBD) that call for localized therapy.As an illustration, alginate microbeads
can be coated to release medications only in the colon, minimizing systemic adverse effects and improving the
effectiveness of treatment for disorders that are localized.

Gene Delivery

DNA and RNA Encapsulation: In gene therapy applications, alginate microbeads are utilized to transfer genetic
material, such as plasmid DNA or RNA. The beads enable the regulated release of the genetic material into target cells
or tissues while shielding it from deterioration. For instance, by transferring altered genes to the impacted cells, alginate
microbeads can be utilized in gene therapy to treat genetic illnesses like cystic fibrosis.

Encapsulating Bioactive Substances

Proteins, vitamins, and enzymes: Alginate microbeads have the ability to encapsulate a broad range of bioactive
substances, such as proteins, vitamins, and enzymes, preventing their breakdown and regulating their release.For
instance, alginate beads can be used to encapsulate probiotics, which are beneficial for gut health, to shield them from
the harsh environment of the stomach and enable their release.in the intestines.

Wound Healing and Tissue Engineering

Wound Care: Alginate microbeads are being utilized more and more in wound healing, particularly as hydrogels or
dressings that allow for the controlled release of medicinal substances. Alginate is especially helpful in the treatment of
burns and chronic wounds.For instance, alginate-based dressings can enhance tissue healing and stop infections in
wounds by delivering growth factors (like VEGF) or antibiotics.

Tissue Engineering: To promote the growth and regeneration of tissues like bone or cartilage, alginate microbeads are
included into scaffolds for tissue engineering.As an illustration, alginate-based scaffolds, in which the beads offer
structure while releasing growth factors, can be utilized to promote cell proliferation in bone regeneration applications.

Vaccines and Immunotherapy:

Vaccine Delivery: The encapsulation and delivery of vaccinations using alginate microbeads is being investigated.
They can shield adjuvants and sensitive antigens, guaranteeing that they reach the immune system undamaged and elicit
a successful immunological response. As an illustration, alginate microbeads can be used to deliver oral vaccinations,
offering a non-invasive immunization technique that may be easier to implement in mass vaccination campaigns. As an
illustration, alginate beads can contain virus-like particles (VLPs) or mRNA vaccines for specific delivery to immune
cells.

Biomolecule Stabilization

Labile Molecule Stabilization: A large number of medicinal proteins, enzymes, and other biomolecules exhibit
instability while in solution. These biomolecules are shielded from denaturation and have a longer shelf life thanks to
alginate microbeads.For instance, alginate beads can stabilize enzymes used to treat metabolic diseases or insulin for
the treatment of diabetes, increasing the therapeutic efficacy of these substances.

Nutraceutical Delivery
* Controlled Release of Nutrients: Nutraceuticals, including vitamins, antioxidants, and dietary supplements, are
delivered via alginate microbgagsm gradually regulating the delivery of nutrients, ##ES&xqicrobeads enhance
absorption and bioavailabili Allustration, formulations based on alginate ca; (Q
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therapeutic benefits of vitamin C, omega-3 fatty acids, or other vital nutrients by releasing them under regulated
conditions.

Diagnostic Applications

Bio-sensing and Diagnostics: Alginate microbeads can serve as carriers for biosensors or markers in diagnostic
applications. To help detect illnesses or pathogens, their surface can be altered to bind particular chemicals.For
instance, alginate microbeads can be functionalized with ligands or antibodies to identify particular biomarkers in
infectious or cancerous disorders. "

IV. EVALUATION OF MICROBEADS:
Properties Evaluated for Alginate Microbeads
Size and Shape
The microbeads' biodistribution and drug release characteristics are influenced by their size and shape. Although ideal
microbeads are usually uniformly sized and spherical, their shape can sometimes be modified for certain uses
(elongated beads for longer release, for example).
Surface Morphology
How the beads interact with their surroundings (such cells or mucosal surfaces) and how rapidly the medication is
released from the encapsulation are both influenced by their surface texture. A surface can be either porous or smooth
based on the requirements.
Drug Encapsulation Efficiency
One important characteristic that has a direct impact on the therapeutic dose and formulation efficacy is the percentage
of the active component enclosed within the microbeads.
Swelling Behaviour
As it affects how quickly pharmaceuticals are released from the beads, swelling capacity is a crucial characteristic of
alginate beads, particularly for drug administration. Swelling affects the size and release profile of the beads and is
dependent on the medium's pH and ionic strength.
Biodegradability
Alginate microbeads frequently decompose naturally over time without building up in the body, making them an
attractive characteristic for drug delivery systems.
Mechanical Stability
The beads' durability and strength are essential for handling and storing them. To avoid breaking while being processed,
handled, and administered, the beads should be able to withstand mechanical forces.
Release Kinetics
The encapsulating drug's release profile is crucial in predicting the microbeads' long-term performance. Depending on
how they are formulated, alginate beads can offer pulsatile, sustained, or controlled release.
Biocompatibility
The ability of alginate microbeads to interact with biological systems without causing toxicity or an immunological
reaction is known as biocompatibility. This characteristic is especially crucial for applications in medicine and
pharmacology.
Thermal Stability
During production, storage, and use, alginate microbeads must maintain their stability at the temperatures they will
encounter. Under normal circumstances, thermal analysis guarantees that the microbeads won't deteriorate or lose their
useful qualities.
Sterility
Sterility is crucial for pharmaceutical or medical applications in order to prevent contamination or infections.

Microbiological assays can be used to verify that alginate microbeads are free of microbial contamination.'?
: . | 2581-9429 |1
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Techniques Used for Evaluation of Alginate Microbeads
Microscopic Techniques
e Scanning Electron Microscopy (SEM): SEM provides a high-resolution view of the microbeads' size, shape,
and surface morphology. This aids in evaluating the surface roughness, bead homogeneity, and any surface
flaws.
e Optical Microscopy: Used to observe the shape and distribution of beads and to do basic size analysis. In
comparison to SEM, it offers a quicker and less costly approach.
e Transmission Electron Microscopy (TEM): TEM can show the fine structure and distribution of the
enclosed material for a more thorough internal structure study at the nanoscale level.

Particle Size Analysis
e Laser Diffraction: By examining the scattering pattern of a laser beam traveling through a suspension of
beads, this method determines the size distribution of microbeads. It offers accurate information on
consistency and size range.
e Dynamic Light Scattering (DLS): DLS can reveal information about bead stability and is helpful for
determining the size distribution of smaller microbeads, particularly those in the nanometer range.

Swelling Studies
e Swelling Ratio Measurement: The amount that the microbeads swell when exposed to water or a particular
solution is determined via swelling studies. The swelling behavior of the beads can affect medication release
and is a good indicator of their ability to absorb water.
e  Gravimetric Method: To measure the amount of swelling over time, beads are weighed both before and after
being submerged in a swelling medium.

Encapsulation Efficiency and Drug Loading
e UV-Vis Spectroscopy: Utilized to measure the quantity of the active component (drugs, proteins, or other
bioactive compounds) contained within the alginate microbeads. Concentration information can be obtained
from a sample's absorbance at a particular wavelength.
e High-Performance Liquid Chromatography (HPLC): A more sophisticated method to precisely measure
the quantity of medication released or enclosed in the microbeads.

In Vitro Release Studies
e Dialysis Membrane Method: Used to investigate the release of encapsulated materials by submerging the
microbeads in a medium and tracking the material's diffusion into a receptor solution via a dialysis membrane.
o Bathe Method: After the microbeads are submerged in a solution, the active ingredient's release profile is
tracked over time using the proper analytical methods (e.g., HPLC or UV spectrophotometry).

Mechanical Testing
e Compression Testing: This gauges the microbeads' mechanical strength, which is crucial for guaranteeing
their stability and functionality because it shows how resilient they are to outside stress.
e Friability Testing: This assesses the microbeads' physical stability under handling or mechanical stress to
make sure they don't crumble or disintegrate too soon.

Thermal Analysis
e Differential Scanning Calorimetry (DSC): Utilized to investigate the melting point and glass transition
temperature of alginate microbeads. This gives information about how stable the material is at different
temperatures.
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e Thermogravimetric Analysis (TGA): This method determines the weight loss of alginate microbeads in
relation to temperature, revealing details on their composition and thermal stability.

Cytotoxicity and Biocompatibility Testing
e MTT Assay: The vitality of grown cells is assessed upon exposure to the microbeads in this widely used
cytotoxicity experiment. It aids in determining the beads' biological safety for use in vivo.
e Agar Diffusion Test: This test measures the inhibition of bacterial growth in the area of the microbeads to
determine whether any hazardous compounds are released by the microbeads.
e Hemolysis Assay: Used to assess alginate microbeads' hemocompatibility, especially if they're used for blood
contact-based medicinal applications.

X-Ray Diffraction (XRD)
e Crystallinity Studies: By evaluating the alginate material's crystallinity, XRD can reveal details about its
structural soundness and whether the enclosed materials have an impact on the alginate's characteristics.

Rheological Studies
e Viscosity Measurement: As viscosity influences bead size, homogeneity, and stability, it is crucial to assess
the viscosity of alginate solutions using rheological techniques during the bead production process.
e Flow Behaviour: In order to forecast the ultimate consistency of the microbeads when they are administered
or utilized in formulations, researchers examine the flow behavior of alginate solutions.”>”

VI. CONCLUSION

In conclusion, because of their special qualities—such as biocompatibility, biodegradability, and ease of preparation—
alginate microbeads have great promise for use in pharmaceutical and healthcare applications. Their versatility for a
variety of drug delivery systems arises from their capacity to encapsulate a broad range of therapeutic agents, including
proteins, enzymes, small molecule medicines, and even genetic material. Alginate microbeads reduce adverse effects,
increase patient compliance, and improve the bioavailability and therapeutic efficacy of medications by offering
controlled or sustained release. They are also employed in more sophisticated applications including gene and vaccine
delivery, as well as targeted administration to certain locations, such the colon.Alginate microbeads are being used
more and more in healthcare domains other than medication delivery, such as tissue engineering, wound healing, and
diagnostics. Their function in promoting healing and preventing infection is demonstrated by their capacity to shield
and release bioactive substances like growth factors or antibiotics in wound care. Additionally, their promise in cell-
based therapeutics and tissue engineering creates new opportunities for regenerative medicine. Alginate microbeads
will probably continue to be essential in creating novel, patient-centered solutions for the pharmaceuticals

REFERENCES

[1]. Shivhare UD, et al. Preparation of Microbeads by different Techniques and Study of their influence on
Evaluation Parameters. J] Adv Pharm Educ Res. Vol, Issue 3.

[2]. Ajala TO, Silva BO. The design of ibuprofen-loaded microbeads using polymers obtained from Xanthosoma
sagittifolium and Dillenia indica. Polym Med. 2020;50(1):21-31.

[3]. Manubolu K, Ratna Kumar Y. A Review on Microbeads — Pharmaceutical Carrier Drug Delivery System.
GSC Biol Pharm Sci. 2019;8(1):DOI: 10.30574/gscbps.

[4]. Kiran HC, et al. Formulation and Characterisation of Sustained Release Microbeads Loaded with
Zaltoprofen. Int J Appl Pharm. 2019;11(5):173-180.

[5]. Okunlola A, Adewusi SA. Development of Theophylline Microbeads Using Pregelatinized Breadfruit Starch
(Artocarpus Altilis) as a Novel Co-polymer for Controlled Release. Adv Pharm Bull. 2019;9(1):DOI:

Copyright to IJARSCT W& oos | 2 2020 503

www.ijarsct.co.in




IJARSCT ISSN (Online) 2581-9429

(' International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Impact Factor: 7.53 Volume 4, Issue 5, November 2024

[6]. Bashir S, et al. Development of Sustained-Release Microbeads of Nifedipine and In vitro Characterization.
Trop J Pharm Res.

[7]. Ghosal K, et al. Novel interpenetrating polymeric network-based microbeads for delivery of poorly water-
soluble drug. J Polym Res. 2020;27(4):DOI: 10.1007/s10965-020-02077-6.

[8]. Kalu VD, Odeniyi MA, Jaiyeoba KT. Matrix properties of a new plant gum in controlled drug delivery. Arch
Pharm Res. 2007;30:884-9.

[9]. Edwin J, Edwin S, Dosi S, et al. Application of Hibiscus leaves mucilage as a suspending agent. Indian J
Pharm Educ Res. 2007;41:373-5.

[10]. Jani GK, Shah DP. Assessing Hibiscus rosa-sinensis Linn as an excipient in sustained release tablets. Pharm
Technol. 2008;62-75.

[11]. Jani GK, Shah DP. Evaluation of mucilage of Hibiscus rosa-sinensis Linn as rate controlling matrix for
sustained release of diclofenac. Drug Dev Ind Pharm. 2008;34:807-16.

[12]. Kulkarni D, Dwivedi AK, Sarin JP, et al. Tamarind seed polyose: A potential polysaccharide for sustained
release of verapamil hydrochloride as a model drug. Indian J Pharm Sci. 1997;59:1-7.

[13]. Gowthamrajan K, Kulkarni GT, Muthukumar A, et al. Evaluation of Fenugreek mucilage as a gelling agent.
Int J Pharm Expt. 2002;3:16-9.

[14]. Bhupathyraaj M, et al. Formulation of Microbeads: A Review. IJPSR. 2021;12(1):95-103. DOI:
10.13040/1JPSR.0975-8232.12(1).95-103.

[15]. Suksamran T, Opanasopit P, Rojanarata T, et al. Biodegradable Alginate Microparticles Developed by
Electrohydrodynamic Spraying Techniques for Oral Delivery of Protein. J Microencapsule. 2009;26(7):563—
70.

[16]. Badarinath A, Reddy J, Rao M, et al. Formulation and Characterization of Alginate Microbeads of
Flurbiprofen by Ionotropic Gelation Technique. Int J ChemTech Res. 2011;2:361-7.

[17]. Jha A, Bhattacharya A. Preparation and in-Vivo Evaluation of Sweet Potato Starch Blended Sodium Alginate
Microbeads. Adv Nat Appl Sci. 2008;2(3):122-8.

[18]. Maiti A, Dhara A, Nand A. Preparation and Evaluation of Starch Coated Alginate Microspheres of
Diclofenac Potassium. Int J PharmTech Res. 2012;42:630-6.

[19]. Venkatesh D, Ramesh N, Karthick S, et al. Design and in Vitro Evaluation of Alginate Beads of Ambroxol
Hydrochloride. J Pharm Res. 2008;1(2):139-42.

[20]. Manjanna M, Shivakumar B, Pramod M. Formulation of Oral Sustained Release Aceclofenac Sodium
Microbeads. Int J PharmTech Res. 2009;1(3):940-52.

[21]. Sharma H, Pradhan S, Sarangi P. Preparation and in Vitro Evaluation of Enteric Controlled Release
Pantoprazole Loaded Microbeads Using Natural Mucoadhesive Substance from Dillenia Indica L. Int J
PharmTech Res. 2010;2(1):542-51.

[22]. Shabbeer S, Shaheeda, Ramanamurthy K. Formulation and Evaluation of Chitosan Sodium Alginate
Microcapsules of 5-Fluorouracil for Colorectal Cancer. Int J Res Pharm Chem. 2012;2(1):1-19.

[23]. Kulkarni P, Keshavayya J. Chitosan Sodium Alginate Biodegradable Interpenetrating Polymer Network
Beads for Delivery of Ofloxacin Hydrochloride. Int J Pharm Pharm Sci. 2010;2(2):77-82.

[24]. Garud A, Garud N. Preparation and Evaluation of Chitosan Microcapsules of Metronidazole Using
Tripolyphosphate Cross-Linking Method. Dhaka Univ J Pharm Sci. 2010;9(2):125-30.

[25]. Pawar A, Gadhe A, Venkatachalam P, et al. Effect of Core and Surface Crosslinking on the Entrapment of
Metronidazole in Pectin Beads. Acta Pharm. 2008;58:75-85.

[26]. Putta S, Kumar A, Kumar A. Formulation and in Vitro Evaluation of Mucoadhesive Microcapsules of
Glipizide with Gum Kondagogu. J] Chem Pharm Res. 2010;2(5):356—64.

[27]. Singhal P, Kumar K, Pandey M, Shubhini A. Evaluation of Acyclovir Loaded Oil Entrapped Calcium
Alginate Beads Prepared by Ionotropic Gelation Method. Int J ChemTech Res. 2010;2:2076-85.

[28]. Silva C, Ribeiro A, Flguelredo I, Alves A, Veiga F. Alginate Microspheres Prepared by Internal Gelation:
Development and Effge nsulin Stability. Int J Pharm. 2006;311:1-10. o

i 2581-0429 8

Copyright to IJARSCT

DOI: 10.48175/IJARSCT-22475 L e 4 504
www.ijarsct.co.in Z




IJARSCT ISSN (Online) 2581-9429

® (' International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)

IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

Impact Factor: 7.53 Volume 4, Issue 5, November 2024

[29]. Nimase PK, Vidyasagar G. Preparation and Evaluation of Floating Calcium Alginate Beads of
Clarithromycin. Der Pharm Sinica. 2010;1(1):29-35.

[30]. Abreu F, Forte M, Kist T, Honaiser L. Effect of the Preparation Method on the Drug Loading of Alginate-
Chitosan Microspheres. Express Polym Lett. 2010;4:456—64.

Copyright to IJARSCT

DOI: 10.48175/IJARSCT-22475 2| 2081-9429 J
www.ijarsct.co.in

IJARSCT 505




