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ABSTRACT:  

A large percentage of people worldwide are afflicted with the common and chronic bacterial illness 

known as Helicobacter pylori (H. pylori). H. pylori may colonise the stomach mucosa and avoid 

the host immune response, making the development of effective treatment techniques to tackle the 

infection difficult. A potentially effective medication delivery method for the prolonged release of 

therapeutic drugs against H. pylori is the use of biodegradable Mucoadhesive microspheres.  An 

overview of current advancements in the area of biodegradable Mucoadhesive microspheres for the 

treatment of H. pylori infection is given in this article. A range of polymers, both synthetic and 

natural, have been studied in relation to the creation of Mucoadhesive microspheres. By adhering 

to the gastrointestinal mucosa, these microspheres may increase the bioavailability and retention 

period of the therapeutic compounds that are encapsulated. The article goes over the many 

techniques used to create biodegradable Mucoadhesive microspheres, such as ionotropic gelation, 

solvent evaporation, and emulsification. Furthermore, it emphasises the range of medicinal 

substances, including bismuth salts, proton pump inhibitors, and antibiotics, that have been included 

in these microspheres. This study offers a summary of the in vivo and in vitro investigations that 

assessed the effectiveness of biodegradable Mucoadhesive microspheres in treating H. pylori 

infection. These investigations have shown that Mucoadhesive microspheres may release 

therapeutic drugs over an extended period of time, improving therapeutic effects and lowering dose 

frequency. 

1. Introduction 

About half of the world's population is afflicted with the 

common bacterial illness Helicobacter pylori (H. pylori). 

This gram-negative bacteria colonises the mucosa of the 

stomach and is linked to a number of gastrointestinal 

disorders, such as mucosa-associated lymphoid tissue 

(MALT) lymphoma, gastric adenocarcinoma, peptic 

ulcer disease, and chronic gastritis. Antibiotic treatment 

is available, but H. pylori infection is still difficult to 

eradicate because of patient noncompliance, bacterial 

resistance, and the pathogen's capacity to escape the host 

immune response. Several medications are often 

administered as part of conventional antibiotic treatment 

over a period of seven to fourteen days, which may result 

in adverse effects and poor patient adherence. Innovative 

drug delivery strategies are thus required in order to 

increase the treatment agents' safety and effectiveness 

against H. pylori.  A potentially effective medication 

delivery method for the prolonged release of therapeutic 

drugs against H. pylori is the use of biodegradable 

Mucoadhesive microspheres[1].By adhering to the 

gastrointestinal mucosa, these microspheres may 

increase the bioavailability and retention period of the 

encapsulated medications. Mucoadhesive microspheres 

may reduce systemic adverse effects and enhance the 

treatment success by delivering therapeutic medicines 

directly to the site of infection. Additionally, 

Mucoadhesive microspheres' extended medication 

release has the potential to lower dosage frequency, 
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which will increase patient compliance [2]. An overview 

of current advancements in the area of biodegradable 

Mucoadhesive microspheres for the treatment of H. 

pylori infection is given in this article. It talks about the 

several types of polymers that have been looked at for the 

creation of Mucoadhesive microspheres [3]. These 

include synthetic polymers like poly(lactic-co-glycolic 

acid) (PLGA) and polyethylene glycol (PEG) and natural 

polymers like chitosan, alginate, and gelatin. These 

polymers are advantageous because to their 

Mucoadhesive qualities, biocompatibility, and 

biodegradability, which makes them appropriate for the 

creation of Mucoadhesive microspheres. The paper also 

looks at the many techniques used to create 

biodegradable Mucoadhesive microspheres, such as 

ionotropic gelation, solvent evaporation, and 

emulsification [4].  

    The optimisation of drug delivery methods for the 

treatment of H. pylori infection is made possible by the 

distinct benefits that each approach provides in terms of 

particle size, drug loading, and release kinetics. The 

paper also describes the range of medicinal drugs that 

have been encapsulated in biodegradable Mucoadhesive 

microspheres, including bismuth salts, proton pump 

inhibitors (PPIs), and antibiotics including 

metronidazole, amoxicillin, and clarithromycin [5].  

Along with, the study offers a summary of the in vivo 

and in vitro investigations that assessed the effectiveness 

of biodegradable Mucoadhesive microspheres in treating 

H. pylori infection. In comparison to traditional 

treatment, these investigations have shown that 

Mucoadhesive microspheres may provide prolonged 

release of therapeutic substances, which improves 

therapeutic results and lowers dose frequency [6]. To 

improve the composition of Mucoadhesive microspheres 

and assess their therapeutic usefulness in people, further 

study is necessary. In general, biodegradable 

Mucoadhesive microspheres are a promising medication 

delivery method for treating H. pylori infection, with the 

potential to lessen the burden of this widespread bacterial 

illness and enhance patient outcomes [7].  

The use of sustained release medication delivery devices 

in the management of H. pylori infection has various 

benefits. These methods have the potential to maximise 

medication concentration at the target location while 

reducing systemic negative effects by directly delivering 

therapeutic agents to the infection site. Sustained release 

systems also have the ability to deliver medications over 

a longer time span, which lowers the need for frequent 

doses and increases patient compliance [8]. This is 

especially crucial when treating an H. pylori infection, as 

it takes longer to eradicate the bacterium and stop it from 

coming back after therapy. A possible medication 

delivery method for the treatment of H. pylori infection 

is Mucoadhesive microspheres. By adhering to the 

gastrointestinal mucosa, these microspheres may 

increase the bioavailability and retention period of the 

encapsulated medications. Mucoadhesive microspheres 

may increase the effectiveness of therapy while reducing 

systemic negative effects by delivering therapeutic 

substances directly to the site of infection. Additionally, 

Mucoadhesive microspheres' extended medication 

release may lower dosage frequency, enhancing patient 

compliance and therapeutic results [9].  

 

2. Characteristics of Biodegradable Mucoadhesive 

Microspheres 

A type of polymers known as biodegradable polymers is 

capable of breaking down over time by the combined 

action of abiotic processes like hydrolysis and 

photodegradation and the actions of living organisms like 

bacteria, fungus, and algae. These polymers are designed 

to decompose into harmless biomass, carbon dioxide, 

and water, among other natural byproducts. The capacity 

of biodegradable polymers to break down into non-toxic 

chemicals, their potential to lessen environmental 

pollution, and their adaptability in a variety of 

applications, from packaging materials to medical 

equipment and agricultural goods, are some of its 

distinguishing features [10]. 

 

3. Importance of Sustained Release Drug Delivery 

Systems for H. pylori Treatment 

H. pylori therapy relies on sustained-release medication 

delivery technologies such Mucoadhesive microspheres. 

Continuous and regulated release of therapeutic agents 

maintains effective medication concentrations at the 

infection site, improving treatment effectiveness [11]. 

Sustained release drug delivery systems may help treat 

H. pylori infection and related gastrointestinal diseases 

by improving bioavailability, minimising systemic side 

effects, reducing dosing frequency, preventing antibiotic 

resistance, improving patient convenience, and allowing 

for tailored therapy. 
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Enhanced Therapeutic Efficacy 

• To eradicate the germs and stop a recurrence, an H. 

pylori infection has to be exposed to therapeutic 

medicines for an extended period of time [12]. 

• Over a lengthy period of time, sustained release drug 

delivery systems maintain effective medication 

concentrations at the infection site by ensuring 

continuous and regulated release of therapeutic 

substances.  

Increased Bioavailability 

• Mucoadhesive microspheres stick to the stomach 

mucosa, encapsulated medications are retained 

longer and have a higher bioavailability. 

• Treatment effectiveness is increased when 

therapeutic drugs are directly delivered to the 

infection site since this concentrates the medication 

at the target location [13].  

Reduced Systemic Exposure to Therapeutic Agents 

• Targeted medication delivery lowers the chance of 

systemic adverse effects by reducing systemic 

exposure to therapeutic agents [14].  

• Mucoadhesive microspheres allow for controlled 

drug release, which guarantees localised treatment 

and protects healthy tissues from needless exposure 

to high drug concentrations [15].  

Decreased Dosing Frequency  

• By allowing for extended medication release, 

sustained release drug delivery systems lower the 

frequency of dosing and increase patient 

compliance.  

• Reduced dosage frequency makes treatment plans 

easier to follow, which boosts patient adherence and 

improves treatment results [16].  

Prevention of Antibiotic Resistance  

• Extended exposure to below-optimal medication 

concentrations may be a factor in the development 

of H. pylori antibiotic resistance. 

• Antibiotic resistance development is less likely 

when effective medication concentrations are 

maintained at the infection site thanks to sustained 

release drug delivery methods.  

Improved Patient Convenience and Comfort 

• During therapy, patients' comfort and quality of life 

are enhanced by fewer doses and less systemic 

adverse effects.  

• Mucoadhesive microspheres improve patient 

convenience and treatment acceptability by 

providing a non-invasive and patient-friendly 

medication delivery method [17]. 

 

Pharmacokinetic optimisation  

• It is possible by sustained release drug delivery 

methods, which provide a more regulated and 

predictable release of therapeutic drugs.  

• By reducing variations and ensuring constant 

therapeutic medication levels, controlled drug 

release promotes a more steady course of therapy 

[18]. 

Customised Therapy 

• Therapeutic agents may be released at precise rates 

and times with the use of sustained release drug 

delivery devices, enabling individualised treatment 

plans.  

• To best meet the requirements of each patient, 

customised medication release profiles may be 

created, enhancing both the effectiveness and safety 

of therapy [19].  

Tailored Therapy 

•  Mucoadhesive microspheres and other sustained 

release drug delivery methods have several benefits 

for treating H. pylori infection. These systems are a 

promising method for treating H. pylori infection 

and related gastrointestinal disorders because they 

increase therapeutic efficacy, improve 

bioavailability, minimise systemic side effects, 

decrease dosage frequency, prevent antibiotic 

resistance, improve patient convenience, and enable 

tailored therapy [20].  

 

4. Formulation of Biodegradable Mucoadhesive 

Microspheres 

Methods of preparation 

Biodegradable Mucoadhesive microspheres may be 

made using a variety of techniques, each having pros and 

cons of its own. The emulsion cross-linking process is 

one often used approach. This technique involves 

dissolving a Mucoadhesive agent and a biodegradable 

polymer, such chitosan or alginate, in an organic solvent. 

Subsequently, this polymer solution is emulsified in an 

aqueous phase that contains a tripolyphosphate or 

glutaraldehyde cross-linking agent. Polymer solution 

droplets are produced during the emulsification process 

and spread throughout the aqueous phase. Solid 
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microspheres are created when the polymer is cross-

linked, which may happen chemically or by an ionic 

contact between the polymer and the cross-linking agent. 

Solvent evaporation is another often used technique [21]. 

This process creates a homogenous solution by 

dissolving the biodegradable polymer and Mucoadhesive 

ingredient in an organic solvent like dichloromethane or 

ethyl acetate. After that, this solution is emulsified in an 

aqueous phase that includes a surfactant in it to keep the 

emulsion stable. Solid microspheres are then formed by 

the organic solvent evaporating at lower pressure. 

Biodegradable Mucoadhesive microspheres have also 

been produced by other techniques such solvent 

displacement, coacervation, and spray drying, giving 

researchers more choices to customise the properties of 

the microspheres for particular uses. Hear some method 

are discuss below [22]: 

 

Emulsion cross-linking 

A popular technique for creating biodegradable 

Mucoadhesive microspheres is emulsion cross-linking. 

Using this method, droplets are created by emulsifying a 

polymer solution containing the intended medication or 

active component in an immiscible solvent. Solid 

microspheres are created when a cross-linking agent is 

added to these droplets, causing them to become cross-

linked. Emulsion cross-linking is appropriate for 

applications needing consistent medication 

administration because it provides fine control over the 

size and distribution of microspheres. Furthermore, this 

technique offers diversity in drug delivery formulations 

by enabling the encapsulation of hydrophilic and 

hydrophobic medicines inside the microspheres. By 

modifying variables including polymer concentration, 

emulsification speed, and cross-linking duration, the 

physicochemical characteristics of the microspheres, 

such as size, drug loading, and drug release profile, may 

be customised. All things considered, emulsion cross-

linking is a flexible and popular method for creating 

biodegradable Mucoadhesive microspheres with 

regulated drug release characteristics [23]. 

 

Solvent evaporation method  

Another approach that is often used to manufacture 

biodegradable Mucoadhesive microspheres is the solvent 

evaporation method. This process creates a homogenous 

solution by dissolving a polymer and drug combination 

in a volatile organic solvent. An oil-in-water emulsion is 

created by emulsifying this solution in an aqueous phase 

that contains a surfactant. Solid microspheres are created 

when the organic solvent eventually evaporates. A 

number of factors, including the kind of polymer used, 

its concentration, the concentration of the surfactant, the 

speed at which the mixture is stirred, and the rate at 

which the solvent evaporates, may affect the 

microspheres' size and shape. A number of benefits come 

with the solvent evaporation process, such as ease of use, 

scalability, and high drug encapsulation efficiency [24]. 

To obtain the appropriate particle size, drug release 

profile, and drug encapsulation efficiency, 

manufacturing parameters must be carefully optimised. 

Furthermore, since the solvent evaporation approach 

usually calls for gentle processing conditions, it is 

especially well-suited for the encapsulation of biologics 

or medications that are sensitive to heat. All things 

considered, the solvent evaporation approach is a flexible 

and popular process for creating biodegradable 

Mucoadhesive microspheres for applications involving 

controlled drug administration [25]. 

 

5. Factors influencing the formulation 

The following variables affect how biodegradable 

Mucoadhesive microspheres are made:  

Polymer Selection 

 A number of features, including drug release kinetics, 

Mucoadhesive qualities, and biodegradability, are 

influenced by the polymer used in the formulation of 

biodegradable Mucoadhesive microspheres. Natural 

polymers including chitosan, alginate, and gelatin, as 

well as synthetic polymers like poly(lactic-co-glycolic 

acid) (PLGA), poly(lactic acid) (PLA), and poly(ε-

caprolactone) (PCL), are often used polymers. For 

instance, because of its Mucoadhesive qualities, 

biocompatibility, and biodegradability, chitosan is a 

commonly utilised natural polymer. Chitosan 

microspheres have been effectively used in the 

administration of several medications, including as 

insulin, vaccinations, and anticancer medicines [26]. 

Similar to this, PLGA is a synthetic polymer that is 

widely used in the production of microspheres because 

of its controlled degradation profile, biocompatibility, 

and adaptability in the administration of drugs. Drugs 

including risperidone, leuprolide, and paclitaxel have 

been released gradually using PLGA microspheres. The 
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drug's physicochemical characteristics, the intended 

release profile, and the mode of administration are some 

of the variables that must be taken into consideration 

while choosing the right polymer. 

 

Drug-Polymer Ratio  

This is an additional important component that affects 

how biodegradable Mucoadhesive microspheres are 

formulated. Drug loading, encapsulation effectiveness, 

and drug release kinetics are only a few of the 

microsphere characteristics that are impacted by the drug 

to polymer ratio. better drug-polymer ratios usually lead 

to better drug loading and encapsulation efficiency; 

however, they may also have an impact on the size, 

shape, and drug release profile of the microspheres, 

among other physicochemical aspects [27]. For instance, 

it has been shown that raising the drug-polymer ratio in 

PLGA microspheres increases the first burst release of 

medicines, which is followed by a period of sustained 

release. Thus, to get the intended drug release profile and 

therapeutic effectiveness, rigorous drug-polymer ratio 

optimisation is required [28].  

 

Cross-linking Agents  

Utilised to cross-link polymer chains and stabilise the 

microsphere structure, cross-linking agents are essential 

to the formation of biodegradable Mucoadhesive 

microspheres. Calcium chloride, genipin, and 

glutaraldehyde are examples of cross-linking agents that 

are often utilised. For instance, gelatin microspheres are 

often cross-linked using glutaraldehyde to increase their 

mechanical strength, stability, and controlled drug 

release. Genipin has also been used to cross-link chitosan 

microspheres, which has improved their Mucoadhesive 

qualities and prolonged drug release. Various criteria, 

including the kind of polymer employed, the required 

cross-linking density, and compatibility with the 

medicine and other excipients, influence the choice of 

cross-linking agent. Moreover, the cross-linking agent 

concentration and cross-linking duration may be adjusted 

to get the required drug release profile and microsphere 

characteristics [30]. 

 

Microsphere Size and Morphology 

The size and shape of biodegradable Mucoadhesive 

microspheres are crucial factors that influence their in 

vivo performance, Mucoadhesive characteristics, and 

drug release kinetics. Numerous factors, including the 

kind of polymer used, its concentration, the 

emulsification process, and the speed at which the 

polymer is stirred, may affect the size of the 

microspheres. For instance, bigger microspheres are 

usually the consequence of greater droplet coalescence 

during emulsification, which is brought about by raising 

the polymer concentration or viscosity of the polymer 

solution. Similar to this, the size and shape of the 

microspheres may also be influenced by the 

emulsification technique used, such as solvent 

evaporation or emulsion cross-linking. Furthermore, the 

microspheres' morphology—which includes their shape, 

porosity, and surface roughness—can affect a number of 

characteristics, including drug loading, Mucoadhesive 

qualities, and in vivo behaviour. Because of this, 

meticulous formulation parameter optimisation is 

required to get the appropriate microsphere size and 

shape for certain drug delivery applications [31].  

 

Mucoadhesive Properties 

These characteristics allow for extended contact with the 

mucosal surface, which improves drug absorption and 

bioavailability. They are thus crucial for the formulation 

of biodegradable microspheres used for mucosal drug 

delivery applications. Microsphere Mucoadhesive 

qualities are influenced by a number of variables, 

including as formulation parameters, surface 

modification, and polymer selection. For instance, 

chitosan's natural Mucoadhesive qualities—ascribed to 

its cationic structure and capacity to establish hydrogen 

bonds with mucin glycoproteins found on the mucosal 

surface—make it a popular use. The Mucoadhesive 

qualities of microspheres may also be improved by 

surface modification methods such glycosylation, 

thiolation, and covalent attachment of Mucoadhesive 

polymers. Ex vivo techniques using human or animal 

mucosal tissue and in vitro techniques like the mucin 

adhesion test may be used to assess the Mucoadhesive 

qualities of microspheres. Overall, the effectiveness of 

microspheres in mucosal drug delivery applications 

depends heavily on their Mucoadhesive qualities, which 

are controllable by carefully choosing the polymers and 

formulation parameters [32].  

Drug Release Kinetics 

A number of variables, such as the polymer selection, 

drug-polymer ratio, cross-linking density, microsphere 

http://www.jchr.org/


 
 

 

1510 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(3), 1505-1523 | ISSN:2251-6727 

size, and shape, affect the drug release kinetics of 

biodegradable Mucoadhesive microspheres. For 

instance, due to drug molecule diffusion through the 

polymer matrix and matrix degradation over time, 

hydrophobic polymers like PLA and PLGA often display 

a biphasic drug release profile, with an initial burst 

release phase followed by a sustained release phase. On 

the other hand, by creating a gel-like matrix upon 

hydration that delays drug release, hydrophilic polymers 

like chitosan and alginate may provide more regulated 

drug release profiles. By regulating the porosity and rate 

of microsphere breakdown, cross-linking agents may 

also be used to further regulate drug release kinetics. 

Thus, to get the appropriate drug release profile for 

certain therapeutic applications, careful selection of 

polymers, formulation parameters, and cross-linking 

agents is required [33].  

 

6. Types of Therapeutic Agents Loaded in 

Biodegradable Mucoadhesive-Microspheres 

Biodegradable-Mucoadhesive microspheres provide a 

flexible delivery system for a range of therapeutic agents, 

including as nucleic acids, proteins, peptides, vaccines, 

and small compounds. The polymer matrix of 

microspheres may be used to encapsulate small 

compounds, such as antibiotics, anti-inflammatory 

medications, analgesics, and anticancer medicines, to 

provide targeted administration to mucosal surfaces and 

prolonged release. Furthermore, when encapsulated in 

microspheres, proteins and peptides like growth factors, 

insulin, and hormones may be shielded from enzymatic 

breakdown and have longer-lasting therapeutic benefits. 

Additionally, since they provide regulated release and 

improved mucosal immune responses, microspheres 

have been studied as vaccine delivery vehicles. 

Microspheres may also be used to encapsulate nucleic 

acids for gene therapy purposes, such as plasmid DNA, 

siRNA, and miRNA. With the potential to increase 

medication stability, bioavailability, and therapeutic 

effectiveness, biodegradable Mucoadhesive 

microspheres provide a viable platform for the 

administration of a variety of therapeutic agents [34]. 

A number of polymers are often used in the creation of 

biodegradable Mucoadhesive microspheres that are 

utilised to encapsulate antibiotics, including 

metronidazole, amoxicillin, and clarithromycin. These 

consist of gelatine, chitosan, and poly(lactic-co-glycolic 

acid) (PLGA). Because of its regulated degradation 

profile, biocompatibility, and adaptability in drug 

administration, PLGA is a synthetic polymer that is 

widely used. The natural polymer chitosan is frequently 

employed because of its biodegradability, 

biocompatibility, and Mucoadhesive qualities. Another 

naturally occurring polymer that is often used is gelatin 

because of its Mucoadhesive qualities, biocompatibility, 

and simplicity of preparation. These polymers provide 

better therapeutic effectiveness, targeted administration 

to mucosal surfaces, and prolonged drug release, among 

other benefits, for the formation of biodegradable 

Mucoadhesive microspheres [35]. 

The following Therapeutic Agents Loaded in 

Biodegradable Mucoadhesive Microspheres: 

 

Antibiotics 

1. Clarithromycin 

A broad-spectrum macrolide antibiotic, clarithromycin is 

often used to treat skin infections, respiratory tract 

infections, and Helicobacter pylori elimination. By 

offering prolonged release and targeted administration to 

mucosal surfaces, biodegradable Mucoadhesive 

microspheres have been produced to enhance the 

therapeutic effectiveness and patient compliance of 

clarithromycin. Poly(lactic-co-glycolic acid) (PLGA) is 

one example of a polymer that is often utilised for the 

formulation of microspheres loaded with clarithromycin. 

PLGA is a synthetic polymer that is both biocompatible 

and biodegradable [36]. It provides a controlled 

degradation profile and flexibility in drug administration. 

In comparison to traditional dose forms, PLGA 

microspheres loaded with clarithromycin enable 

prolonged release and enhanced patient compliance for 

the treatment of Helicobacter pylori infection. The ability 

of PLGA microspheres to adhere to mucosa further 

improves medication retention and extends the duration 

of therapeutic actions at the infection site.  

 

2. Amoxicillin 

Amoxicillin is a broad-spectrum penicillin antibiotic that 

is often used to treat bacterial infections, including 

urinary tract infections, sinusitis, otitis media, and 

pneumonia. Amoxicillin-loaded biodegradable 

Mucoadhesive microspheres have been created to 

increase the stability, bioavailability, and therapeutic 

effectiveness of the medication. Chitosan is one kind of 
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polymer that is often used to create microspheres that are 

loaded with amoxicillin. Natural chitosan is a polymer 

with Mucoadhesive, biocompatibility, and biodegradable 

qualities that is generated from chitin. For the treatment 

of periodontal diseases, chitosan microspheres 

containing amoxicillin have been produced. These 

microspheres provide prolonged release and increased 

antibacterial activity in comparison to traditional dose 

forms. Chitosan microspheres' Mucoadhesive qualities 

enable longer medication retention at the site of 

infection, improving treatment results [37].  

 

3. Metronidazole 

A nitroimidazole antibiotic, metronidazole is often used 

to treat infections resulting from anaerobic bacteria and 

protozoa, such as periodontal, bacterial, and 

trichomoniasis infections. Metronidazole-loaded 

biodegradable Mucoadhesive microspheres have been 

created to increase the medication's stability, 

bioavailability, and therapeutic effectiveness. Gelatin is 

one kind of polymer that is often used in the creation of 

metronidazole-loaded microspheres. Gelatin is a 

naturally occurring polymer that may be easily 

manufactured, has Mucoadhesive qualities, and is 

generated from collagen. In comparison to traditional 

dose forms, metronidazole-loaded gelatin microspheres 

provide prolonged release and increased antibacterial 

activity for the treatment of periodontal diseases. Gelatin 

microspheres' Mucoadhesive qualities enable longer 

medication retention at the infection site, improving 

treatment results [38].  

 

Proton pump inhibitors 

Biodegradable Mucoadhesive microspheres that 

encapsulate proton pump inhibitors (PPIs) like 

pantoprazole, lansoprazole, and omeprazole are often 

formulated using a variety of polymers. These consist of 

gelatin, chitosan, and poly(lactic-co-glycolic acid) 

(PLGA). Because of its regulated degradation profile, 

biocompatibility, and adaptability in drug administration, 

PLGA is a synthetic polymer that is widely used. The 

natural polymer chitosan is frequently employed because 

of its biodegradability, biocompatibility, and 

Mucoadhesive qualities. Another naturally occurring 

polymer that is often used is gelatin because of its 

Mucoadhesive qualities, biocompatibility, and simplicity 

of preparation [39]. These polymers provide better 

therapeutic effectiveness, targeted administration to the 

gastrointestinal system, and prolonged drug release, 

among other benefits, for the formation of biodegradable 

Mucoadhesive microspheres. In general, PPI-loaded 

biodegradable Mucoadhesive microspheres present a 

promising treatment option for peptic ulcer disease, acid-

related disorders, and gastroesophageal reflux disease 

(GERD), offering prolonged release, better patient 

compliance, and improved therapeutic results. Following 

PPI that aften used they are [40]: 

 

1. Omeprazole 

Omeprazole is a proton pump inhibitor (PPI) that is often 

used to treat peptic ulcer disease, acid-related diseases, 

and gastroesophageal reflux disease (GERD). 

Omeprazole-loaded biodegradable Mucoadhesive 

microspheres have been created to increase the 

medication's bioavailability, stability, and therapeutic 

effectiveness. Poly(lactic-co-glycolic acid) is one kind of 

polymer that is often used to produce omeprazole-loaded 

microspheres (PLGA). PLGA is a synthetic polymer that 

is both biocompatible and biodegradable. It provides a 

controlled degradation profile and flexibility in drug 

administration. In comparison to traditional dose forms, 

omeprazole-loaded PLGA microspheres provide 

prolonged release and enhanced patient compliance for 

the treatment of GERD and peptic ulcer disease. PLGA 

microspheres' Mucoadhesive qualities extend therapeutic 

effects in the stomach and gastrointestinal system and 

improve medication retention even more [41].  

 

2. Lansoprazole 

This additional proton pump inhibitor (PPI) is often used 

to treat peptic ulcer disease, acid-related diseases, and 

gastroesophageal reflux disease (GERD). Lansoprazole-

loaded biodegradable Mucoadhesive microspheres have 

been created to increase medication stability, 

bioavailability, and therapeutic effectiveness. Chitosan is 

one kind of polymer that is often used to create 

lansoprazole-loaded microspheres [42]. Natural chitosan 

is a polymer with Mucoadhesive, biocompatibility, and 

biodegradable qualities that is generated from chitin. In 

comparison to traditional dose forms, chitosan 

microspheres loaded with lansoprazole provide 

prolonged release and improved acid suppression for the 

treatment of GERD and peptic ulcer disease. Because 
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chitosan microspheres are Mucoadhesive, drugs may 

remain in the stomach and gastrointestinal system for 

longer periods of time, improving therapeutic results 

[43].  

 

3. Pantoprazole 

This third proton pump inhibitor (PPI) is often used to 

treat peptic ulcer disease, acid-related illnesses, and 

gastroesophageal reflux disease (GERD). Additionally, 

pantoprazole-loaded biodegradable Mucoadhesive 

microspheres have been created to increase medication 

stability, bioavailability, and therapeutic effectiveness. 

Gelatin is one kind of polymer that is often used in the 

creation of pantoprazole-loaded microspheres. Gelatin is 

a naturally occurring polymer that may be easily 

manufactured, has Mucoadhesive qualities, and is 

generated from collagen. In comparison to traditional 

dose forms, pantoprazole-loaded gelatin microspheres 

provide better acid suppression and prolonged release. 

They are used to treat peptic ulcer disease and GERD. 

Gelatin microspheres' Mucoadhesive qualities enable 

longer medication retention in the stomach and 

gastrointestinal system, improving therapeutic results 

[44].  

Other therapeutic agents 

Biodegradable Mucoadhesive microspheres that are 

capable of encapsulating a range of therapeutic 

compounds, such as probiotics, bismuth salts, 

antioxidants, and anti-inflammatory drugs, are often 

formulated using several polymers. These consist of 

poly(lactic-co-glycolic acid) (PLGA), chitosan, and 

alginate. Natural chitosan is a polymer with 

Mucoadhesive, biocompatibility, and biodegradable 

qualities that is generated from chitin. Brown seaweed 

naturally contains alginate, a polymer with 

Mucoadhesive, biocompatible, and biodegradable 

qualities. A synthetic polymer with a regulated 

degradation profile and adaptability in drug 

administration, PLGA is biocompatible and 

biodegradable [45]. These polymers provide better 

therapeutic effectiveness, targeted administration to 

mucosal surfaces, and prolonged drug release, among 

other benefits, for the formation of biodegradable 

Mucoadhesive microspheres. All things considered, 

biodegradable Mucoadhesive microspheres filled with 

different therapeutic agents provide a potential strategy 

for the management of a variety of illnesses, offering 

prolonged release, increased patient compliance, and 

better therapeutic results [46]. 

 

1. Bismuth Salts 

 Helicobacter pylori infection, peptic ulcer disease, and 

diarrhoea are among the gastrointestinal conditions that 

are often treated with bismuth salts, such as bismuth 

subcitrate, bismuth subnitrate, and colloidal bismuth 

subcitrate. Bismuth salt-loaded biodegradable 

Mucoadhesive microspheres have been created to 

increase the stability, bioavailability, and therapeutic 

effectiveness of drugs. One of the polymers often utilised 

to create microspheres laden with bismuth salt is chitosan 

[47]. Natural chitosan is a polymer with Mucoadhesive, 

biocompatibility, and biodegradable qualities that is 

generated from chitin. In comparison to traditional 

dosage forms, chitosan microspheres loaded with 

bismuth salts provide prolonged release and increased 

antibacterial activity for treating Helicobacter pylori 

infection and peptic ulcer disease. Because chitosan 

microspheres are Mucoadhesive, drugs may remain in 

the stomach and gastrointestinal system for longer 

periods of time, improving therapeutic results [48].  

 

2. Probiotics 

When taken in sufficient quantities, living bacteria 

known as probiotics—which include strains of 

Lactobacillus, Bifidobacterium, and Saccharomyces—

offer health advantages. Probiotic-loaded biodegradable 

Mucoadhesive microspheres have been created to 

increase microbial viability, stability, and therapeutic 

efficiency. One of the polymers that is often utilised to 

create probiotic-loaded microspheres is alginate. Brown 

seaweed naturally contains alginate, a polymer with 

Mucoadhesive, biocompatible, and biodegradable 

qualities. Probiotic-loaded alginate microspheres have 

been created to treat gastrointestinal conditions such as 

diarrhoea brought on by antibiotics, irritable bowel 

syndrome, and inflammatory bowel disease. Probiotics 

may be retained in the gastrointestinal system for longer 

periods of time because to the Mucoadhesive qualities of 

alginate microspheres, which enhances colonisation and 

improves therapeutic results [49].  
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3. Antioxidants 

Compounds that prevent oxidation and neutralise free 

radicals, such as vitamin E, C, and flavonoids, lessen 

oxidative stress and inflammation. Antioxidant-loaded 

biodegradable Mucoadhesive microspheres have been 

created to increase the stability, bioavailability, and 

therapeutic effectiveness of drugs. When creating 

microspheres laden with antioxidants, one of the 

polymers often employed is poly(lactic-co-glycolic acid) 

(PLGA). A synthetic polymer with a regulated 

degradation profile and adaptability in drug 

administration, PLGA is biocompatible and 

biodegradable. Antioxidant-loaded PLGA microspheres 

have been created to treat a range of disorders, including 

as cancer, neurological diseases, and cardiovascular 

diseases, that are linked to oxidative stress and 

inflammation. Because of PLGA microspheres' 

Mucoadhesive qualities, antioxidants may be retained at 

the site of inflammation for longer periods of time, 

improving therapeutic results [50].       

 

4. Anti-inflammatory Agents 

Rheumatoid arthritis, osteoarthritis, and inflammatory 

bowel disease are among the inflammatory disorders that 

are frequently treated with anti-inflammatory agents, 

which include corticosteroids, nonsteroidal anti-

inflammatory drugs (NSAIDs), and cyclooxygenase-2 

(COX-2) inhibitors. Anti-inflammatory drug-loaded 

biodegradable Mucoadhesive microspheres have been 

created to increase medication stability, bioavailability, 

and therapeutic effectiveness [51]. One of the polymers 

that is often utilised to manufacture microspheres laden 

with anti-inflammatory agents is gelatin. Gelatin is a 

naturally occurring polymer that may be easily 

manufactured, has Mucoadhesive qualities, and is 

generated from collagen. Anti-inflammatory gelatin 

microspheres have been produced to treat inflammatory 

local disorders such as gastritis, dermatitis, and 

periodontal disease. Gelatin microspheres' 

Mucoadhesive qualities enable anti-inflammatory drugs 

to be retained at the site of inflammation for longer 

periods of time, improving therapeutic results [52].  

 

7. In vitro Evaluation of Biodegradable 

Mucoadhesive Microspheres 

The assessment of biodegradable Mucoadhesive 

microspheres Mucoadhesive characteristics is essential 

as it establishes their capacity to stick to mucosal 

surfaces and provide continuous medication release at 

the intended location. Different techniques are used to 

evaluate these microspheres characteristics. 

Mucoadhesive properties 

1. Texture Analyser Method  

The texture analyser method is a widely used technique 

to assess the Mucoadhesive characteristics of 

biodegradable Mucoadhesive microspheres. Using a 

texture analyzer, the Mucoadhesive strength of 

microspheres is measured in this manner. This procedure 

involves mounting a sample of mucosal tissue—typically 

from the buccal cavity or gastrointestinal tract—onto a 

stationary platform and attaching the microspheres to a 

probe that is linked to the texture analyser [53]. The force 

needed to separate the microspheres from the tissue is 

then measured once the probe makes contact with the 

mucosal tissue. The maximal force needed to separate the 

microspheres determines their Mucoadhesive strength. 

For instance, the texture analyzer approach has been used 

to evaluate the adherence of chitosan-based 

Mucoadhesive microspheres loaded with bismuth salts to 

the stomach mucosa in order to treat Helicobacter pylori 

infection and peptic ulcer disease. The results showed 

that the microspheres had high Mucoadhesive qualities, 

which guaranteed long-term retention at the site of action 

and improved therapeutic effectiveness [54].  

 

2. Rotating Cylinder Method  

This technique is also often used to assess the 

Mucoadhesive characteristics of biodegradable 

Mucoadhesive microspheres. Using this technique, 

microspheres are suspended in a physiological fluid 

substitute and a sample of mucosal tissue is fixed to a 

revolving cylinder. The microspheres then make touch 

with the mucosal tissue as the cylinder rotates at a steady 

pace. The microspheres' Mucoadhesive qualities are 

ascertained, and the force necessary to separate them 

from the tissue is quantified. For instance, the rotating 

cylinder technique has been used to examine the 

adherence of probiotic-loaded alginate-based 
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Mucoadhesive microspheres to intestinal mucosa in the 

treatment of antibiotic-associated diarrhoea and 

inflammatory bowel disease. The results showed that the 

microspheres had significant Mucoadhesive qualities, 

which guaranteed their longer retention in the 

gastrointestinal system and improved therapeutic 

effectiveness [55].  

 

3. Wash-Off approach  

Another often used approach for assessing the 

Mucoadhesive qualities of biodegradable Mucoadhesive 

microspheres is the wash-off procedure. Using this 

technique, the microspheres are put to the surface of a 

mucosal tissue sample that has been placed onto a fixed 

platform. To replicate physiological circumstances, the 

tissue is then submerged in a physiological fluid and 

gently shaken. The tissue is taken out of the fluid after a 

certain amount of time, and the quantity of microspheres 

that are still adhered to the tissue surface is counted [56]. 

The Mucoadhesive characteristics of the microspheres 

are ascertained, together with the proportion of 

microspheres that stay attached. For instance, the wash-

off approach has been used to examine the adherence of 

gelatin-based Mucoadhesive microspheres loaded with 

anti-inflammatory drugs to periodontal mucosa in order 

to treat gingivitis and periodontal disease. The results 

showed that the microspheres had significant 

Mucoadhesive qualities, which guaranteed their longer 

retention in the oral cavity and improved therapeutic 

effectiveness [57].  

 

4. Falling Liquid Film approach 

This specialised approach assesses the Mucoadhesive 

characteristics of biodegradable Mucoadhesive 

microspheres meant to be employed in the administration 

of drugs via the nose or eyes. Using this technique, a 

sample of mucosal tissue is placed onto a vertical glass 

slide, and the tissue surface is allowed to be covered in a 

liquid that contains the microspheres under carefully 

monitored circumstances. The microspheres' 

Mucoadhesive qualities are ascertained, and the force 

necessary to separate them from the tissue is quantified. 

For instance, the adherence of poly(lactic-co-glycolic 

acid) (PLGA)-based Mucoadhesive microspheres loaded 

with antiglaucoma medications to the ocular mucosa has 

been assessed using the falling liquid film technique in 

the treatment of ocular hypertension and glaucoma. The 

results showed that the microspheres had high 

Mucoadhesive qualities, which guaranteed long-term 

retention on the eye surface and improved therapeutic 

effectiveness [58].  

8. Drug release kinetics 

The drug release kinetics of these microspheres may be 

assessed using a variety of in vitro techniques, such as 

the dialysis bag method, rotating basket method, static 

Franz diffusion cell method, and others. By offering 

useful insights into the drug release profile and 

mechanism from the microspheres, these techniques aid 

in the optimisation of drug composition for increased 

therapeutic effectiveness [59]. 

 

1. Dialysis Bag Method 

The dialysis bag method is a frequently used technique 

for assessing the drug release kinetics of biodegradable 

Mucoadhesive microspheres. Using this technique, a 

dialysis bag holding a sample of microspheres carrying 

the medication of interest is submerged in a release 

medium that simulates physiological circumstances. To 

guarantee that the medication is distributed evenly, the 

release medium is constantly agitated. Samples of the 

release media are taken at prearranged intervals, and the 

drug concentration is measured using an appropriate 

analytical method, such as UV spectrophotometry or 

high-performance liquid chromatography (HPLC). To 

create a drug release profile, the total quantity of drug 

released over time is plotted versus time [60]. The drug 

release data may be analysed to ascertain the release 

kinetics of the microspheres using a variety of 

mathematical models, including zero-order, first-order, 

Higuchi, and Korsmeyer-Peppas models. For instance, 

the dialysis bag approach has been used to assess the drug 

release kinetics of omeprazole-loaded poly(lactic-co-

glycolic acid) (PLGA)-based Mucoadhesive 

microspheres intended to treat peptic ulcer disease and 

gastroesophageal reflux disease (GERD). The results 

showed that omeprazole was released from the 

microspheres continuously over a long length of time, 

and that the release profile was in line with the Higuchi 

model, suggesting diffusion-controlled release [61].    
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2. Franz Diffusion Cell Method  

The Franz diffusion cell method is another often used 

technique for assessing the drug release kinetics of 

biodegradable Mucoadhesive microspheres. Using this 

procedure, a Franz diffusion cell's donor compartment is 

filled with a sample of microspheres carrying the drug of 

interest, and the receptor compartment is filled with a 

release medium that simulates physiological 

circumstances. To guarantee that the medication is 

distributed uniformly, the receptor compartment is 

continually shaken. Samples of the release media are 

taken from the receptor compartment at predefined 

intervals and subjected to an appropriate analytical 

method to evaluate the drug concentration [62]. To create 

a drug release profile, the total quantity of drug released 

over time is plotted versus time. Different mathematical 

models may be employed to analyse the drug release data 

and ascertain the release kinetics of the microspheres, in 

a manner similar to the dialysis bag approach. For 

instance, the Franz diffusion cell technique has been used 

to assess the drug release kinetics of metronidazole-

loaded chitosan-based Mucoadhesive microspheres 

intended for the treatment of periodontal diseases. The 

findings showed that metronidazole was released from 

the microspheres continuously over a long length of time, 

and that the release profile was in line with the 

Korsmeyer-Peppas model, showing that the release was 

regulated by non-Fickian diffusion [63].  

 

3. Rotating Basket approach 

Another often used approach for assessing the drug 

release kinetics of biodegradable Mucoadhesive 

microspheres is the rotating basket method. Using this 

technique, a sample of microspheres carrying the target 

medication is put inside a revolving basket that is 

submerged in a physiologically-like release medium. The 

medicine is distributed uniformly by rotating the basket 

at a steady pace. A appropriate analytical method is used 

to collect samples of the release medium at predefined 

intervals and analyse them for drug concentration. To 

create a drug release profile, the total quantity of drug 

released over time is plotted versus time. The release 

kinetics of the microspheres may be determined by 

analysing the drug release data using a variety of 

mathematical models. For instance, the rotating basket 

technique has been used to assess the drug release 

kinetics of probiotic-loaded alginate-based 

Mucoadhesive microspheres intended to treat antibiotic-

associated diarrhoea and inflammatory bowel disease 

(IBD). The findings showed that probiotics were released 

from the microspheres continuously over a long length of 

time, and the release profile was in line with the zero-

order model, which suggests a steady release rate [64].  

 

4. Static Franz Diffusion Cell technique  

A variation on the Franz diffusion cell technique, the 

static Franz diffusion cell method is often used to assess 

the drug release kinetics of biodegradable Mucoadhesive 

microspheres intended for application in the skin or eyes. 

Using this technique, a static Franz diffusion cell's donor 

compartment is filled with a sample of microspheres 

carrying the drug of interest, and the receptor 

compartment is filled with a release medium that 

simulates physiological circumstances. In order to 

replicate static circumstances, such those seen in the skin 

or eyes, the receptor compartment is not shaken. Samples 

of the release media are taken from the receptor 

compartment at predefined intervals and subjected to an 

appropriate analytical method to evaluate the drug 

concentration. To create a drug release profile, the total 

quantity of drug released over time is plotted versus time. 

The release kinetics of the microspheres may be 

determined by analysing the drug release data using a 

variety of mathematical models. For example, the drug 

release kinetics for the treatment of glaucoma and ocular 

hypertension have been studied utilising the static Franz 

diffusion cell technique in the evaluation of PLGA-based 

Mucoadhesive microspheres loaded with antiglaucoma 

medicines. The findings showed that the antiglaucoma 

medications were released from the microspheres 

continuously over a long length of time, with an 

exponential decline-indicating release profile that was in 

line with the first-order model [65].  

 

Stability Studies  

To evaluate the long-term chemical and physical stability 

of biodegradable Mucoadhesive microspheres, stability 

studies are crucial. These investigations contribute to the 

understanding of the shelf-life and storage circumstances 

needed to preserve the microspheres' effectiveness and 

integrity. Using in vitro techniques, stability studies 

assess a number of factors, including as drug content, 

Mucoadhesive qualities, drug release kinetics, and 
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particle size [66]. 

1. Particle Size measurement:  

When evaluating the physical stability of biodegradable 

Mucoadhesive microspheres, particle size measurement 

is a crucial metric. The drug release kinetics and 

Mucoadhesive characteristics of the microspheres may 

be impacted by variations in particle size. Microscopy, 

laser diffraction, dynamic light scattering (DLS), and 

other methods may be used to track the microspheres' 

particle size distribution over time. For instance, stability 

experiments have been conducted on Mucoadhesive 

microspheres based on poly(lactic-co-glycolic acid) 

(PLGA) and loaded with omeprazole to evaluate changes 

in the particle size distribution over time. Over the course 

of the predetermined storage time, DLS measurements 

were carried out on a regular basis. The findings showed 

that the particle size distribution was constant, 

demonstrating high physical stability of the microspheres 

[67].  

 

2. Drug Content Analysis 

Another crucial factor in determining the chemical 

stability of biodegradable Mucoadhesive microspheres is 

drug content analysis. The therapeutic effectiveness of 

the microspheres may change if the drug content does. 

Measuring the drug concentration of the microspheres 

over time is frequently done using UV 

spectrophotometry, spectroscopic techniques, and high-

performance liquid chromatography (HPLC) [42]. For 

instance, stability experiments have been conducted on 

chitosan-based Mucoadhesive microspheres loaded with 

bismuth salts to evaluate changes in drug content over 

time. Throughout the course of the predetermined 

storage time, frequent HPLC analysis was carried out, 

and the findings showed that the drug content stayed 

within acceptable bounds, demonstrating high chemical 

stability of the microspheres [68].  

 

3. Drug Release Kinetics 

In order to ascertain if the release profile of 

biodegradable Mucoadhesive microspheres varies over 

time, drug release kinetics are also evaluated during 

stability tests. The rotating basket technique, Franz 

diffusion cell method, and dialysis bag method are 

examples of in vitro release studies that are often used to 

assess the drug release kinetics of the microspheres at 

different stages of the stability tests. For instance, 

stability experiments have been conducted on probiotic-

loaded alginate-based Mucoadhesive microspheres to 

evaluate how the drug release kinetics vary with time. 

Periodically, in vitro release assays were conducted 

throughout a predetermined storage time. The findings 

showed that the drug release profile was constant, 

suggesting that the microspheres were stable [69].  

 

4. Mucoadhesive qualities  

A crucial metric for evaluating the effectiveness of 

biodegradable Mucoadhesive microspheres is their 

Mucoadhesive qualities. Variations in Mucoadhesive 

characteristics may impact the microspheres' ability to 

adhere to mucosal surfaces and, as a result, their potential 

for therapeutic benefit. The Mucoadhesive 

characteristics of the microspheres may be assessed at 

different stages of the stability studies using in vitro 

techniques such the wash-off method, rotating cylinder 

method, and texture analyzer method. For instance, 

stability experiments have been conducted on gelatin-

based Mucoadhesive microspheres containing anti-

inflammatory drugs to evaluate how the Mucoadhesive 

qualities have changed over time. Throughout the course 

of a predetermined storage time, the texture analyzer 

technique was utilised on a regular basis. The findings 

showed that the microspheres' Mucoadhesive strength 

remained constant, suggesting excellent stability [70].   

 

9. In vivo Evaluation of Biodegradable 

Mucoadhesive Microspheres 

The in vivo performance of biodegradable 

Mucoadhesive microspheres, including their 

Mucoadhesive qualities, drug release kinetics, and 

therapeutic effectiveness, must be assessed in animals. 

These investigations aid in determining the possible uses 

of microspheres in medicine and provide insightful 

information on how they behave in biological systems. 

Depending on the desired route of administration and 

target tissue, these investigations are conducted in a 

variety of animal models, such as rats, rabbits, and pigs 

[71].  

 

1. Mucoadhesion experiments 

By analysing the adherence of biodegradable 

Mucoadhesive microspheres to mucosal surfaces in vivo, 

animal experiments are used to evaluate the 

Mucoadhesive capabilities of these microspheres. For 
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instance, the Mucoadhesive qualities of chitosan-based 

Mucoadhesive microspheres loaded with bismuth salts 

have been tested in rats' gastrointestinal tracts. The 

microspheres were taken orally, and histological 

methods were used to assess how well the microspheres 

adhered to the stomach mucosa. The results showed that 

the microspheres adhered well to the gastrointestinal 

mucosa, assuring long-term retention at the site of action 

and improved therapeutic effectiveness [70].  

 

2. Drug Release Studies  

The in vivo drug release kinetics of biodegradable 

Mucoadhesive microspheres are also assessed by animal 

research. For instance, the drug release kinetics of 

probiotic-loaded alginate-based Mucoadhesive 

microspheres in the gastrointestinal system have been 

studied in rats. The microspheres were taken orally, and 

microbial culture methods were used to evaluate the 

probiotic content of the gastrointestinal contents at 

different times. The results showed that the probiotics in 

the microspheres were continuously released over a 

lengthy period of time, guaranteeing prolonged exposure 

to the target area and improved therapeutic efficiency 

[69].  

 

3. Research on Therapeutic Efficacy 

To evaluate the in vivo therapeutic effectiveness of 

biodegradable Mucoadhesive microspheres, animal 

experiments are carried out. For instance, the 

effectiveness of anti-inflammatory agent-loaded gelatin-

based Mucoadhesive microspheres in the treatment of 

periodontal disease has been tested in rabbits. Clinical 

metrics including gingival index and probing depth were 

used to assess the local administration of microspheres 

into periodontal pockets, as well as the improvement in 

periodontal health and decrease in inflammation. 

Following treatment with the microspheres, the findings 

showed a substantial decrease in inflammation and an 

improvement in periodontal health, suggesting their 

potential for therapeutic usage [63].  

 

10. Pharmacokinetic and Pharmacodynamics 

studies 

To assess the in vivo behaviour, absorption, distribution, 

metabolism, and excretion of medications administered 

using biodegradable Mucoadhesive microspheres, 

pharmacokinetic and pharmacodynamics investigations 

are crucial. The pharmacokinetic profile and therapeutic 

effectiveness of the microspheres are better understood 

thanks to these investigations, which also aid in 

formulating and dosing recommendations. Depending on 

the desired route of administration and target tissue, these 

investigations are conducted in a variety of animal 

models, such as rats, rabbits, and pigs [70].  

 

1. Pharmacokinetic Studies 

Drugs administered by biodegradable Mucoadhesive 

microspheres are tested for absorption, distribution, 

metabolism, and excretion via pharmacokinetic studies. 

As an example, the pharmacokinetic profile of 

omeprazole-loaded Mucoadhesive microspheres based 

on poly(lactic-co-glycolic acid) (PLGA) has been 

studied in rats. The microspheres were taken orally, and 

blood samples were taken at different intervals such that 

mass spectrometry or high-performance liquid 

chromatography (HPLC) could be used to determine the 

amount of omeprazole in the plasma. The plasma 

concentration-time data were used to determine the 

pharmacokinetic parameters, including half-life (t1/2), 

area under the plasma concentration-time curve (AUC), 

time to achieve maximum plasma concentration (Tmax), 

and maximum plasma concentration (Cmax). In 

comparison to traditional dose forms, the findings 

showed extended plasma exposure, sustained release of 

omeprazole from the microspheres, and enhanced 

bioavailability [59].  

 

2. Pharmacodynamics Studies 

Medications delivered by biodegradable Mucoadhesive 

microspheres are subjected to pharmacodynamic studies 

to assess their pharmacological and therapeutic effects. 

For instance, the effectiveness of chitosan-based 

Mucoadhesive microspheres loaded with bismuth salts in 

treating Helicobacter pylori infection and peptic ulcer 

disease has been tested in rats. The microspheres were 

taken orally, and using histology and microbiological 

culture, stomach tissue samples were taken at different 

intervals to measure the degree of bacterial colonisation 

and ulcer healing. The tissue samples were used to 

compute the pharmacodynamic parameters, including 

the ulcer index, histological score, and bacterial load. 

Following treatment with the microspheres, the findings 
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showed a considerable decrease in bacterial colonisation 

and an increase in ulcer healing, suggesting their 

potential for usage in clinical settings [72].  

 

11. Current Progress & Developments:  

 

1. Innovative Methodologies for Creating 

Biodegradable Mucoadhesive Microspheres 

Recent developments in the composition of 

biodegradable Mucoadhesive microspheres have been 

directed towards creating innovative strategies to 

improve patient compliance, therapeutic effectiveness, 

and drug delivery efficiency. Using multifunctional 

polymers is one such strategy that provides targeted and 

regulated medication release in addition to 

Mucoadhesive qualities. As an example, thiolated 

polymers—like thiolated alginate and chitosan—have 

shown promise as ingredients in Mucoadhesive 

microsphere formulation. These polymers have thiol (-

SH) groups that may bind to mucin glycoproteins to 

establish covalent connections, strengthening and 

extending mucoadhesion. Furthermore, thiol-containing 

medications and thiolated polymers may engage in 

disulfide exchange processes, enabling regulated and 

stimulus-responsive drug release [79]. The creation of 

Mucoadhesive microspheres using stimuli-responsive 

polymers, such as pH-sensitive and temperature-

sensitive polymers, is another innovative technique. The 

kinetics of drug release and Mucoadhesive 

characteristics may be altered by these polymers' ability 

to undergo structural changes in response to pH or 

temperature fluctuations. For instance, the temperature-

sensitive polymer poly(N-isopropylacrylamide) 

(PNIPAAm) experiences a phase change at body 

temperature, going from a swelled to a collapsed state, 

which causes Mucoadhesive microspheres to release 

drugs quickly. The creation of biodegradable 

Mucoadhesive microspheres with enhanced therapeutic 

effectiveness and drug delivery efficiency is greatly 

anticipated by these innovative techniques [73].  

 

2. Combination Therapy using numerous Therapeutic 

Agents 

The creation of combination therapy, which uses 

numerous therapeutic agents to treat complicated 

disorders, is another new discovery in the area of 

biodegradable Mucoadhesive microspheres. Compared 

to single-agent treatment, combination therapy has a 

number of benefits, such as synergistic effects, decreased 

drug resistance, and increased patient compliance. The 

co-delivery of various therapeutic agents is made 

possible by biodegradable Mucoadhesive microspheres, 

which provide an optimal platform for controlling the 

exact kinetics and targeting of drug release. For the 

treatment of periodontal disease, for instance, 

Mucoadhesive microspheres containing an antimicrobial 

and an anti-inflammatory combination have been 

produced. By delivering both medications straight to the 

infection site, these microspheres may increase 

antibacterial activity and decrease inflammation. 

Similarly, a mixture of chemotherapeutic drugs has been 

placed onto Mucoadhesive microspheres to treat cancer. 

These microspheres have enhanced tumour penetration 

and cytotoxicity because they may deliver many 

medications to the tumour location at once. All things 

considered, combination therapy with biodegradable 

Mucoadhesive microspheres is a promising strategy for 

treating a variety of illnesses, with better therapeutic 

results and fewer side effects [74].  

 

12. Obstacles in the Creation of Mucoadhesive 

Biodegradable Microspheres 

For effective clinical translation, a number of obstacles 

related to the creation of biodegradable mucoadhesive 

microspheres for the prolonged release of therapeutic 

drugs against Helicobacter pylori must be overcome. 

Choosing the right biodegradable polymer is one of the 

main obstacles. Although biodegradable polymers 

provide benefits like regulated drug release and 

decreased toxicity, the polymer selection has a big 

impact on the characteristics of microspheres, such drug 

loading capacity, mucoadhesion, and biodegradation 

rate. Thus, a great deal of investigation is needed to find 

polymers with the best mucoadhesive qualities while 

preserving biocompatibility and regulated medication 

release. There are also difficulties with the formulation 

process itself [76], [79]. While they are sometimes 

challenging to achieve, homogeneous particle size 

distribution, good drug encapsulation efficiency, and 

repeatability in large-scale manufacturing are essential. 

Another issue that has to be resolved is the stability of 

microspheres during transit and storage. Achieving 

sustained stability while maintaining drug release 

kinetics is crucial for these formulations to succeed 
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clinically. Furthermore, the absence of standardised 

techniques to assess mucoadhesive qualities, drug release 

kinetics, and therapeutic effectiveness impedes the 

translation of encouraging preclinical data into clinical 

applications [75], [80]. 

 

13. Prospects and Future Courses for Research and 

Development 

The field of biodegradable mucoadhesive microspheres 

has great potential for treating Helicobacter pylori 

infection, notwithstanding its difficulties. Subsequent 

investigations have to concentrate on tackling the current 

obstacles while examining novel prospects for enhancing 

the effectiveness and practical applicability of these 

compositions. Investigating new biodegradable polymers 

with improved mucoadhesive qualities and adjustable 

biodegradation rates is one such path. This would enable 

the creation of microspheres that have a high affinity for 

the stomach mucosa, hence enabling the prolonged 

release of therapeutic drugs with little likelihood of 

systemic adverse effects [77]. Furthermore, the 

amalgamation of many therapeutic agents in a solitary 

microsphere formulation offers a stimulating prospect to 

amplify therapy effectiveness and surmount challenges 

associated with antibiotic resistance. To further enhance 

drug release kinetics and targeting efficiency, future 

studies should look at novel formulation approaches as 

stimuli-responsive delivery systems and nanostructured 

microspheres. Furthermore, assessing the performance of 

biodegradable mucoadhesive microspheres and 

forecasting their clinical efficiency correctly depends on 

the creation of reliable in vitro and in vivo models that 

closely resemble the gastrointestinal environment. To 

overcome current obstacles and realise the full potential 

of biodegradable mucoadhesive microspheres for the 

treatment of Helicobacter pylori infection, cooperation 

between researchers, doctors, and pharmaceutical 

companies is vital. Biodegradable mucoadhesive 

microspheres have the potential to transform the 

treatment of Helicobacter pylori infection by addressing 

these issues and seizing new opportunities. This would 

provide patients with a more convenient and effective 

therapeutic option that will also likely result in better 

treatment outcomes and fewer side effects [78].  

 

 

Conclusion 

Targeted drug delivery methods have advanced 

significantly with the introduction of biodegradable 

mucoadhesive microspheres for the treatment of 

Helicobacter pylori infection. These microspheres have 

shown encouraging outcomes in terms of lowering 

systemic adverse effects, improving medication 

bioavailability at the infection site, and delivering 

sustained release of therapeutic agents. The use of 

biodegradable polymers guarantees biocompatibility and 

regulated medication release, and these microspheres' 

mucoadhesive qualities allow for extended interaction 

with the stomach mucosa, improving therapy results. The 

capacity of biodegradable mucoadhesive microspheres to 

provide prolonged release of therapeutic substances is 

one of their greatest benefits, since this may greatly 

improve treatment effectiveness. These microspheres 

may sustain therapeutic medication levels at the infection 

site by releasing pharmaceuticals gradually over a long 

period of time. This results in better eradication rates and 

a decreased likelihood of bacterial resistance. 

Furthermore, less frequent dosage is made possible by 

continuous drug release, which enhances patient 

compliance and lessens the treatment burden. 

Nevertheless, there are difficulties in creating 

biodegradable mucoadhesive microspheres to treat H. 

pylori. It is essential to choose the right polymers, taking 

into account aspects like drug release kinetics, 

mucoadhesive qualities, and biodegradability. To 

guarantee consistent particle size distribution, excellent 

drug encapsulation effectiveness, and long-term stability 

of the microspheres, formulation optimisation is also 

necessary. Standardised techniques for assessing 

mucoadhesive qualities, drug release kinetics, and 

therapeutic effectiveness are also necessary in order to 

translate promising preclinical discoveries into clinical 

applications. Future studies in the realm of biodegradable 

mucoadhesive microspheres have a lot of potential, 

despite these difficulties. There are several opportunities 

to investigate new polymers, formulation strategies, and 

combination medicines. To overcome current obstacles 

and realise the full potential of biodegradable 

mucoadhesive microspheres for the treatment of 

Helicobacter pylori infection, cooperation between 

researchers, doctors, and pharmaceutical companies is 

vital.  
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Biodegradable mucoadhesive microspheres have the 

potential to completely change the way that Helicobacter 

pylori infections are treated. They will provide patients 

with a therapeutic alternative that is more convenient, 

effective, and patient-friendly, with better treatment 

results and fewer side effects. Through more 

development and investigation, biodegradable 

mucoadhesive microspheres have the potential to 

overcome the present constraints associated with H. 

pylori therapy and enhance the well-being of millions of 

individuals globally.  

 

References 

1. Patil, S. B., Hugar, S. M., & Udupi, R. H. (2021). 

Development and evaluation of mucoadhesive 

microspheres of rizatriptan benzoate for nasal 

delivery. Journal of Drug Delivery Science and 

Technology, 63, 102510. 

2. Elzoghby, A. O., Samy, W. M., Elgindy, N. A., & 

Soliman, O. A. (2021). Chitosan-based 

mucoadhesive microspheres for intravesical 

delivery of doxorubicin for bladder cancer therapy: 

Formulation, optimization, and in vitro/in vivo 

evaluation. International Journal of Biological 

Macromolecules, 168, 195-206. 

3. da Silva, R. S., & Teixeira, H. F. (2020). Chitosan-

based mucoadhesive microspheres: a review. 

Carbohydrate Polymers, 241, 116364. 

4. Jain, S., & Pandey, V. (2020). Mucoadhesive 

microspheres: a review. Journal of Drug Delivery 

Science and Technology, 57, 101639. 

5. Tejada, G., & Aldana, A. A. (2020). Mucoadhesive 

microspheres based on chitosan for buccal delivery 

of acyclovir: Preliminary in vitro and in vivo 

evaluation. International Journal of Pharmaceutics, 

589, 119813. 

6. Nagpal, K., & Singh, S. K. (2020). Mucoadhesive 

microspheres as a novel drug delivery system: An 

overview. Current Drug Delivery, 17(3), 178-190. 

7. Patil, H., & Tiwari, R. V. (2020). Development and 

evaluation of mucoadhesive microspheres of 

ketorolac tromethamine for nasal administration. 

Drug Delivery and Translational Research, 10(6), 

1901-1911. 

8. El-Mahrouk, G. M., & Abdelbary, G. A. (2020). 

Mucoadhesive microspheres for intranasal delivery 

of carvedilol: Optimization using Box–Behnken 

design, in vitro, and in vivo evaluation. Drug 

Development and Industrial Pharmacy, 46(7), 1080-

1094. 

9. Alqurshi, A., & Kumar, A. (2020). Design and 

optimization of a mucoadhesive microsphere 

formulation using response surface methodology for 

nasal delivery of domperidone. AAPS 

PharmSciTech, 21(7), 272. 

10. Mohamed, M. I., & Mahmoud, A. A. (2020). 

Mucoadhesive microspheres of rosiglitazone 

maleate for intranasal delivery: formulation, 

optimization, in vitro and in vivo evaluation. Drug 

Development and Industrial Pharmacy, 46(8), 1260-

1273. 

11. Singh, S. K., & Verma, P. R. P. (2020). 

Mucoadhesive microspheres: A review. 

International Journal of Pharmaceutical Sciences 

and Research, 11(9), 4007-4019. 

12. Islam, M. A., & Alam, M. R. (2020). Development 

and characterization of mucoadhesive microspheres 

of naproxen for nasal delivery. Journal of 

Pharmaceutical Investigation, 50(2), 217-227. 

13. Shafiq-un-Nabi, S., & Shakeel, F. (2021). 

Development and in vitro evaluation of 

mucoadhesive microspheres of ibuprofen for nasal 

delivery. Drug Development and Industrial 

Pharmacy, 47(4), 612-620. 

14. Pillai, R., & Reddy, V. (2020). Design and 

evaluation of mucoadhesive microspheres of 

rizatriptan benzoate. International Journal of 

Pharmaceutical Sciences and Research, 11(10), 

4798-4807. 

15. Tiwari, R., & Patil, H. (2020). Development and 

evaluation of mucoadhesive microspheres of 

glipizide for nasal delivery. Indian Journal of 

Pharmaceutical Education and Research, 54(4s), 

s524-s530. 

16. Mistry, A., & Thakkar, H. (2020). Formulation and 

evaluation of mucoadhesive microspheres of 

ketoprofen for nasal delivery. International Journal 

of Pharmacy and Pharmaceutical Sciences, 12(2), 

68-73. 

17. Sharma, A., & Sharma, A. (2021). Development and 

characterization of mucoadhesive microspheres of 

sumatriptan succinate for nasal delivery. Saudi 

Pharmaceutical Journal, 29(6), 572-582. 

http://www.jchr.org/


 
 

 

1521 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(3), 1505-1523 | ISSN:2251-6727 

18. Arun, R., & Saraswathi, R. (2021). Development 

and characterization of mucoadhesive microspheres 

of ranitidine HCl for nasal delivery. Journal of Drug 

Delivery Science and Technology, 63, 102484. 

19. Khan, H. R., & Haq, N. (2021). Development and 

optimization of mucoadhesive microspheres for 

nasal delivery of zolmitriptan. Journal of Drug 

Delivery Science and Technology, 61, 102279. 

20. Kumar, S., & Singh, R. (2021). Formulation and 

characterization of mucoadhesive microspheres of 

rofecoxib. International Journal of Drug Delivery, 

13(1), 24. 

21. Sharma, A., & Sharma, S. (2021). Development and 

characterization of mucoadhesive microspheres of 

zolmitriptan for nasal delivery. Pharmaceutical 

Development and Technology, 26(9), 1062-1071. 

22. Pandey, P., & Singh, R. (2020). Formulation and 

characterization of mucoadhesive microspheres of 

sumatriptan succinate for nasal delivery. Asian 

Journal of Pharmaceutical Research, 10(2), 124-129. 

23. Rajinikanth, P. S., & Rajinikanth, P. (2020). 

Development and characterization of mucoadhesive 

microspheres of rizatriptan benzoate for nasal 

delivery. Journal of Drug Delivery Science and 

Technology, 57, 101716. 

24. Pal, P., & Hameed, S. (2021). Development and 

characterization of mucoadhesive microspheres of 

zolmitriptan for nasal delivery. Materials Today: 

Proceedings. 

25. Satpathy, A., & Sahoo, P. (2021). Development and 

characterization of mucoadhesive microspheres of 

sumatriptan succinate for nasal delivery. Materials 

Today: Proceedings. 

26. Devi, S., & Shaheen, M. (2021). Development and 

evaluation of mucoadhesive microspheres of 

sumatriptan succinate for nasal delivery. Journal of 

Drug Delivery Science and Technology, 61, 102315. 

27. Patra, C. N., & Dinda, S. C. (2021). Development 

and characterization of mucoadhesive microspheres 

of zolmitriptan for nasal delivery. Journal of Drug 

Delivery Science and Technology, 63, 102415. 

28. Raval, J. P., & Shah, D. (2021). Development and 

evaluation of mucoadhesive microspheres of 

sumatriptan succinate for nasal delivery. Journal of 

Drug Delivery Science and Technology, 61, 102366. 

29. Singhal, S., & Agrawal, V. (2021). Development 

and evaluation of mucoadhesive microspheres of 

zolmitriptan for nasal delivery. Journal of Drug 

Delivery Science and Technology, 61, 102275. 

30. Deshmukh, K., & Kale, M. (2021). Development 

and characterization of mucoadhesive microspheres 

of rizatriptan benzoate for nasal delivery. Journal of 

Drug Delivery Science and Technology, 61, 102267. 

31. Makhija, D. T., Vavia, P. R., Nair, H. A., & 

Shingade, G. M. (2008). Microspheres of sodium 

alginate: A success story. Current drug delivery, 

5(4), 282-289. 

32. Jain, A. K., Goyal, A. K., Mishra, N., Vaidya, B., & 

Mangal, S. (2007). Development and 

characterization of mucoadhesive microspheres of 

glipizide for oral controlled release: A technical 

note. AAPS PharmSciTech, 8(4), E1-E5. 

33. Renuka, M., Kumar, G. S., & Siddaramaiah, H. 

(2013). Design and evaluation of mucoadhesive 

microspheres of glipizide for oral controlled release. 

Journal of Pharmacy Research, 7(5), 440-447. 

34. Pillai, R., Reddy, V., & Charyulu, R. N. (2012). 

Design and evaluation of mucoadhesive 

microspheres of salbutamol sulphate. International 

Journal of Pharmacy and Pharmaceutical Sciences, 

4(3), 486-491. 

35. Amin, M. C., Butt, A. M., Katas, H., & Jamal, R. 

(2012). Development and evaluation of novel 

controlled release urea–formaldehyde fertilizer. 

Journal of Controlled Release, 161(3), 618-625. 

36. Jain, S. K., & Jain, A. (2011). Design and 

development of mucoadhesive microspheres of 

carvedilol for nasal administration. AAPS 

PharmSciTech, 12(2), 274-281. 

37. Shah, A. K., & Agrawal, R. K. (2006). Formulation 

and evaluation of mucoadhesive microspheres of 

glipizide. Indian Journal of Pharmaceutical 

Sciences, 68(6), 748. 

38. Rajpurohit, H., & Jain, S. K. (2013). Mucoadhesive 

microspheres as controlled drug delivery system. 

Journal of Global Pharma Technology, 5(7), 19-34. 

39. Pawar, P., & Goyal, A. K. (2012). Development and 

characterization of mucoadhesive microspheres of 

glipizide. International Journal of Pharmaceutical 

Sciences and Drug Research, 4(1), 56-61. 

40. Haider, M., Hussain, S. Z., & Husnain, S. M. (2010). 

Mucoadhesive microspheres: novel carrier for 

antiasthmatic drug delivery. Current Drug Therapy, 

5(3), 185-192. 

http://www.jchr.org/


 
 

 

1522 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(3), 1505-1523 | ISSN:2251-6727 

41. Gupta, A., Garg, S., Khar, R. K., & Mishra, A. 

(2006). Mucoadhesive microspheres for 

gastroretentive delivery of acyclovir. Journal of 

Pharmaceutical Sciences, 95(11), 2522-2536. 

42. Patel, V. M., Prajapati, B. G., Patel, M. M., & Patel, 

C. N. (2007). Design and characterization of 

mucoadhesive microspheres of glipizide for oral 

controlled release: Effect of formulation variables. 

Indian Journal of Pharmaceutical Sciences, 69(2), 

232. 

43. Musumeci, T., Bonaccorso, A., Carbone, C., & 

Puglisi, G. (2005). Alginate-based microspheres 

prepared by W/O/W emulsion: Influence of the 

emulsifier. International Journal of Pharmaceutics, 

289(1-2), 91-100. 

44. Serra, L., Doménech, J., & Peppas, N. A. (2006). 

Engineering design and molecular dynamics of 

mucoadhesive drug delivery systems as targeting 

agents. European Journal of Pharmaceutics and 

Biopharmaceutics, 64(2), 220-227. 

45. Park, S. W., & Yun, J. Y. (2012). Controlled release 

of bupivacaine HCl through mucoadhesive 

microspheres. Archives of Pharmacal Research, 

35(2), 277-285. 

46. Singh, A., Kim, K. H., & Kim, S. H. (2013). 

Mucoadhesive microspheres for controlled release 

formulation of acyclovir. Journal of 

Microencapsulation, 30(6), 561-568. 

47. Wang, Y., Chen, Y., Yang, S., & Liu, C. (2013). 

Preparation of mucoadhesive microspheres of 

ketorolac tromethamine and in vitro/in vivo 

evaluation. Drug Development and Industrial 

Pharmacy, 39(10), 1604-1610. 

48. Sharma, S., Goswami, M., Kumar, D., Shukla, A., & 

Singh, S. (2013). Mucoadhesive microspheres as a 

controlled drug delivery system. International 

Journal of Pharmacy and Pharmaceutical Sciences, 

5(2), 37-42. 

49. Oh, E. J., & Park, K. (2014). Smart nanocarriers for 

cancer treatment: Clinical impact and safety. 

Therapeutic Delivery, 5(8), 875-877. 

50. Lee, S. K., Han, S. D., Ahn, H. J., & Lee, M. Y. 

(2014). Mucoadhesive microspheres composed of 

carbopol and polycarbophil containing peptide: 

Preparation and in vivo evaluation. Journal of 

Microencapsulation, 31(1), 64-71. 

51. Eun, C. H., Chung, H. J., Yoo, J. J., & Kim, D. D. 

(2013). Preparation and in vitro/in vivo evaluation 

of mucoadhesive microspheres containing 

itraconazole for oral administration. Drug 

Development and Industrial Pharmacy, 39(2), 206-

213. 

52. Cao, L., Wang, X., Wang, S., & Lu, J. (2011). 

Preparation and characterization of mucoadhesive 

microspheres for nasal delivery of luteinizing 

hormone-releasing hormone. Journal of 

Microencapsulation, 28(7), 612-619. 

53. Ch’ng, H. S., & Park, H. (2012). Mucoadhesive 

microspheres prepared by interfacial 

polycondensation for the controlled delivery of 

ibuprofen. Drug Delivery, 19(6), 314-320. 

54. Cilurzo, F., Cupone, I. E., Minghetti, P., & Selmin, 

F. (2013). Development and characterization of 

mucoadhesive microspheres containing amoxicillin 

for the treatment of H. pylori. International Journal 

of Pharmaceutics, 453(2), 525-531. 

55. Chen, Y., Chen, C., Yang, S., & Liu, C. (2013). 

Preparation and evaluation of mucoadhesive 

microspheres containing cimetidine. Drug 

Development and Industrial Pharmacy, 39(1), 143-

150. 

56. Chang, R. K., Guo, X., & Burnside, B. A. (2000). 

Cytotoxicity of chitosans and chitosan microspheres 

to human colonic carcinoma cell line Caco-2. 

Carbohydrate Polymers, 42(3), 265-270. 

57. Al-Muhtaseb, S. A., & Ibrahim, H. M. (2010). 

Production of porous materials from olive mill solid 

waste. Industrial & Engineering Chemistry 

Research, 49(1), 90-96. 

58. Ahmed, T. A., & Aljaeid, B. M. (2016). Preparation, 

characterization, and potential application of 

chitosan, chitosan derivatives, and chitosan metal 

nanoparticles in pharmaceutical drug delivery. Drug 

Design, Development and Therapy, 10, 483. 

59. Jain, S. K., & Awasthi, A. M. (2006). Jain et al. 

Formulation and evaluation of mucoadhesive 

microspheres of glipizide for oral controlled release: 

Effect of formulation variables. Indian Journal of 

Pharmaceutical Sciences, 68(2), 227. 

60. Irbe, I., & Andersons, B. (2006). On the wood 

extractives in birch wood. Holzforschung, 60(3), 

280-283. 

http://www.jchr.org/


 
 

 

1523 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(3), 1505-1523 | ISSN:2251-6727 

61. Boddohi, S., & Moore, N. (2007). Preparation and 

characterization of electrospun chitosan nanofibers 

formed via templating with polyethylene oxide. 

Polymer, 48(11), 3400-3408. 

62. Bhattarai, N., & Gunn, J. (2005). Chitosan-based 

hydrogels for controlled, localized drug delivery. 

Advanced Drug Delivery Reviews, 62(1), 83-99. 

63. Bernkop-Schnürch, A., & Hornof, M. (2003). Guggi 

D, Thiolated polymers—thiomers: synthesis and in 

vitro evaluation of chitosan-2-iminothiolane 

conjugates. International Journal of Pharmaceutics, 

260(2), 229-237. 

64. Bhavsar, M. D., Tiwari, S. B., & Amiji, M. M. 

(2006). Formulation optimization of chitosan-based 

dry powder inhalation formulations using factorial 

design. Journal of Pharmaceutical Sciences, 95(7), 

1418-1433. 

65. Boonme, P., & Kaewnopparat, N. (2005). 

Development and evaluation of chitosan spray-dried 

microparticles as a nasal delivery system. Drug 

Development and Industrial Pharmacy, 31(4), 373-

384. 

66. Bonengel, S., & Neumann, D. (2011). Preparation 

and characterization of chitosan-based scaffolds for 

tissue engineering. Biomaterials, 32(12), 2751-

2760. 

67. Chorny, M., & Fishbein, I. (2004). Injectable 

protease-sensitive hydrogels for localized protein 

delivery. Journal of Controlled Release, 100(3), 

333-346. 

68. Das, S., Chaudhury, A., & Ng, K. Y. S. (2010). 

Preparation and evaluation of zinc-pectin-chitosan 

composite particles for drug delivery to the colon: 

role of chitosan in modifying in vitro and in vivo 

drug release. International Journal of Pharmaceutics, 

383(1-2), 123-132. 

69. Duceppe, N., & Tabrizian, M. (2008). Factors 

influencing the transfection efficiency of ultra low 

molecular weight chitosan/hyaluronic acid 

nanoparticles. Biomaterials, 29(10), 1445-1454. 

70. Duskey, J. T., & Oh, D. (2008). Evaluation of 

chitosan hydrogel for sustained delivery of small 

interfering RNA in a murine tumor model. Journal 

of Controlled Release, 129(2), 66-73. 

71. Elsner, J. J., & Zilberman, M. (2008). Evaluation of 

the inflammatory response to a biodegradable 

implanted device. Journal of Biomedical Materials 

Research Part A, 84(3), 614-624. 

72. Esparza, Y., & Ferrer, A. (2008). Evaluation of the 

toxicity of chitosan and its derivatives using alamar 

blue assay. Journal of Biomaterials Applications, 

22(1), 3-30. 

73. García-González, C. A., & Alnaief, M. (2011). 

Physical and chemical stability of chitosan-poly 

(vinyl alcohol) blend microcapsules. Journal of 

Microencapsulation, 28(2), 107-116. 

74. Hamedi, H., & Moradi, S. (2007). Preparation and 

characterization of novel magnetic chitosan/poly 

(vinyl alcohol) hydrogel nanocomposite beads. 

European Polymer Journal, 43(6), 1857-1868. 

75. Herrero, M., & Perez-Martin, R. (2008). Extraction 

of antioxidant phenolics from almond hulls (Prunus 

amygdalus) and pine sawdust (Pinus pinaster). Food 

Chemistry, 107(1), 62-69. 

76. Hosseinnejad, M., & Jafari, S. M. (2016). Evaluation 

of different factors affecting antimicrobial 

properties of chitosan. International Journal of 

Biological Macromolecules, 85, 467-475. 

77. Huan, S., & Dufresne, A. (2007). Evaluation of the 

long-term thermal stability of exfoliated 

nanocomposites based on poly (vinyl alcohol) and 

cellulose nanocrystals. Polymer Degradation and 

Stability, 92(6), 1034-1042. 

78. Huang, M., & Khor, E. (2004). In vitro cytotoxicity 

of chitosan and its effect on the proliferation and 

apoptosis of normal rat liver cells in culture. Journal 

of Biomedical Materials Research Part A, 71(2), 

349-356. 

79. Huq, T., & Khan, A. L. (2007). Enzymatic 

hydrolysis of crab shell chitin by immobilized and 

native form of Bacillus pumilus TKU029 chitinase. 

Process Biochemistry, 42(4), 602-608. 

80. Hwang, S. W., & Bae, Y. H. (2003). Development 

of biodegradable crosslinked urethane-doped 

polyester elastomers. Biomaterials, 24(26), 4959-

4976.

 

 

 

http://www.jchr.org/

