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Abstract

Tuberculosis is still a health problem both in Indonesia and in the world and is one of the leading causes of death. Unfortunately, the first-line
OAT therapy that is currently recommended in Indonesia has some limitations, namely requiring a long duration of treatment and starting to
find cases of resistance in its use. Drug Delivery System is one of the solutions to this problem, as a formulation or system that is able to
mediate the delivery of therapeutic substances in the body to increase therapeutic effects, reduce drug side effects, increase bioavailability and
improve patient compliance. Purpose: Therefore, in this review we will review the polysaccharide polymers used as microsphere delivery
systems as anti-tubeculosis treatment. The review of this article was made using the library research method obtained through Google
Scholar, PubMed, Scopus, NCBI, Elsevier with the keywords "Drug Delivery Pulmonary", "Polysaccharide Polymer for Pulmonary",
"Chitosan Polymer", "Sodium Alginate Polymer"”, "Carrageenan Polymer", "Pectin Polymer", "Antibiotics Chitosan-Na.Alginate
Pulmonary"”, "Antibiotics Chitosan-Pectin Antibiotics", "Antibiotics Na.Alginate — Pulmonary Carrageenan”, "Antibiotics for Tuberculosis",
"Drug Delivery for Anti Tuberculosis". The use of polymer combination is an option in order to complement the shortcomings of each of the
other polymers, then it can produce controlled-release drugs, which have the advantage of reducing the frequency of dosing, reducing drug
side effects, increasing the level of patient compliance which can certainly be a solution for the development of anti-tuberculosis drugs.
Keywords: Microsphere, Polysaccharide, Combination, Anti-Tuberculosis

1. Introduction

Tuberculosis is an infectious disease caused by Mycobacterium Tuberculosis. Tuberculosis is still a health problem both in
Indonesia and in the world and is one of the leading causes of death. It is a case that always increases every year. This
disease is usually transmitted through air contaminated with M. tuberculosis bacteria released when people with tuberculosis
cough. This bacterium is an acid-resistant gram-positive bacterium with very slow growth. In body tissues, these bacteria can
be dormant, so that for tuberculosis healing therapy is carried out in the long term. Tuberculosis bacteria can spread through
blood vessels or lymph nodes. Therefore, tuberculosis infection can infect almost all organs of the body such as: lungs, brain,
kidneys, digestive tract, bones, and lymph nodes, although the most commonly affected organs are the lungs [1]. The use of
anti-tuberculosis drugs (OAT) is one of the main components of efforts to control these problems. Unfortunately, the first-line
OAT therapy that is currently recommended in Indonesia has some limitations, namely requiring a long duration of treatment
and starting to find cases of resistance in its use.

Anti-Tuberculosis Drugs (OAT) currently used are pyrazinamide, isoniazid, and rifampicin. Several clinical studies have
shown that some antimicrobials (macrolides, quinolones, betalactams) can be used as OAT. High-dose drug administration is
carried out because only a small portion of the total drug dose can reach the lungs after oral administration [1]. Rifampicin,
isoniazid, and pyrazinamide are well absorbed by the digestive system and each drug has a short biological half-life of about
2-5 hours, 3.1 + 1.1 hours and 9-10 hours respectively [2]. The short biological half-life of the drug causes patients to take the
drug continuously, increasing the risk of unwanted side effects. The main side effects of these drugs are hepatotoxicity,
nausea, hearing loss, nephrotoxicity, hyperuricemia, tingling, red urine, no appetite, joint pain and not a few found resistance
to the use of these drugs as a result of the patient's non-compliance in taking the drug. To reduce the side effects of taking
drugs with high doses and short half-lives of drugs, the development of controlled-release dosage forms is more beneficial.
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Because this drug carrier system can increase the effectiveness of therapy and to reduce side effects, plasma concentration and
reduce dose and controlled dose frequency. Drug carrier systems can be synthesized using polymers by encapsulation method.
Drug Delivery System (DDS) is defined as a formulation or system capable of mediating the delivery of therapeutic
substances in the body to increase therapeutic effects, reduce drug side effects, increase bioavailability and improve patient
compliance [3]. Targeted drug delivery to the lungs has evolved into one of the most researched systemic or local drug
delivery approaches. This route also allows for more specific drug deposition at high concentrations in the diseased lung
thereby reducing the overall amount of drug administered to the patient (10-20% of the amount orally), as well as increasing
local drug activity and reducing systemic side effects [4]. Microspheres are substances or compounds that have free-flowing
properties (powder). Microspheres are composed of proteins or synthetic polymers that are biodegradable and ideally have a
particle size of 1-1000pm and ideally have a particle size of less than 200um. Microspheres can be made through various
types of materials such as glass, polymers, and ceramic microspheres. Microspheres play an important role in increasing the
bioavailability of conventional drugs and minimizing side effects [5]. Polymers have been used in drug delivery for many
decades, such as serving as bulking agents or as materials intended to swell upon contact with gastrointestinal media, leading
to drug release. Scientists have frequently turned in recent years to polymers and oligomers to enable creation of systems that
can overcome aqueous solubility limitations and achieve effective drug delivery. The use of polymer microspheres as carriers
of active substances makes it possible to achieve controlled or sustained release [6]. Therefore, this review will reported the
polysaccharide polymer used as a microsphere delivery system as an anti-tuberculosis treatment, especially for targeted lung
delivery.

2. Methods

The making of this article review is using the library research method obtained by using research journals, journal reviews,
and scientific articles. The journals found were national and international journals published online from various web
journals, namely Google Scholar, PubMed, Scopus, NCBI, Elsevier with 90 articles and 54 selected articles. In this study, a
search was conducted for research journals published from 2000 —2023.

3. Polysaccharide as microsphere delivery system

A microsphere is a spherical or spherical particle made of a polymer containing a core material, wherein the core material is
dispersed and adsorbed in the polymer matrix. Core materials can be solids or liquids in the form of organic or inorganic
compounds The advantages of microspheres include being able to deliver drugs at certain organ or target sites or tissues with
small drug concentrations, providing protection for unstable drugs before and after administration, being able to improve the
action of drugs in vivo, pharmacokinetic profiles, tissue distribution and cellular interactions of drugs, increasing absorption
and bioavailability of drugs due to their small particle size, reducing side effects of drugs both systemic and local [7].
Polymers are key ingredients for manufacturing, drug protection and increased bioavailability.

Polysaccharides are polymer raw materials that are suitable for use as non-ionic polymeric surfactants. This is because
polysaccharides have the advantage of abundant availability in nature and are renewable, biodegradable, non-toxic, and
contain hydroxyl groups and aromatic compounds that can be added with hydrophobic groups and hydrophilic groups in the
polymer section [8]. Polysaccharide polymers exhibit biocompatibility, biodegradability, high relative abundance and low
cost, making them indispensable as matrices for active agent carriers and maintaining the stability of active substances [9].
Below is a polysaccharide polymer that is often used in microsphere delivery systems. The chemical structures of all
investigated polysaccharide polymers are illustrated in table 1.

3.1 Chitosan

Chitosan, b-(1-4) linked 2-amino-2-deoxy-b-D-glucopyranose, is an N-deacetylated derivative of chitin obtained by
transforming the acetamide groups into primary amino groups [10]. Chitosan is white, odorless, and tasteless with very low
immunogenicity and toxicity [15]. The high positive charge density confers mucoadhesive properties, making chitosan an
ideal polymer for drug delivery in mucosal tissue. [16] Chitosan can also help tissue healing, and interacts well with human
cells [17]. It can be found on the skin of white shrimp. The skin of white shrimp contains 15.68% chitosan [18]. Chitosan is a
natural polysaccharide derived from chitin, is biocompatible, specific biological activity [15].

3.2 Pectin

Pectin is a complex polysaccharide found in the middle lamellae on the plant cell wall. Generally, commercial pectin is
extracted from orange peel and apple pulp under slightly acidic conditions [19]. The structure of pectin varies depending on
the type of raw material, the location of the raw material growth, and the extraction conditions [20]. Pectin is one of the
polysaccharide polymers that has been studied generally in the food and pharmaceutical industries for the protection and
controlled release of active substances (drugs and vitamins), due to its excellent biocompactability, pH sensitivity,
biodegradability, and non-toxicity [21]. The pectin in orange peels is about 25-30%, in ampelous pulp 10-15% [22], and more
recent report on extraction and characterisation of pectin from banana peels it ranges from 0.9% [23].
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Table 1.: Chemical Structure of Polysaccharide Polymers
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3.3 Carrageenan

Carrageenan is a natural polysaccharide composed of galactose and 3.6 anhydrogalactose complexes, is anionic and has the
ability to form gels. It is generally sourced from red seaweeds of the genera Euchema, Chondrus, Iridaca, and Gigartina.
Carrageenan has many functions, including as a bulking agent, thickening, stabilizing, and gelling agent, so it is widely used
in the food industry. The pharmaceutical industry also benefited greatly from this polysaccharide due to its high compatibility
and good viscosity during the tablet granulation process, making it one of the best excipient agents for tablets [24]. K-
carrageenan is extracted from algal (Kappaphycus alvarezii), i-carrageenan is obtained from Eucheuma denticulatum, and A-
carrageenan: extracts from Gigartina and Chondrus genera [25]

3.4 Sodium Alginate

Sodium alginate is a biocompatible polymer with very low toxicity. This is the main advantage that makes alginate one of the
biopolymers with the widest biomedical application. One of the most common applications of alginate is its use as an
excipient in drug delivery systems, i.e. as a stabilizing agent and controlled drug release in various pharmaceutical
formulations. Sodium alginate is mainly used in the pharmaceutical industry and can be used for the purpose of prolonging
drug release [26]. Sodium alginate is present in the cell wall of Phacophyceae with levels reaching 40% of the total dry weight
[27].

3.5 Xanthan gum

Xanthan gum is produced by a natural microbial fermentation process that converts glucose to produce this product. It has
unique characteristics so that it is included in a multifunctional excipient. In addition, xanthan gum is also known to be
resistant to enzymatic degradation and shows synergistic interactions with other hydrocolloids. Xanthan gum can be
synthesized by Xanthomonas campestris [28]. Formulations with polymers produce controlled-release drugs that have the
advantage of reducing the frequency of dosing, decreasing drug side effects, increasing patient compliance levels, decreasing
fluctuations, and prolonging the duration of drug action, and ensuring that pharmacokinetic and pharmacodynamic responses
can be reproducible and predicted. In addition, the polymer can also be modified in such a way as to be a targeted drug
delivery system to specific organs. Mixtures of various natural or synthetic polymers can mutually correct the deficiencies of
each other's physicochemical characteristics and can produce new characteristics in the mixture. The biopolymer used must
have an opposite charge, so that it can form a flexible matrix to adsorb drugs with wider properties, for example a
combination of chitosan-alginate or chitosan-carrageenan that can be used as a matrix of various drugs with more general
properties because the adsorption takes place physically.

In the selection of polymers to form a microsphere system, there are several things to consider such as the solubility of the
polymer, and the benefits described in table 2. In addition, it is very important to pay attention to the binding and release
mechanism between polysaccharide polymer combinations. The binding and release mechanism of this polymer combination
can be seen in table 3.

Table 2: Solubility and Utilization of Polysaccharide Polymers

Polymers Solubility Utilization
o Insoluble in water, alkaline solvents, phosphoric acid, | Inhibits tumor cells, antimicrobial activity,
Chitosan sulfuric acid and some organic solvents [18,29] regenerative properties. Chitosan is also used in
e Soluble in organic acid solutions such as formic acid, | drug delivery applications as an absorption
acetic acid, tartaric acid, and citric acid at pH £ 6.5 enhancer, mucoadhesive polymer, and for gene

delivery applications [30]

e Pectin with high methoxyl content is soluble in cold

Pectin water, pectin with low methoxyl content is soluble in | pectin acts as an adhesive, texture-forming and cell
alkaline or oxalate solution. membrane [32]

e Pectin is insoluble in acetone and alcohol [31]

Carrageenan | Easily hydrolyzed in an acidic and stable solution in an As a gel-making agent, thickener and stabilizer

alkaline atmosphere [33] [33]
o Practically insoluble in ethanol (95%), ethers, o Alginate can function as a suspending agent,
Sodium chloroform, ethanol-water mixtures (ethanol content emulsifier, stabilizer, binder, thickened, film
alginate greater than 30%), other organic solvents, and acidic former, coating agent, gelling agent, syneresis
solutions with pH less than 3 inhibitor, crystalization inhibitor and
e Soluble in water and forming a viscous colloidal encapsulating agent [34]
solution [34] o Helps in cleaning up heavy metal and radioactive
pollution in the food consumed [27]
Xanthan Water-soluble, stable under acidic and alkaline | @ As a tablet excipient to increase or decrease the
gum conditions and stable at various temperatures [28] release rate of the drug [14]
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Table 3: Polymer Bonding and Release Mechanism of Polymer Combinsai

Polymers

Inter-Polymer Bonding

Discharge Mechanism

Chitosan-
Na.Alginate with
CaCl2 crosslinker

Alginates can interact with chitosan through the
formation of polyelectrolyte complexes. Sodium
alginate is reacted with CaCl2, then there will be an
exchange of Nat ions from sodium alginate with
Ca2+ from calcium chloride solution so that it will
form a hydrogel with an egg box model. Then when
the calcium alginate formed is reacted with chitosan,
the carboxyl group (COO-) (anion) in the alginate
will bind to the amino group (NH3+) (cation) in
chitosan [35]

When the microcapsule is exposed to neutral pH,
the anionic alginate in the Ca-alginate-chitosan
complex can be replaced by hydroxyl ions and
chitosan can lose its charge resulting in the
disintegration of the matrix and the encapsulated
drug released into the surrounding fluid [36].

Chitosan-Pectin

Polycationic chitosan interacts with pectin (anionic)
to form a polyelectrolyte complex, which is an
association complex formed between polyions with
opposite charges due to electrostatic interactions
between the charged polyions [7]. The negative
charge of the pectin carboxylate group can bind
ionically to the positive charge of the chitosan amine
group [37]

Drug release affected by drug diffusion through
polymer matrix pores. The enzyme degrades the
pectin on the matrix and breaks its polymer
chain, causing more pores to form on the surface
of the matrix and making the matrix more
permeable for drug release.

Alginates can form hydrogen bonds with
carrageenan through molecular interactions through

The release of drugs from the alginate matrix
occurs due to the exchange of ions between Ca2+

Na.Alginate — | carboxyl, hydroxyl and ether groups. The formation | as cross-linkers with the Na+ group which will
Carrageenan of cross-links between alginate and carrageenan | be bound to the -co- group of the alginate
polymer chains by CaCl2 leads to the formation of | guluronate block which causes damage to the
stronger bonds and results in less space between | "egg-box" structure so that the active ingredients
polymer chains [38] can be released from the matrix [39]. Meanwhile,
the mechanism of drug release from carrageenan
occurs due to the replacement of the group that
binds sulfate, causing damage to the bond in
thecoil-helix structure [40]
Chitosan- Forms polyelectrolyte complexes through ionic | N/A
Xanthan gum bonds between poditive-charged and negatively-
charged -NH3" _coo- [41]
Na.Alginate- Sodium alginate can form strong complexes with | N/A
Pectin other neutral polyelectrolytes, such as pectin by

forming interconnected chains and forming
hydrogels with the addition of divalent cations such
as Ca2+ that can improve the mechanical properties
of alginate [42]

Table 4 : Antibiotic Applications - Polymer Combinations for Treatment of Anti-Tuberculosis

Polymers

Polymer Combination Objectives Active
substance

Research Results

The solubility of chitosan at low pH can be
prevented by alginate tissue because
alginate does not dissolve under low pH | Pyrazinamide
conditions. The possibility of alginate
breaking down at higher pHs is prevented
by chitosan, which is stable at higher pH
ranges [46]

Chitosan- e The
Na.Alginate beneficial in improving the stability of the

drug in biological fluids [47]

e The use of double coating of chitosan-
sodium alginate can reduce porosity and
increase the stability produced [48] Isoniazid
Na alginate - chitosan based microcapsules
used for the controlled release. Alginate
improves the basic structure of chitosan
with the formation of polyelectrolyte
complexes [36,49]

@ There is an increase in the value of encapsulation
efficiency along with an increase in alginate
concentration

@ Particle size in the range of 68.06 nm to 295.40
nm, the distribution of particle sizes is uneven
[46]

chitosan-alginate ~ complex is Isoniazid

@ Spherical shape with particle size below 7 pm
e It was found that the polymer system can control
drug release [56]

@ Shows a spherical shape with a smooth surface

@ Positive zeta-potential values at maximal and
minimal concentrations of chitosan

o Drug content and yield showed high values
compared to free isoniazid. Drug content reached
90.3%

® Swelling index was high at pH 7.4 compared to
pH 1.2 [57]
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e Increasing the bioavalability and residence @ Pectin-chitosan polymers have been shown to
Chitosan- time of preparations [50] reduce and control vancomycin release [54]
Pectin e The polyelectrolyte complex between | Vancomycin

chitosan and anionic polymers enhances
the ability to inhibit drug release [37]

e Can improve swelling index and e Spherical shape and has a flat surface
entrapment  efficiency of formulated morphology
microsphere systems [51] e Particle size from 1.24 £ 0.006 — 1.72 £ 0.137 pm
Na.Alginate |e Maintaining elasticity and swelling index | Ciprofloxacin le There is an increase in drug loading, an increase
- so that it is not fragile [52] in entrapment efficiency and a decrease in the
Carrageenan (e The addition of carrageenan polymers can value of recovery/yield along with an increase in
minimize the burst effect of alginate polymer concentration [57]
polymers so that the release of active The minimum inhibitory concentration (MIC)
ingredients can occur in a controlled Etionamide oftrapped etionamide is much higher than free
manner [40] etionamide because of the slow release of the drug
[62]
o Chitosan is very soluble in acidic solutions ® Shows a highly ordered spherical shape with a
so that it cannot withstand the release of smooth, compact surface
drugs, so chitosan is combined with Rifampicin e Average particle size 1.9 - 2.6 pm
xanthan gum. Xanthan gum not only slows @ The average entrapment efficiency is quite high
the release of the drug and results in a (70% -83%)
time-independent drug release kinetics, but o High stability to vesicle aggregation and fusion
) also results in constant plasma levels of the o Increasing the resistance of the matrix to
Chitosan- drug [53] aerosolization, resulting in a formulation capable
Xanthan ¢ The chitosan microencapsulation coating of delivering higher amounts of drugs to lower
gum formed with the addition of gum guar has levels of impinger [59]
better rheological properties [54,55] Ciprofloxacin o The absorption efficiency was found to increase

with an increase in drug concentration reaching
about 93.8 £2.1%

® In vitro release studies showed a steady increase
in cumulative drug release (96.1£1.8% to 150
minutes)

@ Cytotoxicity showed no cell toxicity, highest cell
viability 97 #0.5% at a concentration of 50
ng/mL

e Ciprofloxacin with a polymer matrix showed its
ability to inhibit gram-positive and negative
bacteria with a higher inhibitory zone diameter
than free ciprofloxacin [60]

Microcapsules containing only alginate do N/A N/A
Na.Alginate- | not sufficiently produce better drug
Pectin encapsulation so that the addition of pectin

with low methoxy to the polymer matrix can
increase the efficiency of encapsulation [61]

Targeted drug delivery to the lungs has evolved into one of the most researched systemic or local drug delivery approaches.
The use of drug delivery systems for the treatment of lung diseases is increasing due to their potential for localized topical
therapy in the lungs. This route also allows for more specific drug deposition at high concentrations in the diseased lung
thereby reducing the overall amount of drug administered to the patient (10-20% of the amount orally), as well as increasing
local drug activity and reducing systemic side effects and first-line metabolism [4,43]. Another advantage is that the same
therapeutic effects can be achieved at much lower doses than those obtained through oral administration without the influence
of any conditions that can reduce patient compliance, such as poor pain. Drug substances ranging from small molecules to
large peptide molecules can be delivered for inhalation formulations [44]. Pulmosphere is a hollow porous particle with low
particle density <0.1 gram / ml and excellent redispersibility, made by supercritical fluid condensation technology [45]. The
use of polymer combinations is necessary to fulfill the shortcomings of each polymer used such as enhancing solubility,
increasing bioavailability, improving encapsulation efficiency and providing a more controlled drug release thus providing
better treatment effectiveness. Table 4 summarizes the various combinations of polysaccharide polymers with antibiotics used
for the treatment of tuberculosis.

4. Current and Future Development

Microsphere delivery systems, which use polymers as the formers, are an effective and promising technique for drug
therapeutic applications to improve drug solubility and targeting ability to the desired site. Microsphere delivery systems
generally exhibit long half-life, high stability, low immunogenicity, and specific targeting. In the future, approaches using
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computational methods that provide detailed information on molecular interactions, physicochemical properties of drugs, and
carriers are also needed.

5. Conclusion

The pulmonary drug delivery system for the treatment of tuberculosis has several advantages such as better targeting of
infected alveolar macrophages, rapid onset of action due to large surface area, increased bioavailability of the drug in the
targeted area, better average residence time and lower dosing frequency, good tolerance with biodegradable excipients, then
the treatment approach without the use of needles so that it is non-invasive for self-administration and becomes a viable route
for the administration of relatively large amounts of the drug.

6. Conflicts of Interest

There are no conflicts to declare.

7. Funding sources

The authors declare that no funds, grants, or other support were received during the preparation of this manuscript.

8. Acknowledgements

Authors would like to thank the Faculty of Pharmacy Universitas Airlangga, Surabaya, Indonesia for the facilities and
research supports.

9. References
[1] Pandey R, Khuller GK (2005). Antitubercular Inhaled Therapy: Opportunities, Progress and Challenges. Journal of

Antimicrobial Chemotherapy. 55: 430—435 https://doi.org/10.1093/jac/dki027

[2] Sabitha P, Ratna JV, Reddy KR (2010) Design and Evaluation of Controlled Release Chitosan-Calcium Alginate
Microcapsules of Anti Tubercular Drugs for Oral Use. International Journal of ChemTech Research 2(1): 88-98.

[3] Rastogi V, Yadav P (2012). Transdermal drug delivery system: An overview. Asian J Pharm 6(3) .161-70
https://doi.org/10.22377/ajp.v6i3.51

[4] Rahul C, Krupraj K, Patel VP (2013). Recent Advances In Pulmonary Drug Delivery System. An International Journal
Of Pharmaceutical Sciences4 (3) : 432-457

[5] VermaR, Verma S, Kumar S (2019). Microsphere- A Novel Drug Delivery System. Research Chronicle in Health
Sciences 5(1): 5-14

[6] Liu H, Taylor LS, Edgar KJ (2015). The role of polymers in oral bioavailability enhancement; a review. Polymer 77:
399-415 https://doi.org/10.1016/j.polymer.2015.09.026

[71 Ramteke KH, Jadha VB, Dhole, SN (2012). Microspheres: as Carrieres used for novel drug delivery system. IOSR
Journal of Pharmacy 2(4): 44-48

[8] Kureci MS, Majda S, Stana K (2013). Use of polysaccharide based surfactants to stabilize organically modified clay
particles aqueous dispersion. Carbohydrate Polymers 94 (1):687-694 https://doi.org/10.1016/j.carbpol.2013.01.085

[9] Pamunuwa G, Anjalee N, Kukulewa D, Edirisinghe C, Shakoor F, Karunaratne, DN (2020). Tailoring of release
properties of folic acid encapsulated nanoparticles via changing alginate and pectin composition in the matrix.
Carbohydrate Polymer Technologies and Applications 1:100008 https://doi.org/10.1016/j.carpta.2020.100008

[10] Islam S, Bhuiyan MR, Islam MN (2017). Chitin and chitosan: structure, properties and applications in biomedical
engineering. Journal of Polymers and the Environment 25: 854-866 https://doi.org/10.1007/s10924-016-0865-5

[11] Puspita E, Ali MI, RhusmanaSML (2018). Pemanfaatan Pektin Dari Daun Cincau Hijau (Premna Oblongifolia Merr)
Sebagai Biosorben Logam Fe. Industrial Research Workshop and National Seminar 9: 83-88.
https://doi.org/10.35313/irwns.v9i0.1045

[12] Qureshi D, Nayak SK, Maji S, Kim D, Banerjee, I, Pal K (2019). Carrageenan: A Wonder Polymer from Marine Algae
for  Potential Drug  Delivery  Applications. = Current  Pharmaceutical  Design.  25: 1172-1186
https://doi.org/10.2174/1381612825666190425190754

[13] Fu S, Thacker A, Sperger DM, Boni RL, Buckner, 1.S, Velankar S, Munson E J, Block LH (2011). Relevance of
Rheological Properties of Sodium Alginate in Solution to Calcium Alginate Gel Properties. AAPS PharmSciTech 12:
453-460. https://doi.org/10.1208/s12249-011-9587-0

[14] Kumar AS, dubey V (2012). Role of natural polymers used in floating drug delivery system. Journal of Pharmaceutical
and Scientific Innovation 1(3):11-15

[15] Ahsan SM, Thomas M, Reddy KK, Sooraparaju S G, Asthana A, Bhatnagar I (2018). Chitosan as biomaterial in drug
delivery and tissue engineering. Internatinal Journal of Biological Macromolecules 110:97-109.
https://doi.org/10.1016/j.ijbiomac.2017.08.140

[16] Nagarajan E, Shanmugasundaram P, Ravichandiran V, Vijayalakshmi A, Senthilnathan B, Masilamani K (2015).
Development and evaluation of chitosan based polymeric nanoparticles of an antiulcer drug Lansoprazole. Journal of
Applied Pharmaceutical Science 5 (4):020-025 http://dx.doi.org/10.7324/JAPS.2015.50404

[17] Gierszewska M, Ostrowska-Czubenko J (2016). Chitosan-based membranes with different ionic crosslinking density for
pharmaceutical and industrial applications. Carbohydrate Polymers 153 : 501-511
https://doi.org/10.1016/j.carbpol.2016.07.126

Egypt. J. Chem. Vol. 68, No. 1 (2025)



554 A. G. Liempepas et.al.

[18] Kurniasih M, Kartika D (2011). Synthesis and Physicochemical Characterization of Chitosan. J Inov 5(1) :42-48

[19] Wang X, Chen Q, Lu X (2014). Pectin extracted from apple pomace and citrus peel by subcritical water. Food
Hydrocolloids 38: 129-137.https://doi.org/10.1016/j.foodhyd.2013.12.003

[20] Tiffany MH, Samang AM, Islamiyah S (2023). Potensi Polisakarida (Selulosa, Lignin, Pektin) Sebagai Bahan Baku
Alternatif Bio-Based Surfaktan Polimerik. Jurnal Informasi, Sains, dan Teknologi 06 (1): 78-89
https://doi.org/10.55606/isaintek.v6il.62

[21] Alborzi S, Lim LT, Kakuda Y (2014). Release of folic acid from sodium alginate-pectinpoly(ethylene oxide) electrospun
fibers under invitro conditions. LWT - Food Sci Technol(1):383-8. https://doi.org/10.1016/j.Iwt.2014.06.008

[22] Kute AB, Mohapatra, Kotwaliwale N, Giri SK, Sawant BP (2020). Characterization of pectin extracted from orange peel
powder wusing microwave-assisted and acid extraction methods. Agricultural Research 9 (2): 241-
248.https://doi.org/10.1007/s40003-019-00419-5

[23] Emaga TH, Ronkart SN, Robert C, Wathelet B, Paquot M (2008). Characterisation of pectins extracted from banana
peels (Musa AAA) under different conditions using an experimental design. Food chemistry 108 (2): 463-471
https://doi.org/10.1016/j.foodchem.2007.10.078

[24] Pacheco-Quito EM, Ruiz-Caro R, Veiga MD (2020). Carrageenan: Drug Delivery Systems and Other Biomedical
Applications. Marine Drugs 18 (11): 583 https://doi.org/10.3390/md 18110583

[25] Qureshia D, Nayaka SK, Majib S, Kimc D, Banerjeea I, Kunal PK (2019). Carrageenan: A Wonder Polymer from
Marine Algae for Potential Drug Delivery Applications. Current pharmaceutical design 25(11) :1172-1186
https://doi.org/10.2174/1381612825666190425190754

[26] Hariyadi MD, Islam N (2020). Current Status of Alginate in Drug Delivery. Advances in Pharmacological and
Pharmaceutical Sciences https://doi.org/10.1016/j.foodhyd.2021.106782

[27] Pamungkas TA, Sunaryo AR (2013). Pengaruh Suhu Ekstraksi Terhadap Kualitas Natrium Alginat Rumput Laut
Sargassum sp. Journal of Marine Research. 2(3): 78-84 https://doi.org/10.14710/jmr.v2i3.3135

[28] Benny IS, Gunasekar V, Ponnusami V (2014). Review on Application of Xanthan Gum in Drug Delivery 6(4): 1322—
1326.

[29] Kim SY, Cho SM, Lee YM, Kim SJ (2000). Thermo and pH responsive behaviours of graft copolimer and blend based
on chitosan and Nisopropylacrylamide. Journal of Applied Polymers Science 78: 1381-1391.
https://doi.org/10.1002/1097-4628(20001114)78:7%3C1381::AID-APP90%3E3.0.CO;2-M

[30] Rathinam S, Hjalmarsdottir MA, Thygesen MB, Masson M (2021). Chitotriazolan (poly (B (1-4) -2- (1H-1, 2, 3- triazol-
1-yl)- 2- deoxy-d-glucose)) derivatives: Synthesis, characterization, and evaluation of antibacterial activity. Carbohydrate
Polymers 267: 118162. https://doi.org/10.1016/j.carbpol.2021.118162

[31] Tuhuloula A, Budiyarti L, Fitriana EN (2013). Karakterisasi Pektin Dengan Memanfaatkan Limbah Kulit Pisang
Menggunakan Metode Ekstraksi. Konversi 2 (1) : 21-27 http://dx.doi.org/10.20527/k.v2i1.123

[32] Putra GD (2019).Pengaruh Rasio Obat-Polimer Terhadap Pelepasan Ciprofloxacin Hcl Dari Mikrosfer Kombinasi
Alginat karagenan (Dibuat dengan Metode Gelasi Ionotropik Teknik Aerosolisasi). Doctoral dissertation, Universitas
Airlangga http://repository.unair.ac.id/id/eprint/90706

[33] Campo V, Kawano DF, da Silva DB, Carvalho I (2009). Carrageenans: Biological properties, chemical modifications
and structural analysis — A review. Carbohydrate Polymers 77: 167-180 https://doi.org/10.1016/j.carbpol.2009.01.020

[34] Rowe RC,Shesky PL, Owen SC (2009). Handbook Pharmaucetical Excipients (6th Ed.). London: The Pharmaucetical
Press and The American Pharmacist Association. 679-681. http://repositorio.ub.edu.ar/handle/123456789/5143

[35] Sandi S, Miksusanti, Mardiyanto, Yosi F, Liana, SM (2018). Preparation and Characterization of Bio-Polymeric Nano
Feed Incorporating Silage-Derived Organic-Acid and the Polar Fraction of Papaya Leaf Extract. JPCS 1095(1): 012024.
https://doi.org/10.1088/1742-6596/1095/1/012024

[36] Lim GP, Ahmad MS 2017. Development of Ca-alginate-chitosan microcapsules for encapsulation and controlled release
of imidacloprid to control dengue outbreaks. Journal of industrial and engineering chemistry 56: 382-
393.https://doi.org/10.1016/j.jiec.2017.07.035

[37] Sagita E, Anwar E, Surini S (2010). Pembuatan Matriks dari Kompleks Polielektrolit Kitosan Pektin untuk Sediaan
Tablet Mengapung. Majalah Ilmu Kefarmasian 7(3): 71-83

[38] Costa MJ, Marques, AM, Pastrana LM, Sillankorva SM, Cerqueira MA (2018). Physicochemical properties of alginate-
based films: Effect of ionic crosslinking and mannuronic and guluronic acid ratio. Food Hydrocolloids 81: 442-448
https://doi.org/10.1016/j.foodhyd.2018.03.014

[39] Bajpai SK, Sharma S (2004). Investigation of swelling/degradation behaviour of alginat beads crosslinked with Ca2+ and
Ba2+ ions. Reactive & Functional Polymers 59: 12914 https://doi.org/10.1016/j.reactfunctpolym.2004.01.002

[40] Mohamadnia ZM (2012). Ionically cross-linked carrageenan-alginat hidrogel beads. Journal of Biomaterials Science,
Polymer Edition 19: 47-59. https://doi.org/10.1163/156856208783227640

[41] Putri KS, Sulistomo SB, Surini S (2017). Chitosan-Xanthan Polyelectrolyte Complex as Matrix of Mucoadhesive Dosage
Form 4(1): 2407-2354 https://doi.org/10.7454/psr.v4i1.3631

Egypt. J. Chem. Vol. 68, No. 1 (2025)



REVIEW: APPLICATION OF POLYSACCHARIDE POLYMER COMBINATION IN MICROSPHERE.. 555

[42] Pascalau V, Popescu V, Popescu G, Dudescu M, Borodi G, Dinescu A, Perhaita I, Paul M (2011). The Alginate/k-
Carrageenan Ratio’s Influence On The Properties of The Cross-linked, Journal of Alloys and Compounds 65-67.

[43] Hariyadi DM, Prestisya I, Suhariyono G, Miatmoko A, Rosita N, Rahmadi M (2022). Characterization of Dry Powder
Inhaler Quercetin Solid Lipid Microparticle (SLM) as Lung Delivery System: Effect of Polymer Concentration. Egyptian
Journal of Chemistry 65(11): 281-289. https://doi.org/10.21608/ejchem.2022.120170.5393

[44] Akdag Y (2019). Development of dry powder inhaler formulations for drug delivery systems. Journal ofResearch in
Pharmacy 23(6): 973-987 http://doi.org/10.35333/jrp.2019.62

[45] Weers J (2000). Dispersible powders for inhalation applications. Innovations Pharm Technoll: 111-16.

[46] Umawiranda PF, Cahyaningrum SE (2014). Encapsulation Of Pyrazinamide Using Alginate And Chitosan. Journal of
Chemistry 3(3): 146-153

[47] Gazori T, Khoshayand MR, Azizi E, Yazdizade P, Nomani A, Haririan I (2009). Evaluation of alginate/chitosan
nanoparticles as antisense delivery vector: formulation, optimization and in vitro characterization, Carbohydrate
Polymers 77 (3): 599-606 https://doi.org/10.1016/j.carbpol.2009.02.019

[48] Silva C, Riberio A, Figueiredo M, Ferreira D, Veiga F (2006). Microencapsulation of hemoglobin in chitosan-coated
alginat  microspheres  prepared by emulsification/internal  gelation. JAAPS  7(4): 903 - 912
https://doi.org/10.1208/aapsj070488

[49] Prestisya 1A, Miatmoko A, Rahmadi M, Hariyadi DM (2022). Dry Powder Inhalation Microparticles (Alginate,
Carrageenan, Chitosan, and Combination Polymers): A Review on Characteristics and In Vivo Activity. Egyptian
Journal of Chemistry 65(12): 181-206. https://doi.org/10.21608/EJCHEM.2022.119143.5364

[50] Kaur A, Kaur G (2012). Mucoadhesive buccal patches based on interpolymer complexes of chitosan-pectin for delivery
of carvedilol. Saudi Pharmaceutical Journal(20): 21-27. https://doi.org/10.1016/.jsps.2011.04.005

[51] Kolesnyk I, Konovalova V, Burban A (2015). Alginat/K-carrageenan microspheres and their application for protein
drugs controlled release. Chemistry & Chemical Technology 9(4): 485-492. https://doi.org/10.23939/chcht09.04.485

[52] Darmokoesoemo H, Pudjiastuti P, Rahmatullah B, Kusuma HS (2017). Novel drug delivery carrier from alginate-
carrageenan and glycerol as plasticizer. Results in Physics 19:2979

[53] Rahman M, Khalipha ABR, Rishikesh B, Fakhruddin (2011). Formulation and in-vitro evaluation of ketotifen fumarate
sustained release matrix tablets using HPMC 4000 cps (Methocel K4M CR) and Gum xanthan Gum (3:1). International
Journal of Drug Delivery 3(3): 513

[54] Kshirsagar NA (2000). Drug Delivery System. Indian J Pharmacol 32 (4):54-61

[55] Priyadarsini M, Biswal T (2020). Recent Progress on the Design and Applications of Guar Gum Based Nano Hydrogel
“Guar Gum-g-P(HEMA-co-AM)/Chicken Eggshell” as Superabsorbent, Egyptian Journal of Chemistry 63(3): 851-859
https://doi.org/10.21608/ejchem.2019.11081.1711

[56] Lucinda-Silva RN, Evangelista RC (2003). Microspheres of alginate-chitosan containing isoniazid. Journal of
Microencapsulation 20(2): 145-152 https://doi.org/10.3109/02652040309178057

[57] Cahyaningrum SE, Herdyastut N, Qomariah N (2015). Synthesis And Characterization Of Chitosan- Alginate For
Controlled Release Of Isoniazid Drug. Indonesian J. Chem 15(1): 16-21 https://doi.org/10.22146/ijc.21218

[58] Bigguci F, Luppi B, Monaco L, Cerchiara T, Zecchi V (2009). Pectin based microspheres for colons pesific delivery of
vancomycin. J Pharm Pharmacol 61(1): 41-46 https://doi.org/10.1211/jpp.61.01.0006

[59] Manca ML, Manconi M, Valenti D, Lai F, Loy G, Matricardi P, Fadda AM (2012). Liposomes Coated with Chitosan—
Xanthan Gum (Chitosomes) as Potential Carriers for Pulmonary Delivery of Rifampicin. Journal Of Pharmaceutical
Sciences 101 (2): 566-575 https://doi.org/10.1002/jps.22775

[60] Hanna DH, Saad GR (2018). Encapsulation of ciprofloxacin within modified xanthan gum- chitosan based hydrogel for
drug delivery. Bioorganic Chemistry 84: 115-124 https://doi.org/10.1016/j.bioorg.2018.11.036

[61] Jaya S, Durance TD, Wang R (2009). Effect of alginate-pectin composition on drug release characteristics of
microcapsules.  Journal of Microencapsulation.  University —of  British  Columbia  26(2):  143-153
https://doi.org/10.1080/02652040802211345

[62] Abdelghany S, Alkhawaldah M, AlKhatib H (2017). Carageenan-Stabilised Chitosan Alginate Nanoparticles loaded
With Ethionamide For The Treatment Of Tuberculosis. Journal of Drug Delivery Science and Technology 39:442-449
https://doi.org/10.1016/;.jddst.2017.04.034

Egypt. J. Chem. Vol. 68, No. 1 (2025)



