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ABSTRACT

Colon-targeted drug delivery systems have gained significant attention for the treatment of localized
colon disorders such as Crohn's disease, ulcerative colitis, and irritable bowel syndrome. Oral
administration is favored for its high patient acceptance and ease of use. Among various delivery
methods, microparticulate systems, particularly microspheres, are the most effective for controlled
and sustained drug release to specific inflammatory sites. Microspheres, defined as particles with
dimensions between 1 and 1000 um, are produced from proteins or synthetic polymers and are
biodegradable. They can be coated with various compounds to optimize drug delivery and reduce
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nonspecific interactions. Understanding the colon's anatomy, including its unique pH levels,
microflora, and transit time, is essential for effective drug targeting. Various prodrug approaches,
such as azo bond conjugates, glycoside conjugates, and cyclodextrin conjugates, have been explored
to ensure that drugs are selectively released in the colon. These systems provide a promising avenue
for enhancing treatment outcomes while minimizing systemic side effects.

KEYWORDS: Colon Targeted Drug Delivery, Oral Drug Delivery, Microspheres, Ulcerative Colitis,
Targeted Release.

1. INTRODUCTION

The most practical and crucial way to take medication to produce systemic effects is orally. Oral
administration is the intended usage for around half of the medication delivery systems now on the
market. These systems offer numerous advantages, chief among them being high patient acceptance
and ease of use[l].Research has focused a lot of attention on colon-targeted medication delivery
recently due to its potential to improve treatment outcomes for localised colon disorders while
lowering systemic side effects. These developments concentrate on conditions that damage the colon,
including such as irritable bowel syndrome(IBS),ulcerative colitis (UC),and crohns disease (CD).
Medications that are frequently used to treat these disorders include prednisolone, metronidazole,
hydrocortisone, sulfasalazine, and dexamethasone [2,3].Numerous strategies, including the conjugate
approach, probiotic method, pH-dependent system, time-released system, multiparticulate system, and
nanoparticulate system, are employed for suitable targeting. Of all the methods, the microparticulate
system is the most effective for delivering controlled and sustained medication to a particular
inflammatory location [3]

Microspheres are defined as particles with dimensions between 1 and 1000 um. Produced from
proteins or synthetic polymers, these particles are spherical, free-flowing, and biodegradable.
Microcapsules and micromatrices are the two different forms of microspheres; they are defined as,
Microcapsules are defined as having a distinct capsule wall enclosing the substance that is entrapped.
as well as micromatrices, which distribute the material that is trapped throughout the matrix[4]
Microspheres have significantly contributed to the advancement of prolonged or controlled release
drug delivery methods. Microspheres have caught the attention of the pharmaceutical industry
specifically because they have the ability to provide continuous and regulated medication delivery[5].
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FIGURE 1: Microspheres and Microcapsule
2. CHARACTERISTICS OF MICROSPHERES

In certain instances, the size of microspheres is vital for assay functionality, while in other cases, it
might be less critical than other properties. Particle size is often determined by the test format in
conventional diagnostic techniques. For instance, larger spheres (~4—10um) that mimic cells are used
in bead-based flow cytometric research, whereas minuscule spheres (~0.1-0.4um) are used to enable
efficient wicking in lateral flow tests. Poly(methyl methacrylate) (PMMA), polystyrene (PS), and silica
are frequently used to create microspheres. Depending on the application, the distinct optical and
physical qualities of different materials may be beneficial or detrimental. For example, polymer beads
often have significant protein binding characteristics due to their hydrophobic nature. However, they
often require adding a surfactant, like Tween® 20 or sodium dodecyl sulfate, to the storage buffer at
concentrations ranging from 0.01% to 0.1% in order to facilitate handling.

Microspheres can be coated with substances like peptides, oligonucleotides, antibodies, and other such
substances for use in separation or diagnostic applications. The primary objective of microsphere
coating optimization is to reduce nonspecific interactions while achieving the desired specific activity.
The required stability, the timetable for development, financial constraints, and the type of biomolecule
to be coated are all taken into account. The selection of the optimal coating strategy for both short- and
long-term objectives is influenced by these factors. Conventional microsphere products typically offer
three primary coating techniques: affinity binding, covalent coupling, and adsorption [6]. In biological
sciences applications, different uses demand beads with distinct characteristics, such as fluorescence,
coloration, or magnetic attributes. To achieve these characteristics, polymer spheres are frequently
dyed internally using organic solvents. This enables the modification of dye concentrations to create
beads with different intensities, meeting specific requirements such as multiplexed flow cytometric
assays or imaging applications. Furthermore, fluorescent beads designed expressly for use as standards
in flow cytometry are available [7].

3. ANATOMY OF COLON

Understanding the distinct functional characteristics of the colon in relation to the entire
gastrointestinal tract and its associated organs is crucial for effectively directing drugs to this specific
location. More broadly, the colon contains proximal and distal sections, spanning approximately 1.6
meters in length within the overall 6-meter gastrointestinal tract (with average lengths of 1.66 + 0.36
meters for males and 1.55 + 0.29 meters for females)[8]. The proximal colon refers to the first and
middle segments of the large intestine. The cecum, ascending colon, and transverse colon are the three
main areas that make up this segment. Distal colon is the last part of colon, which in turn splits into
four parts: the descending colon, sigmoid colon, rectum, and anus. The hepatic flexure connects the
ascending and transverse colon, while the splenic flexure connects the transverse and descending
colon. Importantly, the diameter of the colon is much greater than that of the small intestine (with an
average terminal ileum diameter of 1.87 + 0.36 cm). At the caecum, its widest point measures 4.7 £
0.9 cm in males and 4.8 + 0.8 cm in females. It progressively narrows to measure 3.4 + 0.6 cm in men
and 3.2 + 0.6 cm in females at the sigmoid colon, then widens again at the rectum, reaching 4.0 £ 1.0
cm in males and 3.5 + 1.0 cm in females. The caecum, transverse colon, and sigmoid colon reside in
the abdominal peritoneal cavity, supported by mesentery, and demonstrate some degree of mobility.
The rectum, ascending colon, and descending colon, on the other hand, are retroperitoneal and hence
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fixed in their placements [9]. Eickhoff et al [10]CT colonography to gather data on the number of
colonic flexures (sharp angles less than 90 degrees) and the degree of twisting (measured on a 10-point
visual scale). Their research revealed that the typical number of bends in a colon averages around 9.6,
with a standard deviation of 2.4. Furthermore, the visual analog scale employed to evaluate twisting
recorded an average rating of 3.7, with a standard deviation of 1.9. Patients with a large number of
sharp angles in their colon and significant twisting are challenging to examine using colonoscopy,
which increases the likelihood of an incomplete procedure. Additionally, Alazmani et al [11] observed
that colon twisting is more noticeable when patients are supine (laying on their backs) compared to
when they are resting in the prone posture, or on their stomachs.. The colon performs various essential
physiological roles, such as absorbing water, minerals, and vitamins; compacting feces; breaking down
polysaccharides during digestion; and regulating the immune system within the intestines [11]. The
appendix connects to the caecum approximately 1 to 2 centimeters beneath the junction of the ileum
and the caecum. Sadahiro et al[12]presented diameter measurements of the large intestine, as depicted
in the table below.

Diameter (Cm) Of Distended Large Intestine [12,13]

Male Female

Rectum 4.0+1.0 3.541.0
Colon sigmod 3.440.6 3.240.6
Descendant colon 34+1.2 3.240.6
Transverse colon 42+1.2 4.240.7
Ascendant colon 4.8+1.2 5.04+2.0
Cecum 4.7+0.9 4.840.8
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FIGURE 2: Anatomy of Colon
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4. APPROACHES FOR COLON DRUG TARGETING

4.1prodrug Approaches

4.1.1 Azo Bond Conjugate

The medication is connected in this method via an azo bond. The gut microbiota produces enzymes
called azoreductases, which cleave (break) the azo bond in the colon after the medication passes
through the upper gastrointestinal tract (GIT). This targeted delivery mechanism allows the drug to be
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selectively released in the colon. The bacteria that live in the intestines substantially break down the
azo compounds through extracellular reduction as well as intracellular enzymatic activities.
Sulfasalazine, a medication used to treat inflammatory bowel diseases (IBD), is composed of two
linked components - sulfapyridine, which has antibacterial properties, and 5-aminosalicylic acid (5-
ASA), which has anti-inflammatory effects. These two drug components are connected via an azo
bond. The azo link is broken in the colon by enzymes known as azoreductases, which releases the
active ingredient in the medication along with the carrier molecule sulfapyridine[14]
4.1.2 Glycoside Conjugated Prodrug
The human gut microbiome produces various enzymes called glycosidases, including B-D-
galactosidase, a-L-arabinofuranosidase, p-D-xylopyranosidase, and [-D-glucosidase. These
glycosidase enzymes are located in the colon's brush edge, which is the surface layer of cells lining the
colon. Many naturally occurring drugs contain a glycoside structure, composed of a sugar moiety
(glycoside) and a pharmacologically active non-sugar component (aglycon). When these drugs are
administered orally and reach the colon, the glycosidase enzymes act on the glycoside part, cleaving
it off and releasing the pharmacologically active aglycon component. Glycosides are soluble in water
and hydrophilic substances that are poorly absorbed from the gastrointestinal tract (GIT). Glycosides
have the ability to transport medications to the colon because of these characteristics. Glucosides,
galactosides, and cellobiosides of the corticosteroids dexamethasone, prednisolone, hydrocortisone,
and fludrocortisone are a few examples of medications that are targeted using this method. One specific
example is dexamethasone-21-B-glucoside. Studies were conducted in rats comparing two prodrugs
(dexamethasone-21-B-glucoside and prednisolone-21-B-glucoside) to the unmodified steroid forms
(dexamethasone and prednisolone). According to the findings, the unmodified analogues were
absorbed in the small intestine, while both modified steroid versions reached the cecum[15]
4.1.3 Glucuronid Conjugation Prodrug
A key drug metabolic route is the conjugation of glucuronides. B-Glucuronidases, enzymes secreted
by the large intestine, can deglucuronidate (remove the glucuronide group from) various drugs. This
allows the drugs to be reactivated and potentially reabsorbed in the colon. Drugs are delivered to the
colon by using this idea of drug metabolism. The medication is joined to a glucuronide group, a typical
metabolic conjugation. When a medication is taken orally and enters the colon, the -Glucuronidases
in the colon selectively break the glucuronide conjugation.This releases the active drug molecule,
allowing it to be delivered to the target site in the colon. Colon targeting studies have been conducted
using glucuronide conjugation of the narcotic antagonist drugs naloxone and nalmefene. These studies
suggest that glucuronide conjugation is a useful approach for delivering such drugs to the colon. This
could be beneficial in treating constipation caused by opioid medications, as the glucuronide-
conjugated forms would be selectively released in the colon to counteract the constipating effects of
the opioids[16]
4.1.4 Dextran Conjugated Prodrug
Dextran is a carbohydrate that serves as an energy source for the colonic microbiome. Dextran
hydrogels have been used to deliver drugs to the colon at precise sites.Non-steroidal anti-inflammatory
medications (NSAIDs) and dextran have been joined via ester bonds to create a variety of
prodrugs.When these dextran-NSAID conjugates are administered orally, upon reaching the colon, the
enzyme dextranase produced by the human gut flora breaks down the ester linkage, liberating the free
drug molecule[17]
4.1.5 Cyclodextrine Conjugation
Cycle-like oligosaccharides, cyclodextrins are made up of six to eight glucopyranose units connected
by a(1-4) glucosidic linkages, organised in a cyclic configuration. Because their surface is hydrophilic
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and their inside is lipophilic, they can form inclusion complexes with a variety of medicines. Because
cyclodextrins are large, non-toxic molecules that absorb little from the gastrointestinal tract (GIT),
they are useful as carriers for medications that change during absorption in the stomach and intestinal
milieu.

a-cyclodextrin, B-cyclodextrin, and y-cyclodextrin are the three primary analogues of cyclodextrins.
Both the B- and y-cyclodextrin forms exhibit greater stability against gastric pH as well as pancreatic,
salivary, and stomach enzymes. While the colonic microbiota fully breaks them down, they are only
partially broken down in the small intestine.

Research has been carried out on rats using cyclodextrin conjugates of the anti-inflammatory
medication biphenyl acetic acid.It was found that the cyclodextrin form of biphenyl acetic acid
selectively reached the colon and released the drug without being absorbed in the upper GIT[18]
4.1.6 Protein Conjugate

Proteins are hydrophilic by nature because they include polar functional groups such as amino (-NH2)
and carboxyl (-COOH) groups. The membrane permeability of some proteins can be decreased by
these polar groups. Consequently, such polar amino acids have been conjugated to create prodrugs,
which allow for site-specific medication delivery to the colon. Within two hours of oral treatment,
salicylic acid was found in the blood. Blood samples were observed to contain the intact salicylic acid-
glycylglycine combination after intravenous administration. However, free salicylic acid was found in
the blood samples after intracaecal injection. These results indicate that cleaving of such amino acid
conjugates is carried out by the intestinal microbiota. This concept of utilizing intestinal microflora to
cleave prodrug conjugates is useful for delivering drugs specifically to the colon[19]

5. CRITERIA FOR SELECTION OF DRUG FOR TARGETTING COLON

Controlled delivery of drug are particularly beneficial for medications that have poor absorption in the

stomach or intestines, such as peptides. Because these systems allow for targeted delivery to the colon,

they are particularly beneficial for medications used to treat disorders such as diarrhoea, ulcerative

colitis, inflammatory bowel disease (IBD), and colon cancer.

The choice of drug carrier plays a significant role in Controlled Drug Delivery Systems (CDDS). The

targeted ailment and the drug's physicochemical properties are taken into consideration while choosing

the right carrier for a certain medication.

The partition coefficient, stability, chemical characteristics, and kind of absorption enhancer employed

all have an impact on the carrier selection. Moreover, the functional groups found in the drug molecule

have an impact on the choice of drug carrier.

5.1 PH

pH levels across the gastrointestinal tract span from 1 to 8, with the stomach residing in the acidic

range (PH 1-3) and the small intestine transitioning from acidic to neutral (pH 5.9-7.8) [20,21]. This

acidic environment in the colon plays a pivotal role in directing certain drugs to the colon, thus

emphasizing its significance in colon drug delivery. Leveraging this pH dependency can safeguard

drugs from degradation in the acidic stomach environment by utilizing polymers such as Eudragit S100

to coat the drug, which remains stable under these conditions[22]. However, challenges arise due to

variations in pH values among individuals, both within and between them. Additionally, patients with

Crohn’s disease and colitis often exhibit lower colonic pH levels, casting uncertainty on the

effectiveness of pH-dependent drug delivery[23].

5.2 PH Ranges of Various Segments in the Colon

Dew et al [18] were pioneers by incorporating the enteric polymer Eudragit®S into capsule dosage
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forms, gastrointestinal pH can act as a trigger for medication release in the distal gut. Any pH level
above 7 causes Eudragit S, a copolymer of methyl methacrylate and methacrylic acid, to disintegrate.
Following the initial research, a subsequent study was conducted involving tablets coated with
Eudragit S. This study focused on patients with ulcerative colitis, examining the efficacy and safety of
the coated tablets in this specific patient population [24].PH of caecum ranges from 6.4+0.4,PH of
Ascending colon ranges from 6.37+0.58,PH of transverese colon ranges from 6.61+0.83,PH of
descending colon ranges from 7.04+0.67[25],PH of sigmoid colon ranges from 7.38+0.59,PH of
rectum ranges from 7.15+0.44[26]

5.3 Colonic Microflora

The human colon harbors over 300 bacteria species, employing hydrolytic and reductive enzymes to
break down polysaccharides for their energy needs[27]. This unique bacterial environment can
influence the behavior of both drug dosage forms and drugs themselves. Consequently,
polysaccharides and prodrugs like pectin, guar gum, and chitosan are often chosen for colon delivery,
as they can be degraded into active drugs by bacterial enzymes[28]. However, drug metabolism by
bacteria may lead to toxicity or ineffectiveness. Furthermore, factors such as drug, diet, and disease
can perturb the balance of colonic microflora[29]. These observations underscore the importance of
considering how these variables can affect drug release when designing colon-specific drug delivery
systems reliant on bacterial enzymes.

5.4 Transit Time

Transit time refers to the duration it takes for food to pass through the digestive system, from the mouth
to the anus. Transit time can significantly differ among people and is influenced by the specific
nutrients and ingredients present in the meal. Fryne et al [30]Krevsky et al[31] employed a distinct
method to determine the duration of food transit through various parts of the gastrointestinal tract.
Time-dependent colon-targeted delivery systems make use of the gastrointestinal tract's transit time as
a tactic. In the colon, the transit time ranges from 6 to 70 hours, whereas in the small intestine, it is 2
to 6 hours[32]. Patients with colitis exhibit quicker transit times compared to others[33], whereas there
is a decrease in transit time for formulations in individuals with bowel disease[34]. This reduction in
transit time can diminish the effectiveness of therapeutic agents due to shorter exposure periods to the
affected areas.

5.5 Mucus Barrier

Mucus is a hydrogel layer composed mostly of big glycoproteins called mucins [35]It acts as the initial
physical barrier that oral drug formulations face during absorption in the gastrointestinal tract [36]In
humans, the intestinal mucus layer is made up of a loose, luminal layer and a thinner, more tightly
adherent basal layer[37]. The total thickness of the mucosal layer varies between 10 and 200
micrometers, depending on its location in the gastrointestinal tract, ranging from the jejunum to the
colon [38]

The primary roles of GI mucus are:

- Providing lubrication to chyme (partially digested food)

- Shielding the epithelium from mechanical harm

- capturing microorganisms and keeping them from entering the epithelial cells [35]

Most foreign particles—including those from conventional medication delivery systems—are
efficiently absorbed via adhesion into the human GI mucosal layer and subsequently eliminated in
stool. This can greatly restrict the duration of sustained local drug delivery and potentially lead to
suboptimal therapeutic effects

6. FUNCTIONS OF COLON
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A fitting location and conditions for the development of colon-dwelling microorganisms.

The bacteria found in the large intestine are abundant in cytochrome and contribute to the body's
normal flora, which inhibits the growth of harmful bacteria and provides benefits. Additionally, certain
bacteria have the ability to break down cellulose, and individuals with constipation have been found
to break down cellulose more effectively, thereby reducing the excess bulk in their system.

Creation of feces and a repository for waste materials. The process of absorbing potassium and water
from the digestive tract leads to the formation of feces, and this section of the intestine is particularly
efficient at absorbing substances like saline, glucose, certain anesthetics, and amino acids. The release
and elimination of potassium and bicarbonate, along with metals such as bismuth, mercury, and
arsenic, are carried out in this area. In the colon, microorganisms perform synthesis functions by
producing vitamin K and folic acid. While these microorganisms also synthesize a significant quantity
of vitamin B12, it is not absorbed by the body[39]

MICROSPHERE
MAGNETIC
BIOADHESIVE
MICROSPHERE MICROSPHERE FLOATING RADIOACTIVE MUCOADHESIVE POLYMERIC
MICROSPHERE MICROSPHERE MICROSPHERE MICROSPHERE

THERAPEUTIC DIAGNOSTIC BIODEGRADABLE SYNTHETIC
MAGNETIC MAGNETIC POLYMERIC POLYMERIC
MICROSPHERE MICROSPHERE MICROSPHERE MICROSPHERE

7. TYPES OF MICROSPHERES

FIGURE 3: Types of Microspheres

7.1 bioadhesive Microspheres

The process of attaching a medication delivery device to a mucosal membrane—such as those in the
mouth, eye, rectum, or nose—is known as bioadhesion."Bioadhesion" refers to the properties of
substances that adhere to biological surfaces, such as mucous membranes. By adhering to mucosal
tissue, bioadhesive drug delivery devices can establish a close and sustained contact at the
administration site. This prolonged contact can enhance drug absorption and improve patient
compliance by reducing the need for frequent medication administration. By attaching a medication to
carrier particles like liposomes, nanospheres, microspheres, or nanoparticles, carrier technology offers
a tactical way to control the release and absorption of drugs.Microspheres are frequently preferred in
these techniques because of their compact size and excellent capacity for carrying drugs[40,41]

Researchers Ahmad et al [42]created a bioadhesive microsphere (BAM) using Assam Bora rice starch
to deliver metronidazole specifically to the colon. It has been observed that the bioadhesive
microparticles (BAMs) stayed in the colon for a longer amount of time and improved medication
absorption. Studies conducted in vitro showed that while over 90% of the metronidazole was released
in the cecal content, just a minor portion was released in the stomach and small intestine. Additionally,
in vivo investigations demonstrated that the medication exhibited comparable pharmacological effects
to commercial formulations and was only released when the BAMs reached the colon.
Example of Bioadhesive Microsphere Metronidazole
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7.2 Magnetic Microspheres
These microspheres possess a valuable property for drug delivery, as they can localize medication to
the site of disease. The main objective of these microspheres is to minimize the reliance on freely
circulating drugs by substituting them with a reduced amount of magnetically targeted drugs Magnetic
microspheres, smaller than 4 micrometers, can move efficiently through blood capillaries without
causing any obstructions. These microspheres can be guided to the site of disease using an external
magnetic field ranging from 0.5 to 0.8 tesla, as illustrated in the extraction of neuroblastoma cells from
bone marrow using monoclonal antibodies linked to magnetic microspheres.[43—46]
Example of magnetic microspheres targeting colon
Karkar et al[47] have been formulated Mesalamine microsphere as magnetic microsphere
There are two types of Magnetic Microspheres
7.2.1 Therapeutic Magnetic Microsphere
The primary objective of these microspheres is to target liver tumors by delivering a chemotherapy
drug to the affected area. To provide targeted therapy, these microspheres are usually filled with
medications based on proteins or peptides.
7.2.2 Diagnostic Magnetic Microsphere
These microspheres are mostly used to image liver metastases, but they may also be modified to create
nanoparticles like supramagnetic iron oxides, which help identify intestinal loops from other
abdominal structures [48].
7.3 Floating Microspheres
The density of the floating types is lower than that of stomach fluid, which allows them to remain
buoyant regardless of the stomach pace of emptying. These systems release the medication gradually
while remaining buoyant on the contents of the stomach. This prolongs the time the drug is in the
stomach and causes fluctuations in plasma concentration. Furthermore, by decreasing the likelihood
of a sudden dose release, this approach ensures a long-lasting therapeutic effect. Moreover, it reduces
the risk of dose hitting and dumping, thereby prolonging the therapeutic effect and reducing the
requirement for frequent dosing [49—51] Subhash et a/[52] have been formulated 5-Florouracil using
ethyl cellulose as a floating microspheres targeted to the colon
7.4 Radioactive Microspheres
Microspheres used in radioembolization treatment are bigger than capillaries, usually ranging in size
from 10 to 30 nanometers, and they lodge in the first capillary bed upon contact. They are injected into
the arteries that supply the intended tumour, preserving the surrounding healthy tissues while providing
a targeted dosage of radiation. This technology differs from conventional drug delivery techniques
because the radioactivity remains contained within the microspheres and operates within the
radioisotope's typical range. There are three distinct types of radioactive microspheres: gamma, beta,
and alpha emitters[53,54]
7.5 Mucoadhesive Microspheres
Adding mucoadhesive properties to microspheres offers further advantages, including improved drug
absorption and increased bioavailability. This is accomplished by precisely directing medication to the
absorption site, interacting with the mucus layer more closely, and having a larger surface-to-volume
ratio. Mucoadhesive microspheres can be made to stick to many mucosal tissues, including those in
the gastrointestinal tract, nasal cavity, urinary tract and eye. This capability allows for controlled drug
release, targeting both localized and systemic delivery.This is accomplished by engineering the
microspheres to adhere to mucosal tissue, enabling precise and controlled delivery of medications.[55]
Nalini et al[56]have been formulated Con-A conjugated mucoadhesive microspheres for the colonic
delivery of diloxanide furoate
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7.6 Polymeric Microspheres

Different forms of polymeric microspheres exist, including synthetic and biodegradable varieties[57]
7.6.1 Biodegradable Polymeric Microspheres

Because they are compatible with biological systems, naturally decay, and stick to biological surfaces,
natural polymers like starch are used in many applications. Their significant ability to swell in water-
based environments extends their interaction with mucosal membranes, resulting in the gel's creation.
The polymer concentration controls the rate and volume of medicine release as well as the sustained
release pattern. However, in clinical applications, the main obstacle is the complex drug loading
efficiency of biodegradable microspheres, which makes drug release management more
difficult[58,59]

7.6.2 Synthetic Polymeric Microspheres

Synthetic polymeric microspheres are widely used as embolic particles, fillers, bulking agent and drug
delivery vechicle in a variety of therapeutic contexts. It has been shown that they are safe and work
well with biological systems. However,there is a significant disadvantage to these microspheres :they
have tendency to drift away from the injection site,which raises the risk of embolism and the
subsequent organ damage. [60,61]

8. PREPARATION TECHNIQUES

PREPARATION
OF
MICROSPHERES
PHASE QUASSI
SOLVENT v ity SEPERATION SR JoaS SOLVENT EMULSION
EVAPORATION TECHNIQUE TECHNIQUE COACERVATION CONGEALING EXTRACTION SOLVENT
TECHNIQUE DIFFUSION

FIGURE 4: Microspheres Preparation Techniques

8.1 Solvent Evaporation
The microencapsulation procedure occurs within a liquid manufacturing environment, where the
coating of the microcapsule is blended with a volatile solvent that does not blend with the vehicle
phase of the liquid manufacturing process. The coating polymer solution dissolves or disperses a
material intended for microencapsulation. To produce microcapsules of the appropriate size, the liquid
production vehicle phase is mixed with the core material combination and agitated. To allow the
polymer of the core material to distribute throughout the polymer solution and shrink around the core,
the mixture may need to be heated in order to evaporate the solvent. Matrix-type microcapsules are
created when the core material dissolves in the covering polymer solution. Substances that are either
soluble in water or insoluble in water may make up these basic materials. Vapourization of the solvent
causes the polymer solution to form an emulsion with a continuous phase that can be either aqueous
(o/w) or non-aqueous[62—65]. Kishori et al[66]have been formulated tinidazole microspheres by using
this solvent evaporation method.
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FIGURE 5: Formation of Microspheres by Using Solvent Evaporation
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FIGURE 6: Process of Solvent Evaporation

8.2 Single Emulsion Technique

One common method for creating micro-particulate carriers from natural polymers, such proteins and
carbohydrates, is the single emulsion process. The natural polymers are first dissolved or dispersed in
an aqueous solution, and then they are dissolved in a non-aqueous media, such as oil. The dispersed
globules are then cross-linked, achieved through either heat treatment or chemical cross-linkers.
Materials that are susceptible to high temperatures should not be subjected to heat denaturation.
However, if the active component is applied during preparation and then goes through procedures like
centrifugation, washing, and separation, chemical cross-linking may expose it to an excessive amount
of chemicals. The final multiparticulate product's size, distribution, surface features, drug loading, drug
release, and overall performance are all greatly influenced by the surfactants chosen to stabilise the
emulsion phases.[67—70]

S. C. Dhawale et al[71] have been formulated 5- Fluorouracil microspheres targeted to colon by using
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single emulsion method.
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FIGURE 7: Formation of Microspheres by Using Single Emulsion Method
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FIGURE 8: Process of Single Emulsion

8.3 Double Emulsion Technique

In order to produce microspheres, the double emulsion approach involves creating double emulsions,
usually of the w/o/w kind, which works well for water-soluble medications, peptides, proteins, and
vaccines. This method works with both synthetic and natural polymers. A lipophilic organic
continuous phase contains a protein solution that may contain active substances. This continuous phase
usually consists of a polymer solution that is meant to encapsulate the protein in the aqueous phase
that is disseminated. A double emulsion is produced by sonicating the original emulsion and combining
it with an aqueous polyvinyl alcohol (PVA) solution. After that, the emulsion is treated to extract the
solvent, usually by evaporation or extraction. This method has been used to effectively incorporate a
wide variety of hydrophilic drugs into microspheres, including vaccines, proteins, peptides, LH-RH
agonists, and traditional small molecule drugs.[72-74]

Ogawa et al[75]have been formulated Eudragit Microspheres by this double emulsion method
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Figure 9: Schematic Representation of Double Emulsion Method of Microspheres Preparation

8.4 Phase Seperation Coacervation Technique

The phase separation technique is specifically tailored for creating reservoir-type systems, primarily
for encapsulating water-soluble drugs like peptides and proteins. However, some formulations may
take on a matrix structure, especially when dealing with hydrophobic drugs such as steroids. By
decreasing the polymer's solubility in the organic phase, this technique produces a polymer-rich phase
known as coacervates.Drug introduction involves first dissolving the polymer in a suitable solvent,
followed by the drug's introduction into an aqueous solution (if hydrophilic) or its dissolution in the
polymer solution (if hydrophobic). By altering the conditions of the solution, for as by adding salt,
introducing non-solvents, integrating incompatible polymers, or regulating pH, phase separation can
be caused. Throughout this process, continuous stirring is maintained to control the size of the

micropartices.[76]
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FIGURE 10: Formation Process of Coacervate Microsphere
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8.5 Spray Drying and Spray Congealing

This method uses spray drying and spray congealing to air-dry a polymer and drug combination while
removing the solvent or chilling the solution. During spray drying, the medication is disseminated into
the polymer solution by high-speed homogenization after the polymer has been dissolved in a volatile
organic solvent like dichloromethane or acetone. After the mixture is atomized in a hot air stream, the
solvent quickly evaporates, generating tiny droplets or a fine mist that eventually become microspheres
with a typical size range of 1 to 100 um. A cyclone separator is used to separate the microparticles
from the heated air, and vacuum drying is used to eliminate any remaining solvent. An advantage of
this method is its applicability in sterile conditions [77,78]. The example of microspheres developed
by this technique Somatropin, Triptorelin, Lanreotide.

FIGURE 12: Schematic Representation of Spray Drying and Spray Congealing

8.6 Solvent Extraction

An organic solvent is used to disperse the polymer, and the drug is either dissolved or distributed inside
the polymer solution. After that, the product-containing solution is emulsified into an aqueous phase
using necessary additives (such polymers or surfactants) to create an oil-in-water emulsion. Following
emulsification, the organic solvent is extracted using either constant stirring or heating under pressure.
When the solvent is removed, the polymer precipitates at the oil-water droplet interface and forms
cavities [79—-83]

Organic solution Solvent
(stabilizer in oil) o leo extarction/ ® o

> > o o o

Evaporation ®_o

0e® wd

Organic solution
(Polymer+Drug in water Microspheres
miscible/immiscible solvent)

FIGURE 13: Schematic Representation of Solvent Extraction for the Formation of Microspheres

8.7 quassi Emulsion Solvent Diffusion Method:

Academic sources describe the production of drug-controlled release microspheres from acrylic
polymers using a novel quasi-emulsion solvent diffusion process.This method, known as Quassi
emulsion solvent diffusion, makes microsponges by using an external phase made of distilled water
and polyvinyl alcohol(81). Polymers, ethanol, and the drug make up the interior phase. The exterior
phase comprising polyvinyl alcohol and distilled water is added after the internal phase, which is first
prepared at 60°C. An emulsion is formed by constantly stirring the two phases for a duration of two
hours. Filtration is followed by the recovery and separation of the microsponges. [84]
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Method

9. ADVANTAGES OF MICROSPHERES

Microspheres offer the advantage of consistent drug absorption, ensuring a steady level of medication
in the bloodstream. Additionally, the release of drugs in the stomach is impeded, preventing premature
degradation and enhancing stability. This controlled release mechanism contributes to enhanced
therapeutic efficacy, even with a brief duration of action, as the medication is delivered more
efficiently to the target site[85]

Microspheres, often used in drug delivery systems, provide a sustained and consistent therapeutic
impact due to their ability to control the release of medication over an extended period. This can be
particularly beneficial in enhancing patient adherence to treatment regimens. By decreasing the dosing
frequency, patients are less likely to miss doses, thereby improving overall treatment efficacy. By
increasing a drug bioavailability, microspheres can make sure that a larger proportion of the active
component reaches the intended place in the body. This combination of controlled release, reduced
dosing frequency, and improved bioavailability makes microspheres a valuable technology in the field
of medicine.

Microspheres reduce the occurrence of dose dumping, providing a more controlled and steady release
of medication. They also protect drugs from harsh environmental conditions, preserving their stability
and efficacy. Microspheres can conceal the taste and smell of medications, making them more
palatable for patients. Furthermore, they help overcome initial metabolic breakdown, ensuring that a
higher percentage of the active ingredient remains effective when it reaches the target site [86—88]

10. DISADVANTAGES OF MICROSPHERES

Variability in drug release from diverse formulations within the gastrointestinal tract (GIT) can lead
to differences in the rate of release between different doses. This uneven drug release can potentially
cause toxicity, highlighting the importance of following dosage instructions carefully. It is crucial not
to crush or chew the tablet, as this can alter the controlled release mechanism and lead to unexpected
side effects or reduced efficacy[89]

Variations in temperature, pH variations, the addition of solvents, agitation, or evaporation can all
impact the stability of the core particles meant for encapsulation, resulting in a reduction in uniformity
in drug release. [90]

11. REGULATORY ASPECT

Quality by Design (QbD) is integral to the International Conference on Harmonization (ICH) Quality
guidelines and offers a significant chance for the pharmaceutical sector to propel manufacturing
sciences forward into the future. Establishing a quality target product profile (QTPP) is the first step
in the QbD approach. This defines the critical quality attributes (CQAs). Next, a critical material
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attribute (CMA) and critical process parameter (CPP) analysis should be conducted methodically.The
QbD approach highlights a methodical and proactive approach to product development, ensuring that
quality is integrated into the product right from the start. QbD is described by ICH Q8 (R2) as a
methodical approach to product development that starts with predetermined goals, stresses
comprehending and controlling the product as well as the process, uses sound scientific concepts, and
incorporates risk management. The guideline emphasizes the importance of designing the product to
meet the requirements and expected performance desired by patients. Recently, the QbD approach has
been widely applied in developing numerous pharmaceutical products. While companies and products
may vary in their approaches to product development, QbD implementation typically starts with
defining the Quality Target Product Profile (QTPP) in many instances. Based on risk assessment, the
QTPP offers a proactive overview of the drug product's features that are normally met to guarantee its
intended quality, accounting for safety and efficacy. This profile delineates various factors crucial to
the safety and efficacy of the drug product. Once established, CQAs are identified during the drug
development process. According to ICH Q8, these Critical Quality Attributes (CQAs) are the physical,
chemical, biological, and microbiological traits or qualities that have to adhere to specified bounds,
ranges, or distributions in order to guarantee the intended product quality. During the formulation of
microspheres, various quality characteristics must be considered. However, the Critical Quality
Attributes (CQAs) are particularly crucial because their failure to meet specifications could pose
serious risks to patients. Long-acting injectables utilizing microspheres have been extensively used for
delivering peptides and protein therapeutics, benefiting from their capacity to load high amounts and
sustain the release of biologically active macromolecules over extended periods. Researchers have
investigated numerous biocompatible and biodegradable polymers, both natural and synthetic, to
develop optimal microsphere formulations [91]

12. CHARACTERIZATION OF MICROSPHERES

12.1 Physiochemical Evaluation
12.1.1 Size and Shape of Particle
Scanning electron microscopy (SEM) and light microscopy (LM) have historically been the methods
most commonly employed to observe microspheres. To ascertain the form and surface organisation of
these microspheres, both techniques can be utilised. Double-walled microsphere coating parameters
can be controlled using light microscopy, however scanning electron microscopy offers a greater
resolution than light microscopy. Microsphere surfaces may be examined using scanning electron
microscopy. Moreover, cross-sectioning particles allows for the investigation of double-walled
structures. Multiwalled microspheres are characterized by their structure using confocal fluorescence
imaging. Coulter counters and laser light scattering are two methods used in addition to experimental
approaches to ascertain the form, size, and shape of microspheres [92]
12.1.2 Drug Entrapment Efficiency
A specific quantity of microspheres were dissolved in methanol, they were sonicated for fifteen
minutes. The following equation was then used to filter, appropriately dilute, and use a
spectrophotometer to determine the drug concentration in the mixture [93]
% Entrapment = (Actual content/Theoretical content) x100
12.1.3 Percentage Yield
It is calculated by dividing the weight of the microspheres made from each batch by the total weight
of the drug and polymer needed for that batch, and then multiplying the result by 100.
12.1.4 Angle of Contact
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The contact angle is evaluated to assess the wetting properties of the micro-particle carrier and
determine whether the microspheres are hydrophilic or hydrophobic. Each component that has been
adsorbed has an impact on this intrinsic solid characteristic. In order to measure the advancing and
retreating angles of the contact angle, a droplet is put in a circular cell above the objective of an inverted
microscope and the contact angle is measured at the solid/air/water interface. At 20°C, the contact
angle is measured one minute after the microspheres are deposited [94]

12.1.5 The Percentage of Entrapment Efficiency

The following formula was used to determine the encapsulation efficiency.

Entrapment efficiency = AQ/TQx100

AQ = Acutal drug present in microsphere

TQ = Theoretical amount of drug in microsphere [95]

12.1.6 Swelling Studies

After being dried, the microspheres were carefully measured. They were then put in a USP dissolving

apparatus II with 900 ml of phosphate buffer (pH 6.8) at 37 + 2 °C and allowed to swell until their

weight stabilised. The microspheres were properly dried with filter paper after removal, and the weight

difference was recorded. Three times over, these steps were repeated.

The given formula was then used to calculate the swelling index.

Swelling index = (Wg —Wo) x 100 / Wo

Where, W o = Microspheres initial weight
Wg = the weight of microspheres at equilibrium swelling in the medium[96-98]

12.1.7 Density Determination

A multivolume pycnometer is utilized to ascertain the microspheres' thickness. First, the sample is

carefully placed in a vessel, and then introduced into the multivolume pycnometer. Helium is

introduced into the chamber at a consistent pressure, allowing for expansion. In this development, the

results hold less significance within the group. The initial weight is recorded when two consecutive

weight readings differ. The volume, determined by two weight readings, can ascertain the thickness of

the microsphere's transporter[99]

12.1.8 Electron Spectroscopy in Chemical Analysis

The microspheres surface chemistry may be ascertained by electron spectroscopy for chemical

analysis, or ESCA[100]

12.1.9 Fourier Transform-Infrared Spectroscopy

The polymeric structure of the carrier framework is altered by the application of FT-IR. Measurements

of Attenuated Total Reflectance (ATR) infer the microspheres' exposed surface. The ATR cell allows

the infrared beam to pass through, and the sample is usually reflected back, giving rise to IR spectra

that are mostly focused on the surface material. Microsphere surface structure is shown using ATR-

FTIR, which takes into account environmental influences and manufacturing processes [101]

12.2 Invitro Method

The drug release is established using the following techniques.

12.2.1 Beaker Method

An overhead stirrer is used to continuously mix the dosage form so that it remains in the medium at

the bottom of the beaker. Previous research has employed medium volumes ranging from 50 to 500 cc

and stirrer speeds from 60 to 300 rpm[102,103]

12.2.2 Interface Diffusion Method

This method, which has four separate portions, was created by Dearden and Tomlinson. First, a suitable
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dosage of medication in buffer solution is kept in Compartment A, which is designed to resemble the
mouth. Compartment B resembles the buccal membrane and contains 1-octanol, while compartment
C simulates physiological fluids and includes 0.2M HCI. Compartment D is used to illustrate protein
binding and contains 1-octanol. Prior to use, the aqueous and 1-octanol phases must be saturated with
one another. Using a syringe, samples are taken out of compartment A and then put back in

12.2.3 Dissolution Apparatus Method

Both of the spinning parts of a normal USP or BP dissolving apparatus—the paddle and the basket—
have been used to evaluate the in vitro release characteristics. The research used a dissolving media
that has a volume ranging from 100 to 500 ml with rotating speeds between 50 and 100 rpm[104]
12.3 In Vivo Method

In order to measure intact mucosal permeability, techniques that evaluate an organism's biological
response, either locally or systemically, as well as those that directly measure drug absorption or
accumulation at the mucosal surface, are utilised. The most widely used in vivo research techniques
usually involve the use of animal models and buccal absorption tests [105]

13. APPLICATION OF MICROSPHERES IN PHARMACEUTICAL INDUSTRY

13.1 Vaccine Delivery through Microspheres
The formation of immunity against infectious illnesses is the fundamental concept behind the
protective effects of vaccines. Examples of such vaccinations, like those for tetanus, diphtheria, and
cholera, are encapsulated within microspheres[106]Microspheres that contain vaccines prolong the
release of antigens over weeks or even months, thereby boosting the immune
response[107,108]Enclosing the vaccine within an appropriate carrier and retaining it until its release
prevents vaccine degradation. When administering a vaccination under control, it is possible to
accommodate both the adjuvant and the antigen within a single carrier, which may lessen the likelihood
of systemic side effects. Biodegradable polymers are employed to ensure a stable release of
encapsulated antigens while they decompose into harmless, minuscule constituents inside the
organism. Chitosan microspheres can encapsulate a range of antigens. It is frequently chosen to use
synthetic biodegradable polymers, such poly-lactic-co-glycolic acid, to encapsulate antigens in single-
dose vaccinations [109]
13.2 Delivery of Opthalmic Drug through Microspheres
Polymers used in administering ocular medications provide adhesive properties and enhance
permeability. Polymer hydrogels are more effective than other forms of eye drug delivery, like
ointments or solutions, due to their elasticity [110].A chitosan gel prolongs the presence of drugs in
the precorneal area by preventing their escape through tear flow, spreading across the conjunctiva, and
enhancing adherence to the eye's mucous membrane. Drug-loaded microspheres can be incorporated
into polymer hydrogel systems to enable controlled or continuous medicine delivery in the eye [111]
13.3 Delivery of Genes Using Microspheres
Recombinant adenoviruses are often employed for gene transfer because they are very efficient and
can target many kinds of cells. However, when used in vivo, they can cause immunological reactions
and can cause cancer. Viral vector-based gene therapy usually requires recurrent delivery. In order to
distribute genes continuously without the risk of infection, genes are encased in microspheres.
Microspheres offer advantages such as scalability, reproducibility, stability, simplicity of production,
and precise targeting of cells or tissues [112]
13.4 Microspheres Containing Monoclonal Antibodies
When it comes to antigen molecules that are present at the targeted region, monoclonal antibodies
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exhibit a high degree of specificity. Microspheres exploit this selectivity to target pharmacologically
active substances [113] .There are several ways to attach monoclonal antibodies to microspheres:
chemical coupling, nonspecific adsorption, covalent bonding, and selective adsorption. The free
carboxyl, aldehyde, amino, or hydroxyl groups on the surface of microspheres can be bound by these
antibodies. For as long as six months, monoclonal antibodies against vascular endothelial factor were
persistently released from microspheres [114]
13.5 Microspheres for Delivery of Protein and Peptide
Studies have looked at the regulated release of peptides and proteins from microspheres composed of
biodegradable polymers [115]. Plasma proteins or peptides can be preserved in these microspheres for
extended periods of time at steady-state concentrations. Protein/peptide therapies can be produced
using chitosan microspheres, polylactic-co-glycolic acid, and biodegradable polylactic acid.
Microsphere-based distribution is used by commercially marketed peptide drugs such as abarelix,
buserelin, lanreotide, and triptorelin[116]
13.6 Microspheres Utilized In Cancer Treatment
Microspheres that contain radioactive substances like yttrium-90 are utilized to treat liver cancers.
After being injected into the hepatic artery, these 30-micron-diameter microspheres go to the tumor
vasculature, where radiation exposure destroys the tumor cells while sparing the nearby healthy cells.
Colon cancer can be treated with the drug in polymeric microspheres. 5-fluorouracil. These
microspheres stop the drug from breaking down in the stomach[117]
13.7 Porous Microspheres for Topical Use
Numerous active substances, including volatile oils, emollients, and perfumes, can be encapsulated in
these porous microspheres. They are used as carriers for topical therapies and can be added to products
like creams, lotions, and powders[118,119]
13.8 Drug Delivery through Vaginal Route
A polymer that has had its major amino groups changed with thioglycolic acid encapsulates
clotrimazole, an imidazole derivative that is frequently used to treat fungal infections of the
genitourinary tract. The polymer's capacity to stick to mucosal surfaces is significantly improved by
the addition of thiol groups. This allows the polymer to stay on vaginal tissue for up to 26 times longer
than it would have otherwise and allows for controlled medication release to treat fungal infections.
Together with metronidazole and acriflavine, this polymer has been used in vaginal tablets that have
shown good adhesion qualities and efficient drug release[120]
13.9 Colonic Drug Delivery
Insulin has been developed with the goal of delivering it straight to the colon by the use of polymers.
Insulin, together with a variety of absorption boosters and enzyme inhibitors, was put into chitosan
capsules with an enteric coating (hydroxy propyl methyl cellulose phthalate). The capsules were shown
to dissolve exclusively in the colonic area; this may have been caused by lower pH levels in the
ascending colon relative to the terminal ileum or by the activity of bacterial enzymes that may break
down the polymer[120]
13.10 Delivery Through Buccal
Because polymer has muco/bio adhesive qualities that improve absorption, it's a great option for buccal
distribution. Through prolonged drug release in the buccal cavity, buccal tablets containing chitosan
microspheres and chlorhexidine diacetate show increased antibacterial efficacy. Because of the nature
of the polymer, even drug-free polymer microparticles have antibacterial qualities. Buccal bilayer
devices have remarkable potential for regulated distribution in the oral cavity. These devices include
palavered tablets and bilaminated films, with or without anionic crosslinking polymers such gellan
gum, sodium alginate, and polycarbophil. These drugs can include propranolol hydrochloride and
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nifedipine [120]

13.11 Gastrointestinal Drug Delivery

When placed in acidic and neutral conditions, polymer granules with internal gaps created by
deacidification float, allowing prednisolone to be released gradually. The controlled-release,
gastroretentive action of melatonin is facilitated by the use of floating hollow microcapsules. With
times varying from 1.75 to 6.7 hours in artificial gastric juice, these microcapsules greatly extend the
time that the drug is released. For more than ten hours, the majority of mucoadhesive microcapsules
stay in the stomach, even those laden with glipizide and methoclamide[120]

14. FUTURE ASPECT

The future of microspheres targeted to the colon holds immense potential, driven by advancements in
materials science, drug delivery mechanisms, and personalized medicine. Emerging biodegradable and
biocompatible polymers, along with stimuli-responsive materials, will enhance the specificity and
safety of these drug delivery systems. Innovations in pH-sensitive, enzyme-sensitive, and bacteria-
triggered release mechanisms will ensure precise drug release at the target site.

Therapeutically, microspheres will offer more effective treatments for conditions such as inflammatory
bowel disease, colon cancer, and colonic infections, with minimal systemic side effects. Advances in
drug loading techniques and controlled release profiles will further improve therapeutic outcomes.
Manufacturing scalability will benefit from cutting-edge technologies like 3D printing and
microfluidics, ensuring consistent quality and efficacy. Patient compliance will improve with taste-
masking techniques and convenient dosage forms. Regulatory and safety considerations will remain
paramount, with ongoing studies to ensure long-term biocompatibility. Personalized medicine will
thrive with customizable microsphere systems tailored to individual genetic and microbiome profiles.
Integration with nanotechnology, bioprinting, and artificial intelligence will drive the creation of
sophisticated, highly targeted delivery systems.

Finally, extensive clinical trials and real-world evidence will validate and refine these innovations,
ensuring that microsphere-based therapies become a cornerstone of targeted treatment for colonic
diseases.

15. CONCLUSION

In conclusion, the future of microspheres targeted to the colon is poised to revolutionize drug delivery
and therapeutic efficacy for colonic diseases. Advancements in biodegradable and biocompatible
materials, coupled with sophisticated release mechanisms triggered by colonic-specific stimuli, will
enable precise and safe drug delivery. These innovations promise significant improvements in treating
conditions such as inflammatory bowel disease, colon cancer, and infections, with reduced systemic
side effects.

Enhanced drug loading capacities and controlled release profiles will optimize therapeutic outcomes,
while advanced manufacturing techniques will ensure scalable production of high-quality
microspheres. Patient compliance will benefit from improved taste-masking and user-friendly dosage
forms, and the integration of personalized medicine will allow for tailored therapies based on
individual patient profiles.

As regulatory frameworks evolve to accommodate these novel systems, and as clinical trials and real-
world applications validate their efficacy, microsphere-based drug delivery to the colon is set to

become a cornerstone of modern medical treatment, offering targeted, efficient, and patient-centric
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