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Article History: Microspheres are multiparticulate drug delivery systems that distribute medications at a

predetermined rate to a specific region. Microspheres are free-flowing powders
manufactured from biodegradable proteins or synthetic polymers, with particle sizes ranging
from 1 to 1000 micrometers. Benefits of using microspheres in medication delivery, bone
tissue manufacture, and pollutant absorption and desorption by regeneration .The study
demonstrates how microsphere parameters are planned and measured. Bioadhesive
microspheres, polymeric microspheres, magnetic microspheres, floating microspheres, and
radioactive microspheres are only a few examples of complicated microspheres. Cosmetics,
oral medication administration, target drug delivery, ocular drug delivery, gene delivery, and
other industries covered in the paper could all benefit from microspheres. To ensure best
therapeutic effectiveness, the agent must be delivered to target tissue at an optimal amount
during the appropriate timeframe, with low toxicity and adverse effects. There are several
methods for delivering the therapeutic substance to the target site in a controlled manner.
The use of microspheres as medication carriers is one such technique. The value of
microspheres as a novel drug delivery carrier to accomplish site-specific drug delivery was
discussed in this article.
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biodegradable, spherical, free-flowing proteins or synthetic
polymer particles. 2 Microspheres are divided into two
categories;

INTRODUCTION:

The purpose of the novel drug delivery system is to
distribute medications at a rate that is appropriate for the
body's needs throughout therapy, while also getting the *
active component to the site of action as rapidly as feasible.
The capacity of drug delivery systems (DDS) to precisely

Microcapsule

e Micro matrices

monitor drug release rates or target medications to specific
body regions has had a significant impact on the health-care
system. The finest drug delivery system provides
pharmaceuticals at a defined pace determined by the body's
demands and delivers active components to the site of action
over the duration of treatment. Drug carrier technology
offers an intelligent approach by binding the drug to carrier
particles such as microspheres, nanoparticles, or lipids to
drug delivery.t

MICROSPHERES:

Entrapped substances are scattered within the
microsphere's matrix in micromatrices, while entrapped
substances are clearly confined by the characteristic capsule
wall in microcapsules. Micromatrices have the trapped
material spread throughout the microspheres matrix, while
microcapsules have the trapped substance clearly confined
by a defined capsule wall. The medication was disseminated
or dissolved via the particle matrix, and the solid
biodegradable microspheres have the potential to allow for
regulated drug release. Microspheres are solid spherical
particles that range in diameter from 1 to 100um. They're
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Microcapsules have a distinct capsule wall around the
entrapped substance, whereas micromatrices have the
entrapped substance spread throughout the matrix of the
microsphere. Solid biodegradable microspheres with a drug
disseminated or dissolved via a particle matrix can be used
to provide controlled drug release. Biodegradable synthetic
polymers and modified natural goods, as well as polymeric
waxy or other protective compounds, are used to make them.
3 Polymers and waxes of natural and manmade sources are
used to make them. Microsphere stability, solubility, and
drug release are all affected by the type of polymer employed
to form them. Polyethylene, polystyrene, and expandable
microspheres are the most common types of polymeric
microspheres. Solid and hollow microspheres are available.
Hollow microspheres are used as an addition to lower the
density of a material. Topical formulations based on
microspheres have gained popularity for their therapeutic
efficacy over longer periods of time. In recent years, the
usage of micro particle medication delivery devices has
grown in popularity.+567.8
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HISTORY

e Bunge berg de Jong and coworkers' work on the
trapping of substance using coacervates in the 1930s
gave birth to the concept of packaging minuscule
quantities of stuff in microspheres.

e Microspheres were first used in industry in the 1960s.9
ADVANTAGES OF MICROSPHERES10

1. Microspheres have a predictable and
therapeutic effect.

long-term

2. Lower the frequency of dosing to increase patient
compliance.

3. They can be introduced into the body due to their
spherical shape and lower size.

4. Better drug use will increase bioavailability while
reducing the likelihood of negative effects.

5. Microsphere shape enables for regulated medication
release and degradation variations.

6. Oils and other liquids are solidified to make them more
manageable.

7. Compared to big polymer implants, biodegradable
microspheres have the benefit of not requiring surgical
procedures for installation and removal.

DISADVANTAGES OF MICROSPHERES:

1. The ingredients and processing costs of controlled
release formulations are significantly greater than
regular formulations.

2. The fate of polymer matrix and its environmental impact.

3. Plasticizers, stabilizers, antioxidants, and fillers are
examples of polymer additives.

4. Reproducibility is less.

5. Process variables such as temperature, pH, solvent
addition, and evaporation/agitation might affect the
stability of encapsulated core particles.

6. The influence on the environment of polymer matrix
breakdown products produced in reaction to heat,
hydrolysis, oxidation, solar radiation, or biological
agents.

Microsphere
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IDEAL CHARACTERSTICS OF MICROSPHERES:

11
1. The ability to assimilate medication concentrations that
are relatively high.

2. After synthesis, the preparation's stability and shelf life
must be clinically acceptable.

3. Injections in aqueous vehicles with controlled particle
size and dispersibility.

4. Controlled release of active substances over a long
period.

5. Controllable biodegradability and biocompatibility
6. Susceptibility to chemical modification.

CRITERIA FOR MICROSPHERES
PREPARATION: 11

e It is possible to incorporate liquid, solid, or gas into one
or more polymeric coatings using the microencapsulation
technique.

e The different methods for preparing various
microspheres are dependent on the route of
administration , particle size , drug release length and the
rpm, cross linking process, drug of cross linking , co
precipitation, evaporation time, and other factors.

e The preparation of microspheres should satisfy certain
criteria:

o The release of active reagent under strict supervision on
a long time scale.

o It should be capable of incorporating very high drug
concentrations.

o It should be able to withstand chemical alteration.

o After synthesis, the consistency of the preparation for a
clinically suitable shelf life.

o Biodegradability and controllable biocompatibility.

e The controlled particle size and dispersabilty in the
aqueous vehicles for injection.

Fill Material

Microcapsule

Figure 1: Microspheres and Microcapsules
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CLASSIFICATION OF POLYMERS:
Synthetic Polymers: Divided into two types:

» Non - biodegradable: Acrolein, glycidyl methacylate,
Epoxy polymers etc.12

» Biodegradable: Polyanhydrides, polyalkylcyanoacrylates
lactides glycosides and their copolymers.13.14

Natural Materials: They are obtained from different
sources like: 1516

Proteins (albumin, gelatin, collagen)
Carbohydrates (starch, agarose, carrageenan)

Chemically modified carbohydrates (poly acryl dextran,
poly acryl starch)

TYPES OF MICROSPHERES:

o Bioadhesive Microspheres

The technique of adhering a medication to a membrane
using the adhesive characteristics of water-soluble polymers
is known as adhesion. A drug delivery system's adhesion to a
mucosal membrane, such as the buccal, ocular, rectal, nasal,
and other mucosal membranes, is referred to as bio
adhesion. These microspheres have a longer residence time
at the application site, resulting in better absorption and
therapeutic activity.1?

e Magnetic Microspheres

This type of delivery mechanism is crucial because it allows
the drug to be administered precisely where it is required. In
this situation, a smaller quantity of magnetically focused
medicine will replace a larger quantity of freely circulating
drug. Magnetic responses to a magnetic field can be found in
chitosan, dextran, and other integrated materials utilized in
magnetic microspheres.!8 The different types are:

Therapeutic Magnetic Microspheres

These are used to deliver a chemotherapeutic drug to
malignancies in the liver. This technique can potentially be
used to target drugs like proteins and peptides.1”

Diagnostic Microspheres

By producing nano-size particles of paramagnetic iron
oxides, they can be used to image liver metastases as well as
distinguish bowel loops from other abdominal structures.1?

e Floating Microspheres

Floating forms have a lower bulk density than gastric fluid;
therefore they float in the stomach and have no effect on the
rate of gastric emptying. The medicine is released slowly and
at the desired rate if the system is floating on gastric
contents, which enhances stomach residency and plasma
concentration variability. Strikes are also less common, as is
dose dumping. It also offers a longer therapeutic effect,
reducing the need for frequent dosage.20

e Radioactive Microspheres

Radioembolization is a type of treatment that involves
injecting a substance into the body. Microspheres with a
diameter of 10-30nm are larger than capillary microspheres
and are tapped in the first capillary bed as they pass through
before being introduced into the arteries that create a tumor
of interest. As a result, radioactive microspheres deliver a
high dosage of radiation to the target locations while causing
no harm to the surrounding tissues in all of these scenarios.
21 It differs from a drug delivery system in that radioactivity
is not released from microspheres but instead acts from
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within a radioisotope typical distance, and the various types
of radioactive microspheres are a,y, emitters.22

e Polymeric Microspheres

The different types of polymeric microspheres can be
classified as:

Biodegradable Polymeric Microspheres

Biodegradable, biocompatible, and bioadhesive natural
polymers such as starch are employed. Biodegradable
polymer extends the residency period when in touch with
mucous membranes due to its excellent degree of swelling in
an aqueous media, resulting in the development of gels. The
rate and degree of medication release are controlled by the
polymer concentration and the release pattern throughout
time. The key problem is that biodegradable microspheres'
drug loading performance in clinical application is tricky,
making drug release difficult to control. Microspheres, on
the other hand, offer a wide range of uses in microsphere-
based therapy.23

Synthetic Polymeric Microspheres

Synthetic polymeric microspheres have been proved to be
safe and biocompatible in clinical applications as bulking
agents, fillers, embolic particles, drug delivery vehicles, and
other applications.2# The main disadvantage of these
microspheres is that they have a proclivity for moving away
from the injection site, providing a danger of embolism and
subsequent organ injury.

MECHANISM OF MICROSPHERES

The majority of drug delivery using micro particles avoids
the establishment of a matrix-like internal solid dispersion
morphological structure. It's possible that the medication is
insoluble in the polymeric matrix and is released during
erosion. Water diffuses into the matrix first, causing it to
dissolve towards the device's surface. The osmotic pressure
is relieved by establishing a conduit to the surface and
releasing a predefined amount of medicine in the initial drug
burst.25

METHOD OF PREPARATION
Methods used for the preparation of microspheres are:
Single emulsion techniques

Double emulsion techniques
Polymerization

Normal polymerization

Interfacial polymerization

Phase separation coacervation technique
Spray drying

Emulsion cross linking method

Solvent evaporation

Solution -enhancement dispersion method

V V V V VYV V V V V V V

lonic gelation method?26
¢ Single Emulsion Technique

A wide range of proteins and carbs can be prepared using
this technology. The natural polymers are dispersed in an oil
phase, which is a non-aqueous media, after being dissolved
in an aqueous medium. That is the first stage of the
procedure.?’” The two methods are used to cross link the
next step as:
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Cross Linking by Heat

It can be done by dispersing the dispersion in hot oil.
However it is not suited for thermo sensitive medications.

Chemical Cross Linking Agents

Formaldehyde, diacid chloride, glutaraldehyde, and other
substances are used in this process. When active ingredients
are administered at the time of preparation and
subsequently centrifuged, washed, and separated, it is
detrimental to the unnecessary exposure of active
substances to chemicals. By introducing a chitosan solution
(in acetic acid) to liquid paraffin containing a surfactant
without using an emulsion as a cross-linking agent, a 25%
glutaraldehyde solution is used to make microspheres.28

¢ Double Emulsion Technique

The primary w/o emulsion is poured into an aqueous
polyvinyl alcohol solution, resulting in W/0/W. For 30
minutes, the w/o/w emulsion must be stirred continuously.
For 30 minutes, gradually add water to the emulsion.
Filtration and drying of microcapsules under vacuum Water-
soluble medications, peptides, proteins, and vaccines are all
well-suited to it. This procedure can be done with both
natural and synthetic polymers. In a continuous organic
lipophilic phase, the aqueous protein solution is dispersed.3?

e Polymerization Techniques

Two techniques are mainly used for the formulation of
microspheres are as follow;

Normal Polymerization

A monomer or a combination of monomers, along with the
initiator or catalyst, is commonly heated to commence
polymerization in bulk polymerization. The resulting
polymer can be molded into microspheres. Drugs can be
added during the polymerization process. Although this is a
pure polymer production technique, it is difficult to dissipate
the heat of the reaction, which can harm thermo labile active
components. Suspension polymerization, also known as
pearl polymerization, involves heating the monomer
combination with the active medication as droplets
dispersion in a continuous aqueous phase at a lower
temperature.3!

Interfacial Polymerization

At the interface between the two immiscible liquid phases,
different monomers react to generate a polymer film that
basically envelops the dispersed phase. This effectively
encloses the dispersed phase. Two reactive monomers are
used in this process; one is dissolved in the continuous
phase, while the other is disseminated in the continuous
phase (naturally aqueous) throughout which the second
monomer is emulsified.32

e Phase Separation Coacervation Technique

This method is based on the idea of lowering the polymer's
solubility in the organic phase in order to affect the
production of coacervates, a polymer-rich phase. The drug
particles are disseminated in a polymer solution, and the
device is then filled with an incompatible polymer that
separates the first polymer phase and engulfs the drug
particles. The addition of the non-solvent causes the
polymer to solidify. Using butadiene as an incompatible
polymer, this method was utilized to make polylactic acid
(PLA) microspheres. The pace of accomplishment of the
coacervates determines the distribution of the polymer film,
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hence process variables are important. The particle size and
aggregation of the produced particles are both important
factors. Because as the process of microsphere formation
begins, the produced polymerized globules begin to stick
and form agglomerates, agglomeration must be avoided by
stirring the suspension with an appropriate speed stirrer.
Process variables are crucial because they govern the
kinetics of the produced particles, as there is no
predetermined state of equilibrium.32

e Spray Drying

Before being spray dried, the polymer is first dissolved in a
suitably volatile organic solvent, such as dichloromethane or
acetone. After that, high-speed homogenization is used to
disseminate the chemical in a polymer solution. After that,
the dispersion is atomized, resulting in a heated air current.
The atomization process produces tiny droplets or fine mists
from which the solvent evaporates almost instantly, forming
microspheres in the 1-100 nm range. By a cyclone separator,
micro particles are separated from hot air, and the solvent
residue is removed using vacuum drying. The procedure's
survivability under aseptic circumstances is one of its key
advantages. This is a fast process that results in the
production of porous micro particles.33

¢ Emulsion Crosslinking Method

The reactive functional group of polymers is used to
crosslink with the aldehyde group of cross linking agents in
this procedure. Emulsifying the polymer aqueous solution in
the oily phase yield water-in-oil emulsion in this approach. A
appropriate sulphosuccinate was used to stabilize aqueous
droplets. To harden the droplets, a cross linker such as
glutraldehyde was added to the stable emulsion. To
eliminate residues of oils, the microspheres were filtered
and washed repeatedly with hexane or petroleum ether.
They were eventually washed with water to remove the
cross linker, and then dried for 24 hours at room
temperature.3*

e Solvent Evaporation

A liquid production vehicle is used to carry out the
processes. A volatile solvent is used to disperse the
microcapsules, which is not mixed with the liquid stage of
the manufacturing process. The microencapsulated core
material is dissolved or dispersed in a polymer coating
solution with agitation. The core material mixture is spread
during the vehicle's liquid production process to achieve the
appropriate microcapsule size. The combination is then
heated, if possible, to evaporate the solvent for the primary
material's polymer dispersion in the polymer solution, and
the polymer shrinks around the core. A matrix - a type of
microcapsule - is formed when the core material is
dissolved in a polymer coating solution. Water-soluble or
water-insoluble core materials are available. Aqueous (o/w)
or non-aqueous formations result from solvent
evaporation.35

e Jonic Gelation Method

The alginate/chitosan particulate system was created using
this approach for the release of diclofenac sodium. The
medication is mixed with an aqueous sodium alginate
solution in this stage. To obtain a full solution, the stirring is
continued and the Ca2+*/Al3+ solution is added drop by drop.
Internal jellification was achieved by leaving the
microspheres in the original solution for 24 hours before
filtration and separation. PH 6.4-7.2 allows for full release,
but the drug will not release at an acidic pH.36
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LIST OF MARKETED MICROSPHERES DRUG PRODUCT?3”

Table 1: Marketed Microspheres Drug Products

DRUG COMMERCIAL NAME TECHNOLOGY
Risperidone Risperdal IR, Consta Double emulsion(o/w)
Naltrexon Vivitro IR Double emulsion(o/w)
Leuprolide Leupron DepotR Double emulsion(o/w/0)
Octreotide SandostatinR LAR Phase separation
Somatropin NutropinR Spray drying

Triptorelin Trelstar Depot, DecapeptylIR SR Phase separation
Lanreotide SomatulineR LA Phase separation

EVALUATION PARAMETERS OF
MICROSPHERES:

e Characterization

The characterization of micro particulate carriers is an
important phenomenon that contributes in the development
of a suitable carrier for the transport of proteins, medicines,
or antigens. These microspheres have different
microstructures. These microstructures control the carrier's
release and stability.38

¢ Particle size and shape:

Conventional light microscopy (LM) and scanning electron
microscopy (SEM) are the most widely utilized technologies
for seeing tiny particles. Both can be used to investigate the
form and structure of micro particles. In the case of double-
walled microspheres, LM allows you to modify the coating
settings. Before and after coating, the microspheres'
structures can be viewed, and the difference may be assessed
microscopically. In comparison to LM, SEM has a better
resolution. SEM can be used to investigate the surfaces of
microspheres, and it can also be used to investigate double-
walled structures when the particles are cross-sectioned.38

e Electron spectroscopy for chemical analysis

Electron spectroscopy for chemical analysis (ESCA) can be
used to determine the surface chemistry of microspheres.38

e Density Determination

A multi-volume pycnometer can be used to calculate the
density of the microspheres.3?

e Iso electric point

Micro-electrophoresis is used to determine the
electrophoretic mobility of microspheres, which can then be
used to determine the isoelectric point.4?

e Angle of contact

The wetting qualities of the micro particle carrier are
determined by the contact angle.*!

e Percentage yield

It is computed by multiplying the weight of microspheres
obtained from each batch by the total weight of medication
and polymer used to prepare that batch by 100.43

e Swelling Index

The swelling index of the microspheres was determined by
using the formula:
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Swelling Index= (mass of swollen microspheres mass of dry
microspheres /mass of dried microspheres) 43

¢ Bulk Density:

It's calculated by pouring a known-weight sample of
microspheres into a measuring cylinder, measuring the
length of the cylinder, and then dividing the weight by
volume.

Bulk Density =wt. of the microspheres/bulk volume
e Tapped Density

It's calculated by pouring a known-weight sample of
microspheres into a measuring cylinder, tapping it
completely, and measuring the volume, then dividing the
weight by the volume.

Tapped density = wt. of the microspheres/ volume after
tapping

e Hausner's Ratio

The ratio of tapped density to bulk density of microspheres
is known as Hausner's ratio, and it can be used to forecast
how microspheres would flow. The presence of free-flowing
microspheres is indicated by a low Hausner's ratio of 1.2.

Hausner’s ratio= bulk density- tapped density
e Angle of repose

A heap of microspheres can achieve the highest angle to the
horizontal. One of the approaches for estimating the angle of
repose is to use a set height cone and a fixed base cone.

Angle of repose 6= tan-1h/r
r= the radius of the base of the heap of a microspheres
h= height of the heap of microspheres
e Zeta Potential

The polyelectrolyte shell is formed by combining different
atomic loads of chitosan in the W2 stage, and the succeeding
particles are determined by Zeta potential estimate.46

APPLICATIONS OF MICROSPHERES#9; 50
e Microspheres in vaccine delivery

The following requirements must be met by an ideal vaccine:
effectiveness, safety, convenience of use, and affordability.
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Biodegradable vaccine delivery systems for vaccines given
via the parental route may be able to overcome the
drawbacks of traditional vaccines.

» Improved antigen city by adjuvant action

» Modulation of antigen release

» Stabilization of antigen.

e Targeting using micro particulate carriers

The concept of site-specific medication delivery, often known
as targeting, is a well-established doctrine that is gaining
traction. The ability of a medication to reach and interact
with its target receptors determines its therapeutic
effectiveness. At the heart of pharmacological action, which
is mediated via a carrier system, is the ability to leave the
pool in a repeatable, effective, and exact manner.

e Monoclonal antibodies

targeting

mediated microspheres

Monoclonal antibodies directed against microspheres are
known as immune microspheres. This is a method of
attaining site-specific targeting. Monoclonal antibodies are
highly selective molecules. Mabs can be directly linked to the
microspheres thanks to covalent binding. Mabs can be
connected to microspheres using any of the ways described
below.

» Non - specific adsorption and specific adsorption
» Direct coupling

» Coupling via reagents

¢ Chemoembolisation

Chemoembolisation is an endovascular treatment that
involves targeted tumor artery embolization and local
delivery of a chemotherapeutic medication at the same time
or later.

e Imaging

The particle size range of microspheres is an important
consideration when imaging specific regions with radio-
labeled microspheres. The particle is caught in the lungs
capillary bed after being introduced intravenously outside of
the portal vein. This phenomenon is used to create
scintigraphic imaging of tumor masses in the lungs using
tagged human serum albumin microspheres.

e Topical porous microspheres

Micro sponges are porous microspheres with an
interconnected network of voids ranging in size from 5 to
300um. The topical carry system is made up of micro
sponges that can entrap a wide range of active compounds
like emollients, perfumes, and essential oils, among others.

e Medical Applications

Microspheres are utilized in vaccine administration for
diseases such as hepatitis, influenza, pertusis, diphtheria, and
many others, and have a wide range of medical applications,
including long-term release of proteins, hormones, and
peptides. For DNA plasmid and insulin delivery therapy,
microspheres are the most effective. Through intra arterial/
intravenous treatments, microspheres will be used to target
leaky tumor arteries passively and tumor cells and antigens
dynamically.

o Radioactive Microspheres Applications

It can be utilized for radio embolization of liver and spleen
tumors, as well as radio synovectomy of rheumatic joints,
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local radiotherapy, and interactivity care. In a deep vein
thrombosis, the liver, spleen, bone marrow, lung, and even
the thrombus can be imaged.

e Other Application

Fluorescent microspheres can be employed in membrane-
based flow cytometry, cell biology, and fluorescent
immunosorbent assays, among other things. Yttrium 90 can
be used for both primary and pre-transplant management of
HCC, according to promising data.

e Colonic Drug Delivery

Chitosan, for example, has been utilized to transport insulin
to the colon in a targeted manner.

e Vaginal Drug Delivery

Chitosan, Gelatin, and PLGA are polymers with thioglycolic
acid added to the main amino groups. They're commonly
utilized to treat genitourinary tract mycotic infections.

o Targeting by using Micro Particulate Carriers

The concept of targeting is a well-established dogma that has
recently gotten a lot of attention. The ability of a medication
to reach and engage with receptors determines its reaction.
Pellets, such as microcrystalline cellulose (MCC) and
chitosan, are typically employed, which can be manufactured
utilizing extrusion/spherization technique.
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CONCLUSION

Because of its enhanced patient enforcement and targeting
accuracy, microspheres are a safer drug administration
system than other types of drug delivery systems. Because of
its benefits of continuous and controlled-release action,
increased stability, lower dose frequency, dissolving rate,
and bioavailability, the microspheres drug delivery system is
the most commonly wused drug delivery system.
Microspheres drug delivery is a safe and effective drug
delivery technique that can be utilized for a range of
applications including precision medication targeting,
floating and vaccination distribution, and more. The methods
for preparing and evaluating microspheres are widely
available and effective. Microspheres are used to imaging
malignancies, identify bimolecular interactions, and cure
cancer, among other things. As a result, microspheres will
become increasingly essential in medical research in the
future.
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