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ABSTRACT

Islet cell encapsulation represents a cutting-edge strategy designed to enhance diabetes treatment, especially for
those with type 1 diabetes. This method involves encasing insulin-producing islet cells within biocompatible,
semipermeable substances, which protect them from the body’s immune response while permitting the flow of
nutrients, oxygen, and insulin. Such an approach could enable long-lasting insulin management without the
reliance on immunosuppressive medications. Recent improvements in encapsulation methods, including new
biomaterials and microencapsulation processes, are promising in boosting the survival, functionality, and
integration of islet cells after transplantation, bringing us closer to developing more efficient and less invasive

therapies for diabetes.
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1. INTRODUCTION TO DIABETES MELLITUS
Diabetes mellitus may be a bunch of physiological
dysfunctions characterized by hyper-glycemia coming
about specifically from affront resistance, lacking affront
discharge, or over the top glucagon emission.! It is the
foremost common endocrine clutter and by the year
2010, it is evaluated that more than 200 million
individuals around the world will have DM and 300
million will in this way have the illness by 2025. As the
illness advances tissue or vascular harm results driving to
serious diabetic complications such as retinopathy,
neuropathy, nephropathy, cardiovascular complications
and ulceration. In this way, diabetes covers a wide extend
of heterogeneous maladies.!”)

1.1 Types of diabetes

Type 1 diabetes is an immune system condition where
the body assaults insulin-producing cells within the
pancreas' This sort regularly creates in childhood or early
adulthood and requires every day affront injections.”
Type 2 diabetes, the foremost common frame, happens
when the body gets to be safe to affront or doesn't deliver
sufficient of it.") It is regularly related with way of life
variables like slim down and physical movement.!”
Gestational diabetes happens amid pregnancy and as a
rule settle after childbirth."
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1.2 Clinical presentation

Common indications of diabetes incorporate visit
urination, over the top thirst, starvation, weakness, and
obscured vision. In any case, side effects can be gentle or
missing, especially in Type 2 diabetes, making early
determination troublesome.”! Diabetes is analyzed
through blood tests that degree blood sugar levels, such
as fasting blood glucose tests or the A1C test, which
gives a normal of blood sugar levels over the past few
months.!

2. Islet cell encapsulation

Islet cell epitome is a developing exploratory procedure
pointed at progressing the treatment of diabetes,
especially Type 1 diabetes.®! The epitome handle
includes encasing these islet cells in a biocompatible
fabric that secures them from safe framework assault
whereas permitting them to discharge affront in reaction
to blood sugar levels By protecting the cells, epitome
holds the guarantee of diminishing or dispensing with the
require for long lasting affront treatment or
immunosuppressive drugs, which are ordinarily required
after islet transplantation.™
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Figure 1.1: Steps involved in the encapsulation process.

2.1 Isolation of islet cells

The pancreas is to begin with gotten from a perished or
living giver beneath sterile conditions. It is transported in
cold conservation arrangement to preserve cell
practicality some time recently assist handling.'”! The
pancreas is at that point dismembered to evacuate
undesirable tissues, such as fat and connective tissue,
guaranteeing as it where the practical parcel of the organ
is utilized.™ To discharge islet cells from the pancreas,
the tissue is subjected to enzymatic assimilation."
Chemicals like collagenase are imbued into the
pancreatic channels to break down the extracellular
network. This can be regularly taken after by mechanical
absorption, ordinarily utilizing shaking or tumult, to
assist extricate the islets from the encompassing
tissue.'? The wellbeing of these cells is basic, as it
where practical islet cells can be utilized for
transplantation or advance inquire about.™%

2.2 Microencapsulation

Microencapsulation of islet cells is a progressed
biotechnological procedure outlined to secure insulin-
producing islets from the resistant framework when
transplanted into diabetic patients, especially those with
Type 1 diabetes. This approach includes encasing islet
cells in a semi-permeable film, which permits basic
supplements and oxygen to pass through whereas
anticipating resistant cells and antibodies from assaulting
the typified islets.!**!

The biomaterial used for encapsulation are usually
obtained from natural sources due to their compatible
nature with the environment of implantation site. Their
biodegradable nature posses the advantage of retrieval
and renewal process.™*?
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2.2.1 Materials utilized for microencapsulation

The materials utilized in microencapsulation are
significant for guaranteeing biocompatibility and
usefulness. Commonly utilized materials incorporate
alginate, an actually happening polysaccharide that
shapes gel-like capsules around the cells.* Alginate is
broadly favored due to its biocompatibility, ease of
utilize, and capacity to create a defensive obstruction.!*!
Other materials like polyethylene glycol (PEG) and poly
(ethylene glycol)-based hydrogels have too been
investigated to improve the strength and defensive
highlights of the microcapsules.¥

2.2.2 Embodiment prepare

The epitome prepare starts with the confinement of
practical islet cells from a giver pancreas. Once isolated,
the cells are suspended within the chosen typifying
fabric, such as an alginate arrangement.™ The
arrangement is at that point subjected to a crosslinking
handle, regularly utilizing calcium particles, which
actuates the arrangement of little, uniform capsules
around the islet cells.'
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2.3 Macroencapsulation

Macroencapsulation is an inventive method utilized to
secure transplanted cells, such as islet cells for diabetes
treatment, inside bigger, defensive gadgets or
capsules.™® Not at all like microencapsulation, which
employments little, person capsules for each cell or little
cluster of cells, macroencapsulation includes insertin% a
bigger mass of cells in a single gadget or chamber.!"”
This strategy points to supply a more organized,
controlled environment for cell survival and work,
whereas moreover advertising assurance from the
resistant framework.*®!

Sheet-based macroencapsulation gadgets comprise of
level, lean films that house a layer of cells between two
porous sheets. These sheets are made from biocompatible
materials like alginate or polymer layers that permit the
dissemination of oxygen, supplements, and affront, but
piece bigger resistant cells from entering."! These
gadgets are ordinarily embedded subcutaneously
(underneath the skin). Their lean plan makes a difference
guarantee proficient supplement and oxygen trade, which
is vital for cell survival.*"
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Figure 1.3: Silicon based sheet device.

3. Challenges to encapsulation method

The immune system's response to the encapsulation
device itself is one of the primary obstacles to islet cell
encapsulation. The body can still identify the device as
foreign and mount an immunological reaction even
though the encapsulating materials are intended to shield
the islet cells from direct immune attack. Fibrosis, or the
creation of scar tissue, is frequently the result around the
encapsulating device. The function and viability of the
encapsulated islet cells can be severely reduced by
fibrosis, which can hinder the flow of oxygen, nutrients,
and insulin across the encapsulation barrier.??

Providing encapsulated islet cells with an adequate
supply of oxygen and nutrients is still a significant
difficulty. Low oxygen levels in the enclosed cells can
result from encapsulation devices restricting oxygen
transport, especially in larger macroencapsulation
systems. Hypoxia can result in cell death and lessen the
islet cells' capacity to control blood sugar. Although the
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dispersion of smaller, microencapsulated systems can be
enhanced, the thinner protective covering of these
systems may make them more vulnerable to immune
assaults.?!

Over time, encapsulated islet cells may become less
viable, especially if they are exposed to unfavorable
circumstances like starvation or inadequate oxygenation.
It can be difficult to preserve the islet cells' long-term
survival and functionality, even in cases when the
encapsulating device is initially effective. These
limitations cause many encapsulated cells to not survive
past the first several weeks or months.?%

4. Strategies to improeoxygen supply

Embodiment materials with tall oxygen penetrability,
such as perfluorocarbons or silicone-based polymers, can
improve the dissemination of oxygen to the typified
cells.” These materials permit superior oxygen trade
whereas still ensuring the cells from resistant assault.!®*!
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Implanting oxygen-releasing compounds (e.g., calcium
peroxide or magnesium peroxide) inside the epitome
lattice can give a supported discharge of oxygen. These
compounds generate oxygen in situ, making a difference
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to preserve higher oxygen levels around the typified
cells, especially within the early stages after
implantation.®!
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Figure 1.4: Oxygen releasing mechanism of calcium peroxide.

5. Immunoprotective properties

5.1 Biocompatible embodiment materials

Alginate

Commonly utilized due to its biocompatibility, but it
should be profoundly decontaminated to anticipate safe
responses.”)

Polyethylene Glycol (PEG)

PEG can frame hydrogels that are non-immunogenic and
can be custom-made for particular porousness.®!
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Other hydrogels, such as hyaluronic corrosive and
collagen, can too be utilized due to their
biocompatibility.*!

5.2 Surface Adjustment and Coatings

PEGylation

PEGylation, the method of joining polyethylene glycol
(PEG) chains to molecules or surfaces, has developed as
a significant technique within the field of islet cell
embodiment. Within the setting of islet cell
transplantation for treating Type 1 diabetes, PEGylation
offers a promising methodology to upgrade the
biocompatibility and resistant assurance of typified islet
cells.B
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Anti-inflammatory coatings

Anti-inflammatory coatings for islet cells are an
imaginative methodology pointed at improving the
victory and life span of islet cell transplantation by
relieving neighborhood resistant reactions.® These
coatings are planned to discharge anti-inflammatory
operators that smother irritation and tweak the resistant
system's action around the typified islets. By joining
compounds such as dexamethasone, interleukin-10 will
avoid the enactment of resistant cells that would
something else target and annihilate the transplanted
islets.1*

6. Clinical trials

6.2 Completed clinical trials

Theracyte encapsulation deice

A macroencapsulation technique called the Theracyte
encapsulation device is intended to prevent
immunological rejection in transplanted cells, such islet
cells.”¥ The technology in question is specifically
designed to enhance cell-based therapy for Type 1
diabetes by facilitating the transplantation of islet cells
that produce insulin without requiring permanent
immunosuppression. It is a potential tool for the
treatment of diabetes because of its design, which
provides immunoprotection as well as the capacity to
supply vital nutrients and oxygen to the encapsulated
cells.3¥

Usually, a semi-permeable membrane made of a
biocompatible polymeric material makes up the
Theracyte device.*®! This membrane prevents larger
immune cells and antibodies from getting to the
encapsulated cells while allowing smaller molecules like
oxygen, glucose, and insulin to pass through.® The flat,
pouch-like form of the device maximizes surface area for
diffusion, allowing the encapsulated cells to sustain
viabilit¥ and functionality over prolonged periods of
time.®

Sernova’s cell pouch

An innovative implantable medical device called the
Sernova Cell Pouch is intended to cure diabetes by
facilitating the transfer of therapeutic cells, specifically
islet cells. Sernova Corp. produced this cell pouch, which
is thought to be a viable long-term option for islet cell
transplantation that functions.!

Made of a flexible polymer substance, the Sernova Cell
Pouch is a tiny, biocompatible device intended for
subcutaneous (under the skin) implantation. The
numerous chambers and pockets in the pouch give the
transplanted islet cells a vascularized environment.®
The body's own tissue and blood arteries grow around
and into these chambers once they are implanted.*®

7. Future prospects

With improvements in immunological balance, stem cell
innovation, and biomaterials anticipated to incredibly
move forward islet cell encapsulation's viability as a

www.ejbps.com | Vol 11, Issue 11, 2024. |

European Journal of Biomedical and Pharmaceutical Sciences

Type 1 diabetes treatment, the field's future appears
greatly shinning. In arrange to superior ensure islets from
the safe framework and keep up their long-term
practicality, analysts are making next-generation
biomaterials, which may incorporate brilliantly advances
that respond to changes in their environment.*® To
advance protect typified islets and upgrade comes about,
methods for nearby resistant direction and quality
altering are too being examined. Within the future, islet
cell embodiment combined with computerized wellbeing
instruments and manufactured pancreas innovations may
totally change diabetes care by giving more exact and
responsive glucose control.E”

8. CONCLUSION

Islet cell epitome represents a noteworthy progression
within the treatment of Sort 1 diabetes, with the potential
to revolutionize the way this long-term sickness is dealt
with. This strategy is a vital step toward setting up long-
term affront autonomy without requiring persistent
immunosuppression. It points to protect transplanted islet
cells from the resistant system while empowering them
to make affront.l*

Within the future, islet cell epitome will be able to
overcome its show confinements as it were on the off
chance that biomaterials science, stem cell investigates,
and immunology proceed to combine.®® Patients may
advantage from a more responsive and customized
approach to overseeing their diabetes on the off chance
that  computerized  wellbeing  innovation  and
manufactured pancreas frameworks are coordinates.*’!
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