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Understanding
the virus that
causes COVID-19.
Coronaviruses, like the one that
causes COVID-19, are named for
the crown-like spikes on their
surface, called spike proteins.

These spike proteins are ideal
targets for vaccines.
What is mRNA? %7,\

Messenger RNA, or mRNA, is
genetic material that tells your
body how to make proteins.

What is in the vaccine?

The vaccine is made of mRNA
wrapped in a coating that makes

delivery easy and keeps the body
from damaging it. ‘
‘
/y

How does the
vaccine work?
The mRNA in the vaccine teaches
your cells how to make copies

of the spike protein. If you are
exposed to the real virus later,
your body will recognize it and \
know how to fight it off.

The vaccine DOES
NOT contain ANY
virus, so it cannot
give you COVID-19,

It cannot change
your DNA in any way.
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When your body
responds to the
vaccine, it can
sometimes cause a

mild fever, headache,
or chills. This is
completely normal
and a sign that the
vaccine is working.
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After the mRNA delivers the

instructions, your cells break
‘f it down and get rid of it.
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Coronaviruses, like the one that
causes COVID-19, are named for
the crown-like spikes on their
surface, called spike proteins.
These spike proteins are ideal

targets for vaccines.
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NOVEL DRUG
DELIVERY SYSTEM
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For conventional drugs to apply thera-
peutic effects properly, there’s usually a
need for high dosage or repeated use,
which can lower the effectiveness and
the adherence of the drug, and cause
severe side effects and even toxicity.
For example, interleukin-12 injected in—
travenously resulted in systemic toxici-
ties including death in a clinical re-
search. Oral administration albeit the
most common approach for delivering
pharmaceuticals, has been rendered lim-
ited by poor targeting and short circula-
tion periods (<12 hours). The low
half-life of protein and peptide drugs (a
few minutes or hours) is also not so
pleasing. Said issues have been the pri-
mary focus in the past few decades and
some alternative drug delivery systems
have been proposed including but not
limited to: membranes, nanoparticles, li-
posomes and hydrogels. These alterna-
tives can further control the drug release
in the target tissue and at the desirable
time. Their primary goal is to enhance
the effectiveness of the drug while simul-
taneously decreasing its toxicity and re-
quired dosage, which will
result in an increase in the success rate
of therapeutics.
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INTRODUCTION

Hydrogels are  three-dimensional,
cross-linked networks of water-soluble
polymers. Hydrogels can be made from
nearly any water-soluble polymer, sur-
rounding a wide range of chemical com-
positions and bulk physical properties.
Additionally, hydrogels can be formulat-
ed in a variety of physical forms, includ-
ing slabs, microparticles, nanoparticles,
coatings, and films. Therefore, hydro-
gels are commonly used in clinical prac-
tice and experimental medicine for a
wide range of applications, including
tissue engineering and regenerative
medicine, diagnostics, cellular immobili-
zation, separation of biomolecules or
cells, and barrier materials to regulate bi-
ological adhesions.

Hydrogels have peaked some interests
as a drug delivery system because of
their unique physical properties. Their
highly porous structure could easily be
tuned by controlling the density of
cross-links in the gel matrix and the af-
finity of the hydrogels for the aqueous
environment in which they are swollen.
Their porosity also permits loading of
drugs into the gel matrix and the follow-
ing drug release at a rate depending on

macromolecule through the gel network.
Of course, the benefits of hydrogels for
drug delivery may be largely pharma-
cokinetic, especially considering that a
depot formulation is created from which
drugs slowly elute, keeping a high local
concentration of drug in the local tissues
over an extended period, although they
can also be used for systemic delivery.
Hydrogels are also generally highly bio-
compatible, as reflected in their success-
ful use in the peritoneum and other sites
in vivo. Biocompatibility is promoted by
the high-water content of hydrogels and
the physiochemical similarity of hydro-
gels to the native extracellular matrix,
both compositionally (particularly in the
case of carbohydrate-based hydrogels)
and mechanically.

About three decades ago, superab-
sorbent polymers (SAPs) were intro-
duced and extended to industries where
water holding ability was a major con-
cern. In 1998, a different category of a
water absorbent polymer systems called
super porous hydrogels (SPHs) were
recognized to have better elastic proper-
ties, mechanical strength and water
holding ability.
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MACROSCOPIC DESIGN AND DELIVERY ROUTES

The size of a hydrogel matters. Hydro-
gels can be cast or formed into virtually
any shape and size, according to the re-
quirements of the delivery route into the
human body. Hydrogel delivery sys-
tems can be classified into three main
categories based on their size: macro-
scopic hydrogels, microgels and nano-
gels. Microgels and nanogels are partic-
ulate hydrogels with dimensions on the
order of micrometers and nanometers,
respectively.

MACROSCOPIC HYDROGELS

The size of macroscopic hydrogels is
typically on the order of millimeters to
centimeters. Also, they are usually
either implanted surgically into the body
or are placed in contact with the body
for transepithelial drug delivery. In the
clinic, surgically implanted hydrogels
have been a successful drug delivery
system, for example, INFUSE, a type |
collagen gel that releases recombinant
human bone morphogenetic protein-2
(BMP-2), which is implanted surgically
into the body for the treatment of long
bone fracture and spinal fusion.

MICROGELS AND NANOGELS

An alternative solution for minimally in-
vasive delivery of hydrogels is to use
small hydrogel particles. Nanogels and
microgels have some advantages over
their macroscopic analogs. First, their
size is much smaller than the inner di-
ameter of most needles (~1 mm). The
small size, besides making them nee-
dle-injectable, also leads to a large sur-
face area for bioconjugation, facile natu-
ral clearance and can enhance penetra-
tion through tissue barriers. The size of
hydrogels determines how they trans-
port and adhere if introduced into blood
vessels, airways or the gastro-intesti-
nal tract. In addition to transepithelial
and local injection (such as intraperito-
neal and intrabony injection), microgels
and nanogels also enable other routes
for drug delivery. Microgels smaller
than 5 pm are used in oral or pulmo-
nary delivery, but are generally not
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Macrostructured' hydrogels

considered suitable for intravascular in-
jection considering their rapid circulation
clearance. Nanogels of 10-100 nm are
suitable for systemic drug administra-
tion, because they can
blood vessels through fenestrations in
the endothelial lining, allowing for ex-
travasation into Hydrogels
lesser than 10 nm in diameter can be
cleared by kidney filtration, while those
of 0.5-10 um can be phagocytized by
macrophages. Along with the size and
size distribution, deformability, shape
and surface chemistry are other factors
to consider in designing drug delivery
systems. It has been revealed that cellu-
lar internalization is faster for nanogels
of positive zeta potential or with high
aspect ratios (for example, those with a
rod-like shape), and that size and
deformability determine the biodistribu-
tion and circulation persistence of micro-
gels in mice.

Nanogels are particularly fitting for deliv-
ery of nucleotide-based drugs such as
plasmid DNA, which is used for gene
therapy. Gene therapy holds promise
for the treatment of cancers, hemophilia
and viral infections. DNA delivery using
nanogels can improve cellular uptake
and prolong circulation time, as com-
pared to non-encapsulated DNA. They
are particularly useful to target drugs to
tumours, as the leaky tumour vascula-
ture enhances nanoparticle accumula-
tion, while ineffective lymphatic drain-
age limits nanoparticle clearance (that
is, the enhanced permeability and reten-
tion effect).Cationic nanogels consisting

leave small

tissues.

of PEO and poly(ethylenimine) were
found to increase the transport of oligo-
nucleotides across the gastrointestinal
epithelium and even the blood-brain bar-
rier. Nanogels consisting of polymer-pro-
tein conjugates were shown to prolong
the plasma half-life and enhance pro-
tein stability. DNA nanogels can inte-
grate multiple modular elements, includ-
ing oligonucleotides for inhibiting cell
proliferation, DNAzymes for inhibiting
cell migration and aptamers for targeting
specific cancer cells.

BIOADHESION AND TOUGHNESS

In addition to overall size, the bioadhe-
sive properties of hydrogels are impor-
tant factors in the selection of their deliv-
ery routes. Biological barriers such as in-
epithelium and mucosa are
often wet, dynamic and slippery, limiting
the ability of many hydrogels to adhere.
A hydrogel that can adhere well to the
epithelium can prolong the detention of
the system at a target site, and there-
fore provide sufficient drug dose for the
desired therapeutic effect; this is particu-
larly important for nasal and oral deliv-
ery. For example, nasal mucosa was
found to limit the residence time of nano-
gels, which caused dose loss into other
parts of the respiratory tract.

The toughness of a hydrogel is key to
its ability to maintain its structure and
avoid fracture during use and after
tissue adhesion. Especially when using
hydrogels as
branes, one needs to ensure the hydro-
gel matrix is tough enough to resist rup-
ture and to prevent cell escape and the
associated risks. To increase the resist-
ance to rupture (that is, the toughness),
one can modulate the cross-link density
or use interpenetrating networks to form
hydrogels. For example,
nate-polyacrylamideinterpenetratingnet-
work hydrogel showed extremely high
toughness and was mechanically similar
to soft tissues such as cartilage and
tendon.
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MESH SIZE CONTROLS DIFFUSION AND RELEASE

Hydrogels consist of a cross-linked poly-
mer network, and open spaces (that is,
meshes) between polymer chains; the
meshes allow for liquid and small solute
diffusion. Typical mesh sizes reported
for hydrogels range from S to 100 nm.
The mesh size depends on polymer and
cross-linker concentrations, as well as
external stimuli such as temperature
and pH.

The mesh size determines how drugs
diffuse through a hydrogel, as it will con-
trol steric interactions between the
drugs and the polymer network. When
the mesh is larger than the drug
(rMesh/ rDrug >1) , the drug release pro-
cess is dominated by diffusion. Small
drug molecules migrate freely through
the network, and diffusion is mostly inde-
pendent of the mesh size.

When the mesh size approaches the
drug size (rMesh/rDrug = 1), the effect
of steric hindrance on drug diffusion be-
comes prominent. One can reduce the
mesh size of a hydrogel by increasing
the concentrations of the polymer or the
cross-linker. In this situation, the poly-
mer chains cause significant frictional
drag on diffusing drugs, and because
the meshes in some parts of the net-
work are smaller than the drugs, the
path length for drug transport increases.
This complex scenario requires sophisti-
cated theoretical approaches to esti-
mate the diffusivity. The overall effect is
slow drug diffusion, which allows for
slow and extended release. The poten-
tial utility of this situation is exemplified
with a triblock copolymer hydrogel, in
which the release of proteins (BSA or
IgG) was prolonged from 6 to 14 days
as the polymer concentration was in-
creased from 20-357%45.

CONTROLLED RELEASE THROUGH NETWORH DEG-
RADATION

One strategy to control the release of
drug molecules initially entrapped in a
hydrogel is to regulate network degrada-
tion. The mesh size increases as the
network degrades, allowing drugs to dif-
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diffuse out of the hydrogel. Degradation
can occur in the polymer backbone or at
the cross-links, and is typically mediated
by hydrolysis or enzyme activity. Degra-
dation can also be triggered in real time
with externally provided stimuli. For ex-
ample, acidic conditions typically acceler-
ate hydrolysis. Also, high-energy ultra-vi-
olet (UV) light can trigger degradation of
microgels containing o-nitrobenzyl ether
moieties (NBE) due to cleavage of the
NBE, accompanied by release of encap-
sulated transforming growth factor beta 1
(TGF-P1). Even low-energy near-infra-
red (NIR) light can trigger degradation of
a hydrogel by using upconversion nano-
particles to convert two or more NIR pho-
tons into a UV photon.

CONTROLLED RELEASE THROUGH SWELLING

A second strategy to release entrapped
drugs is the controlled swelling of hydro-
gels. As a hydrogel swells, the mesh
size increases. The extent of swelling of
a hydrogel is a balance between forces
that constrain network deformation and
the osmosis that leads to water absorp-
tion.

The swelling behaviour can be sensitive
to various external conditions, including
temperature, glucose, pH,
strength, light, and electric fields. These
cues have been widely exploited in drug
delivery. pH-responsive swelling is par-
ticularly important for oral and cancer de-
livery systems. For example, a tempera-
ture responsive nanogel was used to de-
liver a chemotherapy drug cisplatin to
breast cancer cells in which the tempera-
ture was slightly higher than normal
body temperature.

CONTROLLED RELEASE THROUGH MECHANICAL
DEFORMATION

A final approach to release entrapped
to mechanically
deform the network, as this can both in-
crease the mesh size by changing the
network structure and trigger convective
flow within the network.This strategy
can generate pulsatile release patterns
with fine control over the magnitude of
the instantaneous release rate. Pulsatile
release may mimic some natural pat-
terns of biological signalling, for exam-
ple, in the delivery of insulin following

ionic
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eating Deformation of the network can be achieved with vari-
ous approaches, including purely mechanical deformation,
or using ultrasound and magnetic field-induced deforma-
tions. Direct mechanical deformation has been demonstrat-
ed to upregulate the release of a growth factor to enhance
tissue vascularization. A magnetic field can deform a hydro-
gel network containing magnetic nanoparticles, and the inclu-
sion of macrospores results in large and rapid deformation
of the scaffold that dramatically enhances the release of
drug molecules. Ultrasound can transiently disrupt the hydro-
gel structure, and is potentially advantageous owing to its
high spatiotemporal resolution and deep penetration within
tissues. The efficacy of ultrasound to provide pulsatile drug
delivery has been demonstrated with a number of drugs, in-
cluding insulin and interferon gamma. In all of these ap-
proaches, a potential concern with mechanical deformation
is progressive damage of the hydrogels, .

Biochemical responsive
- Antigens responsive
- Enzymes responsive
- Ligands responsive

Chemically responsive
- pH responsive
- Glucose responsive
- Oxident responsive

which ultimately results in mechanical failure. This problem
can potentially be addressed with self-healing hydrogels. For
example, alginate hydrogels that are reversibly cross-linked
with divalent cations can heal under physiological conditions
following ultrasound disruption, enabling repeated, near digital
release of small molecules, proteins and condensed oligonu-
cleotides.

In conclusion, advances in biomaterials have expand the
range of hydrogels designed for controlled drug delivery. With
an expanding arsenal of material systems, target applications,
and increasing fundamental understanding, the impact of hy-
drogel drug delivery systems is expected to increase in impor-
tance for years to come. Hydrogel drug delivery systems are
likely to further change the scale, efficacy and cost of thera-
peutics, and to continue to improve human healthcare

Physically responsive
- Temperarature
- Pressure
- Light
- Electric field
- Magnetic field
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Classification of hydrogels based on the different properties.
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