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Properties of the Material HA is a biocompatible, biodegradable glycosaminoglycan, known for its hydrophilic nature, which aids in controlled insulin release.
Controlled Release | HA-based systems allow gradual insulin rlease, particularly responsiv to pH changes in the gastrointestinal tract.

Nanoparticle Systems HA nanoparticles, such as those combined with PDM or LDH, improve insulin retention, absorption, and bioavailability.

Receptor Interaction HA enhances insulin uptake through interaction with CD44 receptors on intestinal epithelial cells, improving bioavailability.

Hybrid Systems | Combining HA with polymers like chitosan or alginate improves insulin protection, stability, and absorption during GI transit.
Therapeutic Potential 'HA-based delivery systems, like HA-coated chitosan nanoparticles, enhance insulin delivery efficiency and offer a promising alternative to

traditional injections.
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Material’s Properties Gelatin is biocompatible, biodegradable, and forms stable nanoparticles and hydrogels that protect insulin from degradation. |
Insulin Protection Encapsulates insulin, shielding it from digestive enzymes and acidic conditions in the GI tract, ensuring safe passage to the intestine. ‘
Controlled Release Gelatin-based systems (nanoparticles, hydrogels, microparticles) allow for gradual insulin release, mimicking natural insulin secretion. ‘
Formulation Flexibility Gelatin systems can be tailored for fast or slow insulin release, improving glucose control and providing a personalized approach. ‘
Biocompatibility and Safety Gelatin i well-tolerated by the body, biodegradable, and does not cause harmiul side effects, making it suitabl for injectable therapies.

|

Versatility in Drug Delivery Beyond insulin, gelatin can be used for other biologics, proteins, and peptides that require protection from degradation.
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Celecoxib

Cartinorm

In vivo,
In vitro

In vivo,
In vitro

In vivo,
In vitro

In vivo,
In vitro

In vivo,

In vitro

In vivo,
In vitro

In vivo,

In vitro

In vivo

In vivo

In vivo

In vivo

Rabbit

Rat

Rat

Rat

Rat

Rat

Rat

Human

Human

Human

Human

Treatment mechanism

‘The nanofibre membrane is
biocompatible and biodegradable and
provides sustained antioxidant
activity

Flurbiprofen s sustained in vivo from
thermal gels for more than 3 weeks

Advantages of using sustainable
polymers for effective drug delivery in
new combinations with favourable
therapeutic effects for the treatment of
KOA in rats

A single injection of 30 mg of PLGA-
nanosteroids resulted in almost
complete resolution of the
inflammatory response after 1 week

MT@PLGA-COLPB can inhibit the
TLR2/4-MyD88-NF«B signalling
pathway through inhibition

NPs loaded with etoricoxib showed
sustained drug release i vitro for
more than 28 days

PEG-4MAL microgels were retained
in the knee joint space of rats for at
least 3 weeks without inducing any

degenerative joint changes

In vivo results revealed no significant
improvement in biochemical markers
of cartilage degradation in urine in

any group

WOMAC and VAS score outcome
indicators showed better outcomes in
the UC-1I group

Celecoxib can be used as an alternative
to NSAIDs and has shown promising
therapeutic results in clinical practice

Assessment of pain on the VAS Pain
Scale at the beginning and end of the
patient’s 3 consecutive months,
showed a statistically significant
reduction in pain
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Traditional Insulin Delivery

Chitosan’s Role in Insulin Delivery

Chitosan Nanoparticles for Insulin Delivery
Challenges in Oral Delivery

Modified Chitosan for Insulin

In Vivo Research
Chitosan Nanocarriers for Oral Insulin

Future Potential

Insulin is typically administered through injections, which are uncomfortable and inconvenient for diabetic patients.

Chitosan protects insulin from degradation in the gastrointestinal tract (GIT) and helps in the development of oral delivery
systems.

Chitosan-based nanoparticles are used to encapsulate insulin, offering controlled release and enhancing insulin bioavailability.
Insulin faces degradation from stomach acids and enzymes, limiting absorption in the GIT, making oral delivery challenging.

Modified chitosan, like MNA-TG-chitosan, enhances insulin absorption by improving mucoadhesion and permeability across
cell layers.

Studies with chitosan-based insulin systems show improved glucose control and no cytotosic effects in animal models.
Chitosan nanocarriers protect insulin in the GIT, helping it reach the small intestine for better absorption and effectiveness.

Chitosan-based systems hold promise for oral insulin delivery, offering a more convenient and non-invasive alternative to
injections.
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Material Overview \ Alginate is a biocompatible, biodegradable polysaccharide from brown algae, used for insulin delivery

Insulin Protection and Release ‘ Protects insulin from stomach degradation and provides controlled, sustained release for improved blood glucose regulation.
Oral Insulin Delivery ‘ Alginate enables oral insulin delivery by enhancing absorption and protecting insulin in the gastrointestinal tract.

Hydrogels and Microspheres ‘ Liposome-in-alginate hydrogels improve absorption, while calcium alginate microspheres provide gradual insulin release.
Challenges \ Challenges include controlling insulin release based on glucose fluctuations and stability in the acidic stomach environment.

Future Potential | Research is focused on improving release control, stability, and glucose-responsive systems for personalized insulin delivery.






OPS/images/fbioe-13-1561708/fbioe-13-1561708-gx001.gif





OPS/images/fbioe-13-1561708/fbioe-13-1561708-t001.jpg
Materials

In vivo/
vitro

Experimental
Subject

Main findings

References

and reduced matrix
metalloproteinase activity in vivo

Acid-activable PAE Monoidoacetic acid In vivo, Rat Acid-activatable curcumin polymer | Kang et al. (2020)
In vitro micelles well inhibit TNF-a and
IL-1p
mPEG-PTMC Oligopeptide In vitro - Nanoparticles have a temperature | Wang et al. (2020)
sensitivity between 30°C and 40°C
NPs Epidermal growth factor receptor In vivo, Rat TGFa-NPs attenuate postoperatively | Wei et al. (2021)
In vitro induced KOA cartilage degeneration
and joint pain
PLGA, PVA CCR2 In vivo, Rat Sustained release of CCR2 inhibitors | Ozkan et al. (2023)
In vitro in vivo for more than 21 days
PLA, PVA Etoricoxib Invitro - 3% wiw PVA formulation has the | Fan et al. (2023)
smallest particle size and longest drug
release
NPPs p38a/p MAPK inhibitor In vivo, Rat ‘The drug loading was about 31.5% | Maudens et al.
In vitro (w/w) and about 20% of the PH was | (2018b)
released in 3 months
Epichlorohydrin Hydrocortisone, In vitro - ‘Through this “affinity-based drug | Rivera-Delgado et al.
crosslinked prepolymer Ttriamcinolone,Dexamethasone delivery,” the study demonstrated | (2018)
that the delivery rate of solid
polymers can be extended from
hours and days to weeks and months
PEO-PPO-PEQ Recombinant adeno-associated virus I vivo, Human Based on the controlled therapeutic | Rey-Rico etal. (2018)
In vitro properties of PEO-PPO-PEO
micelles, resulting in increased
proteoglycan deposition and
stimulation of cell proliferation index
in chondrocytes of KOA patients
PHBCL Diclofenac sodium In vitro - MTT tests showed no toxic effects of | Musumeci et al.
diclofenac sodium at the required | (2020)
concentrations
PPS Micro-spheres (MS) In vivo, Rat PPS-MS scavenged hydrogen Kavanaugh (2017)
In vitro peroxide and hypochlorite in vitro
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Significant improvement in the WOMAC index pain
subscale 6 months after injection

Injection of Hymovis MO.RE. (32 mg/4 mL) dose has
excellent effect on osteoarthritis of knee joints

Extracellular vesicles and ICA promote proliferation and
migration aspects of knee chondrocytes

SA-enveloped hMSCs reduced articular cartilage
degeneration and subchondral bone remodelling

dECM upregulates cartilage synthesis and metabolism-
related genes

Lower OARSI and synovitis scores and more collagen type II
deposits
SE-PRP hydrogel can be easily injected, biodegraded and

continuously releases growth factors

Gelatin/SF (30/70) microspheres delayed cell destruction in
joint and synovial tissues after 8 weeks and showed a long-
lasting anti-inflammatory effect

Masson staining and Mankin score assessment confirmed
the formation of new cartilage within 8 weeks

SF/HA scaffolds display a spherical structure of cells in a
porous structure that promotes cartilage production
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