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Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) is a biodegradable and biocompatible biopolymer that has
gained popularity in the field of biomedicine. PHBV has shown to be a versatile platform for drug delivery, offering
controlled release, enhanced therapeutic efficacy, and reduced side effects. The encapsulation of various drugs,
such as anticancer agents, antibiotics, and anti-inflammatory drugs, in PHBV nanoparticles or microspheres has
been extensively investigated, demonstrating enhanced drug stability, prolonged release kinetics, and increased
bioavailability. Additionally, PHBV has been used as a scaffold material for tissue engineering applications, such as
bone, cartilage, and skin regeneration. The incorporation of PHBV into scaffolds has been shown to improve

mechanical properties, biocompatibility, and cellular interactions, making them suitable for tissue engineering

constructs.
polyhydroxyalkanoates (PHA) Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) regeneration
drug delivery nanoparticle

| 1. Introduction

PHBYV is a copolymer originated from the incorporation of (3HV) monomers in P(3HB) biopolymer. The structure is
shown in Figure 1. The incorporation of these monomers makes P(3HB) less fragile, which is the principal
limitation to replace polypropylene, making it more flexible and resistant [Xl. The amount of (3HV) in the polymer
also affects its structure, as higher concentrations result in a more amorphous particle. Note that the release of the
encapsulated drug or factor is not based on matrix degradation, but on diffusion through the amorphous regions of

the sphere, so its surface modification plays a very important role in its biodegradability (2.
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Figure 1. The general structure of PHBV.

In addition, PHBV has high immunotolerance, greater chemical inactivity, and has already been developed on an
industrial scale. Some limitations of this material include its marked hydrophobicity, high fragility, low impact
resistance, and poor thermal stability. However, these problems can be addressed by reinforcing PHBV B! with
other materials, such as other polymers, natural fibers [4, nanometals &, nano-cellulose [8, and carbon nanotubes
1181 among others. A concrete example is the use of bacterial cellulose (BC) which is a sustainable polysaccharide
produced by bacteria that can be mixed with PHBV. Toxicological studies have shown that BC is non-toxic and
does not provoke inflammatory responses or oxidative stress at the cellular level. In vitro and in vivo tests confirm

the safety of this biopolymer in medical applications. Both BC and PHBV meet the requirements for clinical use 2.

| 2. Applications
2.1. PHBV Composites for Drug Delivery Applications

Drug encapsulation and delivery systems provide significant pharmacological advantages, such as enhancing the
physical and chemical stability of encapsulated active ingredients, increasing bioavailability, acting as controlled-
release systems, reducing fluctuations in drug concentrations in the blood, penetrating specific barriers and

tissues, reducing adverse effects, and protecting the encapsulated molecule 19,

To achieve better control over drug release, some strategies have been developed to vary particle size distributions
and degradability. One important fact is that pore formation must be avoided since it promotes rapid drug release.
The control of particle size and porosity is achieved by optimizing parameters such as solution concentration,
surfactant concentration, the polymer molecular weight, the homogenization technique, solvent characteristics, and
the environment L. In the case of PHBV, studies have shown that the compound’s molecular weight and

biomaterial concentration are related to an effect on particle size [,
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Due to their characteristics, PHAs have been used for the synthesis of microspheres, microcapsules, or

nanoparticles for the treatment of various diseases.

Regarding liver cancer, PHBV nanoparticles could treat one of the leading causes of death, hepatocellular
carcinoma (HCC), typically caused by chronic infections such as hepatitis B and C. One study proposed a solution
based on using a drug delivery system loaded with paclitaxel (PTX) and coated with pH-sensitive dopamine, which

helps achieve controlled drug release.

Regarding colon cancer, PHBV and poly (lactic-co-glycolic acid) (PLGA) nanoparticles with encapsulated 5-
Fluorouracil (5-FU) were developed. It was observed that this common drug used for this disease was less toxic
when encapsulated. Furthermore, the drug derived from the nanoparticles showed better results in reducing tumor
volume than the drug in the free form 23], In the previous year, the same research group investigated the release of
two drugs, the mentioned 5-FU and oxaliplatin, using the same nanoparticles. The results showed that they are a
good option for intravenous administration because of their hemocompatibility 4. A different research group
conducted characterization and biocompatibility tests on PHBV nanoparticles, also using 5-FU for the same
purpose. The size and morphology were studied using scanning electron microscopy (SEM). Cytotoxicity was
evaluated using human adenocarcinoma cells. The results showed a significant reduction in cell viability, indicating

that drug-loaded nanoparticles were a promising method for killing cancer cells 13,

When it comes to breast cancer, the drug Docetaxel is commonly used. The principal limitation is that it is partially
eliminated by the liver and kidneys when administrated via systemic circulation. This loss causes an increment in
dosage that may lead to side effects. A solution is to use PHBV nanoparticles as a method of controlled drug
release. Results showed that docetaxel-loaded nanoparticles could protect the drug in the biological fluid and

increase cytotoxicity in vitro by inducing apoptosis in breast cancer cell lines (MCF7).

The behavior of PHBV nanoparticles was also investigated in two different epithelial cell lines: HeLa (cervical
cancer cells) and SKOV-3 (ovarian cancer cells). The results showed that the mechanism of absorption of PHBV
nanospheres depended on time, energy, concentration, and the internalization mechanism of the cell line. The
destination of the nanoparticles was also determined. In both cell lines, the nanoparticles ended up in the

lysosomes where they were degraded, releasing their content (in this case markers).

Against the human lung cancer cell line A549, PHBV nanoparticles loaded with the drug ellipticine demonstrated
significant anticancer activity 18, The nanoparticle was synthesized in the past by the same group, using Bacillus
cereus FB11, under nutritional stress conditions and using glucose as the only carbon source 4. Another group

investigated the cytotoxicity of nanoparticles loaded with sunitinib for the same purpose.

Nanoparticles have another application in the field of photodynamic therapy (PDT) for various types of cancer. In
this technique, a photosensitizer (PS) is encapsulated in the nanoparticles, which can accumulate in cancerous
tissues. When it is excited with a specific wavelength of light in the presence of molecular oxygen, the PS produces

radical oxygen species that locally kill cancer cells. A research group used a nano-precipitation method to prepare

https://encyclopedia.pub/entry/49703 3/9



Biomedical Applications of the Biopolymer Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) | Encyclopedia.pub

a PHBV nanocarrier stabilizer with polyethylene glycol (PEG) lipids. These studies demonstrated the system’s

efficacy for PS administration (18],

PHBV nanoparticles also have potential in the treatment of Parkinson’s disease. In a study, these nanocarriers
were used to deliver the drug pramipexole. The objective was to reduce the drug’s plasma fluctuations by
subcutaneous injection of nanoparticles. The encapsulation efficiency and drug loading were determined using
ultraviolet—visible spectrophotometry. The release profile was evaluated using a dialysis method. The results
demonstrated that the drug-delivery system exhibited high encapsulation efficiency and drug loading, in addition to

a sustained release profile 12,

Another potential application for nanocarriers is as transdermal therapy for skin conditions such as psoriasis,
ultraviolet damage, and aging. In an article, the nanospheres were prepared using the oil-in-water (o/w) technique.
Cytotoxicity of the particles was assessed using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
assay (MTT) with L929 mouse fibroblasts, BALB/3T3 mouse embryo fibroblasts, and human HaCaT keratinocytes.
The genotoxicity of the carriers was determined using the Ames test. The ability of the particles to penetrate the
membrane of human osteosarcoma Saos 2 cells and accumulate in their cytoplasm was also evaluated.
Additionally, penetration through human skin was investigated using samples obtained from a 42-year-old female
donor after undergoing breast surgery. All tests had satisfactory results, indicating that the nanoparticles can be

used for personalized treatment through topical administration 29,

2.2. PHBV Composites for Tissue Engineering Applications

Tissue engineering is a discipline of biomedicine that aims to promote the regeneration of the structure and
functionality of damaged tissues in the body by using biomaterials capable of guiding metabolic processes and
cellular activity. In this field, PHAs have been widely used for the synthesis of three-dimensional cellular scaffolds
with improved structural and functional properties for bone and cartilage regeneration 21, They can also be used
as controlled-release systems of bioactive molecules and cellular signals to induce tissue regeneration. A specific
example is the development of PLGA and PHBV nanoparticles incorporated into scaffolds to have a controlled

release system of BMP-2 and BMP-7 morphogenetic proteins 221,

Another method to create biodegradable PHBYV scaffolds is using selective laser sintering (SLS). It is demonstrated
that the unique microstructure formed by this technique has the potential for conducting in vitro and in vivo tests
(23 |n another publication, the degradation behavior of the scaffolds was investigated by incubating them in
phosphate-buffered saline (PBS) for 6 weeks. SEM was used to characterize the microstructure of the scaffolds
before and after incubation in PBS. The integrity of the structure was not affected and the molecular weight slightly
decreased. The PHBV scaffolds fabricated with SLS generally showed adequate mechanical properties and good
structural integrity after incubation (24, The same technique was used by another group, in this case, to fabricate a
nanocomposite of CaP/PHBV. The in vitro studies revealed a high viability of SaOS-2 cells and normal morphology
and phenotype after 3 and 7 days of cultures on all scaffolds. The release behavior of bovine serum albumin (BSA)

in this nanostructure was also studied.

https://encyclopedia.pub/entry/49703 4/9



Biomedical Applications of the Biopolymer Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) | Encyclopedia.pub

The PHBV biopolymer has also been used in neural-tissue regeneration, where it promotes cellular adhesion,
proliferation, and differentiation. Its potential in treating various neural injuries and diseases has been
demonstrated 23, With this aim, an electrospinning method was used to produce a chitosan-crosslinked
nanofibrous biodegradable PHBV scaffold. The structure and cell culture assays using Schwann cells were
microscopically, physically, and mechanically analyzed. The cells were able to grow fine on the created platform,
indicating that this mixture of materials can be a promising candidate for applications in nerve conduits. The

obtained results suggest that the generated material possesses suitable characteristics for further in vivo studies
[26]

There is another article that also discusses PHBV/PLA/collagen membranes for duroplasty after decompression in
rats with SCI. The study focused on evaluating the material and the biological characteristics, subcutaneous
implantation tests, and contusion SCI tests in rats to investigate the effects of the membranes on inflammasome
activation and macrophage polarization. The results demonstrated that duroplasty with PHBV/PLA/Collagen
membranes reduced glial scar formation and promoted axonal growth by inhibiting inflammasome activation and

modulating macrophage polarization in acute SCI. Functional locomotor recovery improved 8 weeks after the injury
i)

Various research groups are dedicated to exploring the most suitable materials and techniques for cartilage tissue
engineering. One group of investigators used a conjugation of PHBV with type | collagen to produce a
mechanically stable, biodegradable, and adhesive cell scaffold. The characterization of the scaffold was carried out
using techniques such as SEM, Attenuated total reflection FTIR, atomic force microscopy, and electron
spectroscopy for chemical analysis. Furthermore, the degradation and behavior of fibroblasts on nanofibrous
scaffolds were studied. According to the article, electrospun PHBV/collagen composite nanofibrous scaffolds
exhibited good mechanical properties, biocompatibility, and biodegradability. These scaffolds favored the growth
and proliferation of fibroblast cells, and the cells demonstrated adequate adhesion and dispersion on the scaffolds.
Results also revealed that the rate of degradation of the scaffolds could be controlled by adjusting the ratio of
PHBV to collagen. The study suggested that electrospun PHBV/collagen composite nanofibrous scaffolds have
potential applications in tissue engineering (28, In a publication in 2022, one group of investigators studied the
influence of the addition of Bioglass into PHBV porous platforms. Cartilage progenitor cells (CPCs) were seeded
into the control and the PHBV/10% Bioglass scaffolds. The CPC-constructs were exposed to a 6-week in vitro
chondrogenic induction culture and then transplanted in vivo for another 6 weeks to see the difference between the
CPC-PHBV and CPC-PHBV/10% Bioglass platforms. Compared to the control, the PHBV/ 10% Bioglass scaffold
had better properties and results like hydrophilicity, a higher percentage of adherent cells, and significant
production of cartilage-like tissues. Also, the polymerase chain reaction analysis showed that aggrecan, collagen II,
and SOX-9 from the CPC-PHBV/10% Bioglass scaffolds were more expressed compared to the CPC-PHBV ones.

All indicate that the addition of Bioglass to PHBV can improve the chondrogenic differentiation of CPCs [22,

For wound healing, one group created a dressing made of a bilayer scaffold produced by electrospinning a
hydrophilic PUL fibrous membrane (barrier layer) onto a wet electrospun hydrophobic PHBV fibrous mat

(regenerative layer). The study optimized the production of PHBV using a bacterial strain called Cupriavidus
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necator and characterized the resulting polymer using various techniques, including Proton nuclear magnetic
resonance (*H-NMR) and FTIR. The valerate molar percentage and the average molecular weight of the polymer
were also determined using the TH-NMR and SLS techniques, respectively. In vitro studies showed that the PUL
membrane maintained L929 cell proliferation and prevented cells from migrating within the barrier phase, while the
PHBYV layer supported cell viability, proliferation, and migration, creating a regenerative 3D structure. The results

showed that the new PUL/PHBYV bilayer scaffold was a promising candidate for wound-healing applications 2.

To fix abdominal wall defects, which can be caused by abdominal trauma or congenital rupture, silk fibroin and
PHBV scaffolds were prepared. Characterization and cytotoxicity assays, in vitro tests to contemplate cell
morphology and viability, and g-PCR to detect the gene expression of growth factor TGF-31 and collagen I, were
performed. In vivo studies were also achieved in Sprague Dawley rats. After 7 and 15 days of implanting the
scaffold, an evaluation of their in vivo tissue regeneration capacity was performed. All the results pointed out that

the hybrid nanofiber SF/PHBYV scaffolds had a high efficiency and biocompatibility to repair abdominal wall defects
E)

| 3. Conclusions

In conclusion, biopolymers of the PHA family are very promising in a wide range of applications due to their natural
origin and their excellent properties, including biocompatibility and biodegradability. In the field of medicine, these
biomaterials are particularly relevant as their degradation products do not produce toxic agents for the organism.
This biocompatibility is essential for their use in biomedical applications such as tissue engineering, implants,

sutures, and controlled drug-delivery systems.
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