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Abstract: Silica nanoparticles are innovative solutions of surgical glue that can readily adhere to
various tissue-like substrates without the need for time-consuming chemical reactions or ultraviolet
irradiation. Herein, 10 nm-sized silica nanoparticle (SINF;) treatment exhibited maximum adhesion
strength in the porcine heart tissue model, which was approximately 7.15 times higher than that of
the control group of non-treatment. We assessed the effects of silica nanoparticle treatment on in vivo
skin wounds by scoring tissue adhesion and inflammation using histological images. Compared to
the commercial cyanoacrylate skin adhesive (Dermabond), suppression of inflammatory cytokine
levels in the incision wound skin was observed. We further quantified the expression of angiogenic
growth factors and connective tissue formation-related proteins. On day 5 after wound closing
treatment, the expression levels of PDGF-BB growth factor were significantly higher in SiNPjp
treatment (0.64 & 0.03) compared to Dermabond (0.07 & 0.05). This stimulated angiogenesis and
connective tissue formation in the skin of the incision wound may be associated with the promoting
effects of SINPyy treatment on wound closure and tissue adhesion.

Keywords: inflammation; silica nanoparticles; surgical glue; tissue adhesion; wound healing

1. Introduction

Traumatic injury is a leading cause of death in Europe and the United States [1].
Millions of surgical procedures are performed annually for injury treatment [2]. Surgical
procedures require rapid wound closure techniques to reduce inflammation, infection, and
scarring. Accordingly, the global wound care market was approximately $12 billion in
2020 and is estimated to grow to $18.7 billion by 2027 [3].

Sutures and staples are standard biomaterials used for wound closure [4-6]. Sutures
are widely used for wound treatment; however, they are difficult to apply in minimally
invasive surgeies and pose a high risk of infection [7]. Additionally, the tension applied to
the wound after suturing can cause complications such as inflammation and scar enlarge-
ment [6-8]. Staples are simpler than sutures and allow quick closure; however, the risk of
infection and wound complications are higher with staples than with sutures [5,9].

Polymer-based adhesives have been suggested because of their good contact with sur-
faces and the ability to maintain the fracture of the wound area by dissipating energy under
pressure. However, they require complex processes, such as in situ polymerization [10,11],
and the active oxygen generated during polymerization can damage healthy tissues [12].
Polymer-based adhesives exhibit moisture-absorbing properties, a high expansion rate,
and can suppress nerves, which limits their usage [12,13]. Accordingly, adhesive materials
with convenience, low toxicity, and high wound-sealing ability are required.

J. Funct. Biomater. 2024, 15, 259. https:/ /doi.org/10.3390/ifb15090259
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2. Antioxidative impact of phenolics-loaded nanocarriers on cytoskeletal network
remodeling of invasive cancer cells(tACS Appl. Mater. Interfaces 2023)
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ABSTRACT: Natural phenolic compounds have antioxidant
properties owing to their free radical-scavenging capability. The
combined effect of a mixture of phenolic compounds has been
studied; however, the detailed investigation for finding a correlation
between single phenolic molecules and antioxidant activity has not =
been explored. Herein, we revealed that the number of phenolic Thosloprd TR 1 -
hydroxyl groups in phenolics played a central role in their - E
antioxidant capacity. Based on the finding, tannic acid showed * < =~
the most effective antioxidant potential, e.g, 76% in tannic acid & . i § !
versus 22% in vitamin C as a standard antioxidant component. i i

Because cancer progression is closely related to oxidative processes

at the cellular level, we further applied the surface treatment of tannic acid drug-delivery nanocarriers. Tannic acid-loaded
nanocarriers reduced reactive oxygen species of cancer cells as much as 41% of vehicle treatment and remodeled cytoskeletal
network. By a gelatin degradation study, TA-loaded nanocarrier-treated cells induced 44.6% reduction of degraded area than vehicle-
treated cells, implying a potential of blocking invasiveness of cancer cells.

KEYWORDS: antioxidant, cancer cell, cytoskeletal network, invasive potential, phenolics

1. INTRODUCTION

Phenolic compounds are common phytochemicals found in
plant tissues, such as fruits and vegetables. They possess
various bioactive properties, particularly antioxidative proper-
ties, owing to their free radical-scavenging capability. For this

damage essential biomolecules, such as DNA, proteins,
carbohydrates, and lipids in nuclei and cell membranes of
the human bcu:ly.Ll Phenolics can scavenge free radicals or
antioxidants by transferring the hydrogen atom of the phenolic
ring to free radicals. Delocalized or activated radical phenolics

reason, natural phenolic compounds have been utilized as anti-
aging components or additives in cosmetics, dietary supple-
ments, and pharmacE:ul'ic::]ls.]_1 For example, well-known
natural phenolic compounds in medicinal herbs have been
widely used as anti-aging and dietary supplemerﬂts."'i The
antioxidant performance of plant and fruit extracts and their
health benefits have been investigated with the contribution of
natural phenolic compounds inside.” For instance, the
resveratrol extract shows very high antioxidant activity and
potential cardioprotective and anticarcinogenic effects.” In
addition, berry seed meals were identified as a good source of
phenolic compounds that can inhibit copper-induced low-
density lipoprotein-cholesterol oxidation and DNA damage,
indicating that phenolic compounds may prevent atheroscle-
rosis, mutagenesis, and carcinogenesis.:{_m However, because
the extract is a mixture of several constituents, including
phenolic molecules (phenolics), researchers could not isolate
the particular effect of single phenolics from the combined
effect of the mixture.

Free radicals are molecular species with unpaired electrons
in atomic orbitals. They are highly reactive, unstable, and can

@ 2023 The Authars. Published by
American Chemical Society

< ACS Publications

have high chemical stability due to the benzene ring resonance
effect. Therefore, biological damage or deleterious oxidative
stress caused by the free radicals surrounding the cells can be
reduced in the presence of phenolics. Rigoussen et al?
reported that the antioxidant efficiency of biophenolics is
closely related to the number of mesomeric forms of the
phenolic ring structures—the more mesomeric the forms, the
more efficient the antioxidation. In addition, the antioxidant
efficiency is linked to substituting the aromatic ring in ortho-
and para-positions and their steric hindrance.'”"* However, to
the best of our knowledge, the systematic correlation between
the molecular structure of single phenolics and antioxidant
activity and their influence on cell behavior is not fully
understood.
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ARTICLE 1INEO ABSTRACT

Article history: Owing to the potential toxicological threat to the environment and human health associated with
Received 12 August 2022 microplastics, researchers have increasingly focused on microplastic removal in wastewater treatment.
Revised 20 October 2022

Inspired by natural processes, metal-phenolic coordination bonds have been applied to microplastic
coagulation using surface phenolic-modified beads. The scope of candidate materials for cationic polymer
and phenolic molecules involved in the coagulation process was expanded for surface modification, yield-
ing a high removal efficiency (>90%) of polystyrene beads. To reduce the complexity of the two-material
treatment approach, tannic acid-chitosan conjugates were synthesized as a single coagulant - phenolic-
modified cationic polymer. The polymers were effectively modified on the surface of the polystyrene
beads, and they demonstrated dramatic coagulation behavior within 5 min following the introduction
of FeCly additive. The removal efficiency of the beads exceeded 80% for all tested polymer types. The
effects of purified and non-purified microplastic solutions were compared in cell studies, and the oxida-
tive stress and inflammatory response in cells treated with purified solutions were reduced to levels sim-
ilar to those observed without exposure to the bead solution.

@ 2022 The Authors. Published by Elsevier B.V. on behalf of The Korean Society of Industrial and Engi-
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Introduction

As the plastic industry grows, plastic production continues to
expand rapidly [1-6], leading to uncontrollable amounts of waste
plastics (420 million tons in 2017) accumulating in wastewater
globally [7]. In addition, the estimated annual intake of microplas-
tics (MPs, less than 5 mm in size) per person is 74,000-121,000,
which is equal to consuming the amount of plastic comprising
one credit card per week |8,9]. Recent studies have shown that
humans are exposed to residual MPs through a variety of sources,
including bottled water and food [9,10|. MPs are characterized by a
large surface area, polarity, and functional groups that can readily
combine with toxic organic pollutants and heavy metals [11,12].
Because of these properties, potential toxicological risks of MPs
to the environment and humans have been reported [ 11]. Studies
on the risks of MPs both in vitro and in vivo have revealed that var-
ious associated detrimental responses, such as cytotoxicity, inflam-

# Corresponding author.
E-mail address: sbseo8 1@pusan.ac kr (S. Sea).

https://doi.org/10.1016/j.jiec.2022.11.039

matory responses, and oxidative stress, are dependent on the
polymer type, size, and shape of MPs [12-17].

To purify water containing MPs, researchers have applied vari-
ous technical approaches such as biological degradation, mem-
brane filtration, and coagulation (MP clustering and
precipitation) [12,18|. Coagulation and subsequent ultrafiltration
have been demonstrated to efficiently remove MPs from water
resources. Both Al- and Fe-based salts (AICl; and FeCls) have been
widely used as chemical additives/coagulants for coagulation
[19,20]. Coagulation technology for water treatment can increase
the size of MPs, thus allowing the efficient purification of water
through filtration. However, the removal efficiency of MPs using
AlCl;s is less than 40%, even when a very high dose (15 mM) is used
[21]. To improve the removal efficiency of MPs, polymers such as
polyacrylamide or poly(diallyldimethyl-ammonium chloride)
(PDADMAC) combining with the metal salts have been used in
coagulation [22-24| - the removal efficiency of MPs has not yet
exceeded 60%.

We previously demonstrated the surface modification of MPs as
phenolics using chitosan and tannic acid (TA). FeCl; coagulant trig-
gered dramatic MP coagulation after surface modification and

1226-086X/© 2022 The Authors. Published by Elsevier B.V. on behalf of The Korean Society of Industrial and Engineering Chemistry.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Ingesting large quantities of biogenic amines (BAs), which are released from spoiled foods, can have adverse side
effects on the human body. Herein, we developed a colorimetric sensor using polydiacetylene (PDA)-based
hydrogel beads that change color upon binding with BAs, thereby conveniently checking whether food is spoiled
due to improper storage and distribution. The colorimetric sensor is fabricated by mixing PDA liposomes with an
alginate solution. PDA undergoes a color change from blue to red when exposed to various external stimuli. In

addition, alginate bestows the hydrogel with a three-dimensional porous structure, affording a large surface area.
The PDA-based hydrogel beads can visually confirm the presence of BAs in solution or vapor form. Cadaverine
and propylamine were rapidly detected with distinct color changes in the solution and vapor phases, respec-
tively. The spoilage of pork meat at room temperature could be detected after two days as a 40.84% red chro-

matic shift.

1. Introduction

Various types of low-molecular-weight organic nitrogen compounds
known as biogenic amines (BAs) are released during the decomposition
of foods, such as fish, meat, and cheese (Ahangari et al., 2021; Doeun
et al., 2017: Nunez et al., 2015). While small amounts of BAs are
necessary for biological functions, such as the synthesis of hormones,
alkaloids, nucleic acids, and proteins, and can be detoxified by intestinal
amine oxidase, they can lead to serious health problems when ingested
in large quantities, because the detoxifying ability of amine oxidase can
be disrupted or inhibited (Bachrach, 2005; Tolalo et al., 2015). The level
of toxicity depends on the amount of BAs ingested and the sensitivity of
an individual and common side effects include nausea, vomiting, diar-
rhea, headaches, and high blood pressure (Doeun et al.. 2017; Fu et al.,
2019; Tofalo et al., 2015; Verma et al., 2020).

Meat and meat products spoil particularly fast if not stored under

* Corresponding authors.

optimal conditions (Kim et al., 2021; Nguyen et al., 2019; Valdez et al.,
2019; Weston et al., 2020). The most common BAs released from the
decomposition of meat proteins are trimethylamine, putrescine, and
cadaverine (Bachrach, 2005; Valdez et al., 2019). Cadaverine and pu-
trescine can enhance the toxicity of histamine, which causes food
poisoning when its levels exceed 1000 ppm and react with nitrites to
form carcinogenic nitrosamines (Nout, 2014). Therefore, it is important
to avoid consuming these BAs in large quantities. Monitoring the BAs
released from food can alert us to food spoilage and reduce wastage and
prevent the health problems resulting from consuming spoiled meat (Hu
al., 2016; Kim et al., 2021; Nguyen et al., 2019; Valdez et al., 2019;
Weston et al,, 2020). Conventional methods for detecting BAs include
high-performance liquid chromatography (HPLC), gas chromatography
(GC), thin-layer chromatography (TLC), ion-exchange chromatography
(IEC), biosensors, and capillary electrophoresis (CE) (Ahangari et al.,
2021; Doeun et al., 2017).
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ABSTRACT

To assess the in vivo impact of nanoplastics (NP) and coaqulation-based purified NP (PurNP),
this study analyzed for alterations in the biodistribution, toxicity and inflammatory response in
ICR mice exposed to three different doses of NP (5, 25, and 50 mg/kg) and PurNP for 2 weeks.
Except water consumption, which was dose-dependently and significantly increased in all NP-
treated groups, most factors assessed for feeding behaviors and excretions remained constant,
without any significant change. Orally administered NP was detected in the intestine, kidneys,
and liver at all concentrations, although the accumulation was higher in the intestine than in
the kidneys and liver. No significant alterations were detected in the levels of serum biochemical
markers and histopathological structures. However, compared to the vehicle group, expressions
of the inflammatory response proteins (iNOS and COX-2) and mRNA levels of the inflammatory
cytokines were remarkably increased in the liver, kidneys, and intestine of NP-treated mice. A
similar increase was detected in the oxidative stress responses, including ROS concentration,
SOD activity, and Nrf2 expression. Furthermore, similar inflammatory responses were observed
in the PurNP-treated group, as compared to the vehicle-treated group. The results presented in
this study provide the first strong evidence that oral administration of NP for 2 weeks results in
high accumulation in the liver, kidneys, and intestine of ICR mice, and induces severe inflamma-
tory and oxidative stress responses. These results additionally confirm the efficacy of water puri-
fication using the tannic acid-mediated coagulation removal technique.
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1. Introduction

Microplastics (MP) are defined as plastics smaller
than 5mm (Law and Thompson 2014; Andrady
2017; Mintenig et al. 2018). The prevalent exposure
of the environment and humans to MP has raised
concerns related to the potential health risk from
these particles. While most studies have focused on
the toxicological effects of MP in aquatic organisms,
there is limited research on the in vivo biodistribu-
tion and risk assessment of MP in mammals (Deng
et al. 2017; Jin et al. 2019; Yang et al. 2019). Lehner
et al. (2019) and Thushari and Senevirathna (2020)
reported that MP are similar in size to food particles
of marine organisms, and are most susceptible to
exposure in aquatic systems. Deng et al. (2017)
studied the tissue distribution and accumulation of

5um and 20um polystyrene (PS) MP in mice, and
observed tissue-specific health risks after exposure
to MP (Deng et al. 2017), including disruption of
lipid metabolism, oxidative stress, and
neurotoxicity. To date, microbeads ranging in diam-

energy,

eter from 1 to 200 um have mainly been investi-
gated for their toxicological and pathological effects
in vitro or in vivo, since this is the technically dis-
criminable and prevalent size range of plastic frag-
ments in the water environment. In particular, the
small size and large surface area properties of nano-
plastics (NP; smaller than 1 pum; Gigault et al. 2016;
Andrady 2017) increase the transport of environ-
mental and biological pollutants, as well as promote
the in vivo accumulation rate (Estrela et al. 2021).
Moreover, recent years have seen an ease of
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