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Chicory Extracts and Sesquiterpene Lactones Show Potent Activity —
against Bacterial and Fungal Pathogens
HERIMAZFEAN RS AENEERRER RN A UES

Suvi T. H&kinen!", Marina Sokovi c?, Liisa Nohynek!, Ana Ciri ™2, Marija lvanov?, Dejan

pgs

Stojkovi c?, Irina Tsitko!, Melanie Matos®#, Jo&b P. Baixinho*, Viktoriya Ivasiv*, Naiara

Fernandez*, Claudia Nunes dos Santos*® and Kirsi-Marja Oksman-Caldentey*

LVTT Technical Research Centre of Finland Ltd., P.O. Box 1000, Tietotie 2, FI-02044 VTT
Espoo, Finland
2 Institute for Biological Research “Sinisa Stankovic”, National Institute of Republic of Serbia,
University of Belgrade, 11000 Belgrade, Serbi
% Instituto de Tecnologia Qu mica e Biolcgica Ant&iio Xavier, Universidade Nova de Lisboa,
Av. da Republica, 2780-157 Oeiras, Portugal
*iBET, Instituto de Biologia Experimental e Tecnoldgica, Apartado 12, 2781-901 Oeiras,
Portugal
5 CEDOC, Chronic Diseases Research Centre, NOVA Medical School, Universidade NOVA
de Lisboa, Campo dos Matires da Pdria, 130, 1169-056 Lisboa, Portugal

Abstract :

Chicory (Cichorium intybus L.) is an important industrial crop cultivated mainly to
extract the dietary fiber inulin. However, chicory also contains bioactive compounds
such as sesquiterpene lactones and certain polyphenols, which are currently discarded
as waste. Plants are an important source of active pharmaceutical ingredients,
including novel antimicrobials that are urgently needed due to the global spread of
drug-resistant bacteria and fungi. Here, we tested different extracts of chicory for a
range of bioactivities, including antimicrobial, antifungal and cytotoxicity assays.
Antibacterial and antifungal activities were generally more potent in ethyl acetate
extracts compared to water extracts, whereas supercritical fluid extracts showed the
broadest range of bioactivities in our assays. Remarkably, the chicory supercritical
fluid extract and a purified fraction thereof inhibited both methicillin-resistant
Staphylococcus aureus (MRSA) and ampicillin-resistant Pseudomonas aeruginosa
IBRS PO0L1. Chicory extracts also showed higher antibiofilm activity against the yeast
Candida albicans than standard sesquiterpene lactone compounds. The cytotoxicity of
the extracts was generally low. Our results may thus lead to the development of novel
antibacterial and antifungal preparations that are both effective and safe for human
use.

Keywords : chicory; bioactivity; antimicrobial; antifungal; biofilm; cytotoxicity
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Decellularized liver-regenerative 3D printing biomaterials for
cell-based liver therapies via a designed procedure combined with

papain-containing reagent treatments and supercritical fluids
BTN RERE S AN NEL BB EEMBER RS - ARERARRNT

WoaEMNIRAMR AT EE 3D FTENEYM K
Huang, Ching-Cheng? ¥
2 Department of Biomedical Engineering, Ming-Chuan University, Taiwan

b PARSD Biomedical Material Research Center, Taiwan

Abstract :

BACKGROUND:The biologic scaffolds derived from decellularized tissues and
organs have been successfully developed in a variety of preclinical and/or clinical
studies.

OBJECTIVE:The new decellularized liver-regenerative 3D printing biomaterials
were designed and prepared for cell-based liver therapies.

METHODS:An extraction process was employed to remove the tissue and cellular
molecules from porcine liver via pretreatment of supercritical fluid of carbon dioxide
(ScCOy2). Varying porosities of the decellularized liver tissues were created using
papain-containing reagent treatments after ScCO..

RESULTS:The resulting liver-regenerative 3D printing biomaterials of decellularized
liver collagen scaffolds were characterized by Fourier transform infrared spectroscopy,
thermo-gravimetric analysis, differential scanning calorimetry and scanning electron
microscopy.

CONCLUSIONS:The decellularized liver collagen scaffolds with good thermal
stability (>150 <C) were obtained and employed as liver-regenerative 3D printing
biomaterials for cell-based liver therapies.

Keywords : Supercritical fluid, decellularization, scaffold, morphology
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Design and Engineering of ""Green"" Nanoemulsions for Enhanced Topical
Delivery of Bakuchiol Achieved in a Sustainable Manner: A Novel Eco-Friendly
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Abstract :

In the present work, we establish novel "environmentally-friendly™ oil-in-water
nanoemulsions to enhance the transdermal delivery of bakuchiol, the so-called
"bioretinol" obtained from powdered Psoralea corylifolia seeds via a sustainable
process, i.e., using a supercritical fluid extraction approach with pure carbon dioxide
(SC-CO2). According to Green Chemistry principles, five novel formulations were
stabilized by "green" hybrid ionic surfactants such as coco-betaine-surfactin
molecules obtained from coconut and fermented rapeseed meal. Preliminary
optimization studies involving three dispersion stability tests, i.e., centrifugation,
heating, and cooling cycles, indicated the most promising candidates for further
physicochemical analysis. Finally, nanoemulsion colloidal characterization provided
by scattering (dynamic and electrophoretic light scattering as well as backscattering),
microscopic (transmission electron and confocal laser scanning microscopy), and
spectroscopic (UV-Vis spectroscopy) methods revealed the most stable nanocarrier for
transdermal biological investigation. In vitro, topical experiments provided on human
skin cell line HaCaT keratinocytes and normal dermal NHDF fibroblasts indicated
high cell viability upon treatment of the tested formulation with a final 0.02-0.2
mg/mL bakuchiol concentration. This excellent biocompatibility was confirmed by ex
vivo and in vivo tests on animal and human skin tissue. The improved permeability
and antiaging potential of the bakuchiol-encapsulated rich extract were observed,
indicating that the obtained ecological nanoemulsions are competitive with
commercial retinol formulations.



Development of a bimetal-organic framework-polypyrrole composite as a novel
fiber coating for direct immersion solid phase microextraction in situ
supercritical fluid extraction coupled with gas chromatography for simultaneous
determination of furfurals in dates
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Abstract :

A new, simple, hyphenated technique couples supercritical fluid extraction and direct
immersion SPME with GC-FID (SFE-DI-SPME-GC-FID) for the determination of
2-furaldehyde (2-F) and 5-hydroxymethylfurfural (5-HMF) in solid foods. A
bimetal-organic framework-polypyrrole composite was grown in situ on stainless
steel wire in solution and used as a novel solid phase microextraction (SPME) fiber
coating. A central composite design based on a 2" fractional factorial experimental
design was employed to optimize the SFE conditions for 2-F and 5-HMF at a pressure
of 325 atm, temperature of 35 <C, dynamic extraction time of 15 min, and modifier
volume of 150 pL. Also, the factors related to the solid-phase microextraction method
including ionic strength, desorption time and temperature together with extraction
time and temperature were optimized prior to the gas chromatography analysis. Under
the optimal conditions, the limits of detection were in the range of 1.28-5.92 pg kg .
This method showed good linearity for 2-F and 5-HMF in the ranges of 40-50 000
and 4540-500 000 pg kg2, respectively, with coefficients of determination more than
0.9995. Single fiber repeatability and fiber-to-fiber reproducibility were less than
6.76% and 9.12%, respectively. The new method was successfully utilized to
determine the amounts of 2-F and 5-HMF in the real solid food matrix without the

need for tedious pretreatments.
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Effect of supercritical carbon dioxide fluid extract from Chrysanthemum
indicum Linnéon bleomycin-induced pulmonary fibrosis
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Abstract :

Background: As a prevalent type of cryptogenic fbrotic disease with high mortality,
idiopathic pulmonary fbrosis (IPF) still lacks efective therapeutic drugs. The
compounds extracted from buds and fowers of Chrysanthemum indicum Linnéwith
supercritical-carbon dioxide fuid (CISCFE) has been confrmed to have antioxidant,
anti-infammatory, and lung-protective efects. This paper aimed to clarify whether
CISCFE could treat IPF induced by bleomycin (BLM) and elucidate the related
mechanisms.

Methods: Rats (Sprague-Dawley, male) were separated into the following groups:
normal, model, pirfenidone (50mg/kg), CISCFE-L, —M, and -H (240, 360, and
480mg/kg/d, i.g., respectively, for 4weeks). Rats were given BLM (5mg/kg) via
intratracheal installation to establish the IPF model. A549 and MRC-5 cells were
stimulated by Wnt-1 to establish a cell model and then treated with CISCFE.
Haematoxylin-eosin (H&E) and Masson staining were employed to observe lesions in
the lung tissues. Quantitative real-time polymerase chain reaction (QRT-PCR) and
Western blot (WB) were performed to observe changes in genes and proteins
connected with the Wnt/B-catenin pathway.

Results: CISCFE inhibited the proliferation of MRC-5 cells (IC50:
2.723+0.488pg/mL) and A549 cells (IC50: 2.235+0.229ug/mL). In rats, A549 cells,
and MRC-5 cells, BLM and Wnt-1 obviously induced the protein expression of
a-smooth muscle actin (a-SMA), vimentin, type | collagen (collagen-I), and
Nu-p-catenin. The mRNA levels of matrix metalloproteinase-3 (MMP-3) and—9
(MMP-9), two enzymes that degrade and reshape the extracellular matrix (ECM) were
also increased while those of tissue inhibitor of metalloproteinase 1 (TIMP-1) were
decreased. However, CISCFE reversed the efects of BLM and Wnt-1 on the



expression pattern of these proteins and genes.

Conclusion: These fndings showed that CISCFE could inhibit IPF development by
activating the Wnt/p-catenin pathway and may serve as a treatment for IPF after
further investigation.

Keywords : Chrysanthemum indicum Linn€& Supercritical carbon dioxide extraction,
Idiopathic pulmonary fbrosis, Wnt/B-catenin signalling pathway



Reconstruction of the orbital floor using supercritical CO-
decellularized porcine bone graft
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Abstract :

Orbital floor fractures subsequently lead to consequences such as diplopia and
enophthalmos. The graft materials used in orbital floor fractures varied from
autografts to alloplastic grafts, which possess certain limitations. In the present study,
a novel porcine bone matrix decellularized by supercritical CO2 (scCO.), ABCcolla®
Collagen Bone Graft, was used for the reconstruction of the orbital framework. The
study was approved by the institutional review board (IRB) of Kaohsiung Medical
University Chung-Ho Memorial Hospital (KMUH). Ten cases underwent orbital floor
reconstruction in KMUH in 2019. The orbital defects were fixed by the implantation
of the ABCcolla® Collagen Bone Graft. Nine out of ten cases used 1 piece of
customized ABCcolla® Collagen Bone Graft in each defect. The other case used 2
pieces of customized ABCcolla® Collagen Bone Graft in one defect area due to the
curved outline of the defect. In the outpatient clinic, all 10 cases showed improvement
of enophthalmos on CT (computerized tomography) at week 8 follow-up. No
replacement of implants was needed during follow-ups. To conclude, ABCcolla®
Collagen Bone Graft proved to be safe and effective in the reconstruction of the
orbital floor with high accessibility, high stability, good biocompatibility, low
infection rate and low complication rate.

Keywords : orbital wall reconstruction, ABCcolla® collagen bone graft, supercritical
carbon dioxide, bone graft, xenogenic graft




Supercritical carbon dioxide decellularized porcine cartilage graft
with PRP attenuated OA progression and regenerated articular
cartilage in ACLT-induced OA rats
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Abstract :

Knee osteoarthritis (OA) is a common degenerative articular disorder and considered
one of the primary causes of pain and functional disability. Knee OA is prevalent

in 10% of men and 13% of women aged 60 years above. The study aims to use
cartilage tissue engineering that combines the triads of decellularized porcine
cartilage graft as “scaffold,” plasma rich platelet (PRP) as “signal” and chondrocytes
from rat as “cell” to attenuate ACLT-induced OA progression and regenerate the
knee cartilage in rats. Decellularization of the porcine cartilage was characterized by
hematoxylin and eosin, 4,6-Diamidino-2-phenylindole staining, scanning electron
microscopy and residual DNA quantification. The protective effect of decellularized
porcine cartilage graft (dAPCG) was evaluated by intra-articular administration in
surgically induced anterior cruciate ligament transection (ACLT) rat osteoarthritis
(OA) model. Supercritical carbon dioxide technology completely decellularized the
porcine cartilage. Intra-articular administration of dPCG with or without PRP
significantly reduced the ACLT-induced OA symptoms and attenuated the OA
progression. Pain-relief by dPCG with or without PRP was assessed by capacitance
meter and improved articular cartilage damage in the rat knee was characterized by
X-ray and micro-CT. Besides, the histological analysis depicted cartilage protection
by dPCG with or without PRP. The repairation and attenuation effect by dPCG with
or without PRP in the articular knee cartilage damage were also explored by
safranin-O, type Il collagen, aggrecan and SOX-9 immuno-staining. To conclude,
intra-articular administration of dPCG with or without PRP is efficient in repairing
the damaged cartilage in the experimental OA model.

Keywords : anterior cruciate ligament transection, decellularized porcine cartilage
graft, osteoarthritis, supercritical carbon dioxide, type 11 collagen



Sustainable Extraction Techniques for Obtaining Antioxidant and
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Abstract :

Melissa officinalis L. and Origanum majorana L., within Lamiaceae family, and
Calendula officinalis L. and Achillea millefolium L., within the Asteraceae, have been
considered a good source of bioactive ingredients with health benefits. In this study,
the supercritical fluid extraction (SFE) using pure CO2 , and the ultrasound assisted
extraction (UAE) were proposed as green techniques to obtain plant-based extracts
with potential antioxidant and anti-inflammatory activities. Higher values of total
phenolic content and antioxidant activity were achieved in UAE ethanol:water (50:50,
v/v) extracts. Meanwhile, UAE pure ethanol extracts showed greater
anti-inflammatory activity. RP-HPLC-PAD-ESI-QTOF-MS/MS analysis showed a
vast number of phenolic compounds in the extracts, including unreported ones. O.
majorana ethanol:water extract presented the highest content of phenolics and
antioxidant activity; among its composition, both rosmarinic acid and luteolin
glucoside derivatives were abundant. The pure ethanol extract of A. millefolium
resulted in an important content of caffeoylquinic acid derivatives,
luteolin-7-O-glucoside and flavonoid aglycones, which could be related to the
remarkable inhibition of TNF-a, IL-1p and IL-6 cytokines. Besides, borneol and
camphor, found in the volatile fraction of A. millefolium, could contributed to this
latter activity. Thus, this study points out that O. majorana and A. millefolium are
considered a promising source of bioactive ingredients with potential use in health
promotion.

Keywords : Achillea millefolium; Origanum majorana; anti-inflammatory activity;
antioxidant activity; sustainable extraction; phenolic composition




