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3D composite engineered using supercritical CO2 decellularized
porcine cartilage scaffold, chondrocytes, and PRP: Role in articular
cartilage regeneration
fE B FRCOMAMFBRE R - MEAMFPRPERTHIIDES MR | ERAE
REBEFRIEA

Yi-Ting Chen"?, Herng-Sheng Lee’, Dar-Jen Hsieh®, Srinivasan Periasamy”, Yi-Chun Yeh®,
Yi-Ping Lai*, Yih-Wen Tarng"*
' Department of Orthopedic, Kaohsiung Veterans General Hospital, Kaohsiung City, Taiwan
* Graduate Institute of Medical Science, National Defense Medical Center, Taipei City, Taiwan
* Department of Pathology, Kaohsiung Veterans General Hospital, Kaohsiung City, Taiwan
* R&D Center, ACRO Biomedical Co., Ltd., Kaohsiung City, Taiwan

Abstract :

At present, no definitive treatment for articular cartilage defects has been perfected.
Most of the previous treatments involved multiple drilling and microfracture over
defect sites with repair-related substances, which poses a limited therapeutic effect.
End-stage therapy includes artificial knee joint replacement. In this study, we
prepared a novel decellularized natural cartilage scaffold from porcine articular
cartilage by supercritical CO, extraction technology and three-dimensional (3D)
composites made using decellularized porcine cartilage graft ({PCG) as scaffolds,
platelet-rich plasma (PRP), thrombin as signals and chondrocytes as cells for the
treatment of articular cartilage defects. In this study, L Q YahdM\(R tadrtYldge
regeneration and the expression of chondrogenic markers were examined.
Decellularized cartilage graft (dAPCG) was evaluated for the extent of cell and DNA
removal. Residual cartilage ECM structure was confirmed to be type II collagen by
SDS PAGE and immunostaining. The new 3D composite with dPCG (100 mg and 2
% 10° chondrocytes) scaffold promotes chondrogenic marker expression LQ Y W U R
found that the L Q Y3D ¥olposite implanted cartilage defect showed significant
regeneration relative to the blank and control implant. Immunohistochemical staining
showed increase of expression including Collagen type 11 and aggrecan in 3D
composite both L Q YahdMILR ¥%tudeR In this study, the bioengineered 3D
composite by combining dPCG scaffold, chondrocytes, and PRP facilitated the
chondrogenic marker expression in both L Q YahdMULR ¥rodeR with accelerated



cartilage regeneration. This might serve the purpose of clinical treatment of large

focal articular cartilage defects in humans in the near future.

Keywords : 3D composite, articular cartilage defect, decellularized porcine cartilage

graft (dPCG), supercritical carbon dioxide (SCCO;)



Advances in Supercritical Carbon Dioxide Extraction of Bioactive —
Substances from Different Parts of Ginkgo biloba L
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Ruihong Li ">, Ziming Xia 2f BinLi?, Ying Tian *, Guangjie Zhang *, Min Li*" and
Junxing Dong >
" School of Pharmacy, Henan University, Kaifeng 475000, China;
* Department of Pharmaceutical Sciences, Beijing Institute of Radiation Medicine, Beijing
100850, China

¥ These authors contributed equally to this work
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Abstract :

Ginkgo biloba L. has always been a popular area of research due to its various active
ingredients and pharmacological effects. Ginkgo biloba is rich in ginkgo flavonoids,
ginkgolides, and ginkgolic acid, with anti-inflammation, antioxidation,
neuroprotection, anti-platelet agglutination, hypolipidemic effect, anti-cancer, and
anti-radiation properties. There are many methods to extract and separate the active
components of ginkgo. Among them, supercritical carbon dioxide fluid extraction
(SFE-CO, ) 1s known for its green, clean, and environment-friendly properties. In this
paper, the pharmacological activities, the active components, and structures of
different parts of ginkgo, the extraction methods of its effective ingredients, and the
application of the SFE-CO, method for the extraction and separation of active
ingredients in Ginkgo biloba from leaves, seeds, pollen, and roots were reviewed, in
order to make best use of ginkgo resources, and provide support and references for the

development of SFE-CO; of active components from Ginkgo biloba.

Keywords : Ginkgo biloba L.; active ingredients; supercritical CO; fluid extraction



Comparison of the Phytochemical Composition and Antibacterial Activities of —

the Various Extracts from Leaves and Twigs of Illicium verum
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Emirlyn-Cheng Yang ', Ya-Yun Hsieh * and Li-Yeh Chuang >’
' Department of Biochemistry, The University of Hong Kong, Hong Kong, China
* Institute of Biotechnology and Chemical Engineering, I-Shou University, Kaohsiung , Taiwan

® Department of Chemical Engineering, I-Shou University, Kaohsiung, Taiwan
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Abstract :

Previous studies have revealed the numerous biological activities of the fruits of
[llicium verum; however, the activities of its leaves and twigs have remained
undiscovered. The study aimed to investigate the phytochemical components and
antibacterial activity of the various extracts from the leaves and twigs of Illicium
verum. The herbal extracts were prepared by supercritical CO2 extraction (SFE) and
95% ethanol extraction, followed by partition extraction based on solvent polarity.
Analysis of antimicrobial activity was conducted through the usage of nine clinical
antibiotic- resistant isolates, including Staphylococcus aureus, Pseudomonas
aeruginosa and Acinetobacter baumannii. Among the tested samples, the SFE extracts
exhibited broader and stronger antibacterial activities against the test strains, with a
range of MIC between 0.1-4.0 mg/mL and MBC between 0.2—4.5 mg/mL.
Observations made through scanning electron microscopy revealed potential
mechanism of the antimicrobial activities involved disruption of membrane integrity
of the test pathogens. Evaluation of the chemical composition by gas
chromatography-mass spectrometry indicated the presence of anethole, anisyl
aldehyde, anisyl acetone and anisyl alcohol within the SFE extracts, demonstrating
significant correlations with the antibacterial activities observed. Therefore, the leaves
and twigs of Illictum verum hold great potential in being developed as new natural

antibacterial agents.

Keywords : Illicium verum; supercritical fluid extraction; traditional solvent

extraction; antimicrobial activity



Development of a decellularized porcine bone graft by supercritical carbon

dioxide extraction technology for bone regeneration
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Yuan-Wu Chen"?, Dar-Jen Hsieh® , Srinivasan Periasamy’ , Ko-Chung Yen’ , Hung-Chou
Wang’ , Hua-Hong Chien®
! Division of Oral and Maxillofacial Surgery, Tri-Service General Hospital, Taipei City, Taiwan
* School of Dentistry, National Defense Medical Center, Taipei City, Taiwan
> R&D Center, ACRO Biomedical Co., Ltd., Kaohsiung City, Taiwan

* Division of Periodontology, College of Dentistry, Ohio State University, Columbus, Ohio, USA

Abstract :

A series of novel decellularized porcine collagen bone graft (DPB) materials in a
variety of shapes and sizes were developed by the supercritical carbon dioxide
(SCCO,) extraction technique. The complete decellularization of DPB was confirmed
by hematoxylin and eosin staining, 4,6-diamidino-2-phenylindole (DAPI) staining,
and residual DNA analysis. The native intact collagen remained in the DPB after the
SCCO; process was confirmed by Masson trichrome staining. The physicochemical
characteristics of DPB were investigated by scanning electron microscopy and x-ray
diffraction. The cytotoxicity and biocompatibility tests according to ISO10993 and its
efficacy for bone regeneration in osteochondral defects in rabbits were evaluated. The
rabbit pyrogen test confirmed DPB was non-toxic. In vitro and in vivo
biocompatibility tests of the DPB did not show any toxic or mutagenic effects.

The bone regeneration potential of the DPB presented no significant histological
differences compared to commercially available deproteinized bovine bone. In
conclusion, DPB produced by SCCO, exhibited similar chemical characteristics to
human bone, no toxicity, good biocompatibility, and enhanced bone regeneration in
rabbits comparable to that of deproteinized bovine bone. Results from this study could
shed light on the potential application of the SCCO; extraction technique to generate a

native decellularized scaffold for bone tissue regeneration in human clinical trials.

Keywords : biocompatibility testing, bone regeneration, bone substitutes, carbon

dioxide, supercriticalfluid, toxicity tests



High performance liquid chromatographic method for determination of active
components in lithospermum oil and its application to process optimization of
lithospermum oil prepared by supercritical fluid extraction
KERPEEM NS IREEEET AR EERBRFRESNRE R LE
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Jie Shen, Wei Shen, Xue Cai, Jingxia Wang, Minxia Zheng
" The First Affiliated Hospital of Zhejiang Chinese Medical University, China.

* Analysis and Test Center, Zhejiang University of Technology, China.
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Lithospermum erythrorhizon has the functions of cooling blood, activating blood, as
well as detoxifying and penetrating rash. Lithospermum oil extracted from
Lithospermum erythrorhizon can prevent and treat diaper rash, skin ulceration,
eczema, and other skin diseases. Supercritical fluid extraction is the optimal method
for the extraction of active components from lithospermum. In this study, an
analytical method was established for simultaneously determination of six active
components in lithospermum oil with high performance liquid chromatography
(HPLC), and the contents of the active components as the evaluation index were used
to investigate several important factors in the preparation of lithospermum oil by
supercritical fluid extraction. The optimized HPLC conditions were as follows:
separation column, Diamonsil C18 (250 mmx4.6 mm, 5 um); mobile phases,
acetonitrile containing 0.1% (v/v) formic acid-0.1% (v/v) formic acid aqueous
solution containing 5 mmol/L ammonium formate (75 @5, v/v); flow rate, | mL/min;
injection volume, 15 pL; room temperature; photodiode array detector (PAD);
detection wavelength, 275 nm. The supercritical fluid extraction was optimized for
ensuring stability of the amounts of effective components and the reliability of the
quality of lithospermum oil. This will serve as the basis for preparation and quality
control processes. Three factors and three levels orthogonal tests were adopted to
investigate the important factors, viz. the pressure, temperature and CO, flow rate in
the preparation of lithospermum oil. The results showed that the developed
HPLC-PAD method can be used for the simultaneous determination of shikonin,
acetylshikonin, § -acetoxyisovaleryl akanin, isobutyryl shikonin, B, B -dimethylacryl

shikonin, and 2-methylbutyryl shikonin in 30 min. The method has good precision,




accuracy and repeatability. The contents of the active components were the highest
when the extraction pressure, extraction temperature, and CO, flow rate were 23 MPa,
40 °C, and 27 L/h, respectively. The optimized conditions are suitable for the
preparation and actual production of lithospermum oil. The HPLC-PAD method is
simple, feasible, accurate, and reliable. It can be used for the preparation and quality
control of lithospermum oil by supercritical fluid extraction. Thus, with this method,
the stability of the contents of active ingredients and the reliability of the quality of
lithospermum oil can be ensured; moreover, safe and effective drug use can be
realized. The established method has obvious advantages over the traditional process

and is a good candidate for widespread use.



Neuroprotective Effect of Terpenoids Recovered from Olive Oil
By-Products
BB HE 2= m P B RYTE SR S YIRS REE R

Zully J. Suarez Montenegro, Gerardo Alvarez-Rivera , José David Sanchez-Martinez , Rocio
Gallego , Alberto Valdés , Monica Bueno, Alejandro Cifuentes and Elena Ibanez
Foodomics Laboratory, Institute of Food Science Research (CIAL, CSIC), Nicolas Cabrera, 9,
28049 Madrid, Spain
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Abstract :

The neuroprotective potential of 32 natural extracts obtained from olive oil
by-products was investigated. The online coupling of supercritical fluid extraction
(SFE) and dynamic adsorption/desorption allowed the selective enrichment of olive
leaves extracts in different terpenoids’ families. Seven commercial adsorbents based
on silica gel, zeolite, aluminum oxide, and sea sand were used with SFE at three
different extraction times to evaluate their selectivity towards different terpene
families. Collected fractions were analyzed by gas chromatography coupled to
quadrupoletime-of-flight mass spectrometry (GC-QTOF-MS) to quantify the
recoveries of monoterpenes (C10), sesquiterpenes (C15), diterpenes (C20), and
triterpenes (C30). A systematic analysis of the neuroprotective activity of the natural
extracts was then carried out. Thus, a set of in vitro bioactivity assays including
enzymatic (acetylcholinesterase (AChE), butyrylcholinesterase (BChE)), and
antiinflammatory (lipoxidase (LOX)), as well as antioxidant (ABTS), and reactive
oxygen and nitrogen species (ROS and RNS, respectively) activity tests were applied
to screen for the neuroprotective potential of these extracts. Statistical analysis
showed that olive leaves adsorbates from SS exhibited the highest biological activity
potential in terms of neuroprotective effect. Blood—brain barrier permeation and
cytotoxicity in HK-2 cells and human THP-1 monocytes were studied for the selected

olive leaves fraction corroborating its potential.
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Abstract :

Pomegranate biowastes present potential economic value worldwide owing to their
several health benefits mediated by a complex mixture of unique bioactives. The
exploitation of these bioactives has motivated the exploration of eco-friendly,
efficient, and cost-effective extraction techniques to maximize their recovery. The
current review aims to provide updated technical information about bioactives
extraction mechanisms from pomegranate wastes (seeds and peel), their advantages
and disadvantages, and factors towards optimization. A comparative overview of the
modern green extraction techniques Y L §upercritical fluid extraction,
ultrasound-assisted extraction, microwave-assisted extraction, pressurized liquid
extraction, and eutectic solvent mixture as alternatives to conventional extraction
methods for seeds and peel is presented. Approaches focused on biowastes
modification for properties improvement are also discussed. Such comprehensive
review shall provide the best valorization practices of pomegranate biowastes and its
application in food and non-food areas focusing on original methods, innovation,

protocols, and development to be considered for other fruit biowastes.
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Abstract :

Extracellular matrix (ECM) scaffolds are extensively used in tissue engineering
studies and numerous clinical applications for tissue and organ reconstructions. Due
to the global severe shortage of human tissues and organs, xenogeneic biomaterials
are a common source for human tissue engineering and regenerative medicine
applications. Traditional methods for decellularization often disrupt the 3D
architecture and damage the structural integrity of the ECM scaffold. To efficiently
obtain natural ECM scaffolds from animal tissues and organs with intact architecture,
we have developed a platform decellularization process using supercritical CO, and
tested its potential application in tissue engineering. A combination of human
mesenchymal stem cells with a decellularized dermal matrix scaffold allowed

complete regeneration of skin structure in a porcine full-thickness wound model.

Keywords : 3D bioprinting, decellularized tissue scaffolds, organ regeneration, organ
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Abstract :

This study was primarily focused on the supercritical fluid extraction (SFE) of cherry
seed oil and the optimization of the process using sequential extraction kinetics
modeling and artificial neural networks (ANN). The SFE study was organized
according to Box-Behnken design of experiment, with additional runs. Pressure,
temperature and flow rate were chosen as independent variables. Five well known
empirical kinetic models and three mass-transfer kinetics models based on the
Sovova’s solution of SFE equations were successfully applied for kinetics modeling.
The developed mass-transfer models exhibited better fit of experimental data,
according to the calculated statistical tests (R 2 , SSE and AARD). The initial slope of
the SFE curve was evaluated as an output variable in the ANN optimization. The
obtained results suggested that it is advisable to lead SFE process at an increased
pressure and CO, flow rate with lower temperature and particle size values to reach a

maximal initial slope.
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