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[1] Protocols for the preparation and characterization of decellularized tissue and organ scaffolds 
for tissue engineering. Biotechniques. 2021 Feb;70(2):107-115. 
https://pubmed.ncbi.nlm.nih.gov/33307815/ 
[2] Regenerative porcine dermal collagen matrix developed by supercritical carbon dioxide 
extraction technology: Role in accelerated wound healing. Materialia. 2020;9:100576. 
https://doi.org/10.1016/j.mtla.2019.100576 
[3] Supercritical Carbon Dioxide Decellularized Bone Matrix Seeded with Adipose-Derived 
Mesenchymal Stem Cells Accelerated Bone Regeneration. Biomedicines. 2021;9:1825. 
https://doi.org/10.3390/biomedicines9121825 
[4] Supercritical carbon dioxide-decellularized arteries exhibit physiologic-like vessel regeneration 

following xenotransplantation in rats. Biomater Sci. 2023;11(7):2566. 

https://pubmed.ncbi.nlm.nih.gov/36789647/ 
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[1]Fraguela-Meissimilly H, Bastías-Monte JM, Vergara C, Ortiz-Viedma J, Lemus-Mondaca R, 
Flores M, Toledo-Merma P, Alcázar-Alay S, Gallón-Bedoya M. New Trends in Supercritical Fluid 
Technology and Pressurized Liquids for the Extraction and Recovery of Bioactive Compounds from 
Agro-Industrial and Marine Food Waste. Molecules. 2023 May 29;28(11):4421. 
https://www.mdpi.com/1420-3049/28/11/4421 
[2] Uwineza PA, Waśkiewicz A. Recent Advances in Supercritical Fluid Extraction of Natural 
Bioactive Compounds from Natural Plant Materials. Molecules. 25(17): 3847.  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7504334/ 
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[1] J. Gross, G. Sadowski, Perturbed-Chain SAFT: An Equation of State Based on A Perturbation 

Theory for Chain Molecules, Industrial & Engineering Chemistry Research, 40 (2001) 1244-
1260.  
https://pubs.acs.org/doi/abs/10.1021/ie0003887 

[2] F. Ruether, G. Sadowski, Modeling the Solubility of Pharmaceuticals in Pure Solvents and 
Solvent Mixtures for Drug Process Design, Journal of Pharmaceutical Sciences, 98 (2009) 
4205-4215.  
https://www.sciencedirect.com/science/article/abs/pii/S0022354915329452 

[3] S.Z. Mahmoudabadi, G. Pazuki, A Predictive PC-SAFT EOS Based on COSMO for 
Pharmaceutical Compounds, Scientific Reports, 11 (2021) 6405. 
https://www.nature.com/articles/s41598-021-85942-8 

[4] M.M. Azim, I. Ushiki, A. Miyajima, S. Takishima, Modeling the Solubility of Non-Steroidal 
Anti-Inflammatory Drugs (Ibuprofen and Ketoprofen) in Supercritical CO2 Using PC-SAFT, 
The Journal of Supercritical Fluids, 186 (2022) 105626.  
https://www.sciencedirect.com/science/article/abs/pii/S0896844622001115
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Regeneration of Supercritical Carbon Dioxide Decellularized Kidney by Direct 
In Vivo Implantation in the Rabbit Model 

 

Yin-Chih Fu1, Periasamy Srinivasan2, Dar-Jen Hsieh2,* 
1 Kaohsiung Municipal Ta-Tung Hospital, Kaohsiung Medical University, Kaohsiung, Taiwan 

2 R&D Center, ACRO Biomedical Co. Ltd, Kaoshiung, Taiwan 

 

 Chronic kidney disease (CKD) is a major cause the mortality and morbidity worldwide. At 

present the choice of therapy for CKD is limited to peritoneal dialysis, hemodialysis and kidney 

transplantation. Renal regeneration approaches offer great potential for the end-stage treatment of 

CKD. In the current investigation, a rabbit kidney was decellularized using supercritical carbon 

dioxide (SCCO2) and direct orthotropic transplantation was done in a rabbit model, the regenerated 

kidney was harvested after 4 weeks for evaluation. The characterization of decellularized kidneys 

was done by hematoxylin and eosin and 4,6-diamidino-2-phenylindole (DAPI) staining and DNA 

analysis that showed complete removal of cells by SCCO2. The regeneration of the kidney was 

evaluated by computerized tomography, ultrasonography and nuclear scan. The expression of PAX2 

and WT1 had a modulating expression in the transplanted kidney, demonstrating regeneration. In 

the transplanted kidney, the stem cell marker CD34 was found to be expressed, indicating the 

recruitment of stem cells leading to regeneration.  Pre-tubular aggregate and renal vesicle marker 

PAX8 were found to express in the transplanted kidney, indicating the formation of the functional 

unit of the kidney leading to regeneration. The regenerated kidney nuclear renal scan showed urine 

formation around the kidney, indicating a partial renal function. In the current investigation, we 

demonstrated that the SCCO2 decellularized kidney did not show immune-related rejection. 

Furthermore, the expression of metanephric mesenchyme and renal vesicle markers indicate the 

formation of the functional unit of the kidney, along with the recruitment of stem cell markers and 

cell proliferation markers in the SCCO2 decellularized transplanted kidney. We have established that 

SCCO2 decellularized kidneys can be regenerated in vivo with partial biological function.  
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Serendipitous Function of Supercritical Carbon Dioxide Derived Collagen 
Acellular Dermal Matrix on Hair Growth  

 

Yun-Ju Chen1, Periasamy Srinivasan1, Dar-Jen Hsieh2,* 
1 R&D Center, ACRO Biomedical Co. Ltd, Kaoshiung, Taiwan 

 

 In the pursuit of seeking out esthetic facial soft tissue augmentation, we plan to develop a 

collagen acellular dermal matrix (ADM) using supercritical carbon dioxide (SCCO2) extraction 

technology. The collagen ADM paste is made up of an ADM and atelocollagen derived from 

porcine skin for the treatment of facial soft tissue augmentation. To characterize the non-toxic 

nature of collagen ADM, we injected it into mice's skin, to our surprising serendipity we found 

significant hair growth in the collagen ADM-injected mice. Alopecia is a skin disease manifested by 

hair loss, which primarily affects mental health and quality of life. Therefore, we hypothesized the 

hair growth investigation of collagen ADM paste and collagen ADM scaffold in mice. In the current 

investigation, C57Bl6 mice were grouped into six groups as follows: Sham, platelet-rich plasma 

(PRP), collagen ADM scaffold, collagen ADM scaffold +PRP, collagen ADM paste and collagen 

ADM paste+PRP. Hair growth was significantly increased in collagen ADM scaffold +PRP and 

collagen ADM paste+PRP relative to all other experimental groups at 20 days. Hair follicle numbers 

significantly increased as evaluated by H&E staining of both longitudinal and horizontal tissue 

sections in collagen ADM scaffold +PRP and collagen ADM paste+PRP compared to all other 

experimental groups at 20 days. Collagen ADM scaffold +PRP was found to modulate the 

expression of Lef-1 and K17 in the hair follicle growth cycle, thereby increasing the hair follicle 

and hair density. The SCCO2-derived collagen ADM increased hair follicle and hair density and 

might be a serendipitous therapy for alopecia, without any adverse effects.  
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Xenotransplantation of Supercritical Carbon Dioxide Decellularized Artery 
Directly In Vivo Recellularized and Portrayed Physiologic-Like Artery 

 

Shih-Ying Sung1, Periasamy Srinivasan2, Dar-Jen Hsieh2,* 
1 Graduate Institute of Medical Sciences, National Defense Medical Center, Taipei, Taiwan 

2 R&D Center, ACRO Biomedical Co. Ltd, Kaoshiung, Taiwan 

 

 Synthetic vascular grafts used in humans are linked to a decreased percentage of patency and 

an increased level of infection of arteriovenous fistulas. The use of common synthetic vascular 

grafts leads to elevated rates of thrombosis and subsequent rejections. Recently, supercritical carbon 

dioxide (SCCO2) extraction technology has been employed in the development of biomedical 

materials that can be directly implanted. In the present study, we developed a decellularized rabbit 

artery using SCCO2 and directly xenotransplanted (XTP) in the ACI/NKyo rat. The artery was 

completely recellularized as a blood vessel by direct in vivo implantation. The SCCO2 

decellularized artery portrayed good biocompatibility, enhanced chemotactic migration of 

endothelial progenitor cells, reduced risk of vasculopathy, reduced inflammatory and splenic 

immune responses, and good physiological-like tension responses after xenotransplantation in 

ACI/NKyo rats relative to the SDS decellularized artery. The SCCO2 decellularized artery showed 

contractions and dilations similar to the native artery physiological conditions that articulated to 

artery regeneration. However, the SDS decellularized artery was not equivalent to the native artery. 

The aneurysmal alterations and vasculopathy in the SCCO2 decellularized artery were negligible 

compared to the SDS decellularized artery in XTP rats. We established that the SCCO2 

decellularized artery had negligible inflammatory and immune-rejection responses, exhibited 

chemotaxis of vascular progenitor cells, and proficiently formed into a functional artery in XTP 

rats.  

 

Reference 
[1] S.Y. Sung, Y.W. Lin, C.C. Wu, C.Y. Lin, P.S. Hsu, S. Periasamy, B. Nagarajan, D.J. Hsieh, Y.T. 
Tsai, C.S. Tsai, F.Y. Lin. Biomater Sci.11(7) (2023) 2566-2580 
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[1] Y. Iwai, Y. Koga, H. Maruyama, Y. Arai, Solubilities of stearic acid, stearyl alcohol, and arachidyl 
alcohol in supercritical carbon dioxide at 35 ℃, J. Chem. Eng. Data. 38 (1993) 506–508. 
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[1] T. Shinozaki, M. Ono, K. Higashi, K. Moribe, A Novel Drug-Drug Cocrystal of Levofloxacin 
and Metacetamol: Reduced Hygroscopicity and Improved Photostability of Levofloxacin , 
Journal of Pharmaceutical Sciences, 108 (2019) 2383-2390. 
https://doi.org/10.1016/j.xphs.2019.02.014 

[2] N.U. Islam, M.N. Umar, E. Khan, F.A. Al-Joufi, S.N. Abed, M. Said, H. Ullah, M. Iftikhar, M. 
Zahoor, F.A. Khan, Levofloxacin Cocrystal/Salt with Phthalimide and Caffeic Acid as 
Promising Solid-State Approach to Improve Antimicrobial Efficiency, Antibiotics, 11 (2022) 
797. 
https://doi.org/10.3390/antibiotics11060797  
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[1] P.C. Seville, T.P. Learoyd, H.Y. Li, I.J. Williamson, J.C. Birchall, Amino acid- modified spray-
dried powders with enhanced aerosolisation properties for pulmonary drug delivery. Powder 
Technol. 178 (2007) 40–50. doi.org/10.1016/j.powtec.2007.03.046 

[2] H.T. Wu, H.C. Lin, Y.J. Tu, K.H. Ng, Instant formulation of inhalable beclomethasone 
dipropionate gamma-cyclodextrin composite particles produced using supercritical assisted 
atomization, Pharmaceutics, 15, 1741 (2023). doi.org/10.3390/pharmaceutics15061741 
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a* b 
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Department of Fiber and Composite Materials, Feng Chia Universityab 
*hocherry0818@gmail.com 

 
 

( )

 

 
 

 
 
ABSTRACT 
This study will dye nylon fabrics with commercial reactive dyes. Since supercritical carbon dioxide 

fluid cannot dissolve commercial reactive dyes, this experiment will use cetyltrimethylammonium 

chloride (cationic surfactant) to hydrophobically modify three commercial red, yellow, and blue 

reactive dyes to make them soluble in supercritical carbon dioxide. And it is applied to supercritical 

dyeing of nylon fabrics to achieve supercritical carbon dioxide dyeing of nylon fabrics.  

The modified reactive dye is then tested with an infrared spectrometer, spectrophotometer, etc. to 

explore the structural changes of the reactive dye after combining with the cationic surfactant and the 

color spectrum of the modified dye. The modified reactive dyes were used to carry out single-color 

dyeing of nylon fabrics with supercritical carbon dioxide. The differences in various physical 

properties between supercritical fluid dyeing and traditional dip dyeing were discussed based on 

different dyeing parameters. The dyed nylon fabrics was subjected to dry and wet friction, color 

fixation rate before and after washing, fabric dye uptake rate and tensile test. 

Keywords: Supercritical carbon dioxide, Nylon fabrics, Reactive dyes  
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 Supercritical CO2-Assisted Metallization of UHMW-PE Fibers toward 

Weavable Devices 
 

Shohei Yoshida1, Hikaru Kondo1, Tomoyuki Kurioka1, Tso-Fu Mark Chang1,*,  

Yi-Feng Lin2, Hiromichi Kurosu3, Masato Sone1 

Institute of Innovative Research, Tokyo Institute of Technology, Yokohama, 226-8503, Japan
2 Department of Chemical Engineering and R&D Center for Membrane Technology, Chung Yuan Christian 

University, 200 Chung Pei Rd., Chungli, Taoyuan, Taiwan 

3 Cooperative Major in Human Centered Engineering, Nara Women's University, Nara 630-8506 Japan 

 

Weavable devices are multifunctional fabric-based devices prepared by weaving various 

functional fibers into a single piece of fabric. Functional fibers possessing decent electrical 

conductivity are essential for weavable devices, and this can be realized by metallization of polymer 

fibers [1]. Ultra High Molecular Weight Polyethylene (UHMW-PE) fibers are known for their 

excellent chemical and mechanical properties such as low density, chemical resistance, abrasion 

resistance, and impact resistance, and these properties make UHMW-PE fibers promising materials 

for medical and military applications. On the other hand, the high chemical resistance makes it 

difficult for UHMW-PE to be metallized. Therefore, in this study, we aim to metallize UHMW-PE 

fibers by a supercritical CO2 (scCO2)-assisted method [2].   

Source of the Pd catalyst was palladium hexafluoroacetylactonate (Pd(hfa)2)for the high solubility 

in scCO2, and ε-caprolactam was added to enhance the interaction between the Pd(hfa)2 and UHMW-

PE fibers. After the scCO2 catalyzation step [1,2], the scCO2 catalyzed UHMW-PE fibers were treated 

with a commercially available Ni-P electroless plating solution in the metal deposition step. 

After the metal deposition step, the Ni-P metallized UHMW-PE fibers were completed covered 

with Ni-P and showed a decent electrical resistance of 48.0 Ω.  

 

Keywords: Weavable device, UHMW-PE, Supercritical CO2 Catalyzation, Metallization. 

 

Reference 
[1] W.T. Chiu, Y. Tahara, C.Y. Chen, T.F.M. Chang, T. Hashimoto, H. Kurosu, M. Sone, 
Microelectron. Eng., 175 (2017) 34-37. 
[2] K. Tokuoka, C.Y. Chen, T.F.M Chang, W.T. Chiu, H. Kurosu, M. Sone, Microelectron. Eng., 223 
(2020) 111233.  
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