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Complications in the cornea are one of the significant causes of vision impairment globally. 

Vision loss due to corneal complications can be reversed through corneal transplantations in 

most cases. Donor corneal tissue is scarce worldwide for transplantation which can be solved 

with stem cell-derived tissue-engineered cornea. This project aims to develop biocompatible 

electrospun scaffolds using polycaprolactone (PCL) and gelatin blend capable of mimicking the 

corneal microenvironment's extracellular matrix and mechanical properties. Initial findings 

suggest that the morphology and hydrophobicity of electrospun scaffolds from PCL and gelatin 

blends are tunable by changing parameters. The developed scaffolds also supported growth and 

culture for corneal epithelial cells. The findings will inform future research involving the 

development of corneal scaffolds seeded with human-induced pluripotent stem cell (hiPSC) 

derived corneal cells. The use of hiPSC derived corneal epithelial and endothelial cells will 

facilitate translation to the clinic and offer a personalized medicine approach by developing 

patient-specific hiPSCs and further lowering the risk of an immune response.  
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Recent advancements in minimally invasive transdermal biosensing and drug delivery are 

reviewed in the study. The administration of therapeutic entities through the skin is complicated 

by the stratum corneum layer, which serves as a barrier to entry and retards bioavailability. A 

variety of strategies have been adopted for the enhancement of transdermal permeation for drug 

delivery and biosensing of various substances. Physical techniques such as iontophoresis, reverse 

iontophoresis, electroporation, and microneedles offer (a) electrical amplification for transdermal 

sensing of biomolecules and (b) transport of amphiphilic drug molecules to the targeted site in a 

minimally invasive manner. Transdermal biosensing via microneedles has emerged as a novel 

approach to replace hypodermic needles. In addition, microneedles have facilitated minimally 

invasive detection of analytes in body fluids. The dermis is fully vascularized and possesses sweat 

glands, hair follicles, nerve endings, and lymph vessels. This layer of tissue facilitates the local 

absorption of drugs. The intercellular lipid bilayer of the stratum corneum, the uppermost layer, 

constitutes the rate-limiting layer for the migration of hydrophilic drug molecules across it. The 

microneedles offer an effective means for drug administration in the body; the system is repeatedly 

switchable, which enables release of a consistent dosage of the drug. 
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In vivo, the extracellular matrix (ECM) provides biochemical and mechanical properties that are 

instructional to resident cells to form complex tissues with characteristics to develop and support 

vascular networks. In vitro, development of vascular networks can be guided by biochemical 

patterning of substrates via spatial distribution and display of peptides and growth factors to 

prompt cell adhesion, differentiation, and proliferation. We have developed a technique utilizing 

peptide ligands that specifically bind vascular endothelial growth factor (VEGF), erythropoietin 

(EPO), or angiopoietin-1 (ANG1) to spatiotemporally distribute growth factors to cells. This 

allows for the controlled release of each growth factor, ultimately enhancing the formation of a 

vascular network. Our engineered tissue constructs (ETCs) are fabricated out of gelatin 

methacryloyl (GelMA), which is an ideal substrate for tailored stiffness and bio-functionality, and 

covalently patterned with growth factor specific peptides. These peptides mimic growth factor 

receptors, facilitating the non-covalent binding of the growth factors to the ETC, allowing for 

facile uptake by the cells. We have demonstrated in the absence of cells the binding affinity of 

VEGF, EPO, and ANG1 to their respective peptides and the ability for each to be patterned onto a 

GelMA substrate. The ability to organize growth factors on an ETC provides a new functionality 

to develop organized vascular networks. Our results demonstrated a method to incorporate bio-

chemical cues into ETCs that enable spatial and temporal control of growth factors. Future efforts 

will investigate the cellular response by evaluating gene expression, quantifying angiogenic 

activity, and measuring speed of growth factor consumption.  

 

Figure 1: Overview of hydrogel fabrication. Peptides are UV crosslinked onto a GelMA hydrogel using a 

photo mask via click chemistry, followed by incubation with a growth factor to result in a spatially 

controlled pattern. 
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Title: Inhalation of exosomes for COPD 

 

Abstract 

Respiratory diseases are becoming increasingly prevalent, with diseases such chronic obstructive 

pulmonary disease (COPD) substantially driving patient burden across all ages. Bronchitis and 

emphysema are the two main conditions that contribute to COPD. Inhaled therapy represents a major 

therapeutic approach, with bronchodilators and anti-inflammatories approved to reduce symptom 

exacerbations. However, these treatments cannot reverse the pathophysiological attributes of COPD or 

improve pulmonary function; current treatments merely help manage symptoms. There is a critical need 

for a therapeutic that can regenerate the lung and reverse disease progression. RNA and synthetic lipid 

nanoparticle (LNP) technologies have gained interest in the field of biomaterials as biologic drug delivery 

vehicles, notably seen in the coronavirus disease 2019 (COVID-19) vaccines. Biological nanoparticles 

such as extracellular vesicles (EVs) present a novel therapeutic that may optimize targeted drug delivery 

and drug efficacy through their innate biological signatures. Exosomes are a type of EV that contain 

regenerative factors. Notably, exosomes derived from stem cell-like lung spheroid cells (LSCs) can 

attenuate the fibrotic lung and improve lung function through nebulized treatments. In the present study, 

we tested these lung-derived exosomes (Lung-Exo) as protein drug delivery vehicles and tracked 

fluorescently-labeled (RFP) nanoparticle deposition in the lung upon nebulization. Three-dimensional 

imaging confirmed superior Lung-Exo deposition to target regions of the lung than its synthetic LNP 

liposome (Lipo) counterpart. In a therapeutic application, native exosomes from LSCs (LSC-Exo) were 

nebulized to a transgenic rodent model of COPD. LSC-Exo treatments facilitated lung regeneration by 

decreasing airway thickness and mucus hypersecretion, and improved lung function by increasing forced 

vital capacity and decreasing quasi-static compliance. LSC-Exo is a novel nanoparticle therapy platform 

that can deliver therapeutic biologics through inhaled delivery.  

 

 

 

 

 

 

 

 

 

 

 



Biological Electron Microscopy at NC State’s Analytical Instrumentation Facility 

Nina Balke 

The Analytical Instrumentation Facility (AIF) is NC State’s largest user facility and provides biological 

electron microscopy services to students, faculty, and companies from anywhere in the world. This 

poster gives an overview over sample preparation and characterization capabilities offered by AIF to 

serve a wide range of users from a variety of biological applications. This includes state-of-the-art freeze 

fracture, freeze substitution, ultramicrotomes, as well as cryo-scanning electron microscopy and 

transmission electron microscopy.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Carbon nanotube-based conductive scaffolds for cardiac tissue engineering 

Suh Hee Cook 

Heart disease has been the leading cause of death in the U.S. for the past 95 years. Cardiac tissue 

engineering offers promising treatments and investigative tools for these diseases. Induced 

pluripotent stem cell-derived cardiomyocytes (iPSC-CMs) are an attractive cell source for 

cardiac tissue engineering due to their patient-specificity and theoretical ability to supply 

limitless cell quantities. However, they are electrophysiologically immature compared to healthy, 

adult cardiomyocytes. Conductive scaffolds have shown positive results in electrophysiologically 

maturing neural stem cells, and we hypothesize they have the capability to similarly 

electrophysiologically mature iPSC-CMs. We aim to increase the conductivity of electrospun 

polycaprolactone (PCL) and gelatin scaffolds by incorporating carbon nanotubes (CNTs), which 

are known for their excellent conductive properties. The inclusion of CNTs increased the 

electrical conductance of scaffolds from 0.0 ± 0.00 kS (non-CNT) to 0.54 ± 0.10 kS (sCNT) and 

5.22 ± 0.49 kS (DD CNT) when measured parallel to CNT arrays, and to 0.25 ± 0.003 kS 

(sCNT) and 2.85 ± 1.12 (DD CNT) when measured orthogonal to CNT arrays. CNT inclusion 

also increased fiber diameter and pore size, decreased degradation rate, increased 

hydrophobicity, and increased Young’s moduli and failure load of scaffolds. The scaffolds 

exhibited high cytocompatibility with murine fibroblasts over a month post-seeding and with 

iPSC-CMs over 24 hours, based on live/dead assays, metabolic assays, and immunocytochemical 

staining. Finally, staining of sectioned cell+scaffold constructs indicated cellular migration into 

the full thickness of the scaffolds, indicating the cells find the microstructure of the scaffolds 

amenable. The increased conductivity and high cytocompatibility of the scaffolds make them an 

attractive platform for in vitro electrophysiological maturation of hiPSC-CMs to be used in 

cardiac tissue engineering applications.  

 

 

 

 

 

 

 

 

 

 

 



Developing biomaterial-based pH sensor 

Nigar Sultana 

Increasing demand for pH detection in healthcare, food safety, environmental monitoring, and 

industrial treatment motivates the development of a pH sensor capable of working in these 

environments. In recent years, single-walled carbon nanotubes (SWCNTs) have been 

investigated as a biomaterials option for developing sensors due to their unique optical properties 

and physico-chemical characteristics, which include non-photo bleaching fluorescence in the 

near-infrared (nIR) spectral range, sensitivity to molecular recognition, and tunable surface 

functionalization. This research describes the development of a SWCNT-based optical sensor to 

enable pH-sensing in biomedical applications. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Title: Healing tissues with the help of computer modeling and artificial intelligence 

 

Author: Shayn Peirce-Cottler, Ph.D. 

 

Abstract: 

 

The most prevalent, devastating, and complex diseases of our time, such as diabetes, 

cardiovascular disease, cancer, and infectious diseases, involve the dynamic interactions of cells with 

one another and with their changing environment. However, the drugs we typically use to treat diseases 

target a single protein and disregard the fact that cells within tissues are highly heterogeneous and have 

individualized responses that contribute to the tissue-level outcomes. To bridge the gap between 

protein and multi-cell/tissue-levels of spatial scale, my lab develops agent-based computational models 

and uses them in combination with experiments and machine learning approaches to predict how 

individual cell behaviors give rise to tissue-level adaptations. We have used agent-based modeling to 

simulate the structural adaptations of large and small blood vessels, cardiac and skeletal muscle 

regeneration following injury, and immune cell trafficking and differentiation during inflammation and 

fibrosis. Our studies have suggested new mechanistic hypotheses and provided guidance for the design 

of novel therapies that account for the dynamic and heterogeneous interactions between different cell 

types within diseased and regenerating tissues. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Thermo-responsive bio-adhesive polymer for wound dressing 

Hamid Hamedi 

Many of current developments on wound dressing design are focusing on biochemical 

improvement that is associated with complexity and toxicity. In this project, we aim to improve 

biomechanical property of the hydrogel to close the wound mechanically and biochemically. 

Thermo-responsive bio-adhesive polymers are drawing many attentions due to their applications 

in biomedical engineering such as suture less surgery, drug delivery and wound dressing. Chitosan 

is well known as a biocompatible biopolymer. Chitosan is hemostatic, biodegradable and 

biocompatible biopolymer that make it a good candidate for wound dressing. In this study, a 

chitosan-based polymer composite with self-healing, bio-adhesive and thermos-responsive 

properties is designed. Adhesiveness, self-healing property, cell cytotoxicity and thermo-

sensitivity of the hydrogels are evaluated. Graphene oxide is added to improve self-healing and 

cohesiveness of the hydrogels. Adhesive property of the samples are evaluated with tensile test. 

Self-healing properties are characterized by two techniques: visual evidence and rheological study. 

The thermo-responsive property of prepared composite is characterized by rheological study. 

Alamarblue assay is used to show cell cytotoxicity of the samples. Our study indicated that 

prepared chitosan-based composite has great properties for wound dressing.  

 

 

 

 

 

 

 

 

 

 

 

 



Microfluidic blood-tissue interface: development and applications in wound healing 

 

Halston E. Deal, Michael A. Daniele, Ashley C. Brown 

 

The gap in physiological conditions in vivo and those created in vitro makes the development of 

therapeutics difficult and expensive. Use of microphysiological systems (MPS) in biomedical 

research, including in the area of wound healing, promises to help fill gaps in in vitro and in vivo 

experimental conditions by recapitulating more biophysical, biochemical, and multicellular 

interactions found in humans. Such devices can more closely mimic physiological cell-ECM 

interactions compared to ECM proteins coated on a dish, and can be used to evaluate the efficacy 

of biomaterials that enhance or disrupt clotting and wound healing. 

Herein we present the development of an MPS that seeks to address limitations in wound healing 

research by facilitating multicellular-ECM interactions and recapitulating hemostasis as 

coagulation at the site of vascular damage during flow. Development of the MPS thus far has 

included fabrication of perfusable microtissues, prepared with human umbilical vein endothelial 

cells (HUVECs) and neonatal human dermal fibroblasts (HDFn). We have also included 

deformable microactuators and evaluated the biocompatibility of soft silicones that facilitates 

actuator deformation. Actuators compress and damage a vascular endothelium, and preferential 

polymerization of fibrin from human plasma samples has been observed at the phosphatidylserine-

positive injury site during perfusion. Finally, we have fabricated gold multi-electrode arrays on-

glass, and measured an impedimetric phase response in clotted versus non-clotted plasma. Current 

application of this device is to evaluate distinctions in cell-fibrin interaction in neonatal vs. adult 

wound healing. Recently, we observed structural differences in neonatal and adult fibrin networks, 

distinct HDFn morphology and migration on neonatal and adult fibrin networks, and enhanced 

murine wound closure around neonatal fibrin. Ongoing experiments address distinctions between 

neonatal and adult HDF (HDFa) morphological and migratory response to fibrin matrices, as well 

how these cells use fibronectin to interact with fibrin. Understanding how each HDF type uses 

fibronectin to respond to a wound site will inform subsequent MPS design and readouts. These 

MPS recapitulate physiological conditions during hemostasis, making them novel in vitro tools for 

analyzing hemostasis and multicellular responses to vascular damage. 
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Title: Polymeric Micelles: Thinking beyond solubility and towards drug retention 

 

The focus of polymeric micelle technology to date has been on increasing the solubility of poorly soluble 

drugs to improve drug delivery, widen the therapeutic window, and improve efficacy. Here we outline our 

efforts to improve efficacy and the delivery of drugs to tumors by focusing on drug retention in the 

micelles, rather than just solubility. Improved drug retention in the polymeric micelle leads to improved 

tumor drug exposure and therapeutic outcomes in triple negative breast cancer. We have designed a novel 

assay to measure drug partitioning in vitro which can be correlated to drug disposition in vivo. Our studies 

indicate that drug partitioning between protein and micelles is dependent on polymer/drug ratio, drug 

concentration, and the choice of polymer. Taken together, this in vitro assay could be used for the in vitro 

optimization of formulations, and when combined with pharmacokinetic modeling, can reduce the time 

and money required to complete in vivo preclinical evaluations. These efforts will lead to improved 

preclinical work flow and improve the efficiency of formulation translation to the clinic. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Wireless and Battery-less Surveillance System of Blood Flow in 

Textile-based Vascular Grafts 

Xiaoqi Tang1, Martin W. King1,2, 
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Cardiovascular disease is one of the leading causes of death globally. Many of these situations 

are closely related to plaque buildup on the walls, called atherosclerosis. Using a vascular graft 

to reopen the narrowed section or bypass the stenosed vessel is a popular therapeutic option. 

However, even if patients are followed up regularly, critical situations may still happen in 

between sequential checkups. Complications such as pain, limb swelling, or even strokes and 

heart attacks may occur to disturb or threaten a patient's life. To address this issue, a dynamic 

surveillance system, capable of continuous monitoring, is necessary. In most surveillance systems 

proposed by researchers for vascular grafts, measurement of blood flow is the main criteria in 

the design. As stenosis occurs, the amount of blood passing through a unit length, compared with 

the original flow rate, can reflect the percentage of flow reduction and the extent of severity of 

the complication. Currently, mainstream models utilize diffraction-grating transducers, 

electromagnetic rings, and/or piezoelectric pressure sensors. However, even with advanced 

flexible materials, these add-on devices will either compromise the mechanical performance of 

the vascular graft or limit the compliance of these implants.   

 

Thus, we propose a wireless model for blood flow measurement completely incorporated into 

the textile-based vascular graft. The blood flow sensor is made of a weft inserted stretchable 

conductive yarn, integrated inside a knitted polyethylene terephthalate vascular graft. As various 

volumes of blood pass due to each heartbeat, the stretched and relaxed state of the conductive 

yarn can convert the displacement into the amount of current. Subsequently, battery-assisted 

passive radio frequency identification (RFID) technology will also be applied, providing low-

frequency wireless transmission protocols. The RFID tag can be activated when the external RFID 

reader is in range. In addition, RFID tags can identify basic patient information and read data 

measured by sensors in the body for patient self-monitoring. 

 

 

 

 



Antimicrobial Hernia Mesh: Plasma Activated Diallyldimethylammonium Chloride Coating 
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Statement of Purpose: Hernias can be classified into 
many different types depending on their anatomical 
locations and their etiology. According to a global 
research, in 2015, inguinal, femoral and abdominal 
hernias resulted in 60,000 deaths. The death rate is 
increasing compared with 55,000 deaths in 1990 [1]. 
There are several alternative repair methods, such as open 
tissue repair, laparoscopic technique, and tension-free 
approach. Hernia recurrence, seroma, persistent pain, 
tissue adhesions, and wound infection are common 
complications following hernia repair surgery. A tension-
free repair reduces the recurrence rate because it uses a 
prosthetic mesh to repair the hernia without applying any 
tension to the suture line. Although most hernia meshes 
are biocompatible, complications can occur when 
synthetic meshes are implanted. For example, the 
frequency of complications associated with inguinal 
repair ranges from 2.3% to 20%. Infection is the third 
major complication after hernia mesh implantation [2]. In 
order to reduce the incidence of late infections, meshes 
with anti-bacterial properties need to be developed. 
Antibacterial finishes such as silver, chitosan and 
triclosan have previously been studied with limited 
success. The main objective of this study was to develop a 
hernia mesh with a diallyldimethylammonium chloride 
(DADMAC) coating to avoid the incidence of late 
bacterial infections.  
 
Methods: In this study, monofilament knitted 
polypropylene meshes supplied by C.R. Bard Inc. were 
exposed to radio frequency plasma to activate their 
surfaces. DADMAC was then grafted onto the mesh 
surface with the use of the crosslinker pentaerythritol 
tetraacrylate (PETA). The DADMAC grafted 
polypropylene hernia mesh and the untreated control were 
characterized by mechanical, chemical, biological and 
bacterial analysis. The antimicrobial activity was 
evaluated using a viable cell counting technique against 
Escherichia coli (ATCC #25922) and Staphylococcus 
aureus (ATCC #33591). Live and dead assay was applied 
to test the in-vitro biocompatibility of the grafted 
polypropylene mesh.  
 
Results: The pore size, fiber diameter, weight and 
thickness increased significantly after the DADMAC 
treatment. Acid dyeing, TOF-SIMS analysis and SEM 
showed that the DADMAC was successfully grafted onto 
the mesh surface. Meanwhile, the experimental results 
showed that the DADMAC grafted hernia mesh had a 
significantly superior antimicrobial performance 
compared with the untreated mesh when exposed to 
Escherichia coli and Staphylococcus aureus with a 0.9 

and 2.9 log reduction respectively. Figure 1 shows that in 
both cases, the DADMAC treated mesh showed 
significant antimicrobial activity (p<0.05). This confirms 
that the plasma treatment enabled the DADMAC to be 
grafted to the PP mesh surface through the presence of the 
PETA crosslinker.  
 

Figure 1. Antimicrobial results for the DADMAC treated 
and untreated mesh samples against (A) Escherichia coli 

and (B) Staphylococcus aureus. 
 

To test the biocompatibility of the DADMAC treated 
mesh, live and dead assay was undertaken, and the result 
showed the treated mesh has positive biocompatibility. 
  

 
Figure 2. Live and dead assay image for DADMAC 
treated polypropylene mesh. Magnification: (10X) 

 
Conclusions: In conclusion, a novel antimicrobial 
DADMAC finish has been successfully applied to a radio 
frequency plasma activated polypropylene knitted mesh 
for use in hernia repair applications. The DADMAC 
coating provides the mesh with superior antimicrobial 
performance which will reduce the incidence of late 
infections following hernia repair surgery.  
 
References: 
[1] Dicker D. Lancet. 2018;392:1684-1735. 
[2] Deysine M. Surg Clinic N Amer. 1998;78:1105–1115. 
 



Biomaterials Day 

NC State University 

March 11, 2022 

 

Production of a bio-based single-component 3D printable hydrogel for tissue engineering 
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Natural polymer-based hydrogels have significant versatility in medical applications, 

including tissue engineering, due to their high biocompatibility and biodegradability. However, 

there are several interrelated challenges in hydrogel formulation, bio-processability, and 

mechanical and bio-functional properties relevant to scale-up tissue engineering. To address these 

issues, this work focuses on developing a novel bio-based single component hydrogel (cellulose 

acetate sulfate, CAS) that has never been reported elsewhere, and its rheological, mechanical, 

biocompatibility, and 3D printability characteristics are investigated. The beauty of this work lies 

in the ease of producing the single-component cellulose hydrogel. This approach overcomes many 

existing challenges in producing hydrogels for tissue engineering and 3D printing. Unlike other 

natural polymer-based hydrogels, which require crosslinkers and complicated techniques for 

production, CAS can be transformed into hydrogel by simply adding water. Typically, once a 

hydrogel is formulated, it is hard to tune the mechanical and rheological properties of a multi-

component hydrogel due to its structural complexity originating from its multi-component nature. 

However, the mechanical and rheological properties of our newly developed single component 

hydrogel can be easily engineered by varying four factors: 1) CAS molecular weight , 2) the 

number of acetyl and sulfate groups, 3) solids content, and 4) extrusion temperature. The ease of 

tuning these properties allows for optimization of the hydrogel for 3D printing of scaffolds for 

tissue engineering. An early feasibility study has confirmed that these cellulose-based hydrogels 

have good printability and shape fidelity compared to commonly utilized natural polymer-based 

hydrogels such as alginate and that they are biocompatible. These early synergetic results are 

promising, and CAS hydrogels could pave a new pathway in the production of 3D printed hydrogel 

scaffolds for tissue engineering. 



Large-scale Modeling of Cellulose Nanocrystal-like Mesophases

Merve Fedai, Albert L. Kwansa, and Yaroslava G. Yingling

Materials Science and Engineering Department, North Carolina State University, USA

Abstract

Cellulose nanocrystals (CNCs) are rod-like structures that are known to self-assemble into liquid
crystalline phases (mesophases) that define their unique properties. [1,2] Notably, the cholesteric
or chiral nematic phases of CNC structures have been shown to exhibit fascinating optical
phenomena such as iridescence due to helical supramolecular organization. [1,3] It has been
reported that the helical pitch length of CNCs in this phase is comparable to the wavelengths of
the visible light spectrum that determines the reflected color. [4,5] This structure-property
relationship is applied for various applications such as sensors, counterfeiting inks, decorative
coatings, electronics, etc. [6,7] However, controlled production and functionalization of
CNC-based materials for such applications is challenging and expensive due to the multitude of
underlying interactions, caused by both internal and external stimuli, that hinder the fundamental
understanding. [3,8] Compared to experimental methods, computational approaches allow for
more control and high resolution data for less cost. Therefore, we perform high-throughput
coarse-grained molecular dynamics (CG-MD) simulations and use data-science techniques to
provide a fundamental understanding of the self-assembly mechanism of macroscopic-scale
CNC systems under various temperature and pressure conditions. First, we investigate several
CNC-like systems to determine and parameterize a feasible model. Then, we perform multiple
CG simulations to construct liquid crystalline phase diagrams of a CNC-like system and
determine the cholesteric region and reflected color. Finally, using the data collected from the
simulations, our study aims to accelerate the construction of phase diagrams of optimized models
via machine learning.
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Development of a Biocompatible Noggin Coated Electrospun Scaffold for use as a Corneal
Bandage for Treatment of Corneal Wound Healing

Eelya Sefat1,2, Nasif Mahmood1, Darby Roberts2, Brian C. Gilger2, Jessica M. Gluck1

Textile Engineering, Chemistry, and Science, North Carolina State University
Clinical Sciences, North Carolina State University

Indolent corneal ulcers are a painful condition present in both humans and canines. Current
treatment involves debridement, diamond burr keratectomy, and superficial keratectomy which
are attempts at removing the diseased epithelium tissue in order to stimulate cell proliferation
and adhesion with the stroma layer. However there often are complications with noncompliance,
post-surgery infection due to ineffective topical treatment, and dangers typically associated with
invasive surgery. Recent genetic studies of Boxer Dogs, who are genetically susceptible to
indolent corneal ulcers, have shown a deficiency in the Noggin protein [1]. It is understood that
Noggin acts as a potent inhibitor of BMP and BMP has been previously identified to cause
delayed wound healing [2]. In an attempt to create a novel treatment, we have developed a
PCL-Gelatin scaffold coated with lyophilized recombinant Noggin. We have characterized the
scaffold and begun evaluating the biocompatibility of the scaffold with Human Corneal Epithelial
Cells. SEM imaging has been conducted to characterize the scaffold prior to treatment of noggin
and following. Biocompatibility has been evaluated with a Live/Dead Assay and an Alamar Blue
Assay across 7 days to quantify cell viability. In addition, immunohistochemical staining has
been conducted for structural protein CK12 to indicate healthy corneal cells. Current results
indicate successful coating of the scaffold through a Noggin Antibody and no cytotoxicity issues
through a Live/Dead and Alamar Blue Assay. Results indicate that the scaffold produced meets
basic biocompatibility and has potential to serve as treatment. Future work will look into
Noggin’s effect in vivo as well as optimizing/testing release rate from the scaffold.

References:
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Adaptive Hydrogel Patches Loaded with Yeast for Controlled Drug Release 
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Introduction: Burn wound injury affects 
1.1 million people in the US every year, 
with 4,500 of these cases resulting in death. 
Current treatments rely on skin grafts to 
close the wound, but this is unsuitable for 
larger wounds due to the limited 
availability of donor skin and possible 
organ rejection. We propose using 3D 
printing to engineer synthetic skin grafts 
with complex, high-resolution geometries 
with similar mechanical properties as burn-
wounded skin. These can be loaded with 
therapeutics and in this project, we will be 
using S. cerevisiae as a therapeutic-
secreting microbe to prolong drug release 
and storage time. 

Materials and Methods: Bioinks were 
made by combining gelatin methacrylate 
and polyethylene glycol diacrylate with 
yeast to form a printable liquid for digital 
light projection printing. Patches were then 
subject to tensile testing to determine their 
mechanical characteristics and degradation 
over time to monitor patch stability. 

Results: Three patch geometries with 
mechanical characteristics like human skin 
were tested for their stability without yeast. 
One patch geometry showed both a high 
stability and elastic modulus. Next, six 
bioinks were tested and one of these 
showed superior elastic modulus and 
strain. This optimized patch was loaded 
with different yeast concentrations to test 
stability in the presence of our microbe. We 
found the yeast concentration correlated 
with patch degradation rate. 

Discussion: These results show our 
patches are stable for 30+ days without 
yeast and 7+ days with yeast. We identified 
an optimized patch geometry with a stiffness and expandability like human skin and a high stability which makes it a good 
candidate for burn wound healing. Patches will also support the growth of engineered yeast for controlled drug release to 
match the wound healing timeline. Future experiments will explore fine-tuning yeast growth and peptide release to allow 
for high control over release kinetics.  

 
 
Figure 1. (A) Proof of yeast-loading in three skin-mimicking geometries chosen from computations 
(B) Comparison of three patch geometries in their degradation over time without yeast (C) Tensile 
testing of three patch geometries on the left and different patch formulations on the right (D) Patch 
degradation over time with different amounts of yeast loaded 



Localized cancer therapeutic delivery provides several advantages over systemic delivery,
including increased retention and reduction of systemic side effects. In particular, intratumoral
injections are an advantageous delivery method for cancer treatment. However, the dense
extracellular matrix and higher pressure tumor environment severely limit injection retention, as
less viscous solutions easily return via the needle track. Gel delivery systems address this
limitation due to their increased viscosity and hence improve retention at the tumor site, allowing
for the long-term, controlled release of therapeutics. Chitosan, a polysaccharide derived from the
shells and scales of crustaceans and fish, has been used in gel creation due to its wide availability
and its biocompatible nature.

A novel chitosan-glycerol injectable gel was developed to improve therapeutic retention
for intratumoral delivery. Different relative glycerol to chitosan volumes, ranging from 5 to 95%
glycerol, were tested to determine the optimal gelation conditions. Phosphate-buffered saline was
incorporated into the solution, which was then raised to a pH of 7.8 with sodium hydroxide.
After centrifugation at 10,000 rpm for 5 minutes, chitosan-glycerol gel was formed. Glycerol
most significantly impacted gelation conditions independent of chitosan concentration, with
gelation occurring between 70-85% relative volume glycerol. The gel was injected through a
25-gauge needle into gelatin-based tumor phantoms, and it displayed increased load retention
compared to various saline and chitosan-based solutions. Cytotoxicity was assessed via trypan
blue staining and subsequent cell counting of 3T3 cells exposed to the chitosan–glycerol gel.
After 24 hours, sustained cell counts in cases exposed to the gel indicated biocompatibility. Due
to this increased retention time and ability to nurture cells, chitosan-glycerol gel offers an
effective platform for intratumoral delivery of immunotherapeutics.
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Abstract  

  Anticoagulants have been widely used in clinical and surgical applications to treat a wide range 

of medical conditions, including stroke, deep vein thrombosis, and heart valve replacements and repairs. 

Heparin is a common injectable anticoagulant that has been used in clinical situations for many decades. 

However, heparin is associated with severe 

side effects, such as hemorrhage and 

heparin‐induced thrombocytopenia. Here, 

we present a novel, effective RNA origami‐

based anticoagulant with a safe, fast‐acting 

DNA antidote (Scheme 1). We engineered 

and produced a single‐stranded RNA 

origami‐bearing multivalent thrombin‐

binding aptamers called “Hex01”. The 

anticoagulation activities of Hex01 were 

demonstrated in mice using a trauma model. 

Efficacy of Hex01 at 1 mg/kg showed the 

same activity level as a high dose of heparin 

(500 IU/kg). Furthermore, we designed and 

engineered a family of single‐molecule DNA 

antidotes. The reversal activity of DNA 

antidotes was screened and tested in vitro 

using aPTT. The DNA antidote with the highest reversal activity (called Hex02) was selected. Using aPTT 

assay, the activity of Hex01 can be neutralized down to 50% activity within 30 seconds and down to 25% 

activity at 5 minutes. Reversal of the anticoagulation activity of Hex01 by Hex02 has also been verified in 

a murine model. Additionally, we preformed preliminary safety assessments of Hex01 and Hex02. All 

components of the anticoagulation and antidote system (Hex01, Hex02 and Hex01/02 complexes) have 

been shown to be biocompatible, non‐hemolytic, and non‐immunogenic.  The novel nucleic acid drugs, 

Hex01 and Hex02, represent a safe and effective anticoagulation system with a fast‐acting, specific 

reversal agent showing great promise for medical purposes. 

Scheme 1 Illustration of multivalent aptamer‐decorated 

on RNA origami (Hex01) as direct thrombin inhibitor. 

Anticoagulation activity of Hex01 can be neutralized by 

additional of DNA antidote. Inset panel represents a family 

of single‐molecule DNA antidotes.  
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Statement of Purpose: The rotator cuff tear is one of the 
leading musculoskeletal injuries in the United States with 
over 250,000 repair procedures performed annually with an 
estimated cost of 474 million dollars, while the re-tear rate 
is still as high as 20-94% 1,2,3,4. Augmentation grafts are the 
current treatment for massive rotator cuff tears, but 
biological grafts cannot provide sufficient mechanical 
support while synthetic grafts are associated with a higher 
risk of infection. Along with the fact that the location of a 
re-tear usually occurs at the tendon-bone interface, tissue 
engineering is an appropriate strategy to mimic the 
enthesis. Collagen is the predominant component in 
tendons, making up to 60-85% of the dry weight of the 
tendon. Collagen multifilament yarns were first 
successfully manufactured by wet spinning technique in 
2020 5, and due to the self-assembled production process, 
these collagen yarns need to be crosslinked to stabilize 
their structure. Therefore, this study is design to optimize 
the crosslinking conditions for collagen yarns, and study 
their mechanical properties, biological performance, and 
resistance to degradation after being crosslinked.  
 
Methods: Multifilament collagen yarns were first 
immersed in an alcoholic solution of genipin (Wako 
Chemicals, Japan). The crosslinking conditions were then 
varied by modulating the genipin concentration, 
crosslinking temperature, and incubation time.  The degree 
of crosslinking was determined via 2,4,6-trinitrobenzene-
sulfonic (TNBS) acid solution (Millipore Sigma) which 
measured the percentage of free amino groups remaining 
in the specimens after crosslinking. The swelling ratio was 
calculated according to the weight change of the yarns after 
being immersed in phosphate buffered saline (PBS) 
solution for 2 hours.  
The tensile strength of the collagen yarns after crosslinking 
was measured under both dry and wet conditions by tensile 
tests performed on a MTS Criterion 43 Mechanical Tester. 
Degradation evaluation will be performed by immersing 
the crosslinked collagen yarns in phosphate buffered saline 
(PBS) solution (Sigma-Aldrich) and incubating at 37°C for 
6 weeks, and measuring the weight and tensile properties 
every 2 weeks. The biocompatibility of the genipin-
crosslinked collagen yarns will be evaluated according to 
tenocyte adhesion and proliferation on the yarns for 7 days. 
The alamarBlueTM assay will be used to monitor the 
metabolic activity level of the cells; cell number will be 
calculated at each time point by using a generated standard 
curve. Cell proliferation and migration will be observed by 
a live/dead assay. 
 

Results: The results showed that the ultimate load 
increased and swelling ratio decreased with a higher degree 
of crosslinking. In addition, the TNBS assay showed that 
higher genipin concentration, higher incubation 
temperature and longer crosslinking times resulted in a 
higher degree of crosslinking. The tensile test for the 
crosslinked collagen yarns under dry conditions showed 
that the ultimate load of the yarns increased significantly 
after being crosslinked, but no significant difference was 
observed between the groups. However, the ultimate load 
fell significantly after being hydrated, and the genipin 
concentration, crosslinking time & incubation temperature 
all played a role in affecting the hydrated ultimate tensile 
load of the collagen yarns. The collagen yarns crosslinked 
in 1.0% genipin solution at 37°C for 72 hours showed the 
highest ultimate load and lowest swelling ratio. 
 

 
Figure 1: The effect of genipin concentration, crosslinking 

time and temperature on the ultimate tensile load of the 
collagen yarns 

 
Conclusions: The following conditions to achieve the 
highest tensile strength with lowest swelling ratio have 
been identified. It is recommended that the wet-spun 
multifilament collagen yarns be treated with a 1.0% 
genipin solution at 37°C for 72h during further fabrication 
and investigations.  
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Biocompatibility of Collagen Fiber-Derived Scaffolds for Tissue Engineering Applications  
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Statement of Purpose: Tissue-engineering is an 

essential branch of regenerative-medicine, where 

cells from one’s own body can be used to promote 

tissue-regeneration1. However, it is vital to give these 

cells an environment that imitates the normal 

physiological-conditions and the cells can proliferate 

without any complications2. For this purpose, 

collagen is used to give a suitable microenvironment 

to mouse-fibroblasts in the form of a scaffold. This 

study investigates the collagen-fiber scaffold's 

capability to promote fibroblast proliferation by 

analyzing the degradability and biocompatibility of 

the material.  

Methods: Collagen fibers (Kaneka LLC, Pasadena, 

Texas) were spun to yarns to perform biodegradation 

analysis by incubating in Phosphate Buffer Solution 

for eight weeks. Their weight, tensile-strength, and 

morphology were monitored biweekly. The collagen 

yarns were then knitted to form a scaffold and 

biocompatibility analysis was performed. NIH-3T3 

cells were seeded onto the knit-scaffold for 7-days. 

The biocompatibility-analysis involved a live/dead-

assay, immunostaining, and SEM. 

 

Figure 1: SEM-image of the seeded collagen fiber 

yarn 

Results: Results from the degradation study showed 

that the weight of the collagen-yarns increased during 

the first 14 days due to absorption of the PBS in the 

first interval. However, there was significant decrease 

in weight in the consequent intervals.  

 

Figure 2: Fluorescent microscopy of the NIH-3T3 

cells after 24-hrs of cell culture (green=live-cells, 

red=dead-cells).  

Live/dead-assay and SEM-analysis was done to 

observe cell-growth on the collagen substrate. After 

only 24-hours of cell-culture, the cells made colonies 

confirming biocompatibility of the scaffold (Fig.-1 

and Fig.-2).  

Conclusions: The collagen fiber scaffold is a 

biocompatible material for mouse-fibroblasts as the 

scaffold promotes cell-growth. The material is 

superior to use for cell-culture as it bypasses the need 

of coating, and the cells can be directly seeded on the 

scaffold. This attribute of the material does not only 

save time but also simplifies the procedure. 

Furthermore, this proof-of-concept study sets the 

foundation for further analysis of the underlying 

textile and biological properties of collagen-fiber-

scaffolds that drives cell behavior.  
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Restoration of Clotting Behavior with Colloidal-Composite Scaffolds for Partial Anterior Cruciate 
Ligament Tears 

There are 200,000 anterior cruciate ligament (ACL) injuries annually in the United States with ACL 
reconstruction being the primary treatment option, as the ACL is known to have poor healing capacity 
due, in part, to the synovial fluid (SF) environment. The high concentration of proteases and low number 
of clotting factors in SF prevent clot formation in the ACL, which is necessary for subsequent cell 
migration and angiogenesis to heal. Fibrin-based strategies have been shown to increase clotting 
potential of the SF, yet there is still much debate over the efficacy of these treatment options. Here in 
this work, we characterize differences in clot structural and mechanical properties made within porcine 
SF and analyze how novel micron-sized platelet-like-particles (PLPs) influence clot structure. We 
hypothesized that an injectable PLP-fibrin composite scaffold can be used as a minimally invasive 
alternative to ACL reconstruction for partial-ACL tears. The lack of fibrinogen in SF compared to plasma 
was confirmed through a fibrinogen ELISA where the average fibrinogen concentrations of plasma and 
SF were 2.5 mg/ml and 0.084 mg/mL, respectively. Clotting capabilities in SF were rescued with the 
addition of fibrinogen shown by the increase in the black:white pixel ratio shifting from less than 0.5 in 
SF only groups to nearly 1.5 in SF + fibrinogen groups. Fibrinogen addition also increased the shear 
storage modulus of the clots by ten-times. Furthermore, SF + fibrinogen clots led to adequate cell 
migration. Finally, PLP groups significantly enhanced clot density in SF samples where fibrinogen was 
added. This data suggests that the addition of fibrinogen can recover clotting potential in the 
thrombolytic SF environment and that incorporation of PLPs enhance clot structure. This work helps 
illuminate how restoration of natural wound healing behavior in the intraarticular environment may 
allow for more effective partial-ACL tear treatment options.  
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Vision is essential to navigating the world around us. Annually, 2.8 million people 

require a corneal transplant; however, only 40,000 actually receive one. While currently 
the best procedure, corneal transplants from donors have more disadvantages for 
patients other than availability. Treatments utilizing tissue engineering are being 
researched to identify an alternative procedure. Donor corneal transplants have 
disadvantages and can produce further challenges for a patient. These transplants 
could potentially be one of low quality due to the age of the donor. Infections can also 
be transmitted from the donor cornea to the new patient once it is transplanted, and 
rejection can also occur. Alternative treatments utilizing tissue engineering are being 
researched in order to provide humans the care that they require in order to live a 
comfortable life. In order to produce these alternative treatments in an effective way, 
they must be tested accordingly. Our goal is to produce corneal endothelium scaffolds 
that have a barrier function similar to a healthy corneal endothelium. In order to 
understand this barrier function, we will measure the resistance of these scaffolds. 
Currently the “gold standard” for functional testing is the Trans- Endothelial Electrical 
Resistance (TEER) test. The commercially available TEER test generates an alternating 
current of electrical signals. Our current findings using this test indicate that it provides 
variability in the measurement results. This test must be optimized in order to reduce 
the variability in results. Our research has now shifted focus onto performing TEER with 
the inclusion of scaffolds.  

 



Synthetic Cytoskeletons using Magnetic Tweezers

The cytoskeleton is a complex machine in cells made up of filaments, crosslinkers, and motors
that controls many cell activities from crawling to intercellular transport. The functions that it
performs are numerous and complex, however, some main categories are providing structure,
force generation, and cargo transport for the cell. Emulating and controlling these functions are
the primary focus of our project. To do this, we are using magnetic tweezers, in conjunction with
a number of other methods with our collaborators. Magnetic tweezers are capable of providing
force generation and transport by attaching magnetic nanoparticles to structures in cells then
using magnetic fields to apply a force to these magnetic particles. In vivo, these experiments
can be used to study the cytoplasmic movements of motile cells, the positioning of organelles,
and much more. So far we have built magnetic tweezers onto a confocal microscope, and we
are characterizing forces on nanoparticles and improving them for use in further experiments.

Presenter: Joseph Lannan
Authors: Joseph Lannan, Grant Sherrill, Mary Elting
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Variable stiffness of direct-written gelatin fibers with crosslinking technique: Toward a tendon tissue-on-a-chip model 
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Approximately 50% of musculoskeletal injuries involve the tendon. Current in vitro models provide some insight into the injury 

and healing progression but further analysis of these states at the 3D cell-matrix level is needed to understand cell-matrix 

communication. Replicating fiber size, structure, and orientation, as well as the molecular composition, and substrate stiffness 

are necessary to construct a tissue-on-a-chip capable of replicating tendon cell-matrix behavior. One effective method for 

controlling stiffness of substrates is through crosslinking. Objective: To fabricate stable gelatin fibers via direct-write, 

near-field electrospinning (DWNFE) with varying stiffness due to different crosslinking techniques. 

Methods: Gelatin fibers were produced using a previously described protocol. Scaffolds were crosslinked in one of three 

techniques: Dehydrothermal(DHT), EDC/NHS, or DHT and EDC/NHS (DHT+EDC/NHS). Fiber stiffness was measured using 

contact mode force mapping via an Asylum atomic force microscope. Force maps and brightfield images were collected at 

T=0-,1-,2-,3-, and 4-weeks.  

Results: There was no overall change in fiber diameter out to 4 weeks (p>0.05 for all groups). The modulus of all groups 

decreased between 0- and 1-week (p<0.001). The EDC/NHS and DHT+EDC/NHS groups stabilized from  1-to4-weeks 

(median 11MPa, IQR 4.5MPa for EDC/NHS and median 3.5MPa, IQR 2.1MPa for DHT+EDC/NHS across all time points). 

Comparatively, DHT had a stiffness of 1.5MPa at 0 week that fell to 0.3MPa at 1 week and continued to decrease.  

Conclusion: Crosslinking with different techniques can be used to generate stable gelatin fibers with different stiffnesses. 

EDC/NHS produced the stiffest fibers (11MPa), followed by DHT+EDC/NHS (3.5MPa). DHT produced the lowest  stiffness 

values (<0.5MPa), with the least stability. Though a decrease was seen, the stiffness and fiber diameter can be maintained from 

1-to 4-weeks with EDC/NHS and DHT+EDC/NHS. Further analysis of the degradation rate of the fibers and the impact of 

these different stiffness on tenocyte phenotype needs to be studied. 
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Statement of Purpose: To date, even though there are 
many strategies that can be used to inject cells into the 
heart, none of them have been globally accepted by 
researchers or surgeons. All of the injection methods have 
their pros and cons. For example, intracoronary (IC) 
injections and intravenous (IV) injections using catheters 
are minimally invasive but have the risk of blood vessel 
obstruction, which could result in a subsequent infarction. 
In addition, fast blood flow washes out the injected cells 
in a short time, reducing the treatment efficacy. In 
contrast, the intramyocardial (IM) delivery route appears 
to yield higher cell retention rates, but require open-chest 
surgery, which makes it riskier. Moreover, the efficiency 
of the IM delivery option is uncertain, according to an 
overview of past preclinical and clinical studies. 
Therefore, the field of cell-based heart regeneration has 
shifted to the development of alternative, more effective 
cell delivery routes, such as intrapericardial cavity (IPC) 
injections.  
Methods: Mouse green fluorescent protein (GFP)-labeled 
bone marrow mesenchymal stem cells (MSCs) were 
combined in extracellular matrix (ECM) hydrogel and 
injected into the pericardial cavity or the myocardium of 
the heart of C57BL/6 mice that had been subjected to a 
myocardial infarction. Echocardiographies were 
performed to monitor the cardiac function and an ELISA 
assay was used to assess cellular retention ex vivo, 
cooperated by IVIS live imaging in vivo. CD63-RFP 
exosome labeling system was established through 
lentiviral transduction and confirmed in vitro. Exo-RFP-
MSCs were injected into the mouse MI hearts via IPC 
route in comparison with IM, to evaluate the paracrine 
activity of MSCs injected. Finally, video-assisted 
thoracoscopic surgery was performed for IPC injections 
in Yorkshire male pigs.  
Results: The IPC injection, as an alternative cell delivery 
route, led to better cardiac function in our mouse model 
with myocardial infarction, which was showed by 
echocardiographies in the short term (2 weeks) and the 
long term (6 weeks). This result was attributed to 10-fold 
higher engraftment of MSCs injected via IPC route (42.5 
± 7.4%) than that of MSCs injected intramyocardially (4.4 
± 1.3%). Immunohistochemistry data revealed better 
cellular proliferation, less apoptosis, and better vascular 
regeneration in the myocardium after IPC delivery of 
MSCs. CD63-RFP exosome labeling system showed that 
heart cells including cardiomyocytes absorbed MSC-
exosomes at higher rates when MSCs were injected via 
IPC route, compared to the results from IM injections, 
indicating more extensive paracrine activity of MSCs 
after IPC injections. What is more, the feasibility and 

safety of IPC injection were demonstrated in a porcine 
model with minimally invasive procedure. 
Conclusions: Notably, when we conducted a systematic 
literature review to study cellular retention rates in the 
heart, differences in animal models, cell types/doses, the 
timing of the delivery, cardiac injury (e.g. arterial ligation 
vs. ischemic reperfusion), and the quantification methods 
used made the results difficult to compare. In addition, 
every delivery route is susceptible to operator error in 
practice. Therefore, in this study, we made a head-to-head 
comparison between the IPC injection and the general IM 
injection, instead of using data from previously published 
studies. The primary objective of our study is to provide 
an alternative delivery route for cell-based cardiac therapy 
which can resolve the low retention issue in a significant 
way. The retention rate that we found was significantly 
high when compared to all other reported retention rates 
in the literature. It is important to note that we 
successfully explored the feasibility and safety of IPC 
injection in large animal model with minimally invasive 
procedure, making the IPC delivery route become more 
translational clinically. 
 

 
 
Figure 1. IPC delivery of MSCs generated higher cell 
retention and greater therapeutic effects than IM 
delivery. A. LVEF were determined at 2 days, 14 days 
and 42 days after the MI (n=6). B. Quantification of 
retention rate based on the standard curve and ELISA 
from IPC group and IM group. (n=6). IPC group, MI mice 
with intrapericardial injection of MSCs in ECM gel; IM 
group, MI mice with intramyocardial injection of MSCs 
in ECM gel. All data are means ± SD. 

References: Li, J., Hu, S., Zhu, D., Huang, K., Mei, X., 
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Statement of Purpose: Based on the American Society for 

Plastic Surgery 2020 annual report, there are about 23 

million plastic surgical procedures performed in the US 

each year. Conventional monofilament and braided sutures 

are being replaced by barbed sutures. Barbed sutures are 

sutures with barbs projecting from the main suture filament 

which, when used during wound closure, will interact with 

the surrounding tissues. Due to the presence of these barbs, 

these knotless sutures become self-anchored to the 

surrounding tissues without slippage, which can be 

problematic with conventional sutures which require 

knots.[1],[2]  

 

The purpose of this research is to use an Excimer laser 

source to cut barbs in order to maximize the production of 

barbed sutures and use them commercially in place of 

conventional sutures.[3] Monofilaments of natural 

biomaterials, like collagen and catgut, are being used to 

fabricate these barbed sutures. Collagen sutures are of 

growing clinical interest, not only because of their 

biocompatibility and biodegradability, but because they 

mimic the natural extra-cellular matrix present in the body. 

The process of barbing in this study is performed on the 

monofilaments of collagen and catgut using both a  

mechanical cutting device as well as a laser source. The 

barbs are produced in both techniques so as to understand 

how laser technology can influence on the properties of the 

barbed suture. 

 

Methods: The mechanical technique for barbing involves 

applying a series of straight blades inclined at a fixed angle 

of 165° (cut angle) to produce barbs at a fixed depth (cut 

depth) which is 20% of the diameter of the suture. Size 0 

and 2-0 catgut sutures were selected with reference to the 

USP size chart. A pulsed laser source is used for cutting 

barbs on the suture monofilaments. After cutting barbs, the 

initial tensile modulus, breaking strength and elongation at 

break of the barbed sutures were tested on an MTS Q-tester 

mechanical tester operating at a constant-rate-of-extension 

(CRE) principle. The test specimen had a gauge length of 

125 mm (5 inch) with a crosshead speed of 150 mm/min.  

 

Results: Bidirectional barbed sutures were cut 

mechanically in both directions using a series of straight 

blades. The barbs were cut on catgut sutures (both 0 and 2-

0) in three planes around the suture, with the angular 

distance between each plane being 120°.  Figure 1 shows 

individual barbs cut on two catgut size 2-0 sutures.  From 

the tensile test results, it was observed that after barbing, in 

the case of the size 0 sutures, there was about a 12% 

increase in the initial elastic modulus compared to the un- 

 

barbed control sutures, and about an 11% increase in the 

initial tensile modulus for the 2-0 sutures. In order to 

explain the increase in elastic modulus and the 

corresponding reduction in stress, cross-sectional analysis 

was performed, and the area lost due to barbing was 

determined.  Figure 1 represents the cross-sectional view 

of two size 2-0 catgut sutures viewed under the Evos FL 

Auto2 imaging system at 4x magnification. 

Figure 1. Cross-sectional view of two catgut 2-0 sutures 

 

Conclusions:  The conclusion from these preliminary 

results indicate that when the suture filaments are barbed 

there is a reduction in the local tensile stress, which is 

attributed to the loss in cross-sectional area since the barbs 

are cut from the surface of the filament. The observed 

increase in the initial elastic modulus for both suture sizes 

suggests that the structure of the catgut suture is not 

uniform or homogeneous across its diameter, and that the 

internal core of the suture has a stiffer structure than the 

outside surface material.  

 

Future Work: Future work will evaluate the mechanical 

properties of the barbed sutures cut using laser irradiation 

compared to the barbed sutures fabricated through 

mechanical cutting. Along with analysis of mechanical 

performance the suture-tissue pull out strength will also be 

evaluated so as to understand the anchoring performance 

of the sutures in different types of tissue.  
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