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Abstract
The demand for multifunctional biomaterials drives the development of medical polymers from
passive support to active scaffolds in infection control and tissue regeneration. To address

antimicrobial resistance and implant rejection, we generated peptide-functionalized scaffolds

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

using electrospun polyurethane (PU) and poly(L-lactide-co-caprolactone) (PLC). We
synthesized two peptides containing 3,4-dihydroxyphenylalanine (DOPA) for stable surface

Open Access Article. Published on 16 June 2026. Downloaded on 6/19/2026 9:47:04 AM.

immobilization: one providing antifouling activity, and the other combining antifouling activity

with the adhesive Arg-Gly-Asp (RGD) motif to promote cell adhesion. X-ray photoelectron

(cc)

spectroscopy and FTIR spectroscopy confirmed the peptide attachment to the polymers. Both
peptides reduced bacterial adhesion by ~90%. The RGD-functionalized peptide enhanced cell
adhesion by over 400% on PU, while PLC scaffolds maintained similar cell compatibility with
the peptide-functionalized scaffolds. Hemocompatibility tests showed minimal hemolysis and
thrombus formation, supporting use in blood-contacting applications. We also report the
application of enzymatic cleavage coupled with Liquid Chromatography-Mass Spectrometry
(LC-MS) for quantifying peptide surface density on biomedical scaffolds. These results

demonstrate the promise of peptide-functionalized scaffolds in biomedical implant applications.
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Biomedical implants such as heart valves substitutes (e.g., bileaflet valve, porcine or bovine
valves), joint prostheses, and vascular catheters have significantly advanced patient care by
restoring function and extending life expectancy. However, the clinical success of these devices
is often compromised by serious complications, including chronic inflammation, foreign body
responses, thrombosis, and, most critically, infection arising from microbial colonization at the
implant site. These complications not only hinder tissue integration and functional recovery but
also pose risks of implant failure and systemic illness, often requiring revision surgeries or
device removal. Among these, infections pose one of the most serious threats not only due to
their prevalence but because conventional treatments often fail -5l Once bacteria colonize
implant surfaces, they form biofilms, structured communities encased in a protective matrix
that shields them from antibiotics and immune responses. This biofilm-mediated resistance
renders standard antimicrobial therapies ineffective, frequently necessitating surgical removal
or replacement of the implant thus, life-saving medical devices can paradoxically become
conduits for deadly infections.[®] Frequent culprits, such as Staphylococcus aureus (S.aureus)
and Staphylococcus epidermidis (S.epidermidis), are consistently identified in literature as
primary pathogens associated with implant-related infections, including endocarditis in
prosthetic heart valves.l”-!% Their ability to rapidly colonize biomaterial surfaces and form
antibiotic-resistant biofilms presents a major clinical challenge.

To address these limitations, we present a surface biofunctionalization strategy using rationally
designed peptides to confer antifouling and regenerative properties to implantable polymeric
scaffolds. These peptides are engineered to simultaneously suppress non-specific protein
adsorption and bacterial adhesion, while promoting mammalian cell attachment. A key design
element is the incorporation of a catechol-bearing DOPA residue, inspired by mussel adhesive
proteins, which enables strong, water-stable anchoring of peptides to polymer surfaces. [11-13]
The antifouling behavior is attributed to the fluorinated residues that lower the surface energy
and impede microbial attachment, while the Phe(4F)-Phe(4F) motif facilitates the self-assembly
of the peptide on surfaces ['4l. One peptide variant included RGD, a well established motif that
promotes integrin-mediated cell adhesion!'>-18] Our previous studies have demonstrated the
effect of each individual element including DOPA at various locations in the peptide sequence

as well as scrambled RGD [18-21]

In this study, we present the development of next-generation biomaterials designed to resist

biofouling while promoting tissue integration. The engineering of advanced materials
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increasingly depends on the ability to modulate surface interactions at the molecular leveli Wi e
focused on medical-grade polymers such as polyurethanes (PU)—widely used in catheters,
wound dressings, heart valves, and skin sensors > 23] and poly(L-lactide-co-g-caprolactone)
(PLC), which is gaining prominence in tissue engineering for implantable applications due to

its favorable mechanical properties, biocompatibility, and processability. 24 23]

We employed electrospinning as our fabrication method due to its superior adaptability for
biomedical applications such as vascular grafts, wound dressings, and implant coatings.
Compared to techniques like solvent casting, electrospinning enables the production of
nanofibrous architectures that closely mimic the structural features of natural tissue.!¢]
Electrospun mats provide a high surface-area-to-volume ratio and tunable fiber alignment and
porosity, making them particularly well-suited for biomedical applications where surface
interactions are critical.[?’> 28] Despite their advantageous properties, these polymers are
inherently bioinert, lacking the functional cues necessary to promote selective cell adhesion or
effectively resist microbial colonization. To overcome these limitations, bioactive peptide
coating provides a versatile and precise means to tailor surface functionality, enhancing both
cellular engagement and antimicrobial performance. This approach is particularly critical given
the escalating global threat of antimicrobial resistance (AMR), as emphasized by the World
Health Organization, underscoring the urgent need for innovative strategies to prevent device-

associated infections caused by priority AMR pathogens.[!-2%30]

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

2. Results and Discussion
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2.1. Peptide synthesis and coating characterization
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We synthesized the peptides DOPA-Phe(4F)-Phe(4F)-OMe (termed TP) 161 and NH,-
DOPA-Phe(4F)-Phe(4F)-Arg-Gly-Asp-NH, (termed HP), which exhibits antifouling
activity with enhanced cell adhesion via its RGD motifs 18211 In this study, we applied
these peptides to two structurally and functionally distinct polymer substrates: PU, a
non-degradable material widely used in catheters and blood-contacting devices, and
PLC, a biodegradable polymer increasingly utilized in tissue engineering. By selecting
both degradable and non-degradable scaffolds, we sought to evaluate the versatility and
efficacy of peptide-based surface functionalization across a spectrum of biomedical
applications requiring both antifouling protection and cellular bioactivity.
Electrospinning of PU (5% w/v in HFIP) and PLC (20% w/v in DCM) solutions

performed under controlled conditions (27 °C, 35% relative humidity) to produce


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ma00253f

Materials Advances Page 4 of 29

uniform, reproducible nanofibrous scaffolds. Electrospun PLC and PU scaffolds, $yith s e
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an average fiber diameter of 2.0+ 1.0 um and 0.8 &+ 0.4 um, respectively (Fig S1), were
chosen based on optimized morphologies established in our previous work. These fibers
have high surface area suitable for peptide adsorption. Scaffolds were cut into pieces of
1 cm? and surface-functionalized by immersing them for 48 hr. at room temperature in
the peptide solution: TP in ethanol and HP in Tris buffer (pH 7.4, 154 mM) each at a
concentration of 1 mg/mL. After incubation, scaffolds were rinsed with ethanol to
remove unbound peptides and dried under nitrogen. HP is insoluble in ethanol; Tris buffer
was used to provide suitable pH and ionic strength for DOPA-mediated immobilization. We
tested initial washes with water but did not detect any difference; therefore, a standardized

ethanol wash protocol was adopted for consistency.

SEM analysis confirmed that peptide functionalization did not significantly alter the
morphology of the scaffolds. Post-treatment measurements showed consistent fiber
diameters of 1.7+ 0.9 um for PLC and 0.7+ 0.2 um for PU, demonstrating structural
preservation, as shown in Fig S2. The water contact angle measured immediately was 120°,
86° and 42° for PU, PU coated with the tripeptide and PU coated with the hexapeptide
respectively. Due to the low adsorption levels and small molecular size of the peptides,
their direct visualization on the surface of the fibers is challenging. Therefore, X-ray
photoelectron spectroscopy (XPS) was employed to confirm peptide immobilization,
which detected distinct fluorine peaks. Distinct fluorine peaks (685—690 eV) were
detected on both PU and PLC scaffolds (Fig 1a), confirming the successful surface
functionalization. We determined the optimal immersion time by testing PU scaffolds in
peptide solutions for 4, 12, 24, and 48 hours, followed by ethanol washing to remove
unattached peptides. XPS analysis showed a time-dependent increase in the fluorine signal
intensity over the tested period, with 48 hours (Fig. 1b) providing a practical balance

between performance and process feasibility.

To assess long-term coating stability, peptide-functionalized PU and PLC scaffolds were
immersed in PBS for eight weeks. XPS analysis showed that fluorine signals remained
detectable, indicating sustained peptide retention, with material- and peptide-dependent

differences reflected in the F/O ratios (Table S1).
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To analyze the nature of peptide—scaffold interactions, Fourier Transform Infrgred;: e
(FTIR) spectroscopy was employed (Fig 1c¢). For the hexapeptide-functionalized PLC
(HP_PLC), a broad absorption band appeared at 3189 cm™, corresponding to N-H
and/or O—H stretching vibrations. This suggests the formation of hydrogen bonds
between the peptide moieties and the polymer surface. Additionally, notable shifts in the
amide bands were observed: the amide II band shifted from 1511 cm™! to 1553 cm™!, and
the amide I band shifted from 1601 cm™ to 1630 cm™. These spectral changes are
consistent with peptide adsorption via non-covalent interactions, such as hydrogen
bonding and n—x stacking.[!'® 2! In contrast, tripeptide-functionalized PLC (TP_PLC)

showed minimal or overlapping spectral changes, possibly due to lower surface density

or weak infrared absorption.

For the PU scaffolds, HP_PU, a distinct doublet emerged around 1076 cm™, replacing
the single peak with a shoulder observed in the control, suggesting conformational
heterogeneity introduced by peptide binding, particularly affecting C—O stretching
vibrations. Similarly, for TP_PU, two resolved N—H stretching peaks at 3320 cm™ and
3190 cm™ replaced the broad band seen in the control, indicating enhanced hydrogen
bonding and altered local environments. The amide I region broadened significantly in

TP_PU, shifting from a sharp peak at 1595 cm™ (with a shoulder at 1610 cm™) to a

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

broad envelope extending up to 1652 cm™', consistent with ordered secondary structure

formation such as B-sheets 3!, Furthermore, C-O stretching peaks appeared at

Open Access Article. Published on 16 June 2026. Downloaded on 6/19/2026 9:47:04 AM.

1037 cm™ and 1106 cm™ in the functionalized samples, replacing the single control peak

at 1075 cm™. These findings support the presence of DOPA-based peptide assemblies,

(cc)

where catechol-mediated adhesion induces broad N—H/O—H peaks and amide shifts
indicative of non-covalent bonding [3?]. For reference, the FTIR spectra of the free
peptides—DOPA—Phe(4F)-Phe(4F)-OMe (TP) and NH,—-DOPA-Phe(4F)—Phe(4F)—
RGD-CONH,—are shown in Fig.S3, enabling direct comparison with the peptide-

functionalized polymer samples.

Although FTIR analysis provided indication of peptide presence, the signals were subtle
and difficult to resolve due to overlapping with native polymer peaks. Therefore, FTIR

alone was insufficient for conclusive characterization and was complemented with the
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XPS analysis. In addition, we quantified the number of surface-attached peptides usidg; o

the following procedure.
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Fig 1. Surface analysis of peptide-functionalized electrospun scaffolds. (a) XPS spectra show
characteristic fluorine peaks at binding energy 685-690¢eV, confirming successful
immobilization of fluorinated peptides on PU and PLC surfaces. (b) Time-dependent XPS
quantification reveals increasing surface fluorine intensity over 48 hr, indicating progressive
peptide adsorption. 3 (c) ATR-FTIR spectra reveal peptide—scaffold interactions with no
disruption to the polymer backbone. New N-H/O-H and C-O stretching peaks, along with
amide I/II shifts, suggest hydrogen bonding and non-covalent peptide attachment. Standard
deviation represents the variability across three independently acquired measurement spots,
with values reported as mean + SD.

2.2. Quantification of surface-attached peptides

Accurate quantification of immobilized peptide surface density remains a significant
challenge in biomaterial characterization, with no well-established analytical methods
currently available. While the Enzymatic digestion coupled with LC-MS is a powerful
tool in proteomics and bioanalysis [33] its application has mostly been limited to soluble
proteins or removing templates from polymers rather than directly quantifying surface-
bound peptides.[**] We employed an enzymatic cleavage method using Proteinase K,
uniquely optimized to release peptides immobilized on scaffold surfaces, followed by
LC-MS analysis to determine their absolute surface density. This approach enables
sensitive and direct quantification in units such as pmol cm™, facilitating reliable
comparisons of scaffold functionalization levels. Unlike surface digestion methods
aimed at probing protein orientation on biosensors,?3! our method focuses specifically
on extracting functional peptide payloads for quantitative evaluation. To our knowledge,
this is the first study to apply enzymatic cleavage coupled with LC-MS for accurate,

absolute quantification of peptides on biomaterial scaffolds (Table 1).

6

00253F


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ma00253f

Page 7 of 29 Materials Advances

View Article Online
DOI: 10.1039/D6MA00253F

Proteinase K-based is a broad-spectrum serine protease capable of hydrolyzing peptide
bonds involving aliphatic, aromatic, and hydrophobic residues such as phenylalanine.[3¢]
Enzymatic digestion was performed using Proteinase K (1 mg/mL) in a solution
containing 5 mM ascorbic acid and 5 mM CacCl,. Ascorbic acid served to protect DOPA-
containing peptides from oxidative degradation, while CaCl, acted as a cofactor to
enhance the enzymatic activity of Proteinase K.71 Post-digestion, cleaved 4F-
phenylalanine (4F-Phe) residues were extracted using the extraction buffer
(MeOH:MeCN:H,0, 5:3:2) and quantified by LC-MS, allowing accurate estimation of
surface-bound peptide content. This method is applicable to any cleaved amino acid;
however, 4F-Phe was selected due to its fluorinated structure, enabling both selective
detection and correlation with XPS fluorine trends, thereby reinforcing the reliability
and robustness of the quantification method. The method achieved ~84% cleavage
efficiency, with residual fluorine signals detected by XPS (Table S2), indicating a minor
peptide fraction that remained strongly associated with the surface, potentially requiring

extended digestion or further optimization.

From an alternative perspective, even after 4 hours of exposure to a high concentration

of proteinase K (1 mg/mL), approximately 20% of the peptide remained undigested. The

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

residual peptide signal after digestion may be attributed to limited enzyme accessibility caused
by strong interfacial binding, steric hindrance, and possible oxidation-driven stabilization of

DOPA-containing species 38

Open Access Article. Published on 16 June 2026. Downloaded on 6/19/2026 9:47:04 AM.

Proteinase K is not a physiological enzyme, [3° and the chosen concentrations far exceed

(cc)

those typically found in the body; it likely overestimates actual in vivo degradation.
Since the electrospun graft intended for application in cardiac valve replacement, it will
be exposed primarily to endogenous proteases such as matrix metalloproteinases (MMP-
2, MMP-9), cathepsins, and elastase enzymes that participate in tissue remodeling and
inflammatory responses. These enzymes are typically present at much lower
concentrations, in the nanogram-per-milliliter range. [49-421 The persistence of the peptide
coating under harsh proteolytic conditions thus underscores its structural stability and

supports its potential for long-term durability in physiological environments.

Table 1. Quantification of surface-immobilized peptides on PU and PLC scaffolds. Peptide
amounts were determined via enzymatic cleavage followed by LC-MS analysis using 4-
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fluorophenylalanine (4F-Phe) as a peptide marker. The data normalized to sample opitical - onine

density (OD), with averages calculated from three replicates (n = 3) ’

4F-Phe

0,

Sample Name [umoles/cm?] RSD [%]
TP_PLC 2.25 0.71
HP_PLC 0.579 2.86
TP_PU 0.010 7.60
HP_PU 0.250 2.94

) (RSD-Relative standard deviations)
The table presents the absolute concentrations of 4F-Phe released from different scaffold
types. The data show higher peptide quantities on PLC scaffolds compared to PU,
underscoring the influence of polymer surface chemistry. PU used here is the medical-
grade thermoplastic polyurethane composed of segmented hard methylene diphenyl
diisocyanate (MDI) and 1,4-butanediol (BDO) chain extenders and the soft segments are
formed from poly (tetramethylene ether) glycol (PTMEG),*] resulting in a
predominantly hydrophobic and relatively inert surface with limited reactive groups for
peptide anchoring. The HP exhibited significantly higher retention (0.25 pmoles/cm?)
than the TP (0.01 pmoles/cm?), which is attributed to the increased number of polar and
charged residues in the RGD motif, facilitating enhanced hydrogen bonding and
electrostatic interactions with the urethane hard segments. Both peptides contain
fluorinated phenylalanine residues that contribute hydrophobic interactions with the soft
PTMEG segments, and the DOPA moiety promotes adhesion via catechol-mediated
hydrogen bonding.*4l The longer hexapeptide likely achieves greater conformational
flexibility and surface coverage, thereby maximizing scaffold interaction and retention.
In contrast, the shorter tripeptide has limited interaction sites and conformational
adaptability, leading to reduced affinity. This is in agreement with our previously reported
paper that show that other factors can affect the surface coverage such as high electronegativity

and absence of the self-assembled motif .[18]

PLC is a biodegradable elastomeric copolymer composed of hydrophobic g-caprolactone
and more hydrophilic L-lactide units, conferring a relatively more hydrophilic and ester-
rich surface chemistry that facilitates effective peptide anchoring.[*3] Additionally, TP
exhibited greater surface retention than HP, likely due to their smaller molecular size
and enhanced surface accessibility, while steric hindrance could limit hexapeptide
immobilization.[*IThus, the opposite trends observed in PU and PLC are consistent with
their differing hydrophobicity, functional group availability, and steric constraints rather

than experimental variability. Although FTIR analysis of TP_PLC did not reveal notable
8
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spectral shifts, LC-MS confirmed high peptide loading. This apparent discrepancy, gafi be;: e
attributed to the limited surface sensitivity of FTIR,[*”1 where dominant polymer backbone
bands may obscure the weak signals arising from a thin peptide layer, particularly when the
peptide is non-covalently bound and present at low surface density. By contrast, LC-MS relies
on peptide extraction into solution followed by highly sensitive mass-based detection,[48]
allowing selective identification and quantification with minimal interference from the polymer

matrix.

2.3. Antifouling studies

The antifouling performance of TP and HP coatings on two polymeric substrates, namely
HP PU, TP PU, and HP PLC, TP _PLC, was quantitatively analyzed using three
clinically relevant bacterial strains: Escherichia coli (E.coli), Staphylococcus
epidermidis (S. epidermidis), and Staphylococcus aureus (S.aureus). TP_PU surfaces
exhibited approximately 90% reduction in bacterial attachment across all strains. HP_ PU
showed reductions of 63%, 88%, and 94% for E. coli, S. epidermidis, and S. aureus,
respectively. On PLC substrates, TP-modified surfaces achieved 93%, 90%, and 87%
reductions, while HP PLC surfaces achieved 92%, 84%, and 92% bacterial inhibition,
respectively. These findings, summarized in Fig 2, underscore the strong antifouling
efficacy of both peptides. Although numerical differences in bacterial inhibition noted
between TP and HP coatings, no statistically significant difference found between them
on the same peptide-polymer type, suggesting comparable performance. In contrast, both
peptide-coated surfaces showed substantial reductions in bacterial adhesion compared to

their unmodified counterparts.

1.50E+09 % S.aureus
s S.epidermidis
'5E“ Z # E.coli
S
E 1.00E+09
2
N
Q RN 7
S 5.00E+08 *\‘1\\:\3 %
g ;\\ ‘ ':'." %
"r:; = '.;:%/ * % %k * % * ¥
] %\\ % *E Lo ; % KRR —
0.00E+00 \\ 2 % \I\ I - NN I& N2 227 Y/ V%_
00E+ \ 7 2 S
PU (Control) PLC (Control) TP_PU TP_PLC HP_PU HP_PLC S

Fig 2. Antifouling studies showing reduced microbial attachment on electrospun PU and
PLC polymer surfaces. Functionalization with tripeptide (TP) and hexapeptide (HP)

9
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significantly reduced bacterial attachment compared to unmodified surfaces, Bacterial - v

attachment assessed for (a) Staphylococcus aureus (Gram-positive, coagulase-positive),
(b) Staphylococcus epidermidis (Gram-positive, coagulase-negative), and (c)
Escherichia coli (Gram-negative). Data presented as mean+SD (n=3 technical
replicates per condition; N = 3 independent biological repeats). Statistical significance is
determined using one-way ANOVA with Tukey—Kramer post hoc test (*p<0.05,
**p <0.01, ***p <0.001).

Corroborative SEM analysis provided visual confirmation of the antifouling effect.
Representative SEM micrographs (Fig 3) illustrate substantial reductions in bacterial
colonization on peptide-functionalized surfaces relative to uncoated controls. Images
captured before ultrasonic washing to preserve the native attachment patterns. S.
epidermidis and E. coli visualized. Observations for S. aureus closely mirror S.
epidermidis in the Supplementary (Fig S4). The marked decrease in surface-associated
bacteria is attributed to the fluorinated phenylalanine residues in the peptide sequence,
which enhances hydrophobicity, in conjunction with the inherently hydrophobic nature

of the PU and PLC substrates. Together, these features synergistically contribute to the

observed antifouling behavior.

10
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Fig 3. SEM micrographs showing bacterial attachment on peptide-functionalized and
unmodified scaffolds. Representative SEM images show the adhesion of S. epidermidis and E.
coli on PU and PLC scaffolds, both unmodified (control) and peptide-functionalized, before
ultrasonication. Unmodified scaffolds exhibit extensive bacterial colonization and visible
biofilm formation, particularly on PU. In contrast, peptide-coated surfaces show markedly
reduced bacterial attachment, supporting the antifouling effect observed in quantitative assays.
Each scaffold was tested in triplicate (N = 3), with SEM images collected at least 5 random
regions per sample

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.
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Although there are decoupling factors between surface chemistry, substrate properties, and
peptide loading, here, we wanted to establish a versatile application on different surfaces by

exploiting the strong and universal adhesion capability of DOPA.

DOPA mediates robust attachment to a wide range of materials through catechol-surface
interactions, including hydrogen bonding, metal coordination, and n—r stacking, enabling stable
functionalization even under aqueous conditions %391 A maximum concentration of 1 mg/mL
was therefore used to attain better peptide coverage on the surface, while recognizing that the

absolute amount of attachment differs depending on the underlying substrate chemistry. Despite

11
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these variations, the antifouling performance is preserved across the tested surfaces, indicdting  °rre

that DOPA-based functionalization can effectively support the desired application without
compromising the primary goal of fouling resistance. The presence of fluorine-containing
residues supports the notion that even minimal surface coverage of a few nanomolar per square
centimeter is sufficient to impart significant antifouling properties. Furthermore, the inclusion
of the RGD motif, known for promoting mammalian cell adhesion via integrin binding, did not

enhance bacterial attachment, indicating a degree of selective bio-interactivity.[!®]

2.4. Cell adhesion and proliferation studies

Cell-material interactions are critical determinants of implant integration, macrophage
recruitment, inflammatory cascade activation, fibrous encapsulation, and eventual implant
integration or rejection.’!l To evaluate the cytocompatibility of peptide-functionalized
polymeric scaffolds, Chinese Hamster Ovary (CHO) cells were employed as a standard
mammalian cell line per ISO 10993-5:2009 guidelines for biological evaluation of medical
devices. B A seeding density of 25,000 cells per well selected to ensure adequate surface
coverage and to simulate early-stage implant contact with mammalian cells. The cells were
incubated for 72 hours, allowing sufficient time for adhesion and proliferation before analysis
using the trypan blue exclusion assay. This assay was chosen for its rapidity, cost-effectiveness,
and suitability for high-throughput applications in early biocompatibility screening.[>3] We
initially attempted standard viability assays, including fluorescence-based staining and MTT;
however, these methods were not suitable for the electrospun scaffolds due to significant
interference arising from the absorbent nature of the polymer matrix and the intrinsic
fluorescence of the peptide. Consequently, Trypan Blue staining was employed as a more
reliable alternative. High-resolution SEM was employed in parallel to visualize cell
morphology and attachment. SEM images provided qualitative confirmation of cell viability,
revealing distinct morphologies across different surfaces. Control surfaces exhibited non-spread
cells indicative of poor attachment or viability. However, high cell density led to image
crowding, limiting precise quantitative analysis. In contrast, peptide-coated surfaces—
particularly those functionalized with hexapeptide—exhibited more spread out on the surface

cells with extended filopodia, lamellipodia.

Quantitative and qualitative assessments in Fig 4 demonstrated enhanced cell adhesion
on HP PU, which incorporate an RGD motif known to facilitate integrin-mediated
binding and promote cellular anchorage to biomaterials.’*! The HP PU surface

12
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demonstrated a statistically significant increase in the live cells with a count of 40094 e
compared to the control. This highlights its superior cell-supportive capability as the
TP_PU surface showed an increase of 130% relative to the control. This improvement
was not statistically significant, emphasizing the crucial role of the RGD motif in
enhancing cell interactions. Nonetheless, the TP coating demonstrated comparable
biocompatibility to the control, with no evidence of cytotoxicity or adverse cellular
responses. Although a higher number of dead cells was observed on HP_PU, the absolute
values were still very low (on the order of 103 cells) and were negligible relative to the
substantially elevated live cell population. This indicates that the increased dead cell

count is likely associated with higher cell density and confluence rather than any

cytotoxic effect. Consistently, the TP coating demonstrated comparable biocompatibility

to the control, with no evidence of cytotoxicity or adverse cellular responses.
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Fig 4. CHO cell adhesion and proliferation on electrospun PU scaffolds.

(a—c) SEM images of CHO cells cultured on PU scaffolds functionalized with (a) tripeptide
(TP), (b) hexapeptide (HP), and (c¢) unmodified control. HP-functionalized scaffolds show
enhanced cell adhesion, spreading, and morphological development, indicating superior
bioactivity compared to TP and control surfaces. (d) Quantitative analysis of CHO cell adhesion
using the trypan blue exclusion assay after trypsinization. Viable cells counted with a
hemocytometer reveal significantly higher adhesion on HP-modified scaffolds (containing
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RGD motifs). Statistical analysis: Student’s t-test; ns: not significant (p>0.05), *ps0,05, oo

**p <0.01, ***p <0.001. Data presented as mean + SD (n = 3 technical replicates per condition;
N =3 independent biological repeats).

PLC surfaces functionalized with both peptides in Fig 5 also showed comparable
viability, with live cell coverage reaching 154% of the control for HP and 137% of the
control for TP. However, unlike PU, PLC did not exhibit a marked difference between
hexapeptide and control. This may be attributed to the fact that both the control and
peptide-functionalized PLC surfaces already supported substantial and comparable cell
growth. The uniformity in cellular response across all PLC samples suggests that the
base material itself is highly biocompatible, and peptide functionalization did not
significantly alter the cell adhesion or proliferation outcomes in this case. Although a
higher number of dead cells observed, particularly on TP PLC surfaces, this is
attributable to increased cell confluence or density, resulting in competition for space
and nutrients, rather than any cytotoxic effects of the coating. Notably, despite this visual

observation, the number of dead cells was ultimately statistically lower.

The incorporation of the RGD integrin recognition motif into the hexapeptide sequence is
intended to mimic extracellular matrix cues, which may enhance cellular attachment and
support a favorable tissue response.33! This bio-interactive design strategy could potentially
contribute to reduced immune rejection and improved long-term implant integration. although

further studies are needed to confirm these effects.
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Fig 5. CHO cell adhesion and proliferation on electrospun PLC scaffolds.

(a—c) SEM images of CHO cells cultured on PLC scaffolds functionalized with (a) tripeptide
(TP), (b) hexapeptide (HP), and (c) unmodified control. All conditions show comparable cell
adhesion, spreading, and morphology, indicating preserved biocompatibility across treatments.
(d) Quantitative analysis of CHO cell adhesion using the trypan blue exclusion assay after
trypsinization. Viable cells counted with a hemocytometer reveal no statistically significant
differences among the groups, indicating that peptide functionalization does not adversely
affect PLC scaffold biocompatibility. Statistical analysis performed using Student’s t-test; ns:
not significant (p>0.05), *p <0.05, **p<0.01, **p<0.001. Data presented as mean=+ SD
(n =3 technical replicates per condition; N = 3 independent biological repeats).
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Although there are decoupling factors between surface chemistry, substrate properties, and
peptide loading, here, we wanted to establish a versatile application on different surfaces by

exploiting the strong and universal adhesion capability of DOPA.

DOPA mediates robust attachment to a wide range of materials through catechol-surface
interactions, including hydrogen bonding, metal coordination, and n—r stacking, enabling stable
functionalization even under aqueous conditions.[*- 3% A maximum concentration of 1 mg/mL
was therefore used to attain better peptide coverage on the surface, while recognizing that the
absolute amount of attachment differs depending on the underlying substrate chemistry. Despite

these variations, the antifouling performance is preserved across the tested surfaces, indicating
15
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that DOPA-based functionalization can effectively support the desired application without

compromising the primary goal of fouling resistance.

2.5. Hemocompatibility

Recognizing the need for improved blood-contacting materials, we evaluated the
hemocompatibility of coated scaffolds designed for vascular grafts and extracorporeal devices
under dynamic flow conditions. To evaluate this, scaffolds were exposed to fresh human blood
under orbital shear stress to simulate physiological conditions. SEM images shown in Fig 6
reveal the blood—material interactions, with red blood cells pseudo-colored red and platelets
yellow for clarity. The best representative images are shown here, while additional images are
provided in Fig. S5. The SEM micrographs reveal that both control and hexapeptide-coated
surfaces exhibited low levels of platelet attachment, with the observed platelets primarily in the
early sprouting state, indicative of initial activation. In contrast, the tripeptide-coated PU surface
showed minimal platelet presence and visible formation of a thick fibrin mesh, while the PLC
surface, especially in the control group, demonstrated increased platelet attachment and denser

aggregation.

TP PU HP PU PU_Control

Fig 6. SEM images of platelet and red blood cell (RBC) interactions on unmodified and peptide-
functionalized PU and PLC scaffolds. Yellow highlights indicate platelet adhesion and clot
formation with visible fibrin mesh networks, while red highlights mark the presence of red
blood cells (RBCs). Each scaffold was tested in triplicate (N = 3), with SEM images collected
at least 5 random regions per sample

These findings are further supported by hemolysis assays, where all PU and PLC

scaffold groups exhibited hemolysis ratios below 5%, indicating good blood
16
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compatibility (Fig 7). According to ISO 10993-4 guidelines, values <2% arg classified;: o
as non-hemolytic and safe for implantation, while those between 2—5% are considered
slightly hemolytic but still acceptablel’l. Both peptide-functionalized and control
scaffolds fell within this acceptable range. Although peptide-coated samples showed
slightly reduced hemolysis compared to controls, statistical analysis using Student’s t-

test revealed no significant differences. Together, these results confirm that peptide

immobilization does not compromise the hemocompatibility of scaffolds.

TP_PLC

HP_PLC

PLC_Control

TP_PU

HP_PU

PU_Control

0 2 4 6
Hemolysis ratio (%)

Fig 7. Quantitative hemolysis analysis confirms no blood damage across all samples, indicating
good hemocompatibility. No significant differences observed between groups (p>0.05,
Student’s t-test), Data are mean = SD (n=3 technical replicates per condition, N =3
independent biological repeats).
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SEM imaging revealed multiple stages of blood clot formation, from early platelet activation

(cc)

with filopodia extension to intermediate platelet clustering and fibrin sprouting, culminating in
dense fibrin networks and thrombus-like structures. More images provided in Supplementary
data (Fig S5). Notably, peptide-coated PLC surfaces exhibited fewer fibrin strands than controls,
highlighting the coating’s ability to modulate platelet response while minimizing excessive

clotting.

To assess the hemostatic compatibility of the base scaffold materials, only unmodified PU and
PLC scaffolds subjected to Prothrombin Time (PT) and Partial Thromboplastin Time (PTT)
assays. This decision was based on prior hemolysis results, which showed that peptide
immobilization did not induce any adverse blood-related effects. Therefore, the coagulation

assessment focused solely on the control scaffolds to establish the intrinsic compatibility of the
17
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base polymers. PT assesses the extrinsic and common pathways, while PTT eyaluates;the e e

A

intrinsic and common pathways of the coagulation cascade, critical for preventing both

excessive bleeding and unwanted clot formation.[>”]

The PT values across all scaffold groups ranged from 90% to 97%, staying close to the
physiological baseline. Similarly, PTT values remained stable, between 26 and 27 seconds,
showing no significant deviations.5® These results indicate that neither peptide immobilization
nor scaffold composition induced abnormal coagulation, confirming blood compatibility and

hemostatic safety following biomaterials standards. [>°]

3. Conclusion

This study demonstrates key advances in surface engineering of polymeric biomaterials. First,
While DOPA-based coatings are well established for metallic systems, their application to
polymeric substrates remains less explored due to challenges associated with lower surface
energy. Here, we demonstrate effective peptide immobilization on electrospun polymer
scaffolds. Second, the combination of antifouling and bio-interactive (RGD-mediated)
functionalities within a single platform, along with evaluation under dynamic conditions,
provides insight into their potential for biomedical applications. Finally, the use of LC-MS for
quantifying surface-bound peptides following extraction offers a sensitive analytical approach
for characterizing such systems. Overall, these findings contribute to the development of
peptide-functionalized polymeric biomaterials and may contribute to future design strategies

for hemocompatible applications.

4. Experimental Section

Materials

Pellethane 2363-80AE (PU) purchased from Lubrizol (Cleveland, OH, USA).
1,1,1,3,3,3-Hexafluoro-2-isopropanol (HFIP, >99%) obtained from Fluorochem
(Hadfield, UK). PURASORB® PLC 7015 (75:30 mol% L-lactide: e-caprolactone)
Poly(L-lactide-co-g-caprolactone) (PLC) copolymer, obtained from Corbion,
Netherlands.Dichloromethane (DCM, HPLC grade) purchased from Merck (Darmstadet,
Germany). Peptides DOPA-Phe(4F)-Phe(4F)-COOMe and DOPA-Phe(4F)-Phe(4F)-
RGD were synthesized, purified and characterized based on previous protocols [!7-18] Tris

buffer (Tris hydrochloride, electrophoresis grade, >99.9%) was purchased from Sigma-

18
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Aldrich (St. Louis, MO, USA). Glutaraldehyde (25% aqueous solution) purchased frofr oo
Thermo Scientific — Alfa Aesar. Absolute ethanol (>99.5%) purchased from Sigma-
Aldrich (St. Louis, MO, USA). Iridium sputter coating targets (99.9% purity) obtained
from Ted Pella, Inc. (Redding, CA, USA). F-12 HAM cell culture medium, fetal bovine
serum (FBS, heat-inactivated), penicillin-streptomycin-amphotericin solution, trypsin-
EDTA solution (sterile, DNase/RNase/protease free), and Dulbecco’s phosphate
buffered saline (PBS, pH 7.4) were purchased from Biological Industries (Beit Haemek,
Israel). Chinese hamster ovary cells (CHO-K1, ATCC CCL-61) and Staphylococcus
epidermidis (ATCC 12228), Staphylococcus aureus (ATCC 29213), and Escherichia
coli (ATCC 25922) obtained from American Type Culture Collection (ATCC,
Manassas, VA, USA). Lysogeny Broth (LB) powder, MHB purchased from Becton
Dickinson (Franklin Lakes, NJ, USA). Nutrient agar powder for microbiology purchased
from Merck (Darmstadt, Germany). Proteinase K (molecular biology grade,
DNase/RNase/protease free), ascorbic acid (=99%, analytical grade), and calcium
chloride dihydrate (CaCl,-2H,0O, analytical grade) purchased from Sigma-Aldrich (St.
Louis, MO, USA). Fresh whole human blood collected from healthy volunteers under
approved ethical guidelines. All statistical analyses performed using Microsoft Excel

(Microsoft Office 365, USA) unless otherwise mentioned.

Peptide synthesis

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

The hexapeptide DOPA-Phe(4F)-Phe(4F)-RGD was synthesized via standard solid-

phase peptide synthesis (SPPS) on a 0.25 mmol scale using Rink amide resin, following
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previously reported protocols with minor modifications. !/l The purified peptide was

obtained with a purity of 97%. The DOPA-Phe(4F)-Phe(4F)-COOMe was synthesized via

(cc)

solution-phase peptide synthesis as previously reported. ['7-!181Briefly, peptide coupling
reactions were carried out using DCC/HOBt-mediated activation in dry dichloromethane,
followed by sequential deprotection and purification steps. The final product was characterized
by MALDI-TOF mass spectrometry and NMR spectroscopy prior to use and was obtained with
98% purity.

Electrospinning technique for polymer scaffolds preparation

Electrospinning performed using a NANON O0Ol1A wvertical electrospinning device
(MECC Co. Instruments Ltd., Fukuoka, Japan). Polymer solutions were prepared by
dissolving 5% w/v PU in HFIP, and 20% w/v PLC, in DCM. Each polymer solution
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extruded through a 22-gauge blunt-tip needle at a feed rate of 0.6 mL/h, a needlestgionne

MAO0253F

collector distance of 15 cm, and an applied voltage of 20 kV. Environmental parameters
maintained at 27 °C and 35% relative humidity. Electrospinning conducted on a flat
stationary collector for 1 hour, yielding nanofibrous scaffolds with a minimum thickness
of 100 um. The resulting scaffolds stored in a desiccator at room temperature until

further use.

Peptide Immobilization on Polymer Scaffold

Scaffold surface functionalization conducted by incubating 1 cm? electrospun PU and PLC
scaffolds with peptide solutions. DOPA-Phe(4F)-Phe(4F)-COOMe (1 mg/mL) dissolved in
ethanol, and DOPA-Phe(4F)-Phe(4F)-RGD (1 mg/mL) dissolved in Tris buffer (pH 7.4,
154 mM ionic strength). Scaffolds incubated with the respective solutions for 48 hours.
Following incubation, samples treated in ethanol-based peptide solutions were washed with
ethanol to remove unbound peptides and dried under nitrogen. For samples incubated in Tris
buffer, scaffolds were first washed with fresh Tris buffer to remove loosely bound peptide,

followed by ethanol washing to facilitate drying, and then dried under a nitrogen.

4.1. Characterisation technique
Scanning Electron Microscopy

High-resolution scanning electron microscopy (SEM) imaging performed using an XHR
SEM Magellan (Thermo Fisher Scientific, Waltham, MA, USA), equipped with a
monochromated Schottky-type field emission gun (FEG) and multiple electron detectors
for both SEM and STEM modes. Imaging conducted on 1 cm? electrospun scaffolds
sputter-coated with a thin layer of iridium using an accelerating voltage range of 1—
30kV, achieving sub-nanometer resolution. A beam decelerator allowed landing
energies as low as 50 eV to enhance surface sensitivity. For each scaffold, at least three
different regions scanned to obtain representative average morphological data. Fiber
diameter measurements conducted using ImageJ software with a sample size of N = 50

fibers per group.

ATR-FTIR Spectroscopy

Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR) spectra obtained
using a Nicolet iS20 spectrometer (Thermo Fisher Scientific, Waltham, MA, USA) over

the 4000-500 cm™ range, with 32 scans collected at a resolution of 4cm™. FTIR
20
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analysis performed on electrospun (1cm?) PU and PLC scaffolds before and after syrface - e

A00253F

peptide functionalization to assess chemical modifications.

Surface wettability

Static water contact angle measurements were performed on electrospun PU scaffold
before and after coating using a Contact Angle Meter (DMe-211, Kyowa Interface
Science). Mats (1 x 1 cm) were mounted using adhesive tape, and 5 pL droplets of bi-
distilled water were deposited onto the surface. Images were captured immediately, and
contact angles were calculated using FAMAS software (v3.3). All measurements were

conducted at 22-25 °C.

X-ray photoelectron spectroscopy

X-ray photoelectron spectroscopy (XPS) measurements performed using Kratos AXIS
Supra spectrometer (Kratos Analytical Ltd., Manchester, U.K.) with Al Ka
monochromatic radiation X-ray source (1486.6 e¢V). The XPS spectra acquired with a
take-off angle of 90° (normal to analyzer); vacuum condition in the chamber was
2x107° Torr. The high-resolution XPS spectra of C 1s, O 1s, N 1s and F 1s measured
with pass energy of 20 and 0.1 eV step size. The binding energies calibrated using C 1s
peak energy as 285.0 eV. Data collected and analyzed by using ESCAPE processing

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

programs (Kratos Analytical Ltd, Manchester, U.K) and Casa XPS (Casa Software Ltd,
Manchester, U.K). Due to the inherent fragility of electrospun scaffolds, sample

Open Access Article. Published on 16 June 2026. Downloaded on 6/19/2026 9:47:04 AM.

mounting for XPS performed with caution to prevent structural damage. To maintain

(cc)

scaffold integrity, separate specimens used for pre- and post-treatment analyses, with

minor variability attributed to inter-sample differences.

Quantification of peptide on the Surface using Liquid Chromatography-Mass Spectrometer

Peptide functionalized scaffolds incubated for 4 hrs. in a digestion solution containing
Proteinase K (1 mg/mL), supplemented with 5 mM ascorbic acid and 5 mM CacCl, to
preserve enzymatic activity. This enzymatic treatment facilitates the release of surface-
bound peptides for quantification by digesting the peptide bonds. The reaction was
stopped by freezing it in -80°C. Peptide immobilization estimated by measuring the
released 4-fluorophenylalanine (4F-Phe), serving as a marker for peptide identification.

Media samples (20pL) were mixed with 180ul. of extraction buffer
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20 min at 4 °C. Supernatants were transferred to HPLC vials for LC-MS analysis.
Calibration curves were prepared using 4F-Phe standards (0.0054-5.464 uM) diluted in
extraction buffer.

LCMS metabolomics analysis was performed as described previously.[60] Dionex
Ultimate 3000 UPLC system coupled to an Orbitrap Q-Exactive Plus MS (Thermo
Fisher Scientific, Waltham, MA, USA) with a resolution of 70,000 at 200 mass/charge
ratio (m/z)electrospray ionization in the HESI source, and polarity switching mode to
enable both positive and negative ions across a mass range of 70 to 1000 m/z, was used.
The UPLC setup included a ZIC-pHILIC column (SeQuant; 150 mm x 2.1 mm, 5 pum;
Merck) with a Sure-Guard filter (SS frit 0.5 um). Five pL of the tissue extracts were
injected and the compounds were separated with a mobile phase gradient of 15 min,
starting at 20% aqueous (20 mM ammonium carbonate adjusted to pH 9.2 with 0.1% of
25% ammonium hydroxide) and 80% organic (acetonitrile) and terminated with 20%
acetonitrile. The flow rate and column temperature were maintained at 0.2 mL/min and
45 °C, respectively, for a total run time of 26 min. All metabolites were detected using
mass accuracy below 5 ppm. Data acquired with Thermo Xcalibur. Metabolites
quantified in Trace Finder 5.2 using calibration curves appropriate to concentration
range. For full-range samples (0.0054—5.464 uM), the calibration equation (1). The Data
normalized to sample optical density (OD), with averages calculated from three

replicates (n = 3).
y = 9%x10°% + 1x10°(R* = 0.9933) — (1)

In Vitro Cell Adhesion and Viability

Experiments performed using Chinese hamster ovary cells (CHO-K1, ATCC CCL-61).
For cell adhesion and proliferation studies, CHO cells were cultured in F-12 HAM
medium supplemented with 10% (v/v) fetal bovine serum (FBS), 100 U/mL Penicillin,
0.1 mg/mL Streptomycin, and 0.25 pg/mL Amphotericin. Cells were maintained at 37 °C
in a humidified incubator with 5% CO,. Upon reaching approximately 80% confluence,
cells detached using Trypsin-EDTA (B) and proceeded for subculture. The culture
medium refreshed between passages. All experiments conducted using cells at passages

3 to 6.

Trypan Blue Assay and SEM Visualization of Cells
22
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CHO cells (25,000 cells/mL) were seeded onto 2cm? UV-sterilized glectrospui e
scaffolds of PU and PLC, including their respective peptide-functionalized variants, and
incubated for 72 hours. Post-incubation, cells were Trypsinated, stained with trypan
blue, and counted using a hemocytometer. The cell count was determined by counting
live and dead cells separately, and the number of viable and non-viable cells calculated
according to the equation (2). All experiments performed in triplicate across three
independent biological replicates (n = 3, N = 3), and data presented as mean + standard

deviation. Statistical significance between groups was determined using a two-tailed

Student’s z-test, with p < 0.05 considered statistically significant.

Average Cell Count per Square X Dilution Factor X Total Volume
Cell Count = - ()
Volume of One Square

Cell morphology analysis on the scaffolds performed after fixation with 3%
glutaraldehyde and stepwise dehydration using ethanol solutions (30%, 50%, 70%, 90%,
and 100%). Samples air-dried in a biosafety cabinet and sputter-coated with iridium prior
to SEM imaging. At least five random regions of interest (ROIs) selected per scaffold

for analysis.

Bacterial Adhesion Quantification

Bacterial strains cultured overnight at 37 °C under shaking conditions (120 rpm) in

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

appropriate nutrient media: E. coli in LB broth, and S. epidermidis and S. aureus in

MHB. Overnight cultures diluted to a final concentration of 10> CFU/mL in fresh broth

Open Access Article. Published on 16 June 2026. Downloaded on 6/19/2026 9:47:04 AM.

medium before use and confirmed by optical density measurement at 600 nm using a
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UV-1650PC spectrophotometer (Shimadzu, Kyoto, Japan). Electrospun scaffolds
(1 cm?) made of PU, PLC, and their corresponding peptide-functionalized surfaces
sterilized under UV for 30min and placed individually into 24-well plates. A 1 mL
aliquot of each bacterial suspension added to the scaffolds and incubated at 37 °C for
24 hr. to allow bacterial adhesion and early biofilm formation. Following incubation,
scaffolds gently rinsed once with sterile phosphate-buffered saline (PBS) to remove non-
adherent bacteria. Adherent bacteria were detached by sonication in a water bath
sonicator for 15 min, followed by vortexing for 15 s. The recovered bacterial suspensions
were serially diluted (10-fold) in sterile PBS, and 5 uL from each dilution was dropped
onto Nutrient Agar plates (prepared by following manual instruction 11.5 g in 500mL of

distilled water The medium was sterilized by autoclaving at 121 °C for 15 min, cooled
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to approximately 50 °C, poured into sterile Petri dishes under aseptic congg:ig)ol}&g ;‘S%‘g;
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allowed to solidify). Plates incubated at 37 °C overnight, and bacterial colonies counted
the following day. Results reported as colony-forming units per scaffold. The total

colony forming unit (CFU) calculated using the following equation:

(Number of colonies X Total recovered Volume (mL))

Total CFU = (Dilution factor X Volume plated (mL) -3

This formula accounts for the 1 mL of recovered bacterial suspension following
sonication and vortexing, and the 5 pL plated on nutrient agar. All experiments were
performed in triplicate across three independent biological replicates (n = 3, N = 3).
Statistical significance between groups was determined using one-way ANOVA with
Tukey—Kramer post hoc test (*p < 0.05, **p < 0.01, ***p <0.001).

For morphological analysis, scaffolds fixed in 3% glutaraldehyde at 4 °C for 2 h and
dehydrated through a graded ethanol series (30%, 50%, 70%, 90%, 100%, 10 min each
step). Samples dried, sputter-coated with iridium, and imaged using high-resolution

scanning electron microscopy to visualize bacterial attachment.

Hemocompatibility Evaluation

Blood samples were obtained from healthy donors (n = 3) in accordance with the
Hadassah—Hebrew University Medical Center Ethics Board guidelines (Protocol HMO-
0637-08: “Evaluation of platelet function using the Impact-R cone and platelet
analyzer”), following signed informed consent. Whole blood was collected in sodium
citrate tubes and rested for 1 h before use. Platelet adhesion was assessed using the
DiaMed Impact-R cone and plate analyzer (DiaMed GmbH, Switzerland). A 0.13 mL
aliquot of fresh whole blood was exposed to the scaffold surfaces under a shear rate of
1800 s™! for 2 min. After incubation, samples were washed with PBS, fixed following
the same protocol used for cell and bacterial adhesion studies, sputter-coated with
iridium, and imaged by SEM to evaluate platelet adhesion and morphology. Experiments
were performed with fresh blood from three donors in three independent runs. Each
scaffold was tested in triplicate (N = 3), with SEM images collected atleast 5 random

regions per sample.

Coagulation and Hemolysis Tests

24


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ma00253f

Page 25 of 29

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

Open Access Article. Published on 16 June 2026. Downloaded on 6/19/2026 9:47:04 AM.

(cc)

Materials Advances

Electrospun PU and PLC scaffolds (0.5 cm?) were incubated with fresh human bloged gt oo
37 °C for 30 minutes. Following incubation, the samples were centrifuged to separate
the plasma. The collected plasma analyzed for prothrombin time (PT) and partial
thromboplastin time (PTT) using a Sysmex CS-5100 coagulation analyzer (Sysmex
Corporation, Nagasaki, Japan). Hemolysis assessed by measuring the absorbance of the
separated plasma (supernatant) transferred to a 96-well plate and read at 540 nm using
the integrated UV-Vis spectrophotometer of the SQII® ELISA PROCESSOR (AESKU
Diagnostics, Germany), to evaluate red blood cell lysis. All experiments performed in
triplicate across three independent biological replicates (n = 3, N = 3), and data presented
as mean =+ standard deviation. Statistical significance between groups was determined

using a two-tailed Student’s #-test, with p < 0.05 considered statistically significant. All
statistical analyses performed using Microsoft Excel (Microsoft Office 365, USA).
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