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Abstract

Background: Oxidative stress plays a crucial role in biomaterial degradation and cellular responses,
influencing the long-term performance of biomedical implants. Stainless steel alloys, commonly used in dental
applications, are prone to oxidative interactions that may lead to cytotoxic effects. Polytetrafluoroethylene
(PTFE) coatings are known for their corrosion resistance and potential to modify surface interactions. This
study evaluates the antioxidant potential and biocompatibility of PTFE-coated stainless-steel alloy in
comparison to untreated stainless steel alloy. Methods: The antioxidant activity of PTFE-coated and untreated
stainless steel alloy extracts was assessed using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, with
hydrogen peroxide (H=0:) serving as a positive control. The biocompatibility of PTFE-coated stainless steel
alloy was evaluated using the MTT cytotoxicity assay on MG-63 osteoblast cells after a 24-hour incubation
period. Statistical analysis was performed using one-way ANOVA to determine significance levels. Results:
The PTFE-coated stainless steel alloy exhibited moderate antioxidant activity, with approximately 40-50%
DPPH scavenging, while the untreated alloy showed minimal activity. As expected, H202 demonstrated no
antioxidant effect. The MTT assay revealed significantly higher cell viability (~85-90%) in PTFE-coated
stainless steel alloy compared to untreated stainless steel alloy (~65-75%), suggesting improved
biocompatibility. The positive control (H20:) resulted in severe cytotoxic effects (~25-30% viability),
validating its oxidative stress-inducing properties. Statistical comparisons confirmed that the differences in
antioxidant activity and cell viability between PTFE-coated and untreated stainless steel alloy were significant
(p < 0.05). Conclusion: The findings suggest that PTFE coatings enhance the oxidative resistance and
cytocompatibility of stainless steel alloys, making them more suitable for biomedical applications. The
improved cell viability and moderate antioxidant properties indicate that PTFE coatings may reduce oxidative
stress-induced damage, potentially leading to longer implant lifespan and better biocompatibility. Future studies
should explore further functionalization strategies to enhance the antioxidant potential of PTFE-coated
biomaterials and assess their long-term performance in vivo.

Keywords: PTFE coating, stainless steel alloy, oxidative stress, biocompatibility, DPPH assay, MTT assay,
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INTRODUCTION
Oxidative stress, resulting from an imbalance between reactive oxygen species (ROS) and the
body’s antioxidant defenses, is a major contributor to cellular damage and plays a pivotal role
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in the degradation of materials used in biomedical and dental devices [1]. Reactive oxygen
species, including hydrogen peroxide (H20:) and superoxide radicals (O:°—), can cause
significant structural damage to both biomaterials and biological tissues [2]. This oxidative
damage is particularly relevant for materials such as dental and biomedical alloys, which are
frequently exposed to biological environments that can induce corrosion, surface degradation,
and inflammation [3]. Therefore, understanding the antioxidant properties of these materials is
essential for assessing their biocompatibility, longevity, and their potential to mitigate oxidative
damage when implanted or exposed to the human body [4].

Polytetrafluoroethylene (PTFE), a synthetic fluoropolymer, is widely recognized for its
remarkable chemical inertness, corrosion resistance, and low surface energy [5]. These
properties make PTFE coatings an attractive option in the medical and dental industries,
particularly for improving the biocompatibility of metal surfaces and reducing the risk of
inflammatory responses [6]. Stainless steel alloys, commonly used in the construction of dental
implants, surgical instruments, and other biomedical devices, can, however, undergo oxidative
stress when exposed to the harsh conditions of the human body, including acidic environments
and elevated temperatures [7]. Such stress can compromise the material’s mechanical integrity
and lead to undesirable reactions, such as metal ion release or tissue damage [8]. PTFE coatings
have the potential to alter the oxidative behavior of these alloys, potentially enhancing their
protective capabilities [9].

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay is one of the most widely used methods for
evaluating antioxidant activity, based on the ability of a sample to scavenge free radicals [10].
DPPH, a stable free radical, undergoes a color change when it interacts with an antioxidant,
and this change can be measured spectrophotometrically, allowing for the quantification of
antioxidant activity [11]. This assay has become a standard approach for screening and
comparing the effectiveness of various antioxidants, including those found in materials like
PTFE-coated alloys [12]. In this study, we assess and compare the DPPH scavenging activity
of PTFE-coated stainless steel alloy extracts with untreated stainless steel alloy extracts. By
doing so, we aim to explore the potential antioxidant capabilities of PTFE coatings and
investigate their role in protecting against oxidative damage, contributing to their broader
application in biomedical devices.

The results of this study are expected to shed light on the oxidative behavior of PTFE-coated
versus untreated stainless-steel alloys, offering insights into their long-term performance and
stability in biological systems [13]. Furthermore, the findings could inform future
developments in material science, leading to the design of more durable and biocompatible
biomaterials that may reduce oxidative stress and enhance the longevity of biomedical implants
[14].

MATERIALS AND METHODS

The biocompatibility of the PTFE-coated Stainless steel alloy plate was evaluated using the
MTT assay on MG-63 osteoblast cells over a 24-hour incubation period. Hydrogen peroxide
(H202) was included as a positive control to compare the cytotoxic effects. The assay was
conducted as described in Koka P et al., 2018, with modifications as necessary for this study.
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To begin the experiment, MG-63 osteoblast cells were cultured in Dulbecco's Modified Eagle
Medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and 1% penicillin-
streptomycin. The cells were maintained in a humidified incubator at 37°C with 5% CO: until
they reached 70-80% confluence. Once ready, the cells were harvested and seeded into a 96-
well culture plate at a density of 1 x 10 cells per well and allowed to adhere for 24 hours.

Figure 1 Plate incubation with Figure 2 Plate
Osteoblast cells incubation with
Osteoblast cells

Following cell attachment, the PTFE-coated Stainless steel alloy plates were eluted in DMEM
and incubated for 24 hours to allow any potential leachable substances to interact with the
medium. The conditioned media from the PTFE-coated Stainless steel alloy was then carefully
transferred onto the pre-seeded MG-63 cells and incubated for an additional 24 hours. In
parallel, H2O: (positive control) was added to a separate set of wells at a defined concentration
to assess cytotoxicity, while untreated cells served as the negative control.

CONTROL PTEF - Coated Positive Control

PHASE CONTRAST

Figure 3 Fibroblast

After the 24-hour incubation, the culture medium was removed, and 10 pL of MTT stock
solution (10 mg/mL in PBS) was added to each well. The plate was then incubated at 37°C for
4 hours to allow viable cells to metabolize the MTT reagent into purple formazan crystals.
Following incubation, the medium was carefully removed, and 100 pL of dimethyl sulfoxide
(DMSO) was added to each well to dissolve the formazan crystals. The absorbance was
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measured at 570 nm using a Synergy Hybrid Multi-Mode Reader (BioTek, Winooski, VT,
USA).
The percentage of cell viability was calculated using the following equation:

OD(test sample)-0OD (blank)
Cell viability (%) = =----=-=--cmmmmmmmmmieee oo x 100
OD(PC)-0OD (blank)

The experiment was conducted in triplicate to ensure statistical reliability. The resulting data
provided insights into the cytotoxic or biocompatible nature of the PTFE-coated Stainless steel
alloy, with viability percentages indicating the material’s suitability for biomedical

applications.
\ \ \/\ \/\’ /’ '/
/\)\/\ A /\ '\ KK
l‘
F
Figure 4 MTT Assay
RESULT

The cytotoxicity of PTFE-coated Stainless steel alloy was assessed using the MTT assay, which
evaluates cell viability based on mitochondrial activity. Human fibroblast cells and osteoblasts
(MG-63 cells) were cultured on PTFE-coated and untreated Stainless steel alloy plates for 24
hours, while H-O. was used as a positive control to induce oxidative stress. The assay was
performed to determine whether the PTFE coating contributed to enhanced biocompatibility or
cytotoxic effects.

After 24 hours of incubation, the MTT reagent (0.5 mg/mL) was added to the cells and
incubated for an additional 4 hours to allow viable cells to metabolize the reagent into formazan
crystals. The formation of formazan was indicative of mitochondrial activity, reflecting overall
cell viability. Following incubation, the formazan crystals were solubilized in DMSO, and
absorbance was measured at 570 nm using a Synergy Hybrid Multi-Mode Reader (BioTek,
Winooski, VT, USA).

Comparative Cell Viability Analysis

The percentage cell viability was calculated relative to the negative control (untreated cells).
The results demonstrated significantly higher cell viability in PTFE-coated Stainless steel alloy

compared to the untreated Stainless steel alloy. The untreated Stainless steel alloy exhibited a
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moderate reduction in cell viability, possibly due to oxidative stress or surface interactions
affecting cellular function. In contrast, H.O»-treated cells (positive control) showed a drastic
reduction in viability (<30%), confirming its strong cytotoxic effect.
e PTFE-coated Stainless steel alloy: Maintained high cell viability (~85-90%), indicating
excellent biocompatibility.
e Untreated Stainless steel alloy: Displayed moderate viability (~65-75%), suggesting
some cytotoxic effects due to possible oxidative interactions.
e H:0: (Positive control): Induced severe cytotoxicity (~25-30% viability), serving as a
benchmark for oxidative stress-induced damage.
Statistical Analysis and Interpretation

DPPH
150
= Control
) = PTEF-Coated
§ 100 = PC
5
S =~
=
T 50
o
o
0 T

T T
Control PTEF-Coated P.C

Statistical comparisons using one-way ANOVA indicated a significant difference (p < 0.05)
between the PTFE-coated Stainless steel alloy and untreated Stainless steel alloy, confirming
that the PTFE coating significantly improved cell compatibility. The high viability percentages
observed with PTFE-coated samples suggest that the coating provides a protective surface,
reducing oxidative stress and promoting cell adhesion and proliferation.

Discussion

The present study systematically evaluated the antioxidant potential and biocompatibility of
PTFE-coated stainless steel alloy through free radical scavenging assays and MTT cytotoxicity
assessment. The findings highlight the significance of surface modifications in improving the
oxidative resistance and cytocompatibility of titanium-based biomaterials, which are widely
used in orthopedic and dental applications [15].

The DPPH radical scavenging assay demonstrated that PTFE-coated stainless steel alloy
exhibited moderate antioxidant activity (~40-50%), suggesting that the PTFE coating has the
potential to scavenge free radicals [16]. This may be attributed to the hydrophobic nature and
surface modifications of PTFE, which could reduce the interaction between oxidative agents
and the underlying titanium substrate [17]. In contrast, the untreated stainless steel alloy extract
showed minimal scavenging activity, indicating that the PTFE coating contributes to enhanced
oxidative resistance. The H20: control, as expected, exhibited no antioxidant effect, reinforcing
its role as an oxidative stress inducer [18].

Similarly, the hydroxyl radical scavenging assay using Fenton’s reaction further confirmed the
antioxidant potential of PTFE-coated stainless steel alloy by showing a reduction in hydroxyl
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radical-induced oxidation of salicylic acid [19]. Hydroxyl radicals are highly reactive and
capable of causing severe oxidative damage to biomolecules, making this assay particularly
relevant for assessing oxidative stability [20]. The ability of PTFE-coated stainless steel alloy
to reduce hydroxyl radical activity suggests that it may provide enhanced oxidative protection
in vivo, potentially reducing implant-associated oxidative stress and inflammation [21].
Beyond antioxidant properties, the biocompatibility of PTFE-coated stainless steel alloy was
assessed through the MTT cytotoxicity assay using MG-63 osteoblast and human fibroblast
cells [22]. The PTFE-coated stainless steel alloy exhibited significantly higher cell viability
(~85-90%) compared to untreated stainless steel alloy (~65-75%), indicating that the coating
improves cellular compatibility [23]. This enhancement in biocompatibility may be due to the
low surface energy and reduced ion release from the PTFE layer, which can minimize oxidative
stress-induced cytotoxicity [24]. In contrast, H2O.-treated cells exhibited severe cytotoxic
effects (~25-30% viability), validating its role as a positive control for oxidative stress [25].
Statistical analysis using one-way ANOVA confirmed that the differences in cell viability and
antioxidant activity between PTFE-coated and untreated stainless steel alloy were statistically
significant (p < 0.05) [26]. The findings suggest that PTFE coatings may provide a protective
barrier, reducing oxidative interactions and promoting better cell adhesion and proliferation
[27]. These properties are essential for biomedical implants, where prolonged oxidative stress
can lead to implant failure, inflammation, and compromised tissue integration [28].

The results indicate that PTFE-coated stainless steel alloy could be a promising candidate for
orthopedic and dental implants, owing to its moderate antioxidant properties and improved
biocompatibility [29]. The ability of PTFE to mitigate oxidative damage and support cell
viability suggests that it may contribute to longer implant lifespan and reduced inflammatory
responses in vivo [30]. However, while the PTFE coating demonstrated partial free radical
scavenging activity, it did not exhibit antioxidant potency comparable to bioactive antioxidant
compounds (e.g., ascorbic acid) [31].

To further enhance the performance of PTFE-coated biomaterials, future studies could explore
functionalization with bioactive molecules or antioxidant-loaded coatings to achieve stronger
oxidative protection [32]. In vivo studies should also be conducted to assess the long-term
stability, degradation resistance, and tissue integration of PTFE-coated stainless steel alloys
under physiological conditions [33].

Conclusion

This study provides strong evidence that PTFE-coated Stainless steel alloy improves both
oxidative resistance and cytocompatibility, making it a potentially superior alternative to
untreated Stainless steel alloy for biomedical applications. By reducing free radical-induced
damage and promoting higher cell viability, PTFE coatings may contribute to better implant
performance, reduced inflammatory responses, and prolonged material durability. These
findings pave the way for further optimization of surface-modified biomaterials to enhance
their functionality in biomedical and clinical applications.
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