s\wrivah U, Vi
e of Dep, Ve,
Sioe? s, %

/ Vol.21, No.01, 06/2025

Mustansiria Dental Journal o

\
¥ P- ISSN: 2618-0944
MDJ \ sk )

E- ISSN: 1813-8500

Cytotoxic Effect of Nano Polyvinylidene Fluoride on Human Gingival
Fibroblast

Athraa Sarhan Awadh', Maha Jamal Abbas?, Hayder Hamed Abed®

M.Sc student at college of dentistry, Mustansiriyah University, Department of Pedodontics,

Orthodontic and Preventive dentistry, Baghdad, Iraq. E-mail: athraa.sarhan@uomustansiriyah.edu.ig.

*Professor, PhD in Preventive Dentistry, College of dentistry, Mustansiriyah University,Baghadad
Irag. E-mail: dr.maha.jamal.abbas@uomustansiriyah.edu.ig, ORCID: https://orcid.org/0000-0003-
1614-8950.

3professor, PhD in Clinical Biochemistry, College of dentistry, Mustansiriyah University, Department

of Basic Science, Baghdad, Iraq. E-mail: dr.hayderhamed@uomustansiriyah.edu.iq, , ORCID:
https://orcid.org/0000-0002-7345-392X.

Received 21/11/2024 Accepted in revised form 14/05/2025 Published 30/06/2025

Abstract

Aim: This study examined the cytotoxic effects of Nano Polyvinylidene-Fluoride
(PVDF) on Human Gingival Fibroblasts (HGF) cells in comparison to sodium
fluoride (NaF) varnish.

Method: The MTT-Assay was performed to evaluate the cytotoxicity of the tested
materials on HGFs. To assess the toxic effects, cell viability after the application of
NaF varnish (2.26%) and PVDF (1.26%, 2.26%, and 3.26%) at each concentration.

Results: The findings indicated that all concentrations of PVDF exhibited lower
cytotoxicity compared to NaF varnish. Within the PVDF groups, the 3.26%
concentration demonstrated the least cytotoxicity, succeeded by 2.26% and 1.26%
respectively. On the other hand, NaF varnish exhibited the greatest toxicity among

the evaluated substances.

@ ® Copyright ©2025, Mustansiria Dental Journal. This work licensed under
a Creative Commons Attribution 4.0 International License
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Conclusion: This innovative study demonstrates that Nano-PVDF, particularly at a
concentration of 3.26%, is a promising material exhibiting enhanced biocompatibility and
less cytotoxicity relative to traditional NaF varnish. All data represented that Nano-PVDF
may function as a safer option in dental treatments, with exhibiting little adverse effects on

oral cells.

keywords: Nano-PVDF, Cytotoxicity, MTT-Assay, Sodium fluoride varnish, Human

gingival fibroblast, Biocompatibility.

Introduction

Dental caries continues to be a major
public health concern, necessitating the
development of effective preventive
measures. NaF varnish is widely used due
to its demonstrated efficiency in caries
prevention and enamel remineralization @
. However, the biocompatibility of NaF
varnish, particularly its cytotoxic effects
on HGFs, which is considered as a topic of
currently  ongoing research.  Studies
suggested that NaF varnish is efficacious;
however, its cytotoxicity toward HGFs
may pose potential risks to oral health ©.
PVDF has been introduced in nano-form
as a result of the emergence of
nanotechnology. This material has the

power to provide benefits in dental
applications due to its enhanced
biocompatibility and mechanical

properties ®. Nano PVDF is currently
being studied as an alternative to
conventional fluoride treatments, with an
emphasis on its effects on HGFs.

The objective of this study is to assess the
potential of Nano-PVDF as a safer and
potential alternative to fluoride-based
treatments by comparing the cytotoxicity
of three different PVDF concentrations
(1.26%, 2.26%, and 3.26%) with that of
NaF varnish (2.26%). This research is
crucial for developing dental interventions
that optimize caries prevention while
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minimizing the adverse effects on gingival
tissues.

Materials And Methodologies

This study was approved by the Research
Ethics Committee of the college of
dentistry, Mustansiriyah University
(Approval No. MUPRV005)

Preparation of Nano PVDF mixture by
different concentrations

Preparation of 1.26%:

1.Exactly 0.315 g of nano PVDF
(Nanochemazone, Canada) was dissolved
in 25 ml of Triethyl citrate (Sigma-
Aldrich, Germany) with a stir for 2 hours
at 80 °C.

2. Methyl callouses (30%, 0.0945 g) were
added to the above mixture with a
contentious stir for 2 hours at the same
temperature until a clear solution was
obtained.

3. This process was repeated by getting
(0.565 g PVDF, 0.169 g methyl callouses)
and (0.815 g, 0.244 g methyl callouses) to
prepare 2.26 and 3.26% respectively @ ©

Sodium Fluoride Varnish

NaF varnish used in this study was
manufactured by FluoroDose, USA, with
concentration of 2.26%, the varnish was
approved by ADA.
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Cell viability assay (MTT assay)

The cytotoxic effects of varying
concentrations of nano PVDF varnish and
NaF varnish on Human Dermal Fibroblasts
(HDF) were evaluated using the MTT
assay. The HDFs were cultured in RPMI-
1640 medium. Subsequently, the cells
were inoculated into 96-well plates and
permitted to adhere for the night. Nano
PVDF solutions and NaF varnish were
prepared at 0.5 pL/mL concentration. The
culture medium was replaced with media
that contained varying concentrations of
the medications after cell adhesion. The
cells were cultured in a 5% of CO2
incubator at 37°C for 24, 48, and 72 hours.
Immediately following each incubation
period, 20 pL of MTT solution was added
to each well and allowed to incubate for an
additional 4 hours. Afterward, the medium
was withdrawn, and the formazan crystals
were dissolved by adding approximately
100 pL of solubilization solution to each
well. A micro plate reader was employed
to measure absorbance at a wavelength of
570 nm. The percentage of control cells
was used to evaluate cell viability using
the following formula: Viability of cells
(%) = (Treated cells absorbance / Control
cells absorbance) © .

Statistical analysis

The Statistical Package for the Social
Sciences, version 28, was used to analyse
the data. Here is the data presented:

1- Descriptive Analysis: Calculation of
mean and standard deviation for
guantitative variables.

2- Inferential analysis:

A- Shapiro-Wilk test: utilized for assessing
the normality of distribution in quantitative
variables.

B-Levene’s test: test the equality of
variances among groups.

C-One Way ANOVA test: to test the
hypothesis for a quantitative dependent

variable by an independent variable
followed by post hoc test (Bonferroni).

A level of p-value less than 0.05 was
considered as significant.

Results

Cell vitality values were assessed at three
distinct time intervals: 24 hours, 48 hours,
and 72 hours. Table 1 presents a summary
of descriptive statistics for each group,
including the minimum, maximum, mean,
and standard deviation (SD) of the cell
vitality values.

Group 1 (26% nano PVDF) showed a
decrease in cell vitality over the time, with
mean values dropping from 23.6 at 24
hours to 8.1 at 72 hours. Group 2 (26%
nano PVDF) also showed a decrease in
cell vitality, with mean values decreasing
from 33.4 at 24 hours to 8.0 at 72 hours.
Similarly, group 3 (26% nano PVDF)
exhibited a similar trend, with cell vitality,
with values falling from 35.0 at 24 hours
t0 9.8 at 72 hours.

The positive control group (NaF varnish)
maintained relatively stable cell vitality
values over time, with a slight decrease
from 16.3 at 24 hours to 7.7 at 72 hours. In
contrast, the negative control group
consistently exhibited a cell vitality value
of 100 across all time points, indicating no
observed toxicity (Figure .1).

The normality distribution test (Shapiro-
Wilk) results showed that Cell Vitality
values at all-time points were normally
distributed (p> 0.005) Table 2.
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The comparison of cell vitality between
groups at different time points was
conducted using a One-Way ANOVA test.
The results are presented in Figure 2 and in
Tables 3, 4, and 5 for 24-hour, 48-hour,
and 72-hour time points, respectively.

The data showed a significant results from
the One-Way ANOVA test, on the other
hand, pairwise post-hoc comparisons using
the Bonferroni correction were performed
to determine specific differences between
groups at the 24-hour, 48-hour, and 72-
hour time point’s (tables 6,7 and 8).

Discussion

The cytotoxicity of dental materials is
essential for evaluating their safety,
particularly concerning oral tissues like
HGF. In this comparison, nano PVDF
exhibited reduced cytotoxicity compared
to NaF varnish, suggesting its viability as a
safer option for prolonged clinical use.
Previous cytotoxicity evaluations using the
MTT-assay have previously indicated that
NaF, although efficacious in
remineralization, might cause cellular
damage at elevated concentrations, leading
to impaired fibroblast activity and
potential apoptosis " . The hazardous
profile of NaF can be ascribed to its effects
on critical physiological processes,
including oxidative stress and calcium
metabolism, which affect fibroblast
viability and wound healing. This
corresponds with data demonstrating that
fluoride exposure elevated production of
inflammatory markers, such as FGF-2 and
TGF-B, signifying tissue stress and
remodelling activity ® . Conversely, the
inert and biocompatible characteristics of
PVDF make it less likely to induce
negative cellular reactions, thereby
facilitating its use for enamel protection
while preserving gingival health ©
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Moreover, these findings underscore
necessity of investigating alternatives to
fluoride-based therapies, particularly in
formulations aimed at sensitive tissues
such as gingival fibroblasts. As the
cytotoxic potential of fluoride and other
negative halogens becomes increasingly
apparent with prolonged contact, PVDF
emerges as a viable option for safer dental
care. Additional research is advised to
corroborate these findings over extended
durations and evaluate PVDEF’s efficacy in
other various therapeutic contexts.

Conclusions

This study concluded that 3.26% nano
PVDF exhibits the highest
biocompatibility ~ and the lowest
cytotoxicity on HGF cells, making it a
promising  candidate  for  clinical
applications in the treatment of dental
caries. Continuing study is essential to
validate these findings and explore the
potential applications of this novel
nanopolymer.

Conflict of interest

The authors declare that there are no

conflicts of interest regarding the
publication of this manuscript.
Acknowledgments

The authors would like to thank
Mustansiriyah University
(www.uomustansiriyah.edu.iq), Baghdad,

Iraq, for their support in the present work.
References

1. Tao S, Zhu Y, Yuan H, Tao S,
Cheng Y, Li J, et al. Efficacy of
fluorides and CPP-ACP vs fluorides
monotherapy on early caries lesions:
A systematic review and  meta-


http://www.uomustansiriyah.edu.iq/

Mustansiria Dental Journal

Vol.21, No.01, 06/2025

analysis.Journals.plos.org
2018;13(4):e0196660.

2. Salomdo PMA, Oliveira FAd,
Rodrigues PD, AIl-Ahj LP, Gasque
KCdS, Jeggle P, et al. The cytotoxic
effect of TiF4 and NaF on fibroblasts

is influenced by the experimental
model,  fluoride  concentration and
exposure time. Journals.plos.org

2017;12(6):e0179471.

3. Saxena P, Shukla PJPB. A
comparative analysis of the basic
properties and applications of poly

(vinylidene fluoride)(PVDF) and poly
(methylmethacrylate)(PMMA).Polym
er Bulletin 2022;79(8):5635-65.

4.Li P, Oh C, Kim H, Chen-Glasser
M, Park G, Jetybayeva A, et al.
Nanoscale effects of beverages on
enamel surface of human teeth: An
atomic  force microscopy  study.
Journal of the mechanical behaviour
of biomedical materials

2020;110:103930.

5Kang N, Hong J-R, Choung P-
HJJotKAo0O, Surgeons M. Bioassay of

human tooth protein blotted
polyvinylidene difluoride (PVDF)
membrane. Journal of the Korean

Association of Oral and Maxillofacial

Surgeons 2004:186-92.

128

6.Mosmann TJJoim. Rapid
colorimetric assay for cellular growth
and survival: application to
proliferation and cytotoxicity assays.
Journal of immunological methods
1983;65(1-2):55-63.

7.Lee J-H, Jung J-Y, Jeong Y-J, Park
J-H, Yang K-H, Choi N-K, et al.
Involvement of both  mitochondrial-
and death receptor-dependent
apoptotic pathways regulated by Bcl-2
family in  sodium  fluoride-induced
apoptosis of the human gingival
fibroblasts. Toxicology2008;243(3):30

8.Kato N, Nakai K, Tanaka H,
Fukuzawa K, Hayashi M, Aoki M, et
al. The Role of Sodium Fluoride
Mouthwash in Regulating FGF-2 and
TGF-p Expression in Human Gingival
Fibroblasts. Biomedicines
2024;12(8):1727.

9.Marques L, Holgado LA, Simoes
RD, Pereira JD, Floriano JF, Mota LS,

et al. Subcutaneous tissue reaction and
cytotoxicity of polyvinylidene fluoride
and polyvinylidene fluoride-
trifluoroethylene blends associated
with  natural polymers. Journal of
Biomedical Materials Research Part
B: Applied Biomaterials

2013;101(7):1284-93.



Mustansiria Dental Journal

Vol.21, No.01, 06/2025

Table 1: The cell vitality means and standard deviations of all groups in different phases.

Groups 24 Hour 48 Hour 72 Hour
Min. 23.0 10.9 7.6

1.26 PVDF Max. 241 14.1 8.3
Mean (SD) 23.6 (0.5) 121 (1.7 8.1 (0.4)
Min. 30.0 138 72

2.26 PVDF Max. 36.6 16.4 8.5
Mean (SD) 33.4 (3.2) 155 (1.4) 8.0 (0.7)
Min. 332 14.9 0.4

3.26 PVDF Max. 37.7 22.9 10.2
Mean (SD) 35.0 (2.3) 17.9 (4.3) 9.8 (0.4)
Min. 14.8 12.7 73

F.Varnish Max. 17.2 14.0 8.1
Mean (SD) 16.3 (1.3) 135 (0.7) 7.7(0.4)
Min. 100 100 100

Neg. Cont. Max. 100 100 100
Mean (SD) 100 (0) 100 (0) 100 (0)

*PVDF= Polyvinylidene
fluoride

*F.Varnish= Sodium
fluoride varnish
*Neg.Cont= Deionized
water

*SD= Standard deviation
*Min= Minimum
*Max= Maximum

Table 2: Normality distribution test of the Cell Vitality at different time points

Shapiro Wilk
Phases Groups
Statistic df P value

1.26 PVDF 0.9 3 0.5

2.26 PVDF 0.9 3 0.9
24 Hour 3.26 PVDF 0.8 3 0.3

F.Varnish 0.8 3 0.1

Neg. Cont. 3

1.26 PVDF 0.8 3 0.2
48 Hour

2.26 PVDF 0.7 3 0.08
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3.26 PVDF 0.8 3 0.1
F.Varnish 0.7 3 0.057
Neg. Cont. 3
1.26 PVDF 0.7 3 0.06
2.26 PVDF 0.8 3 0.1
72 Hour 3.26 PVDF 0.9 3 0.8
F.Varnish 0.9 3 0.97
Neg. Cont. 3
* p- value less than 0.05 was
considered as significant.

Table 3: The comparison of the cell vitality (mean £ SD) between all the study groups after
24 hour.

Groups N Mean (SD) Statistics df P-Value
1.26 PVDF 3 23.6 (0.5)
2.26 PVDF 3 33.4(3.2)
3.26 PVDF 3 35.0(2.3) 914.4 4 <0.001
F.Varnish 3 16.3 (1.3)
Cont. Neg. 3 100 (0)

Table 4: The comparison of the cell vitality (mean + SD) between all the study groups after
48 hours.

Groups N Mean (SD) Statistics df P-Value
1.26 PVDF 3 12.1 (1.7)
226 PVDF 3 15.5 (1.4) 894.0 4 <0.001
3.26 PVDF 3 17.9 (4.3)
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F.Varnish

3

13.5(0.7)

Cont. Neg.

3

100 (0)

Table 5: The comparison of the cell vitality (mean + SD) between all the study groups after

72 hour.
72 Hour
Groups N Mean (SD) Statistics df "P-Value
1.26 PVDF 3 8.1(0.4)
2.26 PVDF 3 8.0 (0.7)
3.26 PVDF 3 9.8 (0.4) 23290.7 <0.001
F.Varnish 3 7.7 (0.4)
Cont. Neg. 3 100 (0)

Table 6: Pairwise post-hoc comparisons of cell vitality values between groups at 24 hour’s

time point.

Post hoc Pairwise Comparisons (Bonferroni) — 24 Hour

() Group (J) Group Mean difference Std. Error P-Value
(1-J)
2.26 PVDF -9.7 15 <0.001
3.26 PVDF -11.3 1.5 <0.001
1.26 PVDF
F.Varnish 7.3 1.5 0.008
Cont. Neg. -76.3 1.5 <0.001
3.26 PVDF -1.6 15 1.0
2.26 PVDF F.Varnish 17.0 1.5 <0.001
Cont. Neg. -66.5 1.5 <0.001
F.Varnish 18.6 1.5 <0.001
3.26 PVDF
Cont. Neg. -64.9 1.5 <0.001
F.Varnish Cont. Neg. -83.6 1.5 <0.001
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Table 7: Pairwise post-hoc comparisons of cell vitality values between groups at 48-hour’s

time point.

Post hoc Pairwise Comparisons (Bonferroni) — 48 Hour

() Group (J) Group Mean difference Std. Error P-Value
(1-J)
2.26 PVDF -3.3 1.8 0.9
3.26 PVDF -5.7 1.8 0.09
1.26 PVDF
F.Varnish -1.4 1.8 1.0
Cont. Neg. -87.8 1.8 <0.001
3.26 PVDF -2.3 1.8 1.0
2.26 PVDF F.Varnish 1.9 1.8 1.0
Cont. Neg. 84.4 1.8 <0.001
F.Varnish 4.3 1.8 0.3
3.26 PVDF
Cont. Neg. -82.0 1.8 <0.001
F.Varnish Cont. Neg. -86.4 1.8 <0.001

Table 8: Pairwise post-hoc comparisons of cell vitality values between groups at 72 hour’s

time point.

Post hoc Pairwise Comparisons (Bonferroni) — 72 Hour

(1) Group (J) Group Mean difference Std. Error P-Value
(1-9)
2.26 PVDF 0.01 0.3 1.0
3.26 PVDF -1.7 0.3 0.009
1.26 PVDF
F.Varnish 0.3 0.3 1.0
Cont. Neg. -91.8 0.3 <0.001
3.26 PVDF -1.7 0.3 0.009
2.26 PVDF F.Varnish 0.3 0.3 1.0
Cont. Neg. -91.9 0.3 <0.001
F.Varnish 2.0 0.3 0.003
3.26 PVDF
Cont. Neg. -90.1 0.3 <0.001
F.Varnish Cont. Neg. -92.2 0.3 <0.001
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Figure 1: The cell vitality values of all study groups at different time points
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Figure 2: the cell vitality means of the study groups at different time points
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