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Assessing the impact of dental 
restorative materials on fibroblast 
cells: an immunohistochemical 
and ELISA analysis
Mustafa Duzyol 1, Pinar Bayram 2, Esra Duzyol 3* & Selina Aksak Karamese 2

In this study, our aim was to investigate the effects of restorative materials such as composite, 
compomer and high viscosity glass ionomer, which are frequently used in dentistry, on L929 fibroblast 
cells by evaluating the oxidative stress parameters, pro- and anti-inflammatory cytokines, and 
apoptosis markers. L929 fibroblast cells were cultured, and dental filling materials were applied in 
two doses (50 and 100 µl). Immunohistochemical staining was performed for experimental groups 
with Anti-Bax and Anti-Caspase 9 antibodies. Then, ELISA technique was used to detect the level of 
TNF-alpha, TGF-beta, IL-1-beta, IL-6, IL-10, LPO and CAT. In the light of the data, the examined dental 
filling materials were effective on increasing the TGF-beta, IL-10, LPO and CAT levels, and decreasing 
the TNF-alpha, IL-1-beta, and IL-6 levels. The histological micrographs were also support the issues. 
When the levels of H-score in Caspase 9 labeled micrographs were evaluated, the mean of the control 
group was lower than the mean of the experimental groups. Biocompatibility varies according to 
the content of the material, the amount of residual monomer, and its solubility. Although all the 
experimental groups have cytotoxic effects, the least effect is seen in the Omnichroma group.
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According to the developing technology in dentistry, restorative materials with different properties are produced. 
Restorative materials must be biocompatible with oral  tissues1–5. While evaluating restorative materials, the 
biologically harmful effects of these materials should be determined. Composites and compomers, one of the 
restorative materials used in dentistry, include different methacrylate groups such as urethane dimethacrylate 
(UDMA), bisphenol A-glycidyl methacrylate (Bis-GMA), hydroxyethyl methacrylate (HEMA), and triethylene 
glycol dimethacrylate (TEGDMA)6–10. There is a strong link between the clinical success of dental materials and 
their biological  compatibility11. Studies have reported that restorative materials have adverse effects on periodon-
tal tissues, depending on the type of restorative material, the presence of protrusions and surface roughness, and 
the location of the restoration on the tooth surface (for example, sub or supragingival)12–14.

The cytotoxicity of dental composites is tightly linked to the release of residual monomers due to degradation 
processes or incomplete polymerization of  materials15. Due to the low amounts of compounds released from 
resin-based materials into aqueous solutions, it is clear that processes except acute cytotoxicity are of paramount 
importance for the interpretation of cell responses. The ability to alter essential cellular functions beyond acute 
cytotoxic concentrations has led, for example, to the discovery of the induction of heat shock proteins to compen-
sate for significant protein damage, the discovery of modifications of immune system cells or cellular responses 
to damage by underlying genetic effects such as the induction of gene mutations or chromosomal aberrations. 
Residual monomers are blamed for the cytotoxicity of restorative  materials16. These residual monomers dissolve 
with agents such as oral liquids or fluids in the dentinal tubules, affecting the soft tissues of the oral cavity and the 
dentin-pulp  complex6–10. Recently, in vitro, and in vivo studies have turned to revealing the cytotoxic, genotoxic, 
cellular reactive oxygen production-enhancing and general health-impacting properties of residual monomers.

Studies have shown that compounds released from restorative materials can increase bacterial growth and 
glutathione consumption, which is important in pulp and gingival cell apoptosis and production of reactive 
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oxygen  products16,17. As a result, changes occur in the levels of some cytokines such as interleukin-1-β (IL-1-β), 
interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-α). Cytokines play an important role in inflammatory 
response, tissue destruction in periodontal diseases and regulation of adaptive immune  response18,19.

In this study, our aim was to investigate the effects of restorative materials such as composite, compomer and 
high viscosity glass ionomer, which are frequently used in dentistry, on L929 fibroblast cells by evaluating the 
oxidative stress parameters, pro- and anti-inflammatory cytokines, and apoptosis markers.

Materials and methods
Experimental groups
The experimental groups and the detailed information about dental filling materials and applicated doses are 
in Table 1.

Extract preparation
This study was organized according to the standards of the International Organization for Standardization. (ISO) 
no. 10993-5:20097 and 10993-12:2021.

After Equia Forte (GC Corporation, Tokyo, Japan) was mixed in an amalgamator, it was placed in a 0.5 mm 
thick, 6 × 10 cm Teflon mold. The restorative material mixing time was 10 s and the setting time was 2 min 30 s 
after placing into the cavity. Afterwards, eqiua coat was applied and cured with light for 20 s using the Valo LED 
(8 mm optical diameter) curing light (Ultradent, South Jordan, USA) standart mode (1200 mW/cm2) keeping it 
7.5 mm away from the material surface. In the compomer and composite groups, they were placed in a 0.5 mm 
thick, 6 × 10 mm Teflon mold and polymerized in accordance with the manufacturer’s recommendations for 
20 s using the Valo LED curing light (Ultradent, South Jordan, USA) keeping it 7.5 mm away from the material 
surface. For cytotoxicity testing, samples were placed in a 50 ml extraction flask containing 60  cm2 of test sub-
stance covered with 20 ml of minimal basic medium. After aging for 24 h at 37°, 50–100 µl of solution samples 
were taken and applied.

Cell culture protocol
L929 fibroblast cells was purchased from the American Type Culture Collection (ATCC, USA) and were cul-
tured in Dulbecco’s modified eagle’s medium (DMEM) with 10% fetal bovine serum (FBS)and 2% penicillin/
streptomycin solutions in a T75 cell culture flask. After sufficient confluence was achieved, cells were detached 
from the flask Trypsin–EDTA solution (Gibco, Pittsburgh, USA) and counted with trypan blue (Sigma-Aldrich, 
USA) under an invert microscope (Zeiss Axio). Cells were seeded on 24-well plates for immunohistochemical 
analysis and 96-well plates for cell viability assay and ELISA assay. The cells were incubated for 24 h at 37 °C in 
an atmosphere of 5%  CO2.

Cell viability analysis
For the cell viability and proliferation analysis, Cell Viability Detection Kit-8 (CVDK-8; EcoTech Biotechnol-
ogy) assay was performed. In the tissue culture medium, CVDK-8 is reduced by dehydrogenases in cells to give 
an orange color of formazone. For this assay,  104 cells per well in a 96 well plate in 100 µl DMEM was seeded 
and incubated for 24 h. Then, drugs were added and incubated for 24 h. 10 µl CVDK-8 was added per well and 
incubated at 37 °C in a humidified 5%  CO2 incubator for 3 h. The absorbance was measured using a spectro-
photometric plate reader (Multiskan GO, Thermo Scientific) at a wavelength of 450 nm. All experiments were 
done in duplicate in at least three cultures.

Table 1.  The experimental groups of our study.

Group codes Doses Materials Composition Manufacturer

Cnt None Control Group

A100 100 µl
Equıa Forte Fluoroaluminosilicate glass, polybasic carboxylic acid, polyacrylic acid, water, iron 

oxide GC Corporation, Tokyo, Japan
A50 50 µl

B100 100 µl
Dyract AP

UDMA (Urethane dimethacrylate), iron oxide pigments. TCB resin (tetracarboxylic 
acid-hydroxyethylmethacrylate-ester), butyl hydroxy toluene alkanoyl-poly-meth-
acrylate, strontium fluoride strontium-fluoro-silicate glass, photo initiators

Dentsply De Trey, Konstanz, Germany
B50 50 µl

C100 100 µl Estelite P
Quick

TEGDMA, 2-Propenoic acid, 2-methyl-, (1-methylethylidene, bis[4,1-
phenyleneoxy(2-hydroxy-3,1-propanediyl)] ester, titanium dioxide, 2,6-di-tert-butyl-
p-cresol; p-methoxyphenol

Tokuyama Dental Corporation, Tokyo, Japan
C50 50 µl

D100 100 µl
Omnichroma UDMA/TEGDMA monomers, spherical  SiO2-ZrO2 Tokuyama Dental Corporation, Tokyo, Japan

D50 50 µl

E100 100 µl
Filtek Z250

Bis-GMA (bisphenol glycidylmethacrylate), non-agglomerated silica nanoparticles 
UDMA (urethane dimethacrylate), bis-EMA (ethoxylated bisphenol dimethacrylate), 
TEGDMA (triethlene glycol dimethacrylate

3M ESPE, St Paul, MN, USA
E50 50 µl

F100 100 µl
SureFil SDR flow Modified UDMA, bis-EMA, TEGDMA Dentsply DeTrey, Konstanz, Germany

F50 50 µl
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Immunohistochemical analysis
A cover-glass was placed on the bottom of the 24 well plates and 4 ×  104 cells seeded in each plate. When suf-
ficient confluence was provided, drugs were added in indicated doses. After 48 h, the medium was removed and 
washed with PBS and cells fixed with 10% buffered formalin. To remove the formalin, cells were washed with 
PBS and incubated with blocking solution (Thermo Scientific, TA-060-PBQ) for 5 min. Then blocking solution 
was removed and cells incubated overnight with primary antibodies anti-Bax (Bioscience, FNab00081) and 
anti-Caspase 9 (Santa Cruz, SC-70506) at + 4 °C. And then primary antibodies were removed, washed with 
PBS, and incubated with primary antibody enhancer (Thermo Scientific, TA-060-PB) for 10 min. After washed 
with PBS, cells incubated with HRP polymer (Thermo Scientific, TA-060-PH) for 10 min and washed with PBS. 
3,3-diaminobenzidine (DAB) solution (Thermo Scientific, TA-060-HDX) was applied on the cells for 2 min, the 
counterstaining was done with Harris Hematoxylin. The cells were dehydrated, and the cover-glass was taken 
on the slide and mounted with Entellan.

For immunohistochemical analysis, the slides photographed under 20× magnifications using a light micro-
scope (Olympus BX43 with DP21 camera system). Micrographs were analyzed in ImageJ software (ImageJ1, 51j8, 
National Institutes of Health, USA) to determine staining intensities (i) which were determined as negative: 0, 
low positive: 1, positive: 2, high positive: 3. Pixel ratios (Pi) were determined according to the staining intensi-
ties between 0 and 100%. H-SCORE rates were calculated using the obtained values formula. H-SCORE = Σ Pi 
(i + 1)20.

ELISA technique
To detect the levels of oxidative stress parameters and the pro- and anti-inflammatory response of L929 cells after 
exposure to dental filling materials, we performed ELISA technique. We used Human Tumor Necrosis Factor 
alpha (TNF-alpha, BT Lab, Bioassay Technology Lab, Zhejiang, China, Cat No: E0082Hu), Human Interleukin-6 
(IL-6, BT Lab, Bioassay Technology Lab, Zhejiang, China, Cat No: E0090Hu), Human Interleukin-1-beta (IL-
1-beta, BT Lab, Bioassay Technology Lab, Zhejiang, China, Cat No: E0143Hu), Human Catalase (CAT, BT Lab, 
Bioassay Technology Lab, Zhejiang, China, Cat No: E3053Hu), and Human Super Oxidase Dismutase (SOD, BT 
Lab, Bioassay Technology Lab, Zhejiang, China, Cat No: E0918Hu) ELISA Kits according to the manufacturer 
instructions.

Statistical analysis
The results were expressed as mean ± SEM. The statistical difference among the groups was evaluated by One-
Way ANOVA, the statistical difference between for more than 2 independent numerical data was evaluated by 
Tukey test. All data were analyzed using GraphPad Prism, version 5.0 for Windows (Graph Pad Software, San 
Diego, California, USA). The level of p < 0.05 was considered statistically significant.

Results
Immunohistochemical findings
Different doses of dental filling materials were applied to L929 cells. Immunohistochemical staining was per-
formed by Bax and Caspase 9 primary antibodies to determine apoptosis levels (Figs. 1 and 2).

In our study, when the levels of H-score in Caspase 9 labeled micrographs were evaluated, a significant 
increase was observed among the groups (p < 0.0001). When the control group and experimental groups were 
compared in terms of Caspase 9 expressions, a statistically significant increase was observed in all groups. It 
also was determined a statistical differences between the H-score levels of same compounds high dose (100) 
and low dose (50) (p < 0.001). When the apoptosis levels between the experimental groups were compared, it 
was determined that the H-score values of C100 and D50 were the highest and the lowest respectively (Fig. 3).

When the levels of H-score in Bax labeled micrographs were evaluated, a significant increase was observed 
among the groups (p < 0.0001) moreover these levels were similar to Caspase 9-labeled micrographs. It also was 
determined a statistical differences between the H-score levels of same compounds high dose (100) and low dose 
(50) (p < 0.001) except B gruop. (Fig. 4). Similarly to the Caspase 9 results, it was determined that the H-score 
values of C100 and D50 were the highest and the lowest respectively.

ELISA findings
After the dental filling materials were applied to L929 cells, we incubated them both 24 and 48 h and observed 
the changes in some cytokine and oxidative stress parameters levels. As seen in Fig. 5, all cytokine and oxidative 
stress parameters were higher, when compared to control group level. The dental filling materials that trigger 
the most cytokine and oxidative stress parameters release were Dyract AP, Estelite P Quick, Equia Forte, Filtek 
Z250, Omnichroma, and SureFil SDR flow respectively, according to the 24-h results.

Additionally, the 48-h findings were almost the same with 24-h findings. all cytokine and oxidative stress 
parameters were higher, when compared to control group level (Fig. 6). However, the filling material order was 
different in terms of triggering the release of cytokine and oxidative stress parameters. The order was Filtek Z250, 
Omnichroma, Estelite P Quick, Equia Forte, Dyract AP and SureFil SDR flow respectively.

Discussion
In restorative dentistry, the increasing aesthetic and cosmetic demands of the patients and the preference of 
non-invasive procedures have made the use of composite materials widespread. These resin-containing materials 
contain various monomers in different proportions. These monomers are generally monomers such as propane 
(Bis-GMA), urethane dimethacrylate (UDMA), 2-hydroxyethylmethacrylate (HEMA) and triethylene glycol 
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dimethacrylate (TEGDMA)3. Monomers are known to be effective on the cytotoxic effects of materials. Dental 
materials must be evaluated in terms of biological risks before their clinical use.

Different techniques and methods are used by researchers while investigating the cytotoxic effects of materi-
als. In-vitro tests, compared to other biocompatibility tests; In vitro tests were also used in this study because 
they have important advantages such as being able to be concluded in a short time, being less costly than animal 
experiments or clinical use tests, being controllable and standardizable, and being well adapted to wide-ranging 
 screening15.

The presence of high levels of reactive radicals such as hydroxyl, hydrogen peroxide and superoxide, which 
occur because of normal aerobic metabolism reactions in cells, cause an increase in oxidative stress in cells and 
tissues and cause cellular  damage21. Oxidative stress is the condition that occurs when metabolic prooxidant 
production exceeds antioxidant  capacity22. Measurement methods based on oxidative stress appear to play an 
important role in determining the biocompatibility of a material. Therefore, oxidative stress measurement was 
performed in our study.

Experimental details such as sample preparation modes, curing conditions for mixed materials, aging of 
samples, and preparation of extracts in various solvents greatly influence the cytotoxic effects of dental materials 
in mammalian cell  cultures23. In a  study15, various aging periods after the curing of dental composite materials 
and variations of exposure periods of mammalian cell cultures were analyzed in terms of their effects on the 
cytotoxicity of material extracts and showed that cytotoxicity was independent of aging periods. In our study, 
aging was applied for 24 h at 37°.

This study was aimed to compare the effect of composites with different monomers and glass ionomer-based 
restorative materials on L929 fibroblasts in vitro. Although there are limited resources on this subject in the litera-
ture, it has not been fully revealed how the contents of the material create cytotoxic effects. Similar to the results 
found by Beltrami et al.24, Omnichroma group gave the least cytotoxic effect at low doses in our study. However, 
Dyract AP caused the least cell apoptosis at high doses. Also, more apoptosis was observed in high doses (100) 
groups than in low (50) groups. Among the experimental groups, the highest apoptosis value was Estelite P Quick 
(100), and the lowest value was Omnichroma (50). In addition to cell viability rates were highest in the control 
group, respectively, D50, E50, B50, A50, B100, D100, C50, F50, A100, E100, F100 and C100. Kamalak et al.25 

Figure 1.  Bax and Caspase-9 expressions in L929 cell line, brown staining indicates positive immune-reactivity. 
First and second columns are showing Caspase-9 staining at ×20 magnification; third and fourth columns are 
showing BAX staining at ×20 magnification. Cnt, control; Ihc-N, negative control of IHC; A100, incubation 
with 100 µl Equia Forte; A50, incubation with 100 µl Equia Forte; B100, incubation with 100 µl Dyract AP; B50, 
incubation with 100 µl Dyract AP; C100, incubation with 100 µl Estelite P Quick; C50, incubation with 100 µl 
Estelite P Quick.
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reported a correlation between filler content and cytotoxicity. According to the current literature, cytotoxicity 
increases as the amount of filler increases. In parallel with this result in our study, Estelite, which has the highest 
filling rate with 82%, also has the highest cytotoxicity Studies in the literature show that methacrylate-containing 
restorative materials are more cytotoxic. In our study, it was observed that Dyract AP, which has many different 
methacrylate group monomers, caused more cellular response and oxidative stress at the end of 24 h. After 48 h, 
Filtek Z250 was found to cause the most cellular response and oxidative stress.

Figure 2.  Bax and Caspse-9 expressions in L929 cell line, brown staining indicates positive immune-reactivity. 
First and second columns are showing Caspase-9 staining at ×20 magnification; third and fourth columns are 
showing BAX staining at ×20 magnification. Cnt, control; Ihc-N, negative control of IHC; D100, incubation 
with 100 µl Omnichroma, D50, incubation with 50 µl Omnichroma; E100 incubation with 100 µl Filtek Z250, 
E50 incubation with 50 µl Filtek Z250, F100 incubation with 100 µl SureFil SDR flow, F50 incubation with 50 µl 
SureFil SDR flow.

Figure 3.  The mean H-score levels of immunohistochemical labeling of Caspase 9. *Control versus all 
experimental groups; *p < 0.05, **p < 0.01, ***p < 0.001.
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The results of our study should be supported by contact in vitro tests and in vivo tests in future studies. All 
the restorative materials with different contents and chemical structures used in our study have been shown to 
have cytotoxic effects on fibroblasts. However, their potential to cause chronic periodontal problems should be 
investigated by performing long-term tests.

Conclusions
Our study shows that biocompatibility cannot be explained by looking at a single reason. Biocompatibility varies 
according to the content of the material, the amount of residual monomer, and its solubility. Although all the 
experimental groups have cytotoxic effects, the least effect is seen in the Omnichroma group. Further detailed 
studies will be performed to try to solve the molecular mechanisms of this cellular responses by examining some 
crucial parameters including Caspase-3.

Figure 4.  The mean H-score levels of immunohistochemical labeling of Bax. * Control (Cnt) versus all 
experimental groups; **p < 0.01, ***p < 0.001.

Figure 5.  The 24-h cytokine levels of experimental groups.



7

Vol.:(0123456789)

Scientific Reports |         (2024) 14:4725  | https://doi.org/10.1038/s41598-024-54331-2

www.nature.com/scientificreports/

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.

Received: 18 October 2023; Accepted: 12 February 2024

References
 1. Wuersching, S. N. et al. Leaching components and initial biocompatibility of novel bioactive restorative materials. Dent. Mater. 

39(3), 293–304 (2023).
 2. Ferreira, C. M. et al. Physicochemical, cytotoxicity and in vivo biocompatibility of a high-plasticity calcium-silicate based material. 

Sci. Rep. 9(1), 3933 (2019).
 3. Kamalak, H., Kamalak, A., Taghizadehghalehjoughi, A., Hacimuftuoglu, A. & Nalci, K. A. Cytotoxic and biological effects of bulk 

fill composites on rat cortical neuron cells. Odontology. 106(4), 377–388 (2018).
 4. Modena, K. C. et al. Cytotoxicity and biocompatibility of direct and indirect pulp capping materials. J. Appl. Oral. Sci. 17(6), 

544–554 (2009).
 5. Six, N., Lasfargues, J. J. & Goldberg, M. In vivo study of the pulp reaction to Fuji IX, a glass ionomer cement. J. Dent. 28(6), 413–422 

(2000).
 6. Engelmann, J., Leyhausen, G., Leibfritz, D. & Geurtsen, W. Metabolic effects of dental resin components in vitro detected by NMR 

spectroscopy. J. Dent. Res. 80(3), 869–875 (2001).
 7. Geurtsen, W. & Leyhausen, G. Chemical-biological interactions of the resin monomer triethyleneglycol-dimethacrylate (TEG-

DMA). J. Dent. Res. 80(12), 2046–2050 (2001).
 8. Janke, V., von Neuhoff, N., Schlegelberger, B., Leyhausen, G. & Geurtsen, W. TEGDMA causes apoptosis in primary human gingival 

fibroblasts. J. Dent. Res. 82(10), 814–818 (2003).
 9. Moharamzadeh, K., Van Noort, R., Brook, I. M. & Scutt, A. M. HPLC analysis of components released from dental composites 

with different resin compositions using different extraction media. J. Mater. Sci. Mater. Med. 18(1), 133–137 (2007).
 10. Ortengren, U., Wellendorf, H., Karlsson, S. & Ruyter, I. E. Water sorption and solubility of dental composites and identification 

of monomers released in an aqueous environment. J. Oral. Rehabil. 28(12), 1106–1115 (2001).
 11. Wataha, J. C. Predicting clinical biological responses to dental materials. Dent. Mater. 28(1), 23–40 (2012).
 12. Padbury, A., Eber, R. & Wang, H. L. Interactions between the gingiva and the margin of restorations. J. Clin. Periodontol. 30, 

379–385 (2003).
 13. Roman-Torres, C. V., Cortelli, S. C., de Araujo, M. W., Aquino, D. R. & Cortelli, J. R. A short-term clinical and microbial evaluation 

of periodontal therapy associated with amalgam overhang removal. J. Periodontol. 77(9), 1591–1597 (2006).
 14. Schatzle, M. et al. The influence of margins of restorations of the periodontal tissues over 26 years. J. Clin. Periodontol. 28(1), 57–64 

(2001).
 15. Schweikl, H. et al. Cytotoxic and mutagenic effects of dental composite materials. Biomaterials. 26(14), 1713–1719 (2005).
 16. Goldberg, M. In vitro and in vivo studies on the toxicity of dental resin components: A review. Clin. Oral. Investig. 12(1), 1–8 

(2008).
 17. Akgul, N., Gul, P., Alp, H. H. & Kiziltunc, A. Effects of composite restorations on nitric oxide and uric acid levels in saliva. Contemp. 

Clin. Dent. 6(3), 381–385 (2015).
 18. Celik, N., Askin, S., Gul, M. A. & Seven, N. The effect of restorative materials on cytokines in gingival crevicular fluid. Arch. Oral. 

Biol. 84, 139–144 (2017).
 19. Nelson, S. K., Wataha, J. C., Cibirka, R. M. & Lockwood, P. E. In vitro TNF-alpha release from THP-1 monocytes in response to 

dental casting alloys exposed to lipopolysaccharide. J. Prosthet. Dent. 85(5), 466–471 (2001).
 20. Bacus, S., Flowers, J. L., Press, M. F., Bacus, J. W. & McCarty, K. S. Jr. The evaluation of estrogen receptor in primary breast carci-

noma by computer-assisted image analysis. Am. J. Clin. Pathol. 90(3), 233–239 (1988).

Figure 6.  The 48-h cytokine levels of experimental groups.



8

Vol:.(1234567890)

Scientific Reports |         (2024) 14:4725  | https://doi.org/10.1038/s41598-024-54331-2

www.nature.com/scientificreports/

 21. Chaudhary, M. R. et al. Aging, oxidative stress and degenerative diseases: Mechanisms, complications and emerging therapeutic 
strategies. Biogerontology 24(5), 609–662 (2023).

 22. Jomova, K. et al. Reactive oxygen species, toxicity, oxidative stress, and antioxidants: Chronic diseases and aging. Arch. Toxicol. 
97(10), 2499–2574 (2023).

 23. Ilie, N. & Diegelmann, J. Impact of ultra-fast (3 s) light-cure on cell toxicity and viscoelastic behavior in a dental resin-based 
composite with RAFT-mediated polymerization. J. Mech. Behav. Biomed. Mater. 124, 104810 (2021).

 24. Beltrami, R. et al. Cytotoxicity of different composite resins on human gingival fibroblast cell lines. Biomimetics 6(2), 1–8 (2021).
 25. Kamalak, H., Ok, E. & Taghizadehghalehjoughi, A. Cytotoxicity of composite materials on gingival fibroblast cells. J. Dent. Fac. 

Atatürk. Uni. 31, 65–70 (2021).

Author contributions
E.D.: writing—review and editing, writing—original draft, methodology, investigation, funding acquisition, 
supervision, validation. P.B.: formal analysis, data curation, methodology, writing—review and editing, funding 
acquisition, software. M.D., S.A.K.: methodology, writing—original draft, funding acquisition, project adminis-
tration, conceptualization, resources, visualization.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to E.D.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Assessing the impact of dental restorative materials on fibroblast cells: an immunohistochemical and ELISA analysis
	Materials and methods
	Experimental groups
	Extract preparation
	Cell culture protocol
	Cell viability analysis
	Immunohistochemical analysis
	ELISA technique
	Statistical analysis

	Results
	Immunohistochemical findings
	ELISA findings

	Discussion
	Conclusions
	References


