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1. Abstract 
Restorative dental materials, like composite, are widely used in dentistry.
2,2-bis[4(2-hydroxy-3-metharyloxypropoxy)-phenyl]propane (BisGMA) is one of the most 
used methacrylate monomer in composite materials. Methacrylate monomers can leach from 
the tooth and into oral cavity. Also, it has been found methacrylate monomers in the air in 
the dental practice. Those monomers indicate to enter the human body and may enter the 
respiratory organs. The purpose of this study was to investigate the effect of BisGMA on 
human bronchial epithelial cells (BEAS-2B cells). Phase contrast microscope and MTT assay 
were used to detect the effect of BisGMA on BEAS-2B cell viability. In addition, Hoechst 
33342 and PI staining assay, flow cytometer and western blot were used to analyze the cause 
of changes in cell viability and the DNA damage response activity. Exposure to BisGMA 
reduced the viability of the BEAS-2B cells as a result of increased necrosis. There were 
no alteration of the cell cycle and no increase in the activity of the DNA-damage response 
proteins. The results indicate that BisGMA is cytotoxic to BEAS-2B cells in a concentration 
and time dependent manner. This study could not detect DNA-damage in the exposed cells, 
but membrane damage is suggested as an initial event.
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Restorative biomaterials are widely used in dentistry. The tooth is a mineralized tissue, which 
can be fractured or demineralized because of trauma or dietary. The restorative biomaterials 
are used in dentistry to replace and repair the injured and fractured tooth. The most known 
restorative dental materials are amalgam and composite. 

Amalgam is the silver-grey colored material, which generally contains 50% mercury. This 
material has been banned in Norway and Sweden since year 2010 because of the mercury 
pollution to the environment[1]. The material is also being phased out in several other countries 
after the Minimita convention in January 2013[2].

Composite is a tooth-colored restorative material. In the last decade this material has been 
widely used in dentistry, especially in Norway. Composite is a composition of two or more 
distinct materials, which we can divide in three groups:

• Filler particles
• Resin matrix
• Coupling agents 

The filler particles are mixture of glass, silica, crystalline, metal oxide or more of other ceramic 
particles. These particles will emphasize the resin matrix. The resin matrix consist several of 
resin monomers, which will be polymerized by the curing of light. The coupling agents are 
the connection fibers between the matrix and particles[3] . 

The resin monomers consist different kind of monomers, one of them are methacrylate 
monomers. Methacrylate monomer constitutes one of the main components in the composite. 
There are different kinds of methacrylate monomer. Each methacrylate monomer consists 
at least one methacrylate group and they are distinguished by their chemical structure and 
properties.  HEMA, UDMA, TEGDMA and BisGMA are examples on resin-monomers. 

2,2-bis[4(2-hydroxy-3-metharyloxypropoxy)-phenyl]propane (BisGMA) is one of the 
most used dimethacrylate monomer in composite materials (Figure 1). BisGMA have rigid 
Bisphenol A core and two pendant hydroxyl groups.  This monomer is lipophilic and gives 
high viscosity and filling load for the composite. The composite is also mixed with monomers 
like TEGDMA or UDMA to neutralize the viscosity. 
HEMA is another resin monomer, which is most used in adhesives and bonding. This molecule 
is amphiphilic [4] (Figure 2).

2.Introduction

2.1 Restorative biomaterials
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Figure 1: Molecular structure of BisGMA

Figure 2: Molecular structure of HEMA

2.2 Leakage of composite

2.3 Exposure of methacrylate

Methacrylate monomers can leach out of the tooth restoration and into the oral cavity. The 
polymerization of resin monomers is never complete. Conversion of monomers to polymer 
may vary from 50% to 90% [5].  And the un-polymerized monomers may remain in the 
material after the curing process. The composite can be degraded by salivary enzymes in the 
oral cavity and by chewing function [6-9].  As a consequence, monomers leakage may occur.

There has been found measurable concentrations of methacrylate monomers in the air of 
dental practice[10, 11]. Also leakage of methacrylate monomers from patients treated with 
resin- based restorative materials in saliva has been observed. Quantified BisGMA monomer 
has been found in saliva after treatment with resin based composite [12]. The leached BisGMA 
monomers can penetrate into the oral environment and be absorbed through the gastrointestinal 
to the whole body [13]. The lipophilic property of this monomer gives possibility to penetrate 
into the cell.
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2.4 Allergic reactions in patients and dental personnel

2.5 Recent studies about methacrylate monomers

Dental personnel works daily with uncured dental materials. In addition to the patients, they 
are also at the risk of exposure to the monomers [10, 11, 14]. There have been observed allergic 
reactions in patients and dental personnel, who have been treated and worked daily with 
methacrylate-contained materials. The patients had symptoms like intraoral inflammatory 
symptoms; dermatitis and some patients also had respiratory problems. In the same line, dental 
personnel also had these symptoms. Those studies concluded that methacrylate monomers 
could cause these symptoms, and BisGMA and HEMA were some of these methacrylate 
monomers [3, 15, 16].

Methacrylate monomers are indicated to enter the human body[10-14] and may enter to the 
respiratory organs. In vitro studies show that monomers induce cytotoxicity, causing DNA 
damage and formation of apoptotic cells in different cell lines[17-27].
Recently Ansteinsson et al (2013) studied the response of epithelial lung cells to different 
methacrylate monomers. Compared to the other methacrylate monomers, BisGMA induced 
cell death in lower concentration. Further, BisGMA didn’t increase cellular oxidative stress 
and didn’t cause DNA damage, as the other methacrylate monomers[28].

2.6. Cell biology 

2.6.1Toxicity

2.6.2 Cellcycle

Human body is always receptive for xenobiotic. Xenobiotic is defined as a foreign compound, 
which is not usually present in the biological system of an organism. Drugs, chemicals are 
examples for xenobiotic. When dental materials release a substance in the oral cavity, it is able 
to enter the human body. It can enter by the swallowing of saliva and inhalation or through 
subsequent passage of the epithelial barriers in the gastrointestinal tract or the lungs. The 
responses from the tissue and the cells depend on the concentrations, the chemical properties 
of the xenobiotic and the exposure time. Xenobiotic can either bind or go through the cells 
and affect the DNA, enzyme activities, protein synthesis and etc. The cells will either be 
capable to repair the damages caused by the xenobiotic or they will die [29].

Cell cycle is a process where the cell reproduces itself. The cell will duplicate its contents and 
divide into two.  There are 4 main phases in this cycle(figure 3):

• G1 phase- Gap 1 phase
• S phase – Replication of DNA (duplication)
• G2 phase- Gap 2 phase
• M-phase- Mehta phase- mitosis (division)
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Figure 3: Cell cycle process 
is where the cell reproduces 
itself. This process has 4 
phases; S phase (Synthesize 
Phase), M-phase (Mitosis 
phase) and G-phases (Gap 
phases). In S-phase the 
DNA will duplicate, and 
in M-phase the cell will 
divide into two separated 
daughter cells and the DNA 
will be distributed equally to 
each cell. In G-phases, the 
cell gets time to grow and 
make proteins.

DNA duplicates in the S-phase (DNA-synthesis phase). This process is called DNA replication. 
Later in the M-phase (mitosis) the cell divides into two daughter cells and the replicated DNA 
will be distributed equally to each cells. This process is called Mitosis. 
Between S-phase and M-phase there are Gap phases (G1 and G2). In these phases, the cell 
gets time to grow and make proteins (Figure 3).

2.6.2.1 The control system

2.6.2.2 DNA damage

The cell cycle has several control system. These systems consist of proteins, enzymes, kinases 
and etc. that regulate the cycle. The system decides whether the cell shall go to the next phase 
or stay in the current phase. This is dependent on how the extracellular and intracellular 
environment is. In the cycle there are checkpoints, where the control system regulates this 
process. 

DNA damage is one of the important cell injuries that influence the control system. When 
DNA damage occurs, a signaling pathway will be initiated. Protein kinases ATM and ATR 
will be activated and with their association a downstream of various proteins will be activated 
and phosphorylated thus leads to cell cycle arrest.  One of the known signal pathway s when 
ATM and ATR activate protein kinases called Chk1 and Chk2 by phosphorylation and a gene 
regulatory protein p53 will also get phosphorylated. Phosphorylated-p53 (P-p53) will then 
affect gene transcription of proteins that will cause cell cycle arrest.  The cell will be in the 
current phase until the DNA gets repaired or it will go into apoptosis [30]. (Figure 4)
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Figure 4: A simplified illustration of the signaling pathway when DNA dam-
age occurs. Various proteins will be phosphorylated and activated. ATM 
and ATR activate protein kinases called Chk1 and Chk2 by phosphorylation 
and a gene regulatory protein p53 will also get phosphorylated.  Phospho-
rylated-p53 (P-p53) will then stimulate gene transcription of proteins that will 
cause cell cycle arrest, DNA reparation or apoptosis (cell death). 
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2.6.3 Cell death

Apoptosis and necrosis are two known mechanism of cell death. Apoptosis is an active 
programmed cell death that gives morphology changes in the cells, such as cellular and 
nuclear shrinkage, chromatin condensation, DNA fragmentation and formation of apoptotic 
bodies. When a cell can’t repair its injury; it will go through an apoptotic process to remove 
the damaged cell.  This process can be activated by intracellular and extracellular signals.  The 
programmed cell death is dependent on an intracellular proteolytic enzyme cascade known 
as Caspases. In a normal living cell, this proteolytic enzyme is inactive precursors called 
procaspases. During on apoptotic process, the procaspases will be cleaved to active caspases, 
which will further activate downstream caspases and other enzymes. This is called caspases 
cascade and will break down intracellular proteins and cause cell death. 
In contrast to apoptosis, necrosis is a passive process. Necrotic cell death is the unexpected or 
accidental cell death that may occur as a result of physical or chemical exposure that disrupts 
cellular structure or activity. During necrosis, cells swell and cellular content leak due to loss 
of membrane integrity [31-33].
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3. Aim of the study and hypothesis
The specific aim of this study is to:

• Measure the effect of BisGMA on BEAS-2B cell viability
• Analyze the cause of changes in cell viability (cell death and cell 

growth)
• Analyze the DNA damage response activity

Our hypothesis is that BisGMA is cytotoxic to human bronchial epithelial 
cells (BEAS-2B cells). Further we hypothesize that DNA damage is not 
an initial cause of a toxic response.
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4.1Materials:

4. Materials and methods

4.1.1 Monomers

4.1.2 Other chemicals

4.1.3 Equipment

Bisphenol A-glycidyl dimethylcrylate(BisGMA)(CAS.no 1565-94-2) was from Poly sciences. 
Inc Warrington. BisGMA stock solution(0.3mM) was prepared in Dimethyl sulfoxide (DMSO) 
and further diluted in cell culture medium. 
2- hydroxyethyl methacrylate (HEMA) (CAS no.868-77-9) was from Fluka Chemie AG, 
Buchs Switzerland. HEMA were directly diluted in cell culture medium.

• Serum free Lechner and Laveck (LHC9) medium was purchased from Invitrogen- 
life Technologies (Camarillo, CA, USA).

• Hepes buffered saline (HBS) was purchased from Lonza Verciers   
• Collagen (PureCOL TM was Inamed Biomaterials  (Fremont , CA USA)
• Trypsin was purchased from Lonza , Verviers, Belgium
• Phosphate buffered physiological saltwater (PBS) was purchased from Lonza, 

Verviers, Belgium
• MTT- salt  was purchased from Sigma- Aldrich, St. Louis, USA
• Hoecsth 33342 from Sigma –Aldrich, St. Louis USA
• PI Sigma- Aldrich, St Louis, USA)
• Annexin V- FITC Apoptosis Detection Kit eBioscience (Vienna, Austria)
All other chemicals where purchased from commercial sources at highest purity available.

• Phase contrast microscopy, Olympus CKX41, with Olympus C7070 camera, Olympus 
Europe, Hamburg, Germany

• Fluorescence microscope, Olympus BX51 with Olympus DP 70 camera, Olympus 
Europe, Hamburg, Germany

• Flow cytometer, Cell Lab Quanta SC, Beckman Coulter, Florida USA
• Spectrophotometer, Synergy H1, BioTek Instruments Inc ., Vermont, USA
• Centrifuge , Rotina 35R, Hettich, Tuttlingen, Germany
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4.2 Methods 

4.2.1 Cell culture

4.2.2 Cell treatment

4.2.3 Morphology of the cells

4.2.4 Cell toxicity assay, MTT

BEAS-2B cells are SV40 hybrid (Ad12SV40)- transformed human bronchial epithelial cell 
line [34]. The cell line was purchased from ECACC, the European Tissue Type Culture 
Collection.
The cells were cultured in LHC9 medium and were replaced every second day. The cells 
were passaged when they had reached >85% confluence. The culture flasks were pre- coated 
in Hepes- buffered saline (HBS) with collagen (30µg/mL), The cells were cultured at 37˚C, 
in air atmosphere containing  5% CO2 and >95% relative humidity. The cells where seeded 
on plates or in single wells (Falcon®) precoated with HBS with collagen, one day before the 
assays were done. 

BisGMA stock solution was diluted in cell culture medium (LHC9) into various concentrations. 
The exposure was done by exchanging the medium with cell in the single wells and plates 
with BisGMA-containing medium.

600 000 cells were seeded in each wells with 5mL medium. Exposure of the cell culture was 
done the next day after seeding. BisGMA was diluted with fresh medium to 200µM, 100µM, 
50µM, 25µM and 10 µM. Phase-contrast microscope picture of the wells were taken with 
different concentration before exposure and 30min, 1 hour and 2 hours after exposure of 
BisGMA. 

The assay was carried out according to Denizot et al. (1985)[35]. BEAS-2B cells were seeded 
at a concentration of 60 000 cells/ wells. The MTT assay was done in two different periods, 
30 minutes and 1hour after the exposure. The medium was then exchanged in each well 
with MTT solution (0,5mg/mL PBS), followed by 1hour incubation at 37˚C. Then the MTT 
solution was removed and 500µL of DMSO was added in each well to solubilize the formazan 
product. The plate was then shaken to ensure the solubilization of the blue formazan for about 
10 to 15 minutes. The plate was then measured by the spectrophotometer in the absorption at 
570nm.
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4.2.5 Evaluation of apoptosis and necrosis With Hoechst and PI

4.2.6 Flow cytometer

4.2.6.1 Staining with annexin V and PI

Hoechst 33342 is a fluorescent DNA-intercalating probe that is membrane-permeable. This 
gives the blue dye in chromatin in viable and apoptotic cell nuclei.  During apoptosis, chromatin 
condensation occurs. Condensed chromatin can be visualized by fluorescence microscopy 
of Hoechst stained cells. A clearly more intense fluorescence is seen in apoptotic cells. In 
contrast, Propidium iodide (PI) cannot go through intact cell membranes like Hoechst. It is a 
red fluorescent probe, which is only permeable in necrotic cells [36].  

The assay was done according to Alexander et al (2011). The cells were first exposed to 
100µM, 50µ, 25µM. After 1hour, the cells were trypsinized. The tubes were centrifuged with 
cells and medium in 250g for 10minutes. The medium was then removed from the tubes. 
The cells were re-suspended in 50µL FBS containing 10µg/mL Hoechst 33342 and 10µg/
mL PI. After incubation for 30min in dark at room temperature, the cells were spread onto 
microscope slides. At least 300 cells were counted using a fluorescence microscope with an 
excitation filter 340- 380nm, and cells were classified as apoptotic, necrotic and viable cells.

Flow cytometer is used to measure fluorescence of single cells in a cell suspension. First the 
cells will be stained with flour chrome, which binds to the component we want to study in or 
on the cell. The cells will go inn a flow system, by passing a light from UV or laser. The light 
and fluorescence from the cell will be recorded in the system. There are plenty of study spaces 
by using the flow cytometer. We can study molecules on the cell surface, cytoplasm or the 
nucleus by using the flow cytometer. The data will be presented as a histogram or cytogram. 
The cytogram is presented with dot, contour or density. Each dot is represented as one single 
cell. [37]

Flow cytometer staining with Annnexin V conjugated with FITC and Propidium iodide (PI) 
detects apoptosis and necrosis.

A viable cell has an asymmetric cell membrane, where Phosphatidylserine (PS) is on the 
cytosol side of the membrane. In an apoptotic process the PS will be trans-located to the 
surface of the cell. Annexin V is a protein, which binds to PS. This protein is not permeable 
to intact cell membrane (viable cells). Annexin V only has access to bind to PS on apoptotic 
and necrotic cells. PI is only permeable to necrotic cells membrane. That’s why PI is used to 
distinguish between apoptotic and necrotic cells.  Annexin V is conjugated with FITC to be 
used in flow cytometer [36, 38]. (Figure 5)
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Figure 5: Simplified illustration of how Annexin V and PI response to Viable 
and Apoptotic cells and Necrotic cells. Annexin V is a protein, which binds 
to Phosphatidylserine (PS). PI will bind to DNA and can´t go through intact 
membrane.
(a) A viable cell has an asymmetric cell membrane, where PS is on the 

cytosol side of the membrane. 
(b) In an apoptotic process the PS will be trans- located to the surface of 

the cell. That’s why Annexin V is able to bind apoptotic cells.
(c) On necrotic cells the membrane will be injured and PI and annexin V 

are able to bind to their substrate [38]

The assay was done according to Alexcander E. et al.  The cells were exposed with 10μM, 
25μM, 50μM and 100μM BisGMA and 5mM HEMA.  The cells with HEMA were exposed 
for 24  hours ,while cells with BisGMA were exposed for 1 hour. After exposure, the cells 
were trypsinized, centrifuged and washed with PBS twice. 400μL 1xBiniding buffer, 5μL 
FITC-Annexin V and 10μL PI were added in each tube. The tubes were mixed gently and 
then incubated in 15 min at room temperature in the dark. Samples were measured using 
Flow cytometer and the results are presented in cytogram. Viable, apoptotic and necrotic cells 
were determined as described by Alexander et al (2011).

Figure 5 Figure 5(a) (b) (c)Figure 5
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4.2.6.2 Cell cycle analysis

The cells were exposed to 0 - 25μM BisGMA in 24 hours.  Then the cells were trypsinized 
and diluted in citrate buffer before staining with nuclear staining solutions (detergent and 
DAPI). The cells were analyzed on a flow cytometer. 

DNA- histogram was analyzed by Multicycle software (Phoenics Flow Systems, San Diego, 
CA). T he different cell-cycle phases were identified based on the DNA content (Figure 6).

4.2.7 Western blot- protein- analyse
Western blot is used to detect and quantify specific proteins in cell and tissue and extracts. 
The cells where exposed for up to 100 µM BisGMA for 1, 2 and 6 hours. 
After the exposure, the cells were washed with PBS and dissolved in SDS-sample buffer – 
(150mM TRIS, 12% SDS, 30% glycerol, pH 7.0). 
For the protein- analyse Tricine- SDS-PAGE was used.  After electrophoresis and blotting 
onto nitrocellulose membrane, the membrane was stained with Ponceau-S to verfy equal 
protein application in each well.
The membranes were blocked with 3% Bovine Serum Albumin (BSA) in tris buffered saline 
(TBS)- Tween (0.1% [vol/vol] (TBS-T)Tween) for 1 hour.  It was incubated with primary 

Figure 6: DNA histogram as recorded on a flow cytometer: The histogram 
shows distribution of cells in different phases in the cell cycle. 
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antibody diluted in TBS-T containing 1% BSA overnight at 4°C. Next day the membrane was 
washed three times for 5min with TBS-T before incubation for 1 hour at room temperature 
in 1% BSA in TBS-T containing secondary antibody. The membrane-bound antibody was 
washed 3 times for 5 minutes in TBS-T. To detect the protein, 1 X SignalFire ECL Reagent 
was prepared and was incubated with the membrane for 1 minute. The excess solution was 
removed and the membrane was wrapped with plastic and exposed to X-ray film.

Phosphorylated p53 (Ser15), active- caspases 3 and phosphorylated-Chk1 and phosphorylated 
Chk2 were used as primary antibodies. Each membrane was exposed with one primary 
antibody.

4.2.8 Statistic

All analyses were performed using Graph Pad Prism software (GraphPad Software, CA, 
USA) data and were analyzed using Student´s t-test to evaluate the differences between 
control groups and BisGMA exposed groups. P-values ≤ 0,05 were considered significant.
¨*¨Indicates statistical different from control (p≤0,05).
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The effect of BisGMA exposure was monitored by phase contrast microscopy up to 2 hours. 
Morphological changes were observed in cell cultures exposed with BisGMA compared to the 
control cell culture. The changes in the cells are more clearly to be seen, as the concentration 
of BisGMA and the time increased. (Figur 7) 

5. Results
5.1The morphology of the cells

Figure 7: Phase contrast microscopy picture of BEAS-2B cells. Picture was tak-
en before and after exposure of BisGMA, from 0-2 hours. Picture A was taken 
before exposure of 25μM and B-D was taken 30 minutes, 1hour and 2 hours 
after the exposure of BisGMA in BEAS-2B cellls. Picture E was taken before 
exposure of 50μM and F-H was taken after 30 minutes, 1hour and 2 hours af-
ter the exposure of BisGMA in BEAS-2B cells. Morphological changes can be 
seen, as the concentration of BisGMA and the exposure time increased. 
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MTT- assay measures only viable cells. The tetrazolium salt MTT (3-(4,5-dimethulthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide) register the activity of succinate dehydrogenase activity 
(SDH-activity) in the mitochondria of the cells [35, 39]. BisGMA reduces the SDH- activity 
on bronchial epithelia cells. The results show a concentration and time dependent decrease 
in the percentage of SDH activity of the control. However, the BEAS-2B cells exposed with 
25μM after 30 minutes and 200μM after 1 hour were not significantly.  (Figure 8)

5.2 The viability of the cell

Figure 8: MTT-assay measures the SDH-activity, which is only detectable on 
viable cells. Figure 9A: MTT-assay results after 30 minutes exposure of BisGMA. 
As the concentration of BisGMA increased above 25 µM, the SDH-activity 
decreased significantly. Figure 8B: MTT-assay results after 1hour exposure. 
Compare to figure A, the SDH-activity is further decreased. However, the SDH 
activity in cells exposed to 200 µM were not significantly different from control. 
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The evaluation assays of apoptosis and necrosis, present what this toxicity is caused by. 
Staining with Hoecsth 33332 and PI assay gave results that show a concentration dependent 
on the increase in the percentage of necrosis cells after exposure to BisGMA (significant at 25 
and 100µM) (Figure 9). Figure 10 shows the references used to count the cells.

5.3 Cell death mechanism with Hoecsth 33332 and PI

Figure 9: Results from Hoecsth 33332 and PI assay. There was increased 
percentage of necrotic cells (significant at 25 and 100 µM) and decrease 
level of viable cells (significant at 25 and 100 µM) as the concentration of 
BisGMA was increased. No change in the number of apoptotic cells was seen.

Figure 10: The Hoecsth 33332 and PI assay, references used when counting 
the cells on fluorescence microscope.

Viable cell Necrotic cell Apoptotic cell
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The flow cytometer show a concentration dependent increase in the necrotic cells. The results 
are presented in cytogram. FITC- Annexin V is on the x- axis and PI is on the y-axis. Cytogram 
shows in dot plots where each dot represents one single cell [36, 37]. This cytogram has 4 
regions. The lower left region contains viable cells ( Annexin V and PI negavtive),  the lower 
right quadrant contains apoptotic  cells (annexin V postitive and PI negative), the upper right 
quadrant contains necrotic cells (annexin V positive and PI negative) (Figure 11). 

The control had most percentage of viable cells. When concentration of BisGMA increases, 
there are a decreased percentage of viable cells and increased death cells. 
However, in lower concentrations from 10μM to 25μM BisGMA, this assay shows increased 
percentage of apoptosis compared to the control. But the difference between the percentages 
of apoptosis in 10μM BisGMA and control is not high. In 25μM exposed cell culture, there 
are significantly no differences between percentages of apoptotic and necrotic ((PI positive 
and annexin V negative) + necrosis) cells.  
There was increased percentage of necrotic cells as the concentrations BisGMA increases.
Cell culture exposed with 5mM HEMA, gave increased percentage of apoptotic cells 
compared to the control, but there was no significant increase in the percentage of necrotic 
cells compared to control was observed (figure 12)

Figure 11: Cytogram shows in dot plots where each dot represents one single 
cell.[36, 37] This cytogram has 4 regions. The lower left region contains viable 
cells ( Annexin V and PI negavtive),  the lower right quadrant contains apoptotic  
cells ( annexin V postitive and PI negative), the upper right quadrant contains 
necrotic cells ( annexin V positive and PI negative)

5.4 Cell death mechanism with FITC-Annexin V and PI
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25μM bisGMA 50μM bisGMA

Control 10μM bisGMA

Figure 12 (a)

Figure 12 (c)

Figure 12 (b)

Figure 12 (d)
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Figure 12 (a, b, c, d, e, f): The control had most percentage of viable cells. 
Compared to the control, when concentration of BisGMA increases, there 
are a decreased percentage of viable cells and increased death cells. In 
25μM exposed cell culture, there are significantly no differences between 
percentages of apoptotic and necrotic ((PI positive and annexin V negative) 
+ necrosis) cells.  In 50μM and 100μM BisGMA there were increased PI positive 
and Annexin V negative cells and necrotic cells. HEMA had more percentage 
of apoptotic cells than necrotic cells. 

100μM bisGMA HEMA

The cell cycle analysis did not show any alterations in cells exposed with BisGMA. There 
was no increase in the activity of the DNA-damage response proteins p53 and Chk-1/Chk-2 
as measured by Western blotting (data not shown). Caspase -3 is a protein which is activated 
in apoptotic cells [33]. The level of active caspase -3 was not altered by BisGMA exposure 
(data not shown).

5.5 DNA- damage response  and apoptosis

Figure 12 (e) Figure 12 (f)
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The effect of BisGMA has been studied in different cell lines.  In those studies, it was 
observed that BisGMA induce cytotoxicity in vitro [18-26]. Although BisGMA is cytotoxic 
in many systems, the mechanisms underlying this response may vary among cell types. In 
contrast to our results, BisGMA induce apoptosis on human gingival fibroblasts, dental pulp 
cells and macrophages [18-20]. The differences may result from use of different treatment, 
concentration and duration. 

The current study shows that BisGMA induce toxicity on BEAS-2B cells dependent on time 
and concentration. Microscope pictures show that BisGMA induce morphology changes in 
cells as the concentration and time increases. The most clearly changes in the cells were seen 
after exposure of 50μM and higher concentrations (figure 7). In addition, the MTT-assay 
show that the SDH-activity decrease on BEAS-2B cells as the concentration of BisGMA 
increase. Compare to 30 minutes exposure of BisGMA on BEAS-2B cell, the 1- hour exposure 
of BisGMA cells have more decrease percentage of SDH-activity (figure 8). These results 
conclude that the toxicity of BisGMA depend on time and concentration. 

The evaluation of cell death assay, staining Hoecsth 33332 and PI, shows that BisGMA 
exposure cause necrotic cell death in BEAS-2B cells. Most necrotic cells can be seen when 
the cells were exposed with 50μM BisGMA and further up (figure 9). The flow cytometer 
assay with Annexin V and PI results show roughly the same. The cells treated with 50μM 
and 100μM BisGMA had increased PI positive cells with no evident Annexin V staining. 
As seen on the figure 5, PI only stain cells lacking membrane integrity, such as necrotic 
cells. Annexin V is also expected to bind PS in non-apoptotic cells when the cell membrane 
is damaged. The lack of Annexin V staining in the PI positive cells may suggest “semi-
permeable” membranes. The Annexin V protein is relative large (~34 kDa) compared to PI 
(~0.7 kDa). During normal necrosis where the cells swell and burst, the cell membrane is 
permeable to Annexin V. Hence; our results indicate a different mechanism. One possible 
explanation may be that the lipophilic BisGMA-molecule damages the plasma membranes 
directly, thereby inducing toxicity.

BisGMA didn’t affect the cell cycle profile of BEAS-2B cells. The western blot assay detected 
p-p53, but there were no measurable increase of this protein. As earlier described, p-p53 is a 
gene regulatory protein, and its activity is altered in cells with DNA damage. These results 
indicate that BisGMA do not induce DNA damage in BEAS-2B cells at the concentrations 
used in the current study. The lack of change in Chk-1 and Chk-2 activity supports this 
assumption.

In contrast to BisGMA, HEMA induces apoptosis on BEAS -2B cells (figure 12).  Studies 
on the mechanism of HEMA toxicity in BEAS-2B cells support this result [27, 40]. The 
studies about HEMA toxicity [27, 40] and the current study indicate that the properties and 
the chemical structure of methacrylate monomers influence the response to cells. This may 
explain that the response of BisGMA to BEAS-2B cells is different compared to HEMA.

6. Discussion
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