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The role of glutathione depletion and ROS formation as a major
contributor to the cytotoxic effect of methacrylate monomers used in
dentistry. We aimed to evaluate the oxidative stress induced by
methyl methacrylate in vivo. Methods: Twenty five subjects, 25
dental handle and 25 healthy controls were included in the study.
Depletion of glutathione (GSH), glutathione peroxidase (GPx),
glutathione-s-transferase (GST) and the total antioxidant status
(TAS) was evaluated from blood samples. Results: Patients and
workplaces showed significant decrease in serum antioxidant
biomarkers levels (p≤0.05). There was a significant decrease of
patients GSH levels with increasing MMA contact frequency,
increasing number of teeth with temporary prosthesis and longer
duration of prosthesis wearing (p≤0.05). A significant decrease of
workplaces GSH levels was observed with longer duration of
exposure to MMA (p≤0.05). Conclusions: Our findings suggest that
increase in ROS caused by the sequestering of GSH seems only
partly to be responsible for the observed toxicity of MMA. Clinical
significance: There is an acceptance that research in vivo should
ultimately be of relevance and benefit to patients rather than focus
on technical aspects of interventions. This study points to an undue
emphasis on oxidative stress induced by methyl methacrylate used in
dentistry in vivo, which may explain the possible mechanism of
toxicity of these compounds by which they may exert their effect on
cells.
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INTRODUCTION
Polymethyl methacrylate resins are being used extensively for direct restorations in daily
prosthodontic practice. These materials are polymerized in situ, however, the conversion
from methyl methacrylate monomers (MMA) to polymer is never complete, therefore some
unreacted monomers called residual monomers are left [1-5]. This has been demonstrated
both in vitro and in vivo from materials after setting [6,7,8], and it has been shown that MMA
can pass through dentine channels and enter the circulation [9]. In addition, dental personnel
handle the uncured materials and are potentially exposed to the monomers on a daily basis.
Both direct skin contact and airway exposure to uncured methacrylate occur [10-13].
Several studies have shown that methacrylate-based monomers from dental resin-based
materials have the potential to cause adverse effects in mammalian in vitro systems [14].
Cytotoxic [15], genotoxic [16-20], and eostrogenic [21] effects have been discussed and
demonstrated. Glutathione (GSH) sequestration by adduct formation between cysteine in
GSH and the methacrylate monomers, followed by formation of reactive oxygen species
(ROS), has been pointed out as a key event in increased oxidative stress in cells thus in
observed toxic response [22,23].
GSH is an important antioxidant in the human body and is found in high concentrations in
cells in the cytosol, mitochondria, and the cell nucleus. GSH contains the amino acid
cysteine, and the antioxidative activity is connected to the thiol group in this amino acid [24].
The role of glutathione depletion and ROS formation as a major contributor to the cytotoxic
effect of methacrylate monomers has not been fully elucidated. Hence, this study was carried
out with the objective to evaluate the oxidative stress induced by methyl methacrylate in
vivo, this information would throw light on the possible mechanism of toxicity of these
compounds by which they may exert their effect on cells is of great value for risk evaluation
of new and existing dental materials.
MATERIALS AND METHODS
Study population
The cases comprised a total of 25 subjects [12 men and 13 women; age (mean ± SD):45.84±
10.12 years] ascertained from the department of fixed prosthodontics, faculty of dental
medicine, Monastir, Tunisia. Dental workplace group included 25 dental handles recruited
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from the same department [10 men and 15 women; age (mean ± SD):44.25 ± 11.23 years]. 25
blood donor volunteers recruited from Fattouma Bourguiba Hospital, Monastir, Tunisia, and
had a similar age distribution [11 men and 14 women age (mean ± SD): 44.72 ± 10.34 years]
were included in this analysis as control group. All study participants showed no disease. The
study was reviewed and approved by the local ethics committee and included only
individuals that agreed to participate after reading and signing a free and informed consent
form.
Interviews
Patients were selected from the clinic of dentistry allocated for the study. An intra-oral
examination was conducted and the clinical files were checked to structure the questionnaire.
The respondents were asked about their medical and dental history, then the contact
frequency with MMA was mentionned as well as the number of teeth with temporary
prosthesis and how long they carry the temporary prosthesis. Participants were also examined
about the type of restoration, teeth vitality, pulpless teeth and cervical margin in contact with
the gingiva.
Laboratory measurements
5ml blood samples from cubital vein were collected. Out of that 2ml was collected in
heparinized bulb and the remaining was allowed to clot. Plasma and serum were separated by
centrifugation at 3000 rpm for 10 minutes at room temperature and was analyzed. GSH is
oxidized by 5,5-dithiobis-(2-nitrobenzoic acid) (DTNB) resulting in the formation of GSSG
and 5-thio-2-nitrobenzoic acid (TNB). GSSG is then reduced to GSH by glutathione
reductase using reducing equivalent provided by NADPH. The rate of TNB formation is
proportional to the sum of GSH and GSSG present in the sample and is determined by
measuring the formation of TNB at 412 nm [25]. Glutathione peroxidase (GPx) was
measured at 340 nm through the glutathione/ NADPH/ glutathione reductase system by the
dismutation of cumene hydroperoxide [26]. Glutathione S-transferase (GST) activity was
determined at 340 nm according to a transfer reaction of GSH on the CNDB (chloro-1, 2, 4
dinitrobenzene) [27]. The oxidation system of ABTS (2,2'-azino-di (3-ethylbenzthiazoline-6sulfonic acid)) by myoglobin with hydrogen peroxide (H2O2) at 600 nm was used to measure
total antioxidant status (TAS) [28].
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Statistical data analysis
Statistical analysis was done with SPSS software (version 17, Chicago, IL, USA). The data
was expressed as mean ± standard deviation and statistical significance was considered for
p≤0.05.
RESULTS
Antioxidant biomarkers in patients with temporary prosthesis, dental workplaces and healthy
controls are given in table 1.
Table 1. Antioxidant biomarkers of patient, dental workplace and control groups.

Groups (Mean ± SD)
Patients

Workplaces

Controls

P value

(n=25)

(n=25)

(n=25)

GSHa (µmol/L)

4.21±2.5

6.46±3.1

8.72±2.6

0.034

GPxb (u/L)

161.41±6.32

187.22±5.86

572.12±7.38

0.03

GSTc (u/ml)

8.3±2.4

10.3±2.8

12.1±4.6

0.02

TASd (mmol/L)

1.23±0.19

1.37±0.26

1.99±0.78

0.02

GSHa: glutathione; GPxb: glutathione peroxidase; GSTc: glutathione s-transferase; TASd:
total antioxidant status.
Patients exhibited significant decrease (p≤0.05) in serum antioxidant biomarkers levels when
compared to workplaces and healthy controls. Furthermore, in workplaces, the analysis of
antioxidant levels showed a significant decrease in GSH, GPx, GST and TAS activities
compared to control group (p≤0.05).
A statistically significant decrease of patients GSH levels was associated with increased
MMA contact frequency, increased number of teeth with temporary prosthesis and longer
duration of prosthesis wearing (p≤0.05). In addition, the results showed a statistically
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significant decrease of GSH levels in workplaces associated with longer duration of exposure
to MMA (p≤0.05) (table 2).
Table 2. Distribution of glutathione levels in patients and dental workplaces.
Patients

Workplaces

P

(n=25)

(n=25)

value

1

5.71±2.6

-

0.02

2

4.38±2.2

-

0.02

3

2.54±2.8

-

0.03

1-2

5.36±3.1

-

0.047

3-5

3.89±2.7

-

0.03

>5

3.38±2.2

-

0.03

5.89±3.4

-

0.02

4.22±2.1

-

0.025

2.52±2.6

-

0.043

-

3.86±2.4

0.036

-

3.24±2.8

0.002

-

2.88±2.1

0.047

-

2.65±3.2

0.04

Contact frequency with MMAa

Number of teeth with temporary prosthesis

Duration of prosthesis wearing (weeks)

1-2
3-8
>9
Duration of exposure to MMAa (months)

1-12
13-24
25-48
>48
MMAa : methyl methacrylate.
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DISCUSSION
The present study provides new insights into the mechanism of MMA-induced toxicity either
in patients and dental workplaces. Our results showed that MMA-induced toxicity is
associated with decreased levels of antioxidant biomarkers, in particular, GSH, GPx, GST in
patients and dental workplaces compared to controls. These results are in broad agreement
with the recent in-vitro report published by Morisbak et al. [24] in which authors founded that
methacrylate monomers induces cell proliferation disturbances and cell toxicity through
glutathione depletion and subsequent ROS formation.
Antioxidants by counteracting the harmful effect of free radicals protect structural and tissue
integrity. Imbalances between free radicals and antioxidants have been suggested to play an
important role in the onset and development of toxicity. Antioxidant enzymes like GPx and
GST provide protection against oxidative injury from oxygen free radicals. The function of
GPx is to reduce hydrogen peroxide and/ or lipid hydrogen peroxides by the oxidation of
reduced glutathione or s-nitroso glutathione, whereas GST comprises a group of enzymes that
are also able to detoxify a variety of compounds including xenobiotics derived from
pathogenic microorganisms, catalyzing their conjugation with GSH [29]. The GPx increase
was reported as indirect marker of oxidative stress and may represent possible antioxidant
compensation in detoxification reactions of organic peroxides produced during oxidative
stress [30].
In this study, total antioxidant status is significantly diminished in patients compared to
healthy controls. The total antioxidative potential of the plasma reflects the ability of an
individual to resist the oxidative stress. Furthermore, TAS has the advantage that it analyzes
the combined effectiveness of contributing species, which may be greater than the sum of the
individual antioxidant.
Our results, in line with numerous studies which focused on the toxicity of MMA monomers
in dental workplaces [31,32,33], revealed a significant decrease in serum antioxidant
biomarkers levels. Since, several body systems appear to be affected, including the skin, the
respiratory tract, and the neurological system. Dentists and other dental staff who work with
this material may be exposed when they occasionally contact MMA monomer directly, such
as when relining a denture or making a temporary crown. The preparation of dental
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prostheses and orthodontic appliances by dental technicians and other dental staff also
involves manual handling and dermal exposure to MMA may occur [31].
It has been shown that MMA affects the integrity of latex examination gloves that are used in
dental clinics, which allows MMA to penetrate the skin [32]. A Finnish study of 163 dental
technicians and technical assistants, who reported daily dermal contact with MMAcontaining compounds, found that only three subjects wore protective gloves during acrylic
molding and only 15 subjects wore gloves while performing other tasks that may have
involved exposure to MMA [33].
It has previously been found that methacrylate monomers induce glutathione depletion by
adduct formation [22,34]. The glutathione depletion is assumed to be the cause of the
reported ROS increase in cells exposed to methacrylate [22]. Increased intracellular ROS is
potentially toxic to cells, and we wanted to found a correlation between exposure to MMA
and in vivo glutathione depletion. In this study, we found that MMA-induced toxicity is
associated with a rapid depletion of GSH, in agreement with several previous study
performed with eluates of resin-containing dental restorative materials [22,24,34,35]. In
addition, the data provide the first in vivo evidence that MMA-induced GSH depletion is
associated with the subsequent production of reactive oxygen species (ROS). The electron
deficient beta carbon of the carbon double bond in methacrylates should be able to react by
addition to nucleophilic sites. A mechanism involving complex formation between MMA and
the thiol group of GSH may thus be responsible for the observed GSH depletion. Glutathione
is normally involved in reactions that oppose the continuous production of ROS by
mitochondria. Sequestration of GSH by methacrylate monomers could impair this defense
and ultimately result in mitochondrial damage. On the basis of these findings, we suggest a
reaction between MMA and the cysteine residue of glutathione as shown in Figure 1.

Citation: Awatef Msolly et al. Ijsrm.Human, 2017; Vol. 5 (3): 46-55.

52

www.ijsrm.humanjournals.com

Figure 1: Suggested reaction for complex formation between methyl methacrylate and
glutathione.
Our results suggest that MMA has the ability to bind to cysteine residues which suggest that
MMA has the ability to covalently bind groups on cellular macromolecules. Such binding
could lead to altered enzyme activity, which may be important in the initiation of toxic
effects. Although the formation of DNA adducts has not been reported, this is another
interesting possibility and should not be excluded.
DNA damage after exposure to methacrylate monomers is observed in several studies [3638]. In most of these studies, the DNA-damage is considered to be due to methacrylates
binding to GSH resulting in increased ROS and subsequent DNA damage [36,38]. However,
several other mechanisms have also been proposed to be involved in toxicity to
methacrylates, such as binding to proteins through their cysteine residues or with other
molecules containing nucleophilic groups, and direct binding to DNA [39].
This study shows that methacrylates have different potential to induce toxicity and that the
ability to deplete GSH does not appear to be the main factor. We cannot rule out a genotoxic
potential of MMA, although, it could indicate that if DNA damage is induced, the capacity of
repair mechanisms was not exceeded.
CONCLUSION
Our results indicate that MMA can bind to GSH, probably to the cysteine residue, thereby
weakening the oxidative defense in exposed organisms. The increase in ROS caused by the
sequestering of GSH seems only partly to be responsible for the observed toxicity of MMA.
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The possibility of complex formation between MMA and macromolecules should be
investigated further.
REFERENCES
[1] Ruyter IE. Physical and chemical aspects related to substances released from polymer materials in an
aqueous environment. Adv Dent Res. 1995;9:344–347.
[2] Lamb DJ, Ellis B, Priestley D. The effects of process variables on levels of residual monomer in auto
polymerizing dental acrylic resin. J Dent. 1983;11:80–88.
[3] Vallittu PK, Miettinen V, Alakuijala P. Residual monomer content and its release into water from denture
base materials. Dent Mater. 1995;11:338–342.
[4] Ruyter IE, Oysaed H. Conversion in denture base polymers. J Biomed Mater Res. 1982;16:741–754.
[5] Vallittu PK, Ruyter IE, Buykuilmaz S. Effect of polymerization temperature and time on the residual
monomer content of denture base polymers. Eur J Oral Sci. 1998;106:588–593.
[6] Michelsen VB, Lygre H, Skalevik R, Tveit AB, Solheim E. Identification of organic eluates from four
polymer-based dental filling materials. Eur J Oral Sci. 2003;111:263–271.
[7] Polydorou O, Konig A, Hellwig E, Kummerer K. Long-term release of monomers from modern dentalcomposite materials. Eur J Oral Sci. 2009;117: 68–75.
[8] Michelsen VB, Kopperud HB, Lygre GB, Bjorkman L, Jensen E, Kleven IS, et al., Detection and
quantification of monomers in unstimulated whole saliva after treatment with resin-based composite fillings in
vivo. Eur J Oral Sci. 2012;120:89–95.
[9] Van Landuyt KL, Nawrot T, Geebelen B, De Munck J, Snauwaert J, Yoshihara K, et al., How much do
resin-based dental materials release? A meta-analytical approach. Dent Mater. 2011;27:723–747.
[10] Hagberg S, Ljungkvist G. Andreasson H, Karlsson S, Barregard L, Exposure to volatile methacrylates in
dental personnel. J Occup Environ Hyg. 2005;2:302–306.
[11] Helmis CG, Tzoutzas J, Flocas HA, Halios CH, Stathopoulou OI, VD sssimakopoulos. Indoor air quality in
a dentistry clinic. Sci Total Environ. 2007;377: 349–365.
[12] Henriks-Eckerman ML, Alanko K, Jolanki R, Kerosuo H, Kanerva L, Exposure to airborne methacrylates
and natural rubber latex allergens in dental clinics. J Environ Monit. 2001;3:302–305.
[13] Marquardt W, Seiss M, Hickel R, Reichl FX. Volatile methacrylates in dental practices. J Adhes Dent.
2009;11:101–107.
[14] Michelsen VB, Kopperud HBM, Lygre GB, Bjo¨rkman L, Jensen E, Kleven IS, et al., Detection and
quantification of monomers in unstimulated whole saliva after treatment with resin-based composite fillings in
vivo. Eur J Oral Sci. 2012;120: 89–95.
[15] Becher R, Kopperud HM, Al RH, Samuelsen JT, Morisbak E, Dahlman HJ, et al., Pattern of cell death after
in vitro exposure to GDMA, TEGDMA, HEMA and two compomer extracts. Dent Mater. 2006;22: 630–640.
[16] Schweikl H, Altmannberger I, Hanser N, Hiller KA, Bolay C, Brockhoff G, et al., The effect of triethylene
glycol dimethacrylate on the cell cycle of mammalian cells. Biomaterials. 2005;26:4111–4118.
[17] Pagoria D, Lee A, Geurtsen W. The effect of camphorquinone (CQ) and CQ-related photosensitizers on the
generation of reactive oxygen species and the production of oxidative DNA damage. Biomaterials.
2005;26:4091–4099.
[18] Arossi GA, Lehmann M, Dihl RR, Reguly ML, de Andrade HH. Induced DNA damage by dental resin
monomers in somatic cells. Basic Clin Pharmacol Toxicol. 2010;106:124–129.
[19] Poplawski T, Loba K, Pawlowska E, Szczepanska J, Blasiak J. Genotoxicity of urethane dimethacrylate, a
tooth restoration component. Toxicol In Vitro. 2010;24:854–862.
[20] Samuelsen JT, Dahl JE, Karlsson S, Morisbak E, Becher R. Apoptosis induced by the monomers HEMA
and TEGDMA involves formation of ROS and differential activation of the MAP-kinases p38, JNK and ERK.
Dent Mater. 2007;23:34–39.
[21] Wada H, Tarumi H, Imazato S, Narimatsu M, Ebisu S. In vitro estrogenicity of resin composites. J Dent
Res. 2004;83:222–226.

Citation: Awatef Msolly et al. Ijsrm.Human, 2017; Vol. 5 (3): 46-55.

54

www.ijsrm.humanjournals.com
[22] Samuelsen JT, Kopperud HM, Holme JA, Dragland IS, Christensen T, Dahl JE. Role of thiol-complex
formation in 2-hydroxyethyl- methacrylate-induced toxicity in vitro. J Biomed Mater Res A. 2011;96:395–401.
[23] Schweikl H, Spagnuolo G, Schmalz G. Genetic and cellular toxicology of dental resin monomers. J Dental
Res. 2006;85:870–877.
[24] Morisbak E, Ansteinsson V, Samuelsen JT. Cell toxicity of 2-hydroxyethyl methacrylate (HEMA): the role
of oxidative stress. Eur J Oral Sci. 2015;123:282–287.
[25] Jr. Adams JD, Lauterburg BH, Mitchell JR. Plasma glutathione and glutathione disulfide in the rat:
regulation and response to oxidative stress. J Pharmacol Exp Ther. 1983;227:749–754.
[26] Gunzler WA, Kremers H, Flohe L. An improved coupled test procedure for glutathione peroxidase (EC 111-1-9) in blood. Z Klin Chem Klin Biochem. 1974;12:444-448.
[27] Habig WH, Pabst MJ, Jacoby WP. Glutatione S-transferases: The first enzymatic step in mercapturic acid
formation. J Biol Chemn. 1974;249:7130-7139.
[28] Yu TW, Ong CN. Lag-time measurement of antioxidant capacity using myoglobin and 2, 2'-azino-bis (3ethylbenzthiazoline-6-sulfonic acid): rationale, application, and limitation. Anal Biochem. 1999;275:217-23.
[29] Spiteller G. Peroxyl radicals: inductors of neurodegenerative and other inflammatory diseases. Their origin
and how they transform cholesterol, phospholipids, plasmalogens, polyunsaturated fatty acids, sugars, and
proteins into deleterious products. Free Radic Biol Med. 2006;41:362-387.
[30] Cheeseman KH, Slater TF. An introduction to free radical biochemistry. Br Med Bull. 1993;49:481-493.
[31] Leggat PA, Kedjarune U. Toxicity of methyl methacrylate in Dentisty. International Dental Journal.
2003;53:126-131.
[32] Rajaniemi R. Clinical evaluation of occupational toxicity of methyl methacrylate monomer to dental
technicians. J Sac Occup Med. 1986;36:56-59.
[33] Rajaniemi R, Tola S. Subjective symptoms among dental technicians exposed to the monomer methyl
methacrylate. Scan J Work Environ Health. 1985;11:281-286.
[34] Ansteinsson V, Kopperud HB, Morisbak E, Samuelsen JT. Cell toxicity of methacrylate monomers-The
role of glutathione adduct formation. J Biomed Mater Res Part A. 2013;101:3504–3510.
[35] Stanislawski L, Lefeuvre M, Bourd K, Soheili-Majd E, Goldberg M, Périanin A. TEGDMA-induced
toxicity in human fibroblasts is associated with early and drastic glutathione depletion with subsequent
production of oxygen reactive species. J Biomed Mater Res Part A. 2003;66:476–482.
[36] Blasiak J, Synowiec E, Tarnawska J, Czarny P, Poplawski T, Reiter RJ. Dental methacrylates may exert
genotoxic effects via the oxidative induction of DNA double strand breaks and the inhibition of their repair. Mol
Biol Rep. 2012;39:7487–7496.
[37] Urcan E, Scherthan H, Styllou M, Haertel U, Hickel R, Reichl FX. Induction of DNA double-strand breaks
in primary gingival fibroblasts by exposure to dental resin composites. Biomaterials. 2010;31:2010–2014.
[38] Schweikl H, Hartmann A, Hiller KA, Spagnuolo G, Bolay C, Brockhoff G. Inhibition of TEGDMA and
HEMA induced genotoxicity and cell cycle arrest by N-acetylcysteine. Dental Mater. 2007;23:688–695.
[39] Blaschke U, Eismann K, Bohme A, Paschke A, Schuurmann G. Structural alerts for the excess toxicity of
acrylates, methacrylates and propiolates derived from their short-term and long-term bacterial toxicity. Chem
Res Toxicol. 2012;25:170–180.

Citation: Awatef Msolly et al. Ijsrm.Human, 2017; Vol. 5 (3): 46-55.

55

