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Abstract

Objectives—This study investigated the transdentinal cytotoxicity of glutahaldehyde-containing 

solutions/materials on odontoblast-like cells.

Methods—Dentin discs were adapted to artificial pulp chambers. MDPC-23 cells were seeded on 

the pulpal side of the discs and the occlusal surface was treated with the following solutions: 
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water, 2%glutaraldehyde (GA), 5%GA, 10%GA, Gluma Comfort Bond+Desensitizer (GCB+De) 

or Gluma Desensitizer (GDe). Cell viability and morphology were assessed by the Alamar Blue 

assay and SEM. The eluates were collected and applied on cells seeded in 24-well plates. After 7 

or 14 days the total protein (TP) production, alkaline phosphatase activity (ALP) and deposition of 

mineralized nodules (MN) were evaluated.

Results—Data were analyzed by Kruskal-Wallis and Mann-Whitney tests (p<0.05). GA 

solutions were not cytotoxic against MDPC-23. GCB+De (85.1%) and GDe (77.2%) reduced cell 

viability as well as TP production and ALP activity at both periods. After 14 days, GCB+De and 

GDe groups produced less MN. Affected MDPC-23 presented deformation of the cytoskeleton 

and reduction of cellular projections.

Conclusions—The treatment with 2.5%, 5% and 10%GA was not harmful to odontoblast-like 

cells. Conversely, when GA was combined with other components like HEMA, the final material 

became cytotoxic.

Clinical significance—Glutaraldehyde has been used to decrease dentin hypersensitivity. This 

substance is also capable of preventing resin-dentin bond degradation by cross-linking collagen 

and MMPs. This study showed that GA might be safe when applied on acid etched dentin. 

However, when combined with HEMA the product becomes cytotoxic.
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INTRODUCTION

Dentin hypersensitivity is a multifactorial disorder that results in an acute response to a non-

noxious sensory stimulus.1 Its primary cause appears to be the exposure of dentinal tubules 

in the oral cavity, which allows movement of dentinal fluid and generates a heightened 

response to tactile, chemical, thermal and osmotic stimuli that can range from mild 

discomfort to extreme pain.2 A wide variety of treatments for dentin hypersensitivity is 

available. Topical application of products able to desensitize the nerve fibers or to occlude 

the dentinal tubules is the most common form of treatment.3–5

Glutaraldehyde (GA) is a cross-linking fixative and disinfecting agent that reacts with the ε-

amino groups to induce the formation of cross-links.6,7 In medical research GA is used in 

many different ways such as the construction of bioprosthetic heart valves,8,9 modification 

of gelatins and other materials and tissues.8,10,11 In dental field, it has been used to 

desensitize sensitive exposed dentin,12 to inhibit MMPs13 and to increase the mechanical 

properties of demineralized collagen prior to bonding procedures.14

Gluma Desensitizer® and Gluma Comfort® Bond + Desensitizer (De) contain 5% 

glutaraldehyde, 35% hydroxyethylmethacrylate (HEMA) and 60% water. GA is responsible 

for precipitating plasma proteins (especially albumin) in dentin to block dentin tubules15 

while HEMA reacts with this precipitate to form a mixture of polyHEMA and 

glutaraldehyde-cross-linked albumin16 that reduces the movement of dentinal fluid and 

dentin hypersensitivity.
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It has been shown that a solution containing only 5% GA applied for 60s on 0.4 mm-thick 

dentin discs after acid-etching did not exert harmful effects on MDPC-23 cells.17 

Conversely, HEMA has been proven able to diffuse through dentinal tubules due to its 

hydrophylicity and small molecular weight.18 Once this monomer reaches the pulp tissue it 

inhibits cellular metabolism and pulp tissue inherent defense mechanisms.19–22 Taking into 

account that Gluma Dessensitizer and Gluma Comfort Bond+De contain both GA and 

HEMA in their composition the aim of this study was to evaluate the transdentinal 

cytotoxicity of these products and three different concetrations of GA on odontoblast-like 

cells.

MATERIALS AND METHODS

Preparation of Dentin Discs

Thirty-six sound third molars were obtained upon approval by the Ethics Committee of the 

Araraquara School of Dentistry – UNESP, and stored in 0.12% thymol solution at 4°C for 

up to 3 months. One 0.5 mm-thick dentin disc with no enamel islets or pulp horn projections 

was obtained from the mid-coronal dentin of each tooth using a precision cutting machine 

equipped with a water-cooled diamond saw (Isomet 1000, Buehler Ltda., Lake Bluff, IL, 

USA). The occlusal side of the discs was then manually abraded with wet 320-grit silicon 

carbide paper to reach a final thickness of 0.4 mm as measured with a digital caliper 

providing a precision to 0.01 mm (Mitutoyo Sul Americana Ltda, Suzano, Sao Paulo, 

Brazil).

Permeability Allocations

Dentin permeability was determined to permit a homogeneous distribution of the dentin 

discs into six groups (n=6). The smear layer on both sides of the discs was removed by 0.5 

M EDTA (pH 7.4) applied for 60 s. The discs were rinsed and individually placed in in vitro 

pulp chambers (IVPCs) modified from Hanks et al.23 The IVPC was connected to a 180 cm 

column of water for 5 min, and after that the movement of a microbubble introduced 

through a metallic cannula was recorded during 1 min. The obtained values were 

transformed into hydraulic conductance values and the discs were allocated into the groups 

in such a way that the mean hydraulic conductance was statistically similar among them 

(ANOVA, p>0.05). After measuring the permeability, a fresh smear layer was created on the 

occlusal side of each disc with a 600-grit silicon carbide paper for 10 s. Then, the discs 

mounted in the IVPCs were sterilized in ethylene oxide. An area of 0.28 cm2 of exposed 

dentin was standardized for all discs by o’rings.

Seeding MDPC-23

MDPC-23 is an immortalized cell line from fetal mouse molar dental papillae able to 

express dentin sialoprotein and other proteins expressed by odontoblasts.24,25 The cells were 

sub-cultured in Dulbecco’s Modified Eagle’s Medium (DMEM; Sigma Aldrich Corp., St. 

Louis, MO, USA) containing 10% fetal bovine serum (FBS; Cultilab, Campinas, SP, 

Brazil), 100 IU/mL penicillin, 100 μg/mL streptomycin and 2 mmol/L glutamine (Gibco, 

Grand Island, NY, USA) in an humidified incubator with 5% CO2 and 95% air at 37°C 

(Isotemp Fisher Scientific, Pittsburgh, PA, USA) for 3 days until reaching the number of 
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cells necessary to perform the study. The cells (3×104) were seeded on the pulpal side of the 

dentin discs (0.28 cm2) in 24-well plates (COSTAR 3595 - Corning Incorporated, Corning, 

NY, USA) and maintained in an incubator with 5% CO2 and 95% air at 37°C. After 48h the 

IVPCs were carefully removed from the compartments and returned to the same well with 

the occlusal side up to receive the treatment solutions/materials.

Application of the Treatments

Six treatments were tested (n=6) in this study: deionized water (control), 2.5% GA (Sigma-

Aldrich Corp) in water, 5% GA in water, 10% GA in water, Gluma Dessensitizer and Gluma 

Comfort Bond + De (Heraeus Kulzer Inc, Armonk, NY, USA). The occlusal surface of the 

dentin discs was etched with 35% phosphoric acid (Scotchbond etchant, 3M ESPE. St. Paul, 

MN, USA) for 15 s, carefully rinsed with deionized water for 10 s and blot dried with 

sterilized cotton pellets. Then, 20 μL of the GA solutions (2.5%, 5% or 10%) were applied 

for 60 s, followed by water rinsing and blot drying. Gluma Dessensitizer, Gluma Comfort 

Bond + D were applied according to the manufacturer instructions (Table 1). All procedures 

were performed in a vertical laminar flow chamber to prevent contamination and, 

immediately after, the IVPCs were placed again in a CO2 incubator for additional 24 h.

Alamar Blue Assay

Cell viability was analyzed by Alamar Blue® assay (Life Technologies, Carsbad, CA, USA) 

(n=6). It is based on the reduction of active compound Resazurin by viable cells generating 

the product Resorufin. After 24 hours of incubation the discs were carefully removed from 

the IVPCs and placed in a 24-well plate. The cells were rinsed with 1 mL of PBS and then 

450 μL of DMEM without FBS and 50 μL of Alamar Blue® solution were added. The discs 

were incubated at 37°C and 5% CO2 for 4 hours. Three 100 mL aliquots were transferred 

from the wells to a 96-well plate and the absorbance of each triplicate sample was measured 

in a plate reader (ELX 800 - Universal Microplate Reader- BIOTEK Instruments, ICC, 

USA) at wavelengths 570 nm and 600 nm. The absorbance data was transformed into 

percentage reduction, considering the control group as 100% cell viability.

Total Protein Production

After dentin treatment, the eluate was collected and placed in contact with new-cultured 

MDPC-23 cells seeded in 24-well plates for 24 hours. Then, the eluate was carefully 

aspirated and replaced with DMEM. Total protein (TP) production was evaluated at 7 and 

14 days laer, according to the Read and Northcote protocol (1981), as previously described 

by Basso et al.26 The cells were washed three times with 1 mL PBS at 37°C and 1 mL of 

0.1% sodium lauryl sulfate (Sigma-Aldrich Corp.) were added to each well for 40 min at 

room temperature to produce cell lysis. After homogenization an aliquot of 1 mL of each 

well was transferred to 24 well-plates while the blank received 1 mL of distilled water. Next, 

the Lowry reagent solution (Sigma-Aldrich Corp, St Louis, MO, USA) was added (1 mL) to 

all samples, the plates were agitated for 10 s and after 20 min, 500 mL of Folin-Ciocalteau’s 

phenol reagent solution (Sigma-Aldrich Corp, St Louis, MO, USA) were added to each 

sample and mixed. Three 100 μL aliquots of each well were transferred to a 96-well plate 

after 30 min and the absorbance was read at 655 nm in a plate reader (Thermo Plate). The 
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average of the three values was used for statistical analysis. Absorbance values were 

transformed into percentage as was previously explained above.

Alkaline Phosphatase (ALP) Activity

ALP production was also assessed 7 and 14 days after the 24-hour contact with the eluates, 

as previously described (Soares et al.27) (n=6). Absorbance was then read at a 590-nm 

wavelength with an ELISA microplate reader (Tp Reader; Thermoplate, Nanshan District, 

Shenzhen, China), and converted into IU/L by means of a standard curve with known 

concentrations of ALP. The amount of total protein (TP) was used for normalization of ALP 

according to the Read and Northcote protocol, as previously described. The absorbance of 

the test and blank compartments was measured at a 655-nm wavelength with the microplate 

reader. The absorbance value obtained was converted into mg/L by a standard protein curve. 

The final value of ALP was expressed in IU ALP/mg.

Alizarin Red Staining for Mineralized Nodules

To assess the amount of mineralized nodules deposited on the dentin surfaces (n=6) at each 

time-point (7 and 14 days), cell culture and dentin discs were washed twice with PBS, fixed 

with 70% ethanol for 1 h, washed 3 times with deionized water and then stained with 

Alizarin Red dye (40 mM, pH 4.2; Sigma-Aldrich, St Louis, MO, USA) for 20 min, under 

gentle shaking (VDR Shaker, Biomixer, Ribeirão Preto, SP, Brazil). After aspiration of 

excess dye, the cells were washed twice with deionized water to remove excess stain, and 

representative photographs from each group were taken by light microscopy (Olympus 

BX51, Olympus, Miami, FL, USA). The cells were then incubated with 10% 

cetylpyridinium chloride (Sigma-Aldrich) for 15 min under agitation to solubilize the 

nodules. The absorbance of the resulting solution was measured at 570 nm by means of 

microplate reader. The percentage of mineralized nodules formed for each experimental 

group was calculated based on the mean value of the control group at 7 days as 100% of 

staining.

SEM Cellular Morphology

Two additional discs from each group were prepared for SEM analysis. The cells in contact 

with the pulp side of the discs were fixed in 2.5% glutaraldehyde (Sigma-Aldrich) in PBS 

for 1 h at room temperature. Next, the glutaraldehyde was aspirated and the cells were rinsed 

with PBS, post-fixed with 1% osmium tetroxide (Electron Microscopy Science, Fort 

Washington, PA, USA) for 1 h and rinsed again with PBS, followed by dehydration with 

ascending series of water–ethanol solutions (30%, 50%, 70%, 95%, and 100%) two times 

for 60 min each. The dentin disc and the cells attached to it were immersed for 60 minutes 

(three 20-minute changes) in 1,1,1,3,3,3-hexamethyldisilazane (HMDS, ACROS Organics, 

Morris Plains, NY, USA). Finally, the specimens were mounted on metallic stubs and stored 

in a desiccator for 24 hours, and sputter-coated with a gold layer (SDC 050; Bal-Tec AG, 

Balzers, Germany), and their morphology was examined with a scanning electron 

microscope (DSM 960, Carl Zeiss Inc., Oberkochen, Germany). The analysis of the cell 

morphology was made only descriptively. In this analysis it was considered the cell shape, 

including the presence of projections from the cell membrane, which is frequently observed 

in normal MDPC-23 cells. It was also observed membrane disruption and possible presence 
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of cell fragments that remain on the substrate. All these features are compared with the cells 

from the control group.

Statistical Analysis

Glutaraldehyde-containing treatment agents and period of contact were set as the factors of 

the study, while the dependent variables were cell viability, total protein production, activity 

of alkaline phosphatase and deposition of mineralized nodules. As none of the datasets were 

normally distributed, data were analyzed by the nonparametric Kruskal-Wallis test 

complemented by Mann-Whitney for pairwise comparisons. Groups were considered 

statistically different when p-value was smaller than 0.05.

RESULTS

Viability of MDPC-23 cells after 24 hours of contact with glutaraldehyde-containing 

solutions/materials applied on the occlusal side of 0.4-mm thick dentin discs are given in 

Table 2 and graphically represented in Figure 1. The highest reduction in cell viability was 

observed for Gluma Comfort Bond+De (85.1%) followed by Gluma Desensitizer (77.2%) 

(p<0.05). When GA was applied as a single component solution, reduction in cell viability 

was much lower and ranged from 16.9% to 29.3% in a concentration-dependent manner and 

only at 10% it differed from the control (p<0.05). Total protein production (Table 3) was 

reduced after 7 and 14 days only for the groups treated with Gluma Desensitizer and Gluma 

Comfort Bond+De (p<0.05). The same was observed when alkaline phosphatase activity 

was analysed (p<0.05, Table 4). After 7 days from the contact with the eluates, there was no 

significant difference in deposition of mineralized nodules between control and treatment 

groups (Table 5 and Figures 2a–f). However, after 14 days, the cells exposed to the eluates 

obtained from Gluma Desenstizer (Figure 2b′) and Gluma Comfort Bond+De (Figure 2c′) 

produced significantly fewer mineralized nodules (p<0.05, Table 5). MDPC-23 cells in the 

control group, assessed by SEM, showed large cytoplasm with numerous projections, which 

covered most of the dentin surface (Figure 3a). Similar morphology was seen for cells 

whose dentin was treated with 2% GA (Figure 3d). In contrast, fewer round-shaped cells 

with little or no-cytoplasmic projections, covering only part of the dentin, were seen in 

groups treated with Gluma Desensitizer and Gluma Comfort Bond+De (Figures 3b and 3c). 

Cells exposed to GA 5% and 10% presented a variable morphology with a fewer number of 

cytoplasmatic projections. Additionally, the cytoplasm of a few cells was disrupted (Figures 

3e and 3f).

DISCUSSION

In the present study, the GA-containing solutions/materials were applied on dentin discs 

with 0.4 mm of thickness, that is less than the required thickness of 0.5 mm, wich is 

generally accepted as being biologically capable of protecting the pulp tissue against 

noxious effects caused by dental materials released components.19,23 The dentin thickness 

was elected to favor cellular aggression and to facilitate the evaluation of the cytotoxic 

potential of each solution/material in our standard in vitro screening model. Even in this 

unfavorable condition, the treatment of etched dentin for 60 s with 2.5% and 5% GA 

solutions did not provoke any toxic effects on odontoblast-like cells, while 10% GA showed 
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a significant reduction of cell viability (29.3%). Since the dentin discs were kept hydrated by 

the culture medium (DMEM), during GA diffusion through the demineralized dentin and 

dentinal tubules, some of the glutaraldehyde was probably consumed by reacting with the 

exposed collagen as it diffused down at dentin tubules14,28,29 and other available proteins30 

and diluted by the fluid inside the tubules. Residues of the unreacted cross-linking agent are 

a potential source of cytotoxicity of a chemically cross-linked material.31 Gelatin sponges 

saturated with 0.25 mmol of GA were not cytotoxic when in direct contact with human skin 

fibroblasts in culture, meaning that all available GA reacted with the gelatin and therefore 

there was no residual chemical to atack the cells. However, when the sponges were soaked 

with twice this concentration (0.5 mmol), they were considered moderately toxic.31

GA is known as one of the most effective protein crosslinking agents32 and it is commonly 

used to crosslink collagen-based biomaterials.33 The crosslinking of dentin collagen using 

GA and others cross-linkers has been investigated as a promising mechanism to delay the 

degradation of the hybrid layer34,35. For that purpose, GA is applied as a primer on the 

etched dentin prior to the application of the adhesive system. Clinically acceptable periods 

of GA application (30 and 60 seconds) were sufficient to increase collagen stiffness and 

decrease its degradation.14,29 Based on these findings, in the present study GA solutions 

were applied for 60 s after acid etching the dentin with phosphoric acid. It has also been 

demonstrated that during this same period of application, 5% GA is able to inhibit dentin 

MMP activity14 which may also help to prevent resin-dentin bond degradation. The reaction 

of MMP-inactivation by GA is rapid and proceeds in aqueous buffer solution under 

conditions close to physiological pH, ionic strength and temperature.32 Additionaly, 30 s of 

contact with 6.25% GA is sufficient to kill several microorganisms commonly found in 

dentin after caries removal.36

For decades, GA has been used for pulpotomy treatment in primary teeth, normally at a 

concentration of 2mass%. Fibroblasts and HeLa cells in contact with 2% GA instantly killed 

and are totally fixed.36 Since MDPC-23 cells maintained their viability when 2.5% and 5% 

GA solutions were applied on the etched dentin, it is plausible to conclude that the GA 

concentration that reached the MDPC-23 cells was lowered to the point that it did not exert 

any fixative activity on the cells. At 10%, GA slightly reduced MDPC-23 viability; 

however, no detrimental effect was seen for total protein synthesis, alkaline phosphatase 

activity and deposition of mineralized nodules.

Secretion of dentin proteins by odontoblast-like cells was not affected by GA solution, 

irrespective of the concentrations used. Alkaline phosphatase is a membrane-bound 

ectoenzyme highly expressed in mineralized tissue cells37 and plays a fundamental role in 

dentin matrix mineralization. GA solutions also did not affect the activity of alkaline 

phosphatase, indicating that when applied on dentin, GA would probably not hinder the 

pulp-dentin complex reparative processes (formation of tertiary dentin). The evidence of that 

is the undisturbed deposition of mineralized nodules in the collagen matrix even when GA 

solutions were used.

It is known that GA has a high affinity for free primary amine groups of amino acids38 

reacting with demineralized collagen14,29 and other proteins found in dentin. When GA 
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comes in contact with plasma proteins in dentinal fluid it causes their precipitation blocking 

exposed dentin tubules and reducing dentin permeability.30 Based on that principle, GA-

containing dental materials, such as GLUMA, were developed to treat dentin 

hypersensitivity. This dental product, which contains 35mass% 2-

hydroxyhethylmethacrylate (HEMA) in its composition, interacts with tooth structure in 

different ways.12 While GA clogs proteins within the dentinal tubules,30 HEMA reacts with 

the precipitated proteins to form a mixture of polyHEMA and glutaraldehyde-cross-linked 

protein.16 However, in spite of beneficial results regarding dentin desensitizing, Gluma has 

been reported as toxic to different cell lines.18,39

Gluma desensitizer and Gluma Comfort Bond+De reduced MDPC-23 cells metabolism by 

77% and 85.1%, respectively, indicating that both products are considered highly cytotoxic. 

These finds were confirmed by reductions in total protein synthesis, alkaline phosphatase 

activity and deposition of mineralized nodules obtained 14 days after the treatments. 

Additionally, the MDPC-23 cells in contact with components released form both GA-

containing dental products showed notable alterations in their morphology, changing from 

flat, large, cytoplasm conformation to small round-shaped cells. Also, these pulp cells lost 

most of their thin cytoplasmic processes, which are responsible for cell attachment to the 

dentin substrate. Fourteen days after the eluates application, cells exposed to Gluma 

Desensitizer and Gluma Comfort Bond+De presented no signs of recovery.

Gluma desensitizer is a mixture of GA, HEMA and water while Gluma Comfort Bond+De 

contains these components plus other monomers and adhesive systems components such as 

a photoinitiator. Since the results of the present study demonstrated that 5% GA did not 

excert toxic effets on MDPC-23 cells when applied on etched dentin, which is corroborated 

by Scheffel et al.,17 HEMA may be the main responsible for the deleterious results observed 

for Gluma products. The high solubility and low molecular mass of HEMA (130.14 g 

mol−1) favor its diffusion through dentinal tubules to reach the pulp chamber.18 Although 

this monomer presents less toxic effects compared to BisGMA, UDMA and TEGDMA,40,41 

small concentrations of HEMA can cause irreversible inhibitory effect on cultured cells.42 In 

a recent review, di Giacomo et al.43 reported that HEMA increases the production of 

reactive oxygen species (ROS) and the oxidative DNA damage, disrupts the intracellular 

glutathione detoxifying balance, decreases cell proliferation and upregulates COX-2 

proteins.

Since dentin thickness plays an important role in dental materials cytotocixity,23,26,39,42 

increases in dentin thickness may protect the pulp cells against the toxic effects of Gluma 

products. In fact, when applied on 1-mm thick dentin specimens, more than twice the 

thickness used in this study, Gluma Desensitizer was regarded as non cytotoxic.44 

Therefore, it could be assumed that Gluma Comfort Bond+De and Gluma Desensitizer are 

not suitable for very deep cavities as simulated in this study. Despite the results of this in 

vitro study can not be directly extrapolated to the clinical practice, they raise important 

questions concerning the use of GA-containing materials currently in the market. 

Considering that Gluma Desensitizer application is recommended after crown prosthetic 

preparation, a considerable area of dentin with a thin remaining thickness will be in contact 

with the material, that may favor pulp tissue damage. A HEMA-free desensitizer might be a 
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safer option to reduce dentin sensitivity. However, further in vivo investigations should be 

conducted in order to demonstrate that assumption. The clinical efficacy of 5% GA as a 

dentin desensitizing agent may not be as effective as 5% GA plus 35% HEMA.

CONCLUSION

Glutaraldehyde-containing solutions were not cytotoxic to MDPC-23 cells, while dental 

products containing a combination of glutaraldehyde plus HEMA and other monomers were 

highly detrimental to the metabolism of these odontoblast-like pulp cells.
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Figure 1. 
Boxplot of the viability of MDPC-23, seven days after application of glutaraldehyde-

containing agents on 0.4-mm thick dentin discs. The box contains 50% of the data, and the 

middle line of the box is the median. The tips of the bars show minimum and maximum 

values, n=6.
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Figure 2. 
The images represent mineralized nodule deposition by MDPC-23 cells 7 (A–F) and 14 (A′–

F′) days after the cells were kept in contact with the eluates (DMEM + products that diffused 

through the 0.4 mm-thick dentin discs) for 24 h. For each period the left column shows 

digital photographs of the wells stained with Alizarin Red solution, and at the right column 

are light-microscopic (10x) images from a representative area of each well. Alizarin Red 

reacts with calcium to form a complex in a chelation process what allows the quantification 

of mineral deposition. A and A′= control group; B and B′ = GLUMA Desensitizer; C and C

′= GLUMA Comfort Bond+De;aD and D′= 2.5% glutaraldehyde (GA); E and E′= 5% GA 

and F and F′= 10% GA. Mineralized nodules (arrows) indicate the ability of the cells to 

mineralize the secreted collagen matrix.
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Figure 3. 
General view of the odontoblast-like MDPC-23 cells seeded on dentin substrate. SEM, 

x1000. (a) Control: Cells with large cytoplasm covering most of the dentin surface. No 

dentinal tubules are visible. These cells have a number of processes which seem to attach 

them to the substrate. Note the occurrence of cell mitosis (white arrow). (b) Gluma 

desensitizer: A number of cells that remained adhered to dentin have round shapes and less 

cytoplasm fewer cytoplamatic projection, making them smaller than in the control group. (c) 

Gluma Bond: Reduced number of round-shaped MDPC-23 cells remained attached to 

dentin. Note that a large surface of tubular dentin (TD) with no cells is exposed. Cells with 

disrupted cytoplasm membrane can also be seen (pointers). (d) 2.5% GA: Cells with large 

cytoplasm, such as observed in control group, are attached to dentin. However, small surface 

of tubular dentin (TD) with no cell can be seen. (e) 5% GA: A number of MDPC-23 cells 

with variable morphology are observed. Note that a few cells show cytoplasm disruption 

(pointers). (f) 10% GA: Such as observed in (e), cells with different morphology are 

covering the dentin substrate. Most of these cells show only a few thin and short cytoplasm 

processes.
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Table 1

Main components and instructions for Gluma® Dessensitizer and Gluma Comfort® Bond+Desensitizer use.

Product (Manufacturer) Main components Instructions for use

Gluma® Desensitizer (Heraeus 
Kulzer GmbH, Hanau, Germany)

(2-hydroxyethyl-)methacrylate – 25–50%
Glutaldedehyde – 5–10%

Purified water

Apply the smallest possible amount of GLUMA 
Desensitizer required for treatment to the dentinal surface 
using a microbrush and leave for 30s. Dry the surface 
carefully by applying a stream of compressed air until the 
fluid film has disappeared and Ihe surface is no longer 
shiny. Then rinse thoroughly with water.

Gluma Comfort® Bond + 
Desensitizer (Heraeus Kulzer 

GmbH, Hanau, Germany)

Ethanol – 25–50%
(2-hydroxyethyl-)methacrylate – 10–25%
Poly(methacrylic-oligo-acrylic acid) – 5–

10%
4-methacryloxyethyltrimellitic acid 

anhydride – 0–5%
Glutaraldehyde 5%

Afer acid-etching apply a copious amount to the entire 
cavity surface. Wait for 15s. Use a gentle air blast to 
evaporate solvent and water. Light cure GLUMA Comfort 
Bond+De for 20s with a standard lightcuring unit.
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Table 2

Viability of MDPC-23 (% of control) 24 hours after application of glutaraldehyde-containing agents on 0.4-

mm thick dentin discs.

GA*-containing agents Cell viability** Viability reduction

Control a 102.9 (85.3–107.8) a -

GLUMA Desensitizera 23.5 (18.1–37.6) c 77.2%

GLUMA Comfort Bond+De 15.3 (11.4–17.4) c 85.1%

2.5% GA a 85.5 (77.4–88.9) ab 16.9%

5% GA a 77.9 (74.0–85.3) ab 24.3%

10% GA a 72.8 (60.1–80.8) b 29.3%

*
GA, glutahaldehyde.

**
Numbers for cell viability are median (percentile 25-percentile 75), n=6.

a
Medians identified by the same letter are statistically not different (Mann-Whitney, p>0.05).
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Table 3

Total protein production by MDPC-23 (% of control) seven and fourteen days after application of 

glutaraldehyde-containing agents on 0.4-mm thick dentin discs.

GA*-containing agents
Period after contact

7 days 14 days

Control a 100.0 (100.0–110.3)** AB sig 223.3 (186.6–233.5) a

GLUMA Desensitizera 62.0 (60.5–64.1) C sig 111.6 (109.7–117.0) b

GLUMA Comfort Bond+De 57.6 (50.7–62.6) C sig 97.6 (87.5–105.4) b

2.5% GA a 118.8 (106.5–113.8) A sig 164.4 (146.7–173.4) ab

5% GA a 99.8 (97.1–106.2) AB sig 145.1 (130.6–181.1) ab

10% GA a 79.1 (77.9–82.7) BC sig 129.1 (114.9–143.8) a

*
GA, glutahaldehyde.

**
Numbers for total protein production are median (percentile 25-percentile 75), n=6.

Aa
Within the columns, medians identified by the same letter are statistically not different (Mann-Whitney, p>0.05).

Sig
In the rows, sig. indicates statistically significant difference between the periods (Mann-Whitney, p>0.05).
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Table 4

Alkaline phosphatase activity in MDPC-23 (% of control) seven and fourteen days after application of 

glutaraldehyde-containing agents on 0.4-mm thick dentin discs.

GA*-containing agents
Period after contact

7 days 14 days

Control a 96.5 (94.7–109.3)** A sig 67.8 (66.5–68.5) a

GLUMA Desensitizera 4.4 (4.3–5.4) B sig 0.4 (0.3–0.4) b

GLUMA Comfort Bond+Dea 3.5 (3.2–4.1) B sig 0.4 (0.2–0.5) b

2.5% GA a 117.6 (110.4–118.5) A sig 71.7 (67.5–91.7) a

5% GA a 105.8 (103.4–119.3) A sig 69.6 (61.6–81.0) a

10% GA a 102.9 (94.6–103.8) A -- 82.5 (78.8–92.6) a

*
GA, glutahaldehyde.

**
Numbers for alkaline phosphatase activity are median (percentile 25-percentile 75), n=6.

Aa
Within the columns, medians identified by the same letter are statistically not different (Mann-Whitney, p>0.05).

Sig
In the rows, sig. indicates statistically significant difference between the periods (Mann-Whitney, p>0.05).
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Table 5

Deposition of mineralized nodules (% of control) seven and fourteen days after application of glutaraldehyde-

containing agents on 0.4-mm thick dentin discs.

GA*-containing agents
Period after contact

7 days 14 days

Control a 99.8 (85.3–109.6)** A sig 337.4 (332.8–365.7) a

GLUMA Desensitizera 73.7 (67.5–82.4) A sig 167.3 (145.1–189.8) c

GLUMA Comfort Bond+Dea 76.6 (68.3–86.5) A sig 116.6 (108.9–133.9) c

2.5% GA a 80.1 (74.7–85.0) A sig 278.7 (272.1–290.7) a

5% GA a 83.1 (60.2–83.3) A sig 277.3 (253.6–340.7) a

10% GA a 91.8 (71.4–98.8) A sig 322.2 (314.5–362.4) a

*
GA, glutahaldehyde.

**
Numbers for mineralized nodules are median (percentile 25-percentile 75), n=6.

Aa
Within the columns, medians identified by the same letter are statistically not different (Mann-Whitney, p>0.05).

Sig
In the rows, sig. indicates statistically significant difference between the periods (Mann-Whitney, p>0.05).

J Dent. Author manuscript; available in PMC 2016 August 01.


