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ABSTRACT
PURPOSE: To propose an experimental burn model in NIH-3T3 cell line.
METHODS: Induction of thermal injury in cultures of mouse fibroblast - NIH-3T3- cell line and determination of cell viability by MTT 
and imunofluorescence.
RESULTS: The heating of the Petri dish increased proportionally to the temperature of the base and the time of exposure to microwave. 
In this in vitro burn model, using the cell line NIH-3T3 was observed drastic cellular injury with significant changes in cell viability and 
activity. It showed drastically modified cell morphology with altered membrane, cytoskeleton and nucleus, and low cellularity compared 
to the control group.
CONCLUSION: The burn model in vitro using the cell line NIH-3T3 was reproductive and efficient. This burn model was possible to 
determine significant changes in cell activity and decreased viability, with drastic change in morphology, cell lysis and death.
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Introduction

Burns are responsible for many pathophysiological 
changes1-3, represents a severe form of trauma3,4. Although there 
are many advances in knowledge of burn care, treatment is still 
suboptimal, because there is still lack of studies based on evidence5.

In order to add knowledge about the pathophysiology and 
possible therapeutic agents in burns several experimental models 
can be applied: cell and tissue culture for studies of therapeutic 
agents mechanism of action and burned tissue substitutes; animal 
models to evaluate efficacy of therapeutic agents and in vivo 
study of biological phenomena - and thus allow clinical trials after 
verification of security aspects6,7.

 In experimental in vivo models it is difficult to 
characterize molecular changes by thermal burns at the cellular 
level in isolation, since there are many variables involved. Due to 
the systemic response by thermal injury, especially inflammatory 
and coagulation cascades, it is difficult to assess only the cellular 
effect produced by direct stimulation8.

The objective of this study is to propose an experimental 
burn model of cultured fibroblasts.

Methods

Cell culture

Mouse fibroblast cell line NIH-3T3 was purchased from 
ATCC (American Type Culture Collection CRL-1658, Manassas, 
VA, USA). The cells were maintained at 37 °C in an incubator with 
a humidified atmosphere of 5 % CO2 and 95 % O2 and cultured in 
Dulbecco’s modified eagle’s medium (DMEM) with 10% fetal 
bovine serum (FBS) (Gibco, Grand Island, NY, USA), Gentamicin at 
50 µg/mL (Gibco, Grand Island, NY, USA), Amphotericin B at 50 µg/
mL (Biolab, São Paulo, SP, Brasil), (Figure 1).

Burn in vitro model

Under sterile conditions inside a laminar flow the 
thermal injury was induced in vitro cells using a base of glass 
plate heated by a microwave oven (Brastemp BMA30A). The cell 
cultures (Culture dishes) were exposed to thermal injury (burn) by 
contact with the pre-heated base of glass at a specified temperature 
(Base inicial temperature – Tinitial base) in a microwave oven. The 
medium from the culture plates (Culture dishes) was aspirated and 
immediately them initial temperature (Dish inicial temperature – 
Tinitial dish) was determined. Then the bottom of the culture dish 
was placed in contact with the base of glass for 30 seconds (Figure 
2). After induction of the burn, the final temperature of the base 
(Tfinal base) and final temperature of the dishes (Tfinal dish) were 
measured, and culture medium at 4 °C was added to decrease the 
temperature of the hot dish to stop the burning process.

FIGURE 1 - Mouse fibroblast cell line NIH-3T3 culture on culture dish.

FIGURE 2 - Heating of the base of glass to enabe the heat transfer to the 
cell culture dishes.

FIGURE 3 - Heat of the base of glass and heat transfer to the dishes with 
3T3 line cell culture.

Heating of the base of glass

The heating of the base of glass with thermal capacity 
(CV = 100.17cal/g.°C) was performed using a microwave oven 
with potency of 400W or 400J / s, as shown in Figure 3.
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Figure 4 shows the changes in the temperature in the base 
of glass and the 3T3 cell culture dishes with thermal capacity Cvc 
= 8.5917 cal/g.°C, after a contact time of 30 seconds.

The resulting formazan crystals were dissolved in 100 μL 
isopropyl alcohol. Absorbance was measured at 570 nm using a 
colorimetric MTT ELISA assay (VERSAmax Tunable microplate 
reader, Molecular Devices, CA, USA), (modified method of Zeng 
et al.9). All the experiments were thrice repeated and sample 
analyses were performed in quadruplicate.

Immunofluorescence labeling
The NIH-3T3 cells were plated on glass coverslips, fixed 

in 0.4 % paraformaldehyde for 30 min at 4 °C, washed 3 times in 
PBS. The cells were stained with CellMask™ Deep Red plasma 
membrane stain, (1:1000), Molecular Probe life technologies, 
incubation was performed in PBS containing 10 % normal bovine 
serum for 40 min at 22 °C, washed 3 times in PBS. Cells were 
then, permeabilized with 0.1 % saponin in PBS containing 10 % 
normal bovine serum for 30 min at 22 °C and stained with a 
combination of fluorescent dyes. Actin filaments F of cytoskeleton 
were immunostained with phalloidin conjugated with Alexa 
Fluor 488 (green), Molecular Probe life technologies. Phalloidin 
(1:500) incubation was performed in PBS containing 10 % normal 
bovine serum and 0.1 % saponin. Nuclei were counter-stained 
with blue fluorescent DNA stain DAPI (1:1000), Molecular Probe 
life technologies, for 10 min at 22°C. The images are a composite 
of 3 images acquired using filter sets appropriate for blue, green 
and red fluorescence, on a Confocal Laser Scanning Microscope 
Leica - TCS SP8 (Germany) as adapted from Gaiba et al. (2012).

Statistical analysis

Data are presented as mean ± SD of four independent 
experiments. Statistical analysis among groups was performed by 
one-way analysis of variance (ANOVA) followed by the Newman–
Keuls Multiple Range Test. GraphPad Prism v.3.0 software was 
used, p<0.05 was considered to be statistically significant.

Results

The MTT test allowed the determination of two graphics 
curves (two phases), that show an inflection point for the delta 
temperature of 15 º C (Figure 6).

Morphological analysis of the control group by confocal 
microscopy (Figure 7). 

FIGURE 4 - Increase of the temperature of 3T3 culture dish following 
the transfer of heat from the base of glass to the culture dishes after a 
contact time of 30 seconds.

Effect of increased temperature on NIH-3T3 cell 
Viability

Cell viability assay
The effects of thermal injury on cell viability were 

determined by MTT assay, which is based on the reduction of a 
tetrazolium salt by mitochondrial dehydrogenase in viable cells. 
For all experimental groups cells were seeded, after tripsinization 
and resuspension in medium (DMEM) with Gentamicin at 50 µg/
mL (Gibco, Grand Island, NY, USA) and Amphotericin B at 50 
µg/mL, in 96-well plates at a density of 1 × 104 cells/well. Then 
50 μL of MTT 10% (0.5mg/mL) was added to each well to reach a 
total reaction volume of 100 μL and the plates were incubated for 
2h. Figure 5-A represents NIH-3T3 line cells containing formazan 
crystals after 2h incubation in MTT. Figure 5-B represents an 
expanded image where formazan crystals can be observed.

FIGURE 5 - A- NIH-3T3 cells 2h after incubation in MTT. B- Expanded 
image shows the formazan crystals.
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FIGURE 6 - The effects of thermal injury on cell viability determined by MTT assay. A- Represents the MTT assay that determinated two graphics 
curves (two phases) with an inflection point for the delta temperature of 15 º C. B- Blue line, represents the first phase (up) and the statistic difference 
of the experimental groups compared to the control group. C- Red line, represents the second phase (down) and the statistic difference of experimental 
groups compared to the inflection point.

FIGURE 7 - Fluorescence microscopy image of NIH-3T3 cells control and after effects of thermal. Experimental Groups CG: (A1, A2) and microscopy with 
extended depth of field (B, B1 e B2) and after Heating of the base of glass plate to enabe to heat transfer to the glass botton culture dishes: (C e D). The cells 
were stained with CellMask™ Deep Red plasma membrane stain and location of the cell nuclei stained with DAPI (blue) and actin filaments making up the 
cytoskeleton labeled phalloidin conjugated to Alexa-Fluor 488 (green), overlap of images (A1, A2, C and D). DAPI staining was performed. Arrows (figure C 
and D) indicate the cells with DNA fragmentation and membrane blebbing. The star (figure A2) indicates pyknotic nuclei. Arrows (figure A2) indicate the cell 
division (mitosis) and microscopy with extended depth of field (B, B1 e B2). These images are representative of 5 replicates and 04 independent experiments.

A B

C
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Discussion

Burn process is difficult to study in vivo both in human 
and animal models. In vitro models have proved to be a valuable 
tool in the study of skin pathophysiology10,11. The exclusion of 
systemic variables makes the model feasible and repeatable and 
therefore provides a way to study the cellular and molecular 
alterations in the burn process12. 

In the literature there are not many in vitro burn 
experimental models, and none evaluated morphological changes 
or cell activity and viability.

The burn in vitro model using the NIH 3T3 cell line 
(Figure 1), under sterile conditions (Figure 2) was reproductive and 
efficient, allowing to analyze the effect of heat transfer to the base of 
glass-culture dishes (Figure 3). The process efficiency was achieved 
by the high thermal capacity of the material (glass) and mainly by 
the thermal capacity of the glass base that exceed 11x the thermal 
capacity of the culture plate, allowing the short time of 30 seconds 
in heat transfer without  significant loss of thermal energy.

A high and constant power of the microwave oven is 
suitable for heating the glass plate, it is observed that the thermal 
energy (E) increased proportionally to the temperature and the 
exposure time to microwave (Figure 3). The linearity of the heating 
curves and the base of the culture plate after heat transfer from the 
base stated proportionality of the graphic curves corresponding to 
contact time (Figure 4). In this model it was possible to get in vitro 
burn lesion, promote cellular injuries with features and significant 
changes in cellular activity and viability observed by the MTT 
assay. The MTT assay, Figure 6, allowed the determination of 
two graphics curves (two phases) that show an inflection point 
for the delta temperature of 15 º C. These results suggest for the 
first phase (up) an increase in cellular activity as a linear function 
of temperature (r2 = 0.98) to the point of inflection (T = 15°C) 
and then a second exponential decay phase of decrease (r2 = 0.98) 
until saturation from delta temperature of 46 º C, with a significant 
decrease in cell viability by heat transfer.

Morphological analysis of cells in the control group 
showed high cellularity, irregular distribution of cells and formation 
of characteristic cluster growth of NIH-3T3 line cells; it was also 
observed extensive cellularity, maintained integrity of the cell 

nucleus and cytoskeleton and large numbers of cells in mitosis. 
However, exposed to different delta temperature it was observed 
drastic decrease in number of cells with large amount of fragmented 
cells, changes in the structure of the membrane and cytoskeleton 
(blebbing formation), presence of irregular and pyknotic nuclei and 
a reduction of number of cells in mitosis, as seen in Figure 7.

Conclusions

The in vitro burn model using the NIH-3T3 line cells was 
reproductive and efficient. In this model it was possible to get in 
vitro burns that promoted cellular injuries and significant changes 
in cellular activity and viability observed by the MTT assay. 
Also in this model burned cells showed a drastically modified 
morphology compared to the control group.
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