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ABSTRACT 
PURPOSE: To evaluate microscopic behavior and viability of dental pulp stem cells under glucose and glutamine deprivation.
METHODS: Human tooth tissues were minced in isolated pieces and cultured until the desired cellular proliferation for experimental 
phases. Cells were cultured under variations of glucose and glutamine in both serum presence and absence, and then those cells were 
evaluated according to number and viability by MTT assay. The confocal microscopy analyzed cytoskeleton, nucleus, and mitochondria 
integrity. 
RESULTS: A low concentration of glucose favored cellular viability and microscopic behavior; the presence of glutamine in culture 
medium was favorable only when associated with glucose. The cellular biological potential in culture could be preserved in serum 
absence if nutritional requirements are adequate.
CONCLUSION: Cell microscopic behavior and viability have demonstrated better patterns on serum-free low glucose culture medium 
with glutamine deprivation.
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Introduction

Human dental pulp stem cells (DPSc) have a great 
potential for Regenerative Medicine (RM) applications1,2. However, 
a preclinical phase still needs in vitro steps for cell proliferation, and 
well-established patterns are required to guarantee the conception 
of an appropriate biological material to restore human parts3-6. The 
in vitro nutrients importance, specially glucose and glutamine, 
are largely discussed in the literature7-11. In this sense, monitoring 
concentrations of these nutrients has become a laboratory routine12, 
and the culture medium industry fits these requests. Therefore, the 
question arises: what are the appropriate nutrient concentrations? 
Deregulation of glucose and glutamine metabolism and imbalance 
of nutrient availability could damage important biological activities 
like growth, genetic expression, macromolecules synthesis, purine 
and pirimidine formation, and energy production13. Furthermore, in 
vitro extracellular environment, alters the cell’s natural characteristics 
and function9, which may impair the quality of biological material, 
but stem cells’ nutritional requirements have not been identified yet11. 
Signaling pathways of apoptosis, cell’s survival and growth has a close 
correlation with glucose and glutamine metabolic use13,14. In order to 
preserve cells’ natural characteristics following transplantation, and 
based on nutrients metabolic importance, the present study aims to 
evaluate microscopic behavior and viability of DPSc under glucose 
and glutamine different concentrations and deprivation.

Methods

Cell culture

    Human tooth tissues were collected from patients (~14 
to 20 years old) scheduled for third molar extraction determined by 
professional dentists from public and/or private clinics, according 
to the Ethical Committee on Human Experimentation of UNIFESP 
(CEP/UNIFESP – 1493/11).  Isolated human mineral structure 
and pulp organ tissues were placed in petri dishes containing a 
pre-warmed (370C) Hank’s balanced salt solution (HBSS, Gibco 
BRL, Gaithersburg, MD, USA).  Human tooth tissues were 
minced in isolated pieces from epithelial or mesenchymal tissues 
from periodontal ligament or pulp, respectively. The tissues were 
explanted on well-plates previously coated with Fetal Bovine Serum 
(FBS) (LGC Biotecnologia, São Paulo, Brazil). The explants were 
cultured under Dulbecco’s modified Eagle medium (DMEM, Gibco 
BRL, Gaithersburg, MD, USA) and Ham´s F12 medium (Sigma-
Aldrich Corp, St. Louis, MO, USA) 1:1 supplemented with 5% FBS 
and 50 units/ml penicillin, 50 mg/ml streptomycin.  The medium 

was replaced twice a week until cells confluence was obtained.

Culture in different media

 Following proliferation of cell culture, cells were cultured 
in a chemically defined culture medium (DMEM, Invitrogen® 
Carlsbad, California). Commercially available formulas were utilized 
with different concentrations of Glucose and Glutamine: Low Glc 
(Glucose: 1.000 mg/L and Glutamine deprivation), Glc (Glucose: 
4.500 mg/L and Glutamine deprivation), Gln (Glutamine: 584 mg/L 
and Glucose deprivation), and Glc/Gln (Glucose: 4.500 mg/L and 
Glutamine: 584 mg/L). All culture media were added penicillin and 
streptomycin in the same conditions previously described and cells 
were cultured in both serum presence (5%) and absence. All of the 
experiments were performed within 14 days of a previous culture.

Proliferation assay and quantification of cell number

The proliferation and number of cells were both analyzed 
by an automated cell counter (Countess – Invitrogen® Carlsbad, 
California). Trypan blue solution diluted, according to the 
manufacturer’s instructions, was used to identify live and dead cells, 
and the total cells’ number.

Microscope image acquisition

The evolution of cell culture in this study was conducted 
using an inverted optical microscope (Axiovert 40C  Carl 
Zeiss®, Gottingen, Germany) in addition to AxioVision software 
(AxioVision Software® 4.1 Software – Germany).

Confocal microscopy

Cells were cultured on chambered coverglass slides 
throughout the 14 days of the study. Structural analyses were 
performed using Alexa Fluor 488 for cytoskeleton, Dapi for nucleus, 
and Mitotracker for mitocondria (Invitrogen, Carlsbad, California) 
following the manufacturer’s instructions. Confocal Microscopy 
was then performed (LSM 510 META; Carl Zeiss, Germany).

Viability assay

The Methylthiazoltetrazolium test (MTT) was conducted 
to determine cellular viability. Mitochondrial activity, determined 
by the amount of blue crystal’s formation, was read on Elisa 
spectrophotometer (wavelength 570nm) in 96 well-plates15.
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Statistical analysis

The analysis of variance (ANOVA), Dunnett and chi-
square tests were applied to the results with a 95% confidence 
level. The statistical model ANOVA with interaction was used for 
viability analysis, fixing the culture media and FBS as interaction 
factors. Afterwards, multiple unilateral comparisons were 
accomplished using a non-parametric version of the Dunnett test.

Results

Descriptive statistics results showed that the Low 

Glc culture medium promoted better patterns of viability, and 
Gln culture medium exhibited poorer results. In the serum-
supplemented culture media, the patterns were similar, except for 
Low Glc medium that showed an important decrease (Figure 1). 

ANOVA statistical test demonstrated an interaction 
between culture media and FBS, clearly showed by the crossing 
lines in the graph (p<0.001) (Figure 2). 

A non-parametric version of Dunnett test demonstrated a 
significant superiority of cell viability in serum absence of Low Glc 
culture medium. Additionally, Glc and Glc/Gln serum supplemented 
culture media presented similar results, displayed by the lines 
crossing the reference central line (p<0.001) (Figure 3).

FIGURE 2 - Interaction between culture media and FBS by ANOVA 
statistical test. 

FIGURE 3 - Comparison of cell viability in Serum supplemented (+) and 
Serum absence (-) groups using Low Glc serum absence as a reference. 
Non-parametric version of Dunnett’s test. 

FIGURE 1 - Descriptive statistics of cell viability in serum supplemented and serum absence groups.
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A chi-square test was applied to analyze the effect of 
culture media and FBS on the dead cells’ number. The confidence 
interval strongly suggested that cell’s death is affected exclusively 
by the culture medium (p<0.001) (Table 1). 

Although the Low Glc medium in serum absence 
illustrated a superior pattern of cell viability, we observed a 

considerable number of dead cells. These results suggest a small 
group selection from a viable cell population. A statistically 
significant difference appeared among dead cells in all culture 
media studied (p<0.001) (Figure 4). 

The serum supplemented culture medium decreased cell 
death percentage in all culture medium groups (Figure 5). 

Group Glc Gln Glc/Gln Low Glc
Serum 
supplemented

3.74 3.79 5.31 5.38 5.21 5.26 5.32 5.40

Serum 
absence

8.87 9.01 2.11 2.23 7.77 7.92 26.43 26.66

TABLE 1 – Confidence interval (95%) for cell’s death 
percentage, according to the serum supplemented and the serum absence 
culture medium groups.

FIGURE 4 – Live and dead cells´ percentages for all culture media in 
serum absence.
*Dark gray bars represent live cells; light gray bars, dead cells

FIGURE 5 – Live and dead cells’ percentages for all culture media in 
serum supplemented cells. 
*Dark gray bars represent live cells; light gray bars, dead cells.

These data show the presence of non-characterized 
elements in FBS, affecting cell culture when associated with other 
nutrients. From a different perspective, nutrient flow alterations 
of glucose and glutamine modify the metabolic activity so as to 
induce direct effects on cell’s death.

Microscopic evaluation of cell architecture denotes a 
misrepresented behavior in response to culture media composition, 
showing that FBS presence may induce transformations in the 
cellular morphology (Figure 6). 
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In both groups, serum supplemented (1,2) and serum 
absence (3,4) alterations were observed in conventional patterns of 
cell’s behavior. The Glc culture medium displayed cell adherence 
discontinuity (A1-A3), showing a rounded shape, and cells 
partially detached, with small clusters were formed (A4).

Gln culture medium promoted extracellular matrix 
degradation in serum supplemented (B1,B2) and serum absence 
(B3,B4), adhesion damages, and unstable overlap of cells 
(B1,B3,B4). Hence, these complex and amorphous structures suggest 
a helpful role of glucose in extracellular matrix synthesis. Despite 
cytoskeleton rounding at some points of serum absence conditions 
(C3,C4), cells’ regular characteristics were maintained when  serum 
was added to the Glc/Gln medium, keeping their adhesion and 

extracellular matrix (C1,C2). Low Glc culture medium demonstrated 
supreme microscopic outline in serum absence, preserving the culture 
architecture, without signals of apoptosis or damage (D3, D4).  In the 
serum supplemented group (D1, D2), important changes occurred, 
with total detachment of cells in culture, clusters formation, and cell 
rounding due to extracellular matrix absence.

Confocal microscopy did not demonstrated specific 
alterations in relation to nutrient concentrations in the 
circumstances of this study. Nevertheless, FBS promoted 
transformations in the cell structures studied here (Figure 7). 
Cytoskeleton presented significant structural damages and 
rounding, outside mitochondrial fragmentation and a discrete 
alteration in nucleus organization (A1, A2, A3).

FIGURE 6 – Microscopic evaluation of cells under different concentrations of glucose and glutamine (scale bar 100µm).
*Microscopic evaluation shows that the glucose excess in Glc culture medium (A) alters the cells’ behavior both in serum supplemented (A1,A2) and serum absence 
(A3,A4) groups, damaging their configuration and adhesion. Gln culture medium promotes a disappearance process of the extracellular matrix in several phases, 
modifying the disposition of cells and forming amorphous and complexes structures in serum supplemented (B1,2) and serum absence (B3,B4) groups. Alterations in 
the cells’ arrangement were observed with discrete modifications in the serum absence group of Glc/Gln culture medium (C3,C4). Low doses of glucose in a serum-free 
culture medium favored the evolution of cells in this study, preserving their natural characteristics in the serum-free Low Glc culture medium (D3,D4). In contrast, FBS 
addition to this medium has induced the loss of extracellular matrix and the change in cells’ form (D1,D2).
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 The serum absence groups (Figure 8) also exhibited 
some structural impairment. However, this occurred in a smaller 
scale, preserving part of the classic configuration of the cellular 
structures. 

Extensions of cytoskeleton were present, supporting cell 
adherence, cell to cell communication, and proliferation (B1, B2, 
B3, B4), despite eventual variations in the cytoskeleton contour 
(B1, B3).

FIGURE 7 – Confocal microscopy in serum supplemented cells (scale bar 20µm). 
*The images show mitocondrial fragmentation and cytoskeleton rounding (A1-A3), besides destruction of adhesion and extracellular molecules (A1-A4).
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Discussion

According to the established conditions and statistical 
tests performed in this study, it is possible to state that glucose and 
glutamine deprivation or their different concentrations promoted 
important alterations on cell behavior and viability. Certainly, 
additional tests are necessary to understand those transformations 
herein observed and to deepen the studies about the development 
of a serum-free culture medium that allows the cellular biological 
potential for cell transplantation in Regenerative Medicine use. 

Microscopic analyses showed architecture alterations 
in cellular structures. These alterations include cell rounding and 
important reductions or absence of extracellular matrix molecules. 
Such transformations promoted an asymmetrical contour and cells’ 

FIGURE 8 – Confocal microscopy in serum absence groups (scale bar 20µm). 
*Although serum absence illustrate some cell impairment, the extension of cytoskeleton as a sign of cell’s adhesion is more present, even if variations 
occurred in their form (B1-B3).

overlap, shifting essential interactions of cell-to-cell organization, 
invalidating proliferation and signaling, especially in glucose 
deprivation (Gln culture medium).

Modifications in extracellular matrix proteins might be a 
result of an inadequate energetic state, reflecting in tissue formation 
process due to lack in adherence and cell to cell signaling16. 
Although glucose has important properties as a central substrate 
of energy supply for biochemical reactions, several studies 
have described adverse effects of high concentrations. From the 
practical and experimental viewpoint, the commercialized high 
glucose culture media generally exhibit 4.500 mg/L of glucose, 
which corresponds to an in vivo 450 mg/dL glycemia while the 
low glucose culture medium with 1.000 mg/L corresponds to a 
100.8 mg/dL glycemia17.
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In the present study, low concentrations of this nutrient 
appear to be beneficial for maintaining cells’ behavior and viability 
in vitro. Corroborating this information, a recent study also 
showed that the culture expansion under low glucose conditions 
preserved the desired characteristics for tissue formation18. Cell 
activity is modulated in accordance with its metabolic status, and 
this will interfere in the cell’s biology and function, since the 
signal transduction, genetic expression, and metabolism depend 
on protein transformation processes19. 

The DPSc glutamine requirements need more 
investigation. This nutrient is a non-essential amino acid because 
it can be synthesized from other amino acids. In the cell culture 
context, glutamine is considered as an important nutrient20, but 
it seems to contribute to cell culture only when associated with 
glucose.

Adequate submission of nutrients in cells’ culture 
allows the organization of specific properties, contributing to 
the development of a dense cell population, preserving their 
morphology and natural viability. Occasionally, variations in 
nutrients concentrations and unwanted substances accumulation 
make up the cell culture context, interfering in the performance 
and expansion of cell’s population. Moreover, the pattern of 
nutrient synthesis may vary according to culture conditions.

Conclusion

Cell’s microscopic behavior and viability have 
demonstrated better patterns on serum-free low glucose culture 
medium with glutamine deprivation. 
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