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ABSTRACT

The human blood basal glucose level is a completely controlled range. Information on the
relationship between culture glucose concentration and changes in the cell's surface area, volume and
surface area to volume (S/V) ratio are lacking. Cancerous epithelial-like cell lines SW480, SW742 and
T-47D were cultured in mediums nourished with 4.7 mM per liter of glucose as the control group and
three other groups with glucose concentrations of 9.4, 14.1 and 18.8 mM at 37 'C for 48hr. Digital
images of cells were analyzed using the ImageJ software. Observed changes in surface area, volume, and
surface area to volume (S/V) ratio were significantly (P<0.05) different between the control group and
the X4 group (18.8 mM glucose) in the three cell lines tested. Cultured cells responded delicately but
sharply to glucose elevation. The goal of this research is to show the dictating of changes via pathologic
conditions in cellular levels that could be a good answer to changing the body metabolic parameters.
Besides the S/V ratio could be studied as a variant parameter in other metabolic challenges.
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INTRODUCTION metabolism-related enzymes including glycogen
Morphological parameters, such as the synthase and many glycolysis enzymes [17].
surface area of all eukaryotic cells are The addition of D-glucose or D-galactose to a
dependent upon cell adhesion to a suitable culture medium increased the survival of heated
substratum, cell flattening [36], cytoskeletal eukaryotic cells. Heat protection by galactose
microfilaments [12], such as actin [16], and appeared rapidly (within 1 hr), while glucose
temperature [13,30]. The effect of temperature was a less effective heat protector [10].
changes has been studied on many biomolecular Cell volume, obviously, correlates with cell
and cellular functions and characteristics, such morphology and cell surface area. The ratio
as cell morphology [1-7]. Many structural between surface area and volume of the cells
transitions of proteins [8], such as the sodium- has an enormous impact on their biology [13].
potassium pump [2], cytoskeleton [7], An increased surface area to volume ratio (S/V)
tropomyosin [14], transmembrane proteins [26] could mean an increased exposure to the
and many other structural, carrier or enzymatic surrounding environment, which may be
proteins [15-18,22,23,29,35,37,38] are affected regarded as an objective fact for cellular
by physical changes of the medium. normality [30]. Cells can get around having a
Cytoskeleton is always in a dynamic state. It low S/V ratio by being long and thin (nerve
can play an important role in glucose regulation cells) or convoluted (microvilli) [13]. Decreased
[9], mainly through the following three surface area can also lead to biological
strategies. First, by guiding the intracellular problems [30]. More contact with the
transport of insulin-containing vesicles, and environment through the surface of a cell or an
regulating the release of insulin. Second, by organ (relative to its volume) is a good sign for
regulating the distribution of insulin receptor the health of cells. High surface area to volume
substrate, GLUT4 translocation, and ratios present problems, such as temperature
internalization of insulin receptor, and third by control in unfavorable environments [30].

directing the intracellular distribution of glucose

27


mailto:tackallou@gmail.com

Journal of Paramedical Sciences (JPS)

Winter 2012 Vol.3, No.1 ISSN 2008-4978

The range of human blood basal glucose
concentration is 3.6-5.8 mM per lit. This
glucose content is mostly expressed by term
fasting blood sugar (FBS), that is equal to 4.7
mM per lit. So, upper glucose levels can be
known as a trigger for cellular and molecular
perturbation of structure and function [8] . So,
from the stand point of physiology, it could be
logical to speculate that normal glucose
concentration should fit best with normal cell
morphology and structural properties [8].

MATERIALS AND METHODS
Cell culture

Cancerous epithelial-like cell lines SW480
(colon cancer), SW742 (colonorectal cancer)
and T-47D (breast cancer) were purchased
from the National Cell Bank of Islamic
Republic of Iran, and were grown in RPMI
1640 (Sigma, USA), supplemented with 10%
FBS (Sigma, USA), non-essential amino acids,
5 mM L-glutamine, 100 IU/ml penicillin, and
100 pg/ml streptomycin.
Cell Treatment

All three cell lines were cultured for 48 hr in
four different concentrations of glucose: 4.7
mM per liter as the control group (X1 group),
9.4 mM per liter (X2 group), 14.1 mM per liter
(X3 group), and 18.8 mM per liter (X4 group).
SW480, SW742 and T-47D cells were cultured
at 37 'C for 48hr. Glucose-treatments were
triplicated, and the results of pooled data for
each cell line were reported.
Evaluation of Observed Cell Surface

Digital images of control and treated cells
were obtained using an stereomicroscope
equipped with the digital camera NIKON S500,
and analyzed using the ImageJ software (1.42I,
Wayne Rasband, National Institutes of Health,
USA), a public domain Java-based image
processing program.
Cell Volume Evaluation

Control and treated cell suspensions were
obtained by repeated gentle pipetting with
0.06% trypsin/0.02% EDTA (pH 7.3). The
radius of suspended cells, which had spherical
dimensions, were measured using the Imagel

software. The volume was calculated
mathematically.
Statistics

All analyses were performed using the
Statistical Package for the Social Sciences
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(SPSS) for Windows, version 13.0 (Chicago,
IL, USA). Data were presented as Mean + SD.
The comparisons of the variables in the three
groups were performed with Kruskal-Wallis
test, while the comparisons for two groups were
performed with Mann-Whitney U test.
Differences were considered as statistically
significant at P<0.05.

RESULTS

Effect of glucose concentration stress on cell
volume and cell surface

Figure 1 shows the mean observed surface
area changes * standard deviation (mm?) of
three cell-linesm, cultured in 4.7(X1), 9.4 (X2),
14.1 (X3) and 18.8 (X4) mM per liter. Kruskal-
Wallis test shows that observed surface area is
significantly  different in four examined
concentrations in the three cell-lines tested
(P<0.05). 2x2 comparisons were performed
with Mann-Whitney U test. Surface area
changes were not significant in T47D cells
between X2 and X3 (P=0.581). Changes in 2x2
comparisons between other cell lines’ observed
surface area were significant (P<0.05). In cell
lines SW480 and SW742, the observed surface
area in X4 was significantly (P=0.000) smaller
than that of X1, X2 and X3. T47D and SW742
cell lines’ observed surface area in X1 were
significantly (P=0.000) greater than those of
X2, X3 and X4. Figure 2 shows volume
changes + standard deviation (mm®) in three cell
lines cultured in 4.7(X1), 9.4 (X2), 14.1 (X3)
and 18.8 (X4) mM per liter.
Kruskal-Wallis test shows that volume changes
are significantly different in 4.7(X1), 9.4 (X2),
14.1 (X3) and 18.8 (X4) mM per liter (P<0.05).
2x2 comparisons were performed with Mann-
Whitney U test. Volume changes were not
significant in T47D cells between X1 and X2
(P=0.471), in SW480 cells between X1 and X2
(P=0.392), in SW742 cells between X1 and X2
(P=0.603) and between X2 and X3 (P=0.665).
But changes in 2x2 comparisons between other
cell lines” volume were significant (P<0.05).
The volume measured for all three cell lines in
X1 and X2 were significantly smaller than their
volume in X4 concentration (P=0.000).
Figure 3 shows changes in "surface area" to
"volume" ratio (S/V ratio, mm™) + standard
deviation in the three cell-lines.
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Figure 1. Mean observed surface area changes + SD (mm?) of the three cell-lines cultured in 4.7(X1), 9.4 (X2), 14.1 (X3) and
18.8 (X4) mM per liter for 48hr.
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Figure 2. Mean volume changes + SD (mm3) of three cell-lines cultured in 4.7(X1), 9.4 (X2), 14.1 (X3) and 18.8 (X4) mM per
liter for 48hr.
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Figure 3. Mean observed surface area to volume ratio, S/V ratio changes + SD (mm™) in three cell-lines cultured in 4.7(X1),

9.4 (X2), 14.1 (X3) and 18.8 (X4) mM per liter for 48hr.

Kruskal-Wallis test shows that S/V ratio
changes are significantly different in 4.7(X1),
9.4 (X2), 14.1 (X3) and 18.8 (X4) mM per liter
(P<0.05). 2x2 comparisons for S/V ratio
changes were performed with Mann-Whitney U
test. Changes in 2x2 comparisons between all
cell lines” S/V ratio between X1 and X4 were
significant. Measured S/V ratio in X4 for all
three cell lines were significantly smaller than
their volume in X1 concentration (P<0.05).

DISCUSSION

The physiologic levels of glucose
concentration in human blood is between 3.6-
58 mM per lit. This glucose content is
expressed by term fasting blood sugar (FBS),
that is equal to 4.7 mM per lit [8]. A raised
blood glucose level can increase metabolic rate,
and makes the immune response more efficient
[27]. Cytoskeleton is the main controller of cell
morphology, and is always in a dynamic state. It
can play an important role in glucose regulation,
and glucose can affect it [9]. The addition of D-
glucose to the culture medium increased
survival of heated eukaryotic cells. Heat
protection by glucose is less effective than by
galactose, but the importance of glucose as the
main blood sugar is not disregardable [10].
Weak noncovalent bonding forces govern
functioning and structural cohesion of cells.
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Direct measurements of these forces through
mechanical means has recently become an
important tool in the study of biological
molecules.[6]

In this study, surface area to volume ratio was
selected, as it is the simplest and most obvious
biophysically measurable cell parameter against
environment-related physical changes. Since the
values of observed cell surface area (with direct
relation) and cell volume (with reverse relation)
control the value of surface to volume ratio, it is
preferred to investigate cell surface area and
volume, independently, before analyzing the
S/V ratio.

As it is depicted in figure 1, the comparisons
of surface area for two groups were performed
with Mann-Whitney U test. Surface area
changes were not significant in T47D cells
between X2 and X3 (P=0.581). Changes in 2x2
comparisons between other cell lines’ observed
surface area were significant (P<0.05). In cell
lines SW480 and SW742, the observed surface
area in X4 was significantly smaller than those
of X1, X2 and X3 (P=0.000). T47D and
SW742 cell lines’ observed surface area in X1
were significantly greater than their observed
surface area in X2, X3 and X4 (P=0.000).
These nonhomogenous alternations of observed
surface area compel us to not introduce it as a
key parameter in changing S/A ratio. The
decrease of cell surface area in X4 (with four-
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fold glucose concentration) could be due to the
irregularity of cell surface and morphology
controlling systems, such as the cytoskeleton
components. Perhaps these systems are more
sensitive to glucose concentration, because they
show more response higher glucose levels.

As it is clarified in figure 2, volume of all
three cell-lines is different between the tested
glucose levels. Volume changes were not
significant in T47D cells between X1 and X2
(P=0.471), in SW480 cells between X1 and X2
(P=0.392), in SW742 cells between X1 and X2
(P=0.603), and between X2 and X3 (P=0.665).
But changes in 2x2 comparisons between other
cell lines’ volume were significant (P<0.05).
The volume measured for all three cell lines in
X1 and X2 were significantly smaller than their
volume in X4 concentration (P=0.000).

After analyzing the observed cell surface area
and volume, the cell surface area to volume
ratio (S/V ratio) was investigated. As depicted
in figure 3, the surface area to volume ratio of
cell lines were compared in different glucose
concentrations. Because of a reverse
relationship between volume and S/V ratio, it
was expected the S/V ratio to decrease at higher
glucose concentrations, in comparison with the
physiologic glucose levels. In addition, the
decrease in S/V ratio was more significant for
X4 groups (P=0.000), as they were exposed to
the highest glucose concentration. The regular
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