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Abstract

In the present work, the Erlich Ascites Carcinoma (EAC) cells in vitro growth kinetics, and its correlation with surveillance
of EAC-infected mice is reported. EAC cells as well as EAC-inoculated mice have been exposed to the external Electrostatic
Field (ESF). The kinetics of EAC cells growth in vitro was characterized with classical periods: lag-phase-0-3 days; exponential
phase-3-12 days; stationary phase- 12-16 days; decline phase-16-24 days of cultivation. However, for the first time, during 24
days cultivation, drops of cell concentration had been detected: at 7%, 14", and 21t days. The observed phenomenon had not
been described earlier for in vitro conditions, but resembles the in vivo observation shown in literature. Analysis of correlation
between in vitro growth of cells and in vivo surveillance of mice revealed their inverse character at 7-15 days. Hence, the
correlation between EAC cells growth in vitro and in vivo was shown. This may be a substantial contribution to the knowledge
of tumor development. Above it, EAC infected mice exposed to the ESF shown diminished surveillance at the days of exposure
and enhanced surveillance after stopping the ESF action. It has been shown that ESF cause an EAC cell damage as well as host
leucocyte cell is. But unlike to leucocytes, EAC cells rapidly accelerate growing after the end of the exposure. So, finally ESF

favors tumor growing with simultaneous inhibition of host immune defense.
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Abbreviations: EAC: Erlich Ascites Carcinoma; ESF:
Electrostatic Field; ROS: Reactive Oxygen Species; GT:
Generation Time; DNPH: Dinitrophenylhydrasine.

Introduction

The knowledge of details of malignant cell development
has a critical importance for cancer treatment. Hence, the
finding of some correlation between tumor development
in vivo, and tumor cells growth in vitro would be highly
applicable. This correlation would give the possibility of in
vitro knowledge extrapolation to in vivo cases, which might
be helpful for chemotherapy design [1]. Mice Ehrlich Ascites
Carcinoma (EAC) has been used as a malignancy model for
the study of tumor development.

During series of previous in vitro investigations of EAC
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cell culture we had observed an unexpected phenomenon
of decreasing of cell concentration at definite days of cell
cultivation without media refreshing [2]. The observed
phenomenon had circular character at longtime cultivation.
There is a little information in literature which can be
collated with our observation. Particularly, Zamai AS, et
al. [3] described the decrease of EAC tumor on 12%"day
of cell transplantation into mice. Author explained it as a
consequence of enhanced apoptosis.

Some data regarding the biological effects of external
Electrostatic Field (ESF) allow to hypothesize that such
a physical factor may be able to promote the induction
and progression of cancer. In particular, several authors
investigated the influence of the external ESF on several
components of the pro-/antioxidant system of the organism.
As reported previously [4], the external ESF (E=500V/m)
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leads to the increase of intracellular reactive oxygen
species (ROS) concentration. Nowadays, there are a lot of
data evidencing the ROS-induced development of different
chronic diseases, including cancer [5]. By interaction with
lipids, proteins, and nucleic acids ROS can cause damage
within different tissues [6-8]. Changes in DNA structure
are of particular importance in cancer etiology. Indeed,
ROS-induced structural changes of DNA generally include
modifications of guanine, which brings to the G—T trans
versions [9], thus promoting malignancy induction and
progression, if such modifications take place in critical genes,
such as oncogens or tumor supression genes [10].

Mutagenic and genotoxic activity of ESE which was
reported in several papers, can lead to cancer development
[11-13]. Genotoxic activity of ESF of 200kV/m tension has
been shown using the DNA-comet test on leucocytes of
periferal blood of rats which was reflected on the cellular
content of the blood [14-16]. Some studies report the
mutagenic activity of ESF of higher tension and in particular
conformational changes in DNA are now known to be caused
by ESF exposure [17].

Some evidence of a possible influence of external electric
fields on cancer pathogenesis is indirectly suggested also
by several statistical and epidemiological findings. (Figure
1) presents some results concerning the production of
electricity and synthetic fabrics during the period of 1995-
2005, along with the dynamics of tumor morbidity during the
same period [18-20]. In everyday life and in manufacturing,
both wide utilization of electricity and using of synthetic
fabrics favour the increase of the level of ESF. It is noteworthy
the similarity of the temporal dynamics shown. This may be
seen as a potential evidence of a possible cause-effect link
between the mentioned factors.
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Figure 1: Electricity and synthetic textile production
and the dynamics of tumor morbidity during 1995-2005.
(1) production of electricity; (2) production of synthetic
textile; (3) Tumor morbidity: Values relative to 1995 are
presented.
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In the present paper, the EAC cell primary culture
dynamics of was studied; the inverse correlation of cell mass
accumulation in vitro and EAC-infected mice mortality in vivo
was shown; and there was observed the phenomenon of cell
concentration drop at definite times of cultivation. The effect
of ESF on EAC tumor growth was demonstrated. It has been
shown that ESF cause an EAC cell damage as well as host
leucocyte cell is. But unlike to leucocytes, EAC cells rapidly
accelerate growing after the end of the exposure. So, finally
ESF favors tumor growing with simultaneous inhibition of
host immune defense.

Materials and Methods
Animals and Cells

The objects of our investigation were the primary culture
of EAC cells and EAC transplanted albino mice. EAC cells
were continuously sub inoculated in mice by intraperitoneal
injections every 10™-12%"days of prior inoculation. For in
vitro experiments, the cells were cultured on 7™ day of sub
inoculation.

Cell Culturing Conditions

EAC cells were cultured in RPMI-1640 media
supplemented with 0.3g/L L-glutamine, 501U penicillin,
and 10% fetal calf serum. Fresh EAC cells obtained from
the peritoneal cavity of mice were suspended in the culture
media in concentration 0.5x10°¢ cells per ml and incubated
during 24days in conditions of 37°C and 5% CO, in highly
humidified atmosphere. During incubation period the
culture media was not refreshed.

ESF Exposure

ESF (E=200kV/m) exposure was applied both to the EAC
infected mice (10days, 6hour per day) and to EAC cell culture
(1hour). Leucocytes obtained from the blood of intact mice
were used also exposed to ESF (1hour). ESF was generated
in the special capacitor type device, which was designed on
the basis of X-ray apparatus “RUM-17" (former USSR) [21].
Control samples were treated in the same manner with
the exception of ESF exposure. Design of the experiment is
detailed in the Table 1.

Proliferation and Viability Assay

Cell count was determined at different time intervals.
Cells filled in a haemocytometer were scored using light
microscope (Micros, Austira) and the results expressed
by means of cell count x10%/ml. Cell growth XKinetics
was evaluated as the function of time. The growth rate
constant and generation (doubling) time was quantified for
6-24hours incubation time interval [22]. The initial growth
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rate was calculated using the differential method. During
the exponential phase we have: dN/dt= K’'N, where N is the
concentration of cells, t the time and K’ is the growth rate
constant. Integration of previous equation between the limits
of 0 and t and N1 and N2 gives following equation: Ln(N2/
N1)=K'(t2-t1), where N2 is cell number at t2 (24hours) and
N1 is the cell number at t1 (6hours). The rate of EAC cell
growth in culture was finally described by the time required
for the cells duplication, or the generation time (Gen't).
Gen’t was calculated using following equation: Gen’t=Ln2/K’.
Trypan blue exclusion method was applied for quantifying
the ratio of viable cells [23].

Assay of Protein Carbonyl Content

Proteins carbonyl content was measured to determine
the level of oxidative modification of proteins. Carbonylation
was measured by the method of Levine RL, et al. [24] using
the reaction with 2,4-dinitrophenylhydrasine (DNPH), in
the cultured cell lysates using Spectrophotometer Hitachi
150-20UV-VIS (Japan). The protein carbonyl content was
expressed in terms of nmol mg? of protein.

Alkaline Comet Assay

Alkaline Comet assay was conducted as described by
Venturi M, et al. [25] with minor modifications. Cells were
centrifuged at 100xg for 3min, the supernatant discarded
and the remaining cells were suspended in 75ul of 0.5% low
melting point agarose (made in PBS) and it was immediately
embedded on microscope slides. Cells were lysed (2.5M
NaCl, 100mM Na,EDTA, 10mM TRIS; containing 1% Triton
X-100) for 2h at 4°C. After lysis, the slides were placed in a
horizontal gel electrophoresis tank containing fresh and
chilled electrophoresis solution (ImM Na,EDTA, 300mM
NaOH, pH>13) to allow DNA unwinding (20min), and
electrophoresis was conducted for 30min at 26V, 300 mA.
After electrophoresis, slides were washed in neutralization
buffer (0.4M TRIS, pH 7.5) then stained with 85ul of EB
(2pg/ml). Slides were analyzed immediately after staining
at 80xmagnification using a fluorescence microscope. One
hundred randomly selected cells from each slide were scored
using CASP image analysis software. The parameters used as
a metrics of DNA damage were tail length (TL; um), tail DNA
(TD; %), and Extent tail moment (TM; arbitrary units). Tail
moment was defined as: TM=TLxTD/100 [26].

Animals Survival Assay

20 mice were infected with 0.5ml of EAC cells in
concentration of 0.5x10°2 cells per ml. Infected animals were
inspected during 2 months, and animals death cases were
recorded.
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Statistical Analysis

Statistical analysis of the results was done using the
statistical functions of the GrafPad InStat software (GraphPad
Software, Inc.,, San Diego California USA). The one-way
analysis of variance (ANOVA) and correlation analysis were
performed on the data of biochemical variables. P-value of
<0.05, <0.01, and <0.001 was considered respectively as
statistically significant (*), very significant (**), and critically
significant (***). All data were expressed as mean * standard
error of mean (SEM). n=12 for in vivo and n=10 for in vitro
experiments.

Results and Discussions

The dynamics of EAC cells growing in culture during 24
days were characterized by the following periods (Figure 2A):
lag-phase- 1-3days; exponential growing phase- 4-12%"days;
stationary phase- 12-16%days; and phase of culture death-
after 16%day of cultivation. Alive cells ratio (Tripan blue
negative) had the tendency to gradual decreasing during
first four days of cultivation: from 98% to 60%, followed by
slight increasing to the constant level (near 80%) till the end
of cultivation (not shown).
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Figure 2: EAC cell growing kinetics, ESF-Electrostatic field,

| GT-Generation time.

Observed periods of EAC growing in culture is in
accordance with described in literature [27,28]. However, an
evident and unexpected decreasing of cell number on 7%, 14,
and 21%days of cultivation was observed. This phenomenon
is not described in literature for in vitro experiments, but
there are some cases for collation concerning the in vivo
experiments. Particularly, in PhD theses of Zamai AS, et al.
[3] the observed character of in vivo growth of EAC cells was
similar to that obtained in our in vitro experiment. Zamai AS,
etal. [3] explained the data of her experiments by increasing
the cell death (apoptosis) on definite day.
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Aiming to find some explanation for the phenomenon of
cell concentration descend at definite days of cultivation, we
calculated the velocity of cell growth (number of duplications,
n), using the following equation: n=3,32 log (cell number at
next day/cell number at previous day). The curve for this
parameter revealed a cyclic character of development of
cultured EAC cells with the 7-days long period (Figure 3).
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Figure 3: EAC cell culture growing rate.

Open Access Journal of Cancer & Oncology

Hence, we inclined to explain the observed phenomenon
of decreasing of number of cultivated cells at definite days
by the cell cycle arrest at the preceding days. Thereafter, the
survival of EAC-infected mice was monitored. The results
(Figure 5) show the typical for EAC malignancy [29] high
mortality rate of animals at the period of 10-14days of
infection.

-

Particularly, the growing kinetics at 1-6days was almost
the same as the kinetics at next 7-14days. After 14"day, the
curve is deteriorated, butin general, saves the same character.

Besides, subtraction of a previous day alive cells number
from the next day total cell number may reflect the number
of cells divided at the previous day. The data in Figure 4
manifest, that at days 6, 13 and 20 the cells did not duplicate
or proliferation was diminished. Actually, at these days the
culture proliferation was arrested, therefore at next days 7,
14 & 21 the number of cells was dropped (Figure 4).

-

1,0 1

0,6 1

o H M
'OJ I2I I4I LBJ ‘8I 10 1£ I14I Aﬁw é I

Time, days

Cell number, min/mi

0,2 -

Figure 4: The residue after subtraction of number of alive
cells at preceding day from the total number of cells at the

next day.
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Figure 5: Survival analysis of EAC-infected mice.

The time intervals of in vivo animal death and in vitro
high cell concentration were coincided. The correlation
curve for the number of cells in culture and the mortality of
mice was analyzed (Figure 6). Negative correlation between
those parameters was shown for the period of 7-15days
(Spearman r=0.89; P = 0.0020**).
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Figure 6: Correlation between the number of cultured EAC
cells and the survival of EAC-infected mice.
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EAC cell infected mice exposed to ESF (during 10days,
6hours per day) characterized by higher mortality during
period of exposure-till 11"day, and lower mortality-at the
next days, compared to non-exposed control animals (Figure
7). It was proposed that ESF exposure bring to accelerated
tumor growth, which brings to higher mortality rate at
exposed animals. To clarify this hypothesis ESC cells were
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cultured and the culture were exposed to ESF (during an
hour). EAC cell count drop (by 24.5%) was shown just after
the end of exposure (Figure 2B). But on the next day the
cell cont were higher than in the non-exposed control. For
this day the generation time (GT) was almost twice higher
(7.9hours) than in non-exposed cells (14.9hours).
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Figure 7: ESF effect to EAC cell infected mice survival;
Black solid line-Control mice; Dotted line-ESF exposed
mice; Solid red line-The difference between survival of the
exposed and control animals.

Next, to prove the cytotoxic effect of ESF to EAC cells
DNA-comet test was applied. Simultaneously, control
leucocytes exposed to ESF also have been tested by Comet.
We have shown earlier the genotoxic effect of ESF towards
rats’ peripheral blood leucocytes (Figure 8) [30].
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Figure 8: ESF genotoxic effect towards EAC cells and mice
leucocytes.

AB-ESF exposed leucocytes; C,D-ESF exposed EAC
cells; A,C-non-exposed controls; B,D-exposed cells;
TM-Tail moment; E-Carbonyls measured in leucocytes
lysates; F-Carbonyls measured in EAC cell lysates.
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It was observed the genotoxic effect of ESF towards EAC
cells was more pronounced (TM=76.129.4; P <0.01) than
towards intact leucocytes (TM=52.4+12.3; P<0.05) (Figure
8A,B,C,D). The same situation shown for carbonyls. Protein
carboxylation was measured to show probable way of ESF
dependent cell damage. That is due to ESF derived oxidative
stress. Indeed, ESF brings to substantial increase in protein
carboxylation (by 30-40%). So facilitated tumor growth in
ESF exposed animals might be a consequence of both EAC
cell growth stimulation and host immune defense damage.

Conclusion

The EAC cells culturing was studied. The observed
phases of cell growth are in line with the classical in vitro
cultivation. The decreasing of cell concentration at definite
days, and cyclic character of proliferation velocity (n) was
shown. Negative correlation between animal mortality in
vivo and cell growing in vitro was manifested. These results
let us to assume that observed kinetics of growth of EAC
cells is similar to the EAC fate in mice organism. This may
be a substantial contribution to the knowledge of the tumor
development in vivo, important in malignant treatment
designing. Above it, we have shown that the ESF exposure
facilitates EAC cell growth both in vivo and in vitro. Higher
rate of EAC infected mice mortality might be ascribed both
to the tumor growth acceleration and to the host immunity
inhibition.
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