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Previously it has been shown that cell hydration is a universal and extrasensitive marker for different environmental mediums
and functional state of tissue and organism. The comparative study of cell hydration of different organs (brain cortex, liver, and
skeletal muscle) at various experimental conditions (microstress, pathology, and different poisons) was realized. It was shown
that among tissues of different organs muscle hydration is more sensitive to any change of functional state of organism and
environmental medium.The study of correlation between tissue muscle hydration and double-frequency measurement impedance
method indicated that the differences between muscle reactive conductivity measured at high frequency (HF) and low frequency
(LF) (Δ𝐺reactive) could be an adequate marker for detection of muscle hydration. The animal poisoning, stress, and pathology-
induced tissue hydration were accompanied by increase in Δ𝐺reactive. The observed close correlation between time-dependent
tissue hydration and Δ𝐺reactive in different environmental mediums can be a marker for detection of postmortal period as well
as for characterizing environmental medium of the corpse.

1. Introduction

At present when technical progress brings the humanity to
ecological catastrophe, the adequate detection of environ-
mental pollution from the point of public health has become
one of the problems ofmodern life sciences.Themain barrier
to solve this problem is that the biological effect of physical
and chemical signals on organism cannot be detected only by
using their physical parameters because their effect depends
on environmental, chemical, and physical characteristics,
as well as on functional state of organism. Therefore, only
the biological marker of cell and organism could serve as
adequate impact of environmental factors on organism. At
present it is well established that metabolic controlling of
cell hydration determining its functional activity is a univer-
sal and extrasensitive parameter for physical and chemical
factors [1–3]. The existence of water-transporting protein
channels in membrane makes the cell volume extremely

variable to osmotic gradients on membrane [4]. However,
which of tissues is more sensitive to environmental and
functional state changing and could serve as a marker for
detection of functional state of organism is not clear yet. It was
suggested that the elaboration method of express detection
of tissue hydration could serve as a novel diagnostic method
for estimation of functional state of organism as well as
for detection of postmortal period. Therefore, the following
questions served as a subject for the present work:

(1) to elucidate the hydration of which tissue is more
sensitive to functional state of organism,

(2) to develop impedancemetric method for express
detection of tissue hydration,

(3) to use impedancemetricmethod for detection of post-
mortal period of organism and the environmental
medium of corpse.
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2. Materials and Methods

All procedures performed on animals were carried out
following the protocols approved by Animal Care and Use
Committee of Life Sciences International Postgraduate Edu-
cational Center (Yerevan, Armenia).

2.1. Animals. Experiments were performed on adult male
Wistar rats (100–120 g).The animals were purchased from the
Animal Resources Centre at the Life Sciences International
Postgraduate Educational Center (LSIPEC, Yerevan, Arme-
nia).The animals were kept in a specific pathogen-free animal
room under optimum conditions of 12 h light/dark cycle and
22–28∘Cand received sterilized commercial diet andwater ad
libitum.

2.2. Chemicals. Tyrode’s physiological solution (PS)
for rats’ experiments, containing (in mM) 137NaCl,
5.4 KCl, 1.8 CaCl

2
, 1.05MgCl

2
, 5 C
6
H
12
O
6
, 11.9NaHCO

3
,

0.42NaH
2
PO
4
, was used and adjusted to pH 7.4 with NaOH;

distillated water (DW)was used. All chemicals were obtained
from “Medisar” Industrial Chemical Importation Company
(Yerevan, Armenia). The 10−6M ouabain (PerkinElmer,
Boston, MA, USA) prepared on the basis of the same stock
physiological solution for rats’ experiments was also used.
Anticancer activity of cisPt was studied on the model of
transplantable rat tumor (sarcoma-180, Crooker’s sarcoma).
The rats were intraperitoneally injected with cisplatin (0.5mL
per rat) (cisPt) (Cisplatin Ebeve, Austria) with 0.1mg/mL
concentration.

2.3. Tissue Preparation. It is well known that anesthetics
with different chemical and pharmacological profiles [5–7]
significantly affect metabolic processes that play an impor-
tant role in regulation of cell volume [8, 9]. Therefore, in
present experiments, the animals were sharply immobilized
by freezing method (dipping their noses into liquid nitrogen
for 3-4 s) [10]. After such procedure, the full absence of
somatic reflexes on extrastimuli was recorded. Investigated
tissues (heart muscle, skeletal muscle, lung, liver, spleen,
and kidney) were isolated and dissected into the samples
weighing from 50 to 70mg (number of samples was 10 for
each tissue). Samples were dried in thermostat (Factory of
Medical Equipment, Odessa, Ukraine) during 24 h at 105∘C,
and then their drymasses were defined.The quantity of water
in 1 g of d.w. of tissue was counted by the following equation:
(w.w. − d.w.)/d.w. (where w.w. is wet weight and d.w. is dry
weight) [11].

2.4. Determination of Tissue Impedance. Impedance mea-
surements were taken over a range of low to high fre-
quencies (14.5 and 1450Hz). After freezing, the impedance
measurements were immediately taken on animal leg muscle
by “Biophys-Expert-1” (LSIPEC, Yerevan, Armenia). The
conductivity-measuring device operates according to func-
tional scheme shown in Figure 1: two electrode clamps (1 and
2) for connection to themeasuring cell, resistor (3), low-noise
amplifier (4), synchronous detector with synchronous filter
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Figure 1: The functional scheme of conductivity-measuring device:
1, 2: two electrode clamps, 3: resistor, 4: low-noise amplifier, 5:
synchronous detector with synchronous filter, 6: a filter of low
frequencies, 7: DC voltmeter, 8: stabilized generator of alternating
voltage of sinusoidal form, 9: phase-shifting unit on 900, 10: switches,
11: voltage transformer from sinusoidal to rectangular, 12: condenser.
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Figure 2: The scheme of the measuring cell: 1: radial needles, 2:
central needle, 3: dielectric (ebonite), 4: metal coat holder, 5: cable
for connection to the device.

(5), a filter of low frequencies (6), DC voltmeter (7), stabilized
generator of alternating voltage of sinusoidal form (8), phase-
shifting unit on 90∘ (9), switches (10 for switching the active
and reactive measurements and 10 for switching the high
and low frequencies), voltage transformer from sinusoidal to
rectangular (11), and condenser (12). Measuring cell consists
of the following parts (Figure 2): radial needles (1), central
needle (2), dielectric (ebonite) (3), metal coat holder (4), and
cable for connection to the device (5).

2.5. Experimental Procedure. In the first series of experiments
for defining the more sensitive tissue hydration the changes
of hydration of different tissues were performed on 5 animal
groups (5 animals in each) in various poisoning conditions
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Table 1: Sarcoma-180 and cisPt effects on heart muscle, skeletal muscle, lung, liver, spleen, and kidney tissues.

Organs Control Sarcoma-180 Δ% cisPt Δ%
Heart muscle 2.39 ± 0.1 3.3 ± 0.1 ↑ 38 1.93 ± 0.15 ↓ 19.24
Skeletal muscle 2.36 ± 0.23 3.87 ± 0.21 ↑ 64 3.08 ± 0.21 ↑ 30.5
Lung 2.2 ± 0.15 3.31 ± 0.03 ↑ 50.4 1.21 ± 0.11 ↓ 45
Liver 2.05 ± 0.12 3.27 ± 0.15 ↑ 60 2.27 ± 0.12 ↑ 10.73
Spleen 2.23 ± 0.13 2.8 ± 0.14 ↑ 25.5 2.13 ± 0.12 ↓ 4.48
Kidney 2.05 ± 0.13 3.36 ± 0.19 ↑ 64 2.05 ± 0.12 —

Table 2: The ouabain 10−8 M and 10−6 M concentrations effect on heart muscle, skeletal muscle, lung, liver, spleen, and kidney tissues.

Healthy Tissue hydration (water content g/g dry mass)

Organ Ouabain concentration (M)
Control Ouabain 10−8 M Δ% Ouabain 10−6 M Δ%

Heart muscle 2.389 ± 0.1 2.7 ± 0.26 ↑ 13.02 2.306 ± 0.05 ↓ 3.47
Skeletal muscle 2.357 ± 0.23 3.361 ± 0.25 ↑ 42.6 3.421 ± 0.3 ↑ 45.14
Lung 2.199 ± 0.15 2.243 ± 0.06 ↑ 2.01 2.167 ± 0.3 ↓ 1.46
Liver 2.054 ± 0.12 2.547 ± 0.18 ↑ 24.01 2.92 ± 0.17 ↑ 42.16
Spleen 2.225 ± 0.13 2.444 ± 0.25 ↑ 9.84 3.147 ± 0.3 ↑ 41.44
Kidney 2.05 ± 0.13 2.878 ± 0.19 ↑ 40.32 3.09 ± 0.15 ↑ 50.66

(10−6M, 10−8Mouabain concentration, and cisPt), pathology
(sarcoma-180), and Morris water maze (as stress cause). For
estimation of hydration in conditions of osmotic stress the
next series of experimentswere performed on 3 groups (5 ani-
mals in each) of animals (intact, PS and, DW injected). After
30minutes of injection the animals were sharply immobilized
by dipping their noses into liquid nitrogen for 3-4 sec [10]
and died. The same procedure was done on the intact animal
group. After this the leg muscle was prepared and its tissue
impedance was measured. Water content in skeletal muscle
tissue was determined by tissue-drying method.

For detecting the post-mortal period the animals were
kept in different environmental mediums (dry medium,
tap water). For each method post-mortal tissue impedance
measurements were carried out simultaneously on a group
of 5 animals. The measurements on the first day were made
hourly and on the second day every 3-hour interval. On
remaining days the records were carried out only once a day.
This procedure was repeated for each group of rats.

2.6. Statistical Analysis. The Microsoft Excel and Sigmaplot
(version 8.02A, NY, USA) were used for data analysis.
Significance in comparison with the control group was
calculated with Student’s paired 𝑡-test with the following
symbols (∗𝑃 < 0, 05; ∗∗𝑃 < 0, 01; ∗∗∗𝑃 < 0, 001).

3. Results

3.1. Tissue Hydration Dependency on Functional State of Orga-
nism. It is known that any cell pathology (including cancer,
nerve, cardiovascular diseases, and aging) is a consequence of
dysfunction of metabolic controlling of cell hydration [1, 12–
14]. As can be seen in Table 1 the sarcoma-180 injection leads
to overhydration in different tissues (heart muscle, skeletal
muscle, lung, liver, spleen, and kidney). Among them the

skeletal (64%) and kidney muscle hydrations (64%) are more
sensitive. It is known that cisPt is widely used in clinic as an
anticancer chemotherapeutic factor. As can be seen fromdata
presented in Table 1 cisPt intraperitoneal injection had also
pronounced hydration effect on skeletal muscle (30.5%) and
dehydration effect on lung (45%).The fact thatNA+/K+ pump
has a crucial role in cell hydration and its dysfunction can
be considered as a common consequence of any pathology
[1, 12–14].The effect of ouabain (specific inhibitor forNA+/K+
pump) on various tissues’ hydration was studied.The study of
10−6M ouabain-poisoned animals also indicates that skeletal
muscle overhydration (45.14%) was more essential than that
of other tissues. As can be seen in Table 2 the overhydration
of muscles takes place also even at low (10−8M) ouabain
concentration-poisoned animals (42.6%). The muscle hydra-
tionwas studied after applyingMorriswatermazemethod.As
can be seen in Figure 3 again we had skeletal muscle overhy-
dration. Thus, the above-presented data clearly indicate that
muscle hydration could be a universal marker for detection
of functional state of organism.

3.2. The Comparative Study of Tissue Hydration of Different
Organs and Impedance Characteristics of Skeletal Muscle.
In order to elaborate the express method for detection of
muscle hydration the correlation between muscle hydration
and impedance characteristics at double frequencies was
studied.Therefore, the study of intraperitoneal injection with
PS (1mL) and DW (1mL) in skeletal muscle as well as
the impedance characteristics was performed. As can be
seen from Figure 4 in all two cases (PS and DW injection)
the hydration increases by 16% and 49% in skeletal muscle
tissue, correspondingly. The impedance of a biological tissue
consists of two components, the active and the reactive resis-
tance. The conductive characteristics of the cell membranes
provide the active component, acting as imperfect capacitors



4 ISRN Biophysics

W
at

er
 co

nt
en

t o
f g

/g
 o

f d
.w
. o

f m
us

cle

0

1

2

3

4

Control Morris water maze

∗∗

(a)

W
at

er
 co

nt
en

t o
f g

/g
 o

f d
.w

. o
f l

iv
er

0

1

2

3

4

Control Morris water maze

∗

(b)

Figure 3: Morris water maze effect on value water content of skeletal muscle (a) and liver (b) tissues. Black bars indicate the control value of
water content in tissues andwhite bars indicate the experimental data. Error bars indicate SEM.Values were statistically significant (compared
to data of control group ∗𝑃 < 0.05, ∗∗𝑃 < 0.01).
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Figure 4: PS and DW injections effects on values of skeletal muscle
water content. Black bar indicates the control value of water content.
White bars indicate the experimental data of injected (PS and DW)
animals. Each bar represents the mean of water content from 5 ani-
mals. Error bars indicate SEM. Values were statistically significant
(compared to data of control group ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001).

contributing to a frequency-dependent reactive component.
Impedancemeasurementsweremade at a range of low to high
frequencies (14.5Hz to 1450Hz). This allows to predict on
extracellular (measuring at low frequencies) and intracellular
water volume (measuring at high frequencies) as differences
between tissues impedance [15].

In Figure 5 the impedance characteristics changes under
influences of PS and DW are shown. As can be seen from
Figure 5(a) the active conductivity at HF has no significant
changes, while the active conductivity at LF is higher in

PS and lower in DW, compared to control (Figure 5(c)). In
case of reactive conductivity at HF we observed the statistics
increasing after PS injections (Figure 5(b)). At LF PS injection
leads to the decrease of active conductivities and DW leads to
the increase in the mentioned components (Figure 5(d)). As
in both PS and DW we had cell hydration but in case of DW
injection-induced cell swelling is accompanied by decrease
of extracellular fluid active conductivity (saline dilution); it
was suggested that differences between reactive conductivity
at LF andHF could indicate the pure cell hydration in isotonic
medium. As it is shown in Figure 6, the difference of reactive
conductivity of double frequency is reversed compared to
control and DW injection. Thus, the reversion of Δ𝐺reactive
can serve as a marker for cell overhydration.

3.3. The Time-Dependent Changes of Δ𝐺reactive during Post-
mortal Period of Corpse. In the next series of experiments
the animals were kept in different conditions (water and dry
medium). Initial Δ𝐺reactive was higher in animals which were
kept in water medium. There are big differences between
time-dependent kinetics of reactive conductivity kept in
dry and water mediums. These differences appeared in the
first three hours of post-mortal period: in water medium
Δ𝐺reactive sharply increases during 3 hours, while in dry
medium it has very slow decreasing. In water medium slow
decreasing of Δ𝐺reactive continues till 48 hours and then
sharply increases. But in case of dry medium slow decreasing
continues till 12 hours then it sharply decreases with high-
amplitude oscillation (Figure 7). These data clearly indicate
that the time-dependent changing of Δ𝐺reactive can be used
for detection of post-mortal period and characterize the
medium in which the corpse was kept.

4. Discussion

For more than three decades overhydration of cells has
been used as a marker for early detection of carcinogenesis.
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Figure 5:The changes of active (a) and reactive (b) conductivities at high frequency.The changes of active (c) and reactive conductivities (d)
at low frequency. Black bars indicate the control value of active and reactive conductivities and white bars indicate experimental data after PS
and DW injections. Error bars indicate SEM. Values were statistically significant (compared to data of control group ∗𝑃 < 0.05).

For this purpose nuclear magnetic resonance tomography
(NMR) was used. This method is rather expensive and is
not available for wide public usage. The data presented in
the work indicate that overhydration of cells also takes
place in pathology such as sarcoma-180 injection (Table 1).
Therefore, cell overhydration can be suggested as a universal
diagnostic parameter for cell pathology. Nevertheless, the
skeletal muscle hydration was more sensitive compared to
other organs. It is interesting to note that overhydration
of skeletal muscle was observed also in rats preliminarily

injected with anticancer cisPt, while it had strong dehydra-
tion effect on lung and heart muscle. The data that 10−6M
ouabain-induced skeletal muscle overhydration (45%) took
place in rats preinjected with 10−6M ouabain indicate that
cell overhydration is not caused by Na+/K+ pump inhibition
(Table 2), while the fact that 10−8M which has no inhibitory
effect on Na+/K+ pump also had overhydration effect on
muscles can be explained by the dysfunction of intracellular
signalling system controlling cell hydration (Table 2) [16, 17].
The obtained data that Morris water maze induced stress
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Figure 6:The changes ofΔ𝐺reactive after PS andDW injection. Black
bar indicates the control value and white bars indicate experimental
data. Error bars indicate SEM. Values were statistically significant
(compared to data of control group ∗∗𝑃 < 0.01).
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Figure 7: The time-dependent changes of Δ𝐺reactive of skeletal
muscle tissues in water and dry mediums. The red curve indicates
the changes of impedance characteristics in dry medium and the
blue curve in water medium. Abscissa: the time recordings (from 0
to 144 hours). The measurements on the first day were made hourly
and on the second day every 3-hour interval. On remaining days
the records were carried out only once a day. Ordinates: the reactive
conductivities change at high and low frequency differences (HF-
LF) (Δ𝐺reactive). For each curve 5 independent experiments were
done. The difference between groups was statistically significant
( ∗𝑃 < 0.05).

which also brings to overhydration confirms the suggestion
that skeletalmuscle hydration serves as a universalmarker for
functional state of organism. The impedance measurement
method is also used in clinics for diagnostic purposes [18].
Double-frequency method can be used for determination of
extracellular and intracellular fluid detection. Obtained data
on the close correlation between skeletal muscle hydration
and its impedance characteristics at LF and HF indicate that
Δ𝐺reactive could serve as a sensitive parameter for detection
of functional state of organism (Figures 5 and 6). The
received data on great differences in time-dependent kinetics
ofΔ𝐺reactive of legmuscle in rats, the corpses of which were in
dry and water mediums, allow us to suggest this method for
determination of post-mortal period aswell as to characterize
themedium inwhich the corpseswere kept.Thus, the double-
frequency measurement at HF and LF in skeletal muscle
could serve as a universal diagnostic parameter for functional
state of organism as well as for estimation of hazardous effect
on environmental pollutions.

Thus, obtained data bring us to the following conclusions.

(1) Cell overhydration is a marker for dysfunctional state
of organism (pathology, poisoning, and stress).

(2) Skeletal muscle hydration is the most sensitive to
functional state of organism compared to other tis-
sues; therefore, its hydration can serve as a marker for
detection of functional state of organism.

(3) The double-frequency method can be used for detec-
tion of muscle hydration.

(4) The novel method can be recommended for detection
of post-mortal period and characterization of the
medium in which the corpse was kept.
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