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By the method of low-temperature 1H NMR spectroscopy the structure of the hydrate layers of water
associated with brain cells, the changes of these parameters during necrotic lesions (stroke) and in the
presence of trifluoroacetic acid, which suggest to differentiate intracellular water clusters according to
their ability to dissolve the acid, were studied. Also the impact of silica TS-100 nanoparticles on the state
of water in brain tissue, namely on the water binding parameters in the air and in the presence of a weakly
polar solvent was considered.

The distributions by the radii and change of Gibbs free energy for clusters of strongly bound interfacial
water were obtained. It was shown that the hydration properties of the native brain tissue differ from the
hydration properties of necrotic damaged tissue by the structure of weakly bound water clusters. In intact
tissue all the water is associated and is a part of clusters and domains, most of which have a radii R = 2 and
20 nm. The media with chloroform stabilizes water polyassociates with the radius up to R = 100 nm and
trifluoroacetic acid stabilizes water polyassociates with radii R = 7—20 nm. It was found that the partial
dehydration of the investigated tissue samples is accompanied by decreasing of weakly bound water
amount and some increasing of strongly bound water that indicates a change of molecular interactions
between the components of cells-nanoparticles composite system. The ischemic necrosis area presence
leads to decrease of water binding due to the average size water polyassociates increasing. This effect is

observed both in air and in a weakly polar organic solvent medium (deuterochloroform).

Key words: ischemic stroke, the strongly and weakly bound water, 'H NMR spectroscopy.

There are great achievements in the
study of electrophysical characteristics of
the different parts of brain at biotechnology
development [1, 2], which can be compared
with details of its morphological structure
determined by magnetic resonance tomography
(MRT) [3, 4]. It is known, there is 84% of
intracellular water in brain (in neurons and
glia). The presence of so much water amount
in brain suggests the possibility of its active
participation in the brain function not only as
a medium providing delivery of nutrients to
the cells and removing decomposition products
(it is carried out by neuroglia cells) but also in
specific functions performing.

The water in brain tissue cells is studied by
NMR spectroscopy for more than 50 years [6—
9] which served largely as the basis for creation

and wide spreading of MRT methods. As a
basic research method the low-temperature
'H NMR spectroscopy was chosen [10-13],
whereby we can determine the amount of
strongly and weakly bound water by changes
in the intensity of the NMR signal during
the thawing process of samples, and using
Gibbs-Thomson equations — the nonfreezing
water clusters radii distribution [14, 15]. The
magnitude of water chemical shift made it
possible to calculate the average association
degree of water molecules in polyassociates.
This takes into account the fact that protons
of not associated (weakly associated) water
have a chemical shift 6; = 1-1.5 ppm, ice-
like structures characteristic for hexagonal
ice have 65 = 7 ppm [16], and liquid water has
Oy =4.5-5ppm.
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Decreasing of the brain tissue cells
interaction may be realized by silica nano-
particles administration into intercellular
space. This allows determining the
contribution of intercellular interactions in the
thermodynamic properties of water associated
with brain cells.

The aim of the work was to determine
water parameters associated with brain cells,
their parameters change in the case of necrotic
lesions (stroke) and in the presence of an acidic
agent (trifluoroacetic acid — TFA) allowing
differentiation of intracellular water clusters
by their capability to solve the acid [17, 18].

Materials and Methods

Materials. Samples of brain tissue were
obtained by dissection of 50 years man’s
cadaver with the postmortem diagnosis:
cerebrovascular disease, ischemic cerebral
stroke (death occurred within 10 days after
the onset of the disease). An autopsy of the
body of the deceased was carried out in 6 hours
followed by the detection of biological death.
Sampling was carried out directly from the
section of ischemic necrosis and distant part
of the brain (macroscopically — the zone of
intact tissue). Macroscopic description of the
brain, photography in macro mode on Digital
Cameras Canon Pover Shot A510 (Canon,
China), selection of brain tissue samples for
histological and NMR spectroscopic studies
were carried out.

For the manufacture of histological
preparations the fragments of the tissue after
fixation with 10% neutral formalin solution
according to a standardized method were
dehydrated in increasing concentrations of
ethanol and then embedded in paraffin blocks.
Block sections with thickness of 3—5 microns
were prepared using a sledge microtome,
stained with hematoxylin-eosin by standard
procedure.

Histological preparations (slices) were
photographed by the camera Canon Power
Shot A510 (Canon, China) using the separation
capacity of 5 megapixels on the microscope
Leica DM LS2, a lens 10x, 20x, ocular 10x
and sim out adapter Leica DM LS2 (Leica
Microsystems Wetzlar GmbH, Germany ) using
the program Remote Capture (Canon, China).

For NMR studies the tissue slice of about
2 cm thick was used. Tissues were frozen and
stored at a temperature of 258 K. For the
initial sample (Norm) obtaining the substance
from the inside of frozen brain slice was taken
by the puncture with 4 mm glass tube and
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placed in a 5 mm NMR ampoule and then in a
pre-cooled to 210 K NMR spectrometer sensor.
The intensity of the water signal was measured
during the thawing of the sample up to a final
temperature of T = 300 K.

To study the effect of the hydrophobic
liquid media (deuterochloroform — CDCly)
0.5 g of frozen tissue was ground up to pieces
of 1-3 mm? size, pieces were thawed and placed
in CDCl3 medium and maintained for 1 h. Then
the tissue was placed in a 5-mm measuring
ampoule and cooled up to 210 K, and then
the measurements of 'H NMR spectra during
defrosting were carried out.

Effect of the solid medium was studied
by administering the brain tissue in a matrix
of silica TS-100 (manufactured by Cabot
Corporation, USA). For this purpose 0.5 g of
tissue was mixed with 100 mg of silica. Five
minutes after the mixing of tissue with silica
a homogeneous powder mass was formed in
which the pieces of tissue up to 100 microns,
and possibly a small group of individual cells,
were coated with silica particles. Then a
composite powder was placed in a 5-mm NMR
ampoule in which in one and the same sample
the state of the water in the initial sample and
chloroform and (or) other organic substances
additive containing sample could be studied.
Partial dehydration of tissues containing
particles of TS-100 silica was carried out at
313 K with an electronic scales provided with
a heating device (a halogen lamp). In this way,
the water content in the samples was adjusted
to 50% of the original.

Low-temperature 'H NMR spectroscopy.
NMR spectra were recorded on the NMR
spectrometer of high resolution (Varian
“Mercury”) with an operating frequency
of 400 MHz. Eight 60°- sounding pulses of
duration 1 ps at a bandwidth of 20 kHz were
used. The temperature in the sensor was
regulated by the Bruker VT-1000 temperature
controller with an accuracy of = 1 degree. The
signal intensity was determined by measuring
the peak areas using the procedure of signal
decomposition into its components, assuming
a Gaussian waveform and optimizing the zero
line and phase with an accuracy that for well-
resolved signals did not fall below 5% and
for overlapping signals of £10%. In order to
prevent water super-cooling in the studied
objects, the concentration of non-freezing
water was measured at heating the samples,
pre-cooled to a temperature of 210 K. The
temperature dependences of NMR signals
intensity were obtained in an automated
cycle, when incubation of samples at a
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constant temperature was 9 minutes, and the
measurement time was 1 minute.

As the main parameter that determines the
structure of water hydrogen bond network, the
chemical shift of the protons (65) was used.
It was assumed that the water in which each
molecule is involved in four hydrogen bonds
forming (two due to protons and two due to
unshared electron pairs of oxygen atoms) has a
chemical shift 6; = 7 ppm (for hexagonal ice),
and weakly associated water (not involved in
the formation of hydrogen bonds as proton-
donor) has the chemical shift 6; = 1-1.5 ppm
[10-13]. For the geometric dimensions of the
adsorbed water clusters determination, the
Gibbs-Thomson equation, relating the radius
of the spherical or cylindrical water cluster
or domain (R) with the depression value of the
freezing temperature [14,15], was used:

2O-S|Tm,oo (1)

AT =T (R)-T_ _= ’

m m( ) m,oo AprR
where T, (R) is the melting temperature of
the ice localized in the pores of radius R,
T, 1s the bulk ice melting temperature, r is
the solid phase density, s is the solid-liquid
interface energy and AH; is the bulk enthalpy
of melting. For practical use, equation (1)
can be used in the form AT, = (k/R), where
the constant £ for many heterogeneous water
containing systems is close to 50 degrees-nm
[13]. The methodology of NMR measurements
and methods of determining the radii of
interfacial water clusters has been described in
detail in [10—13]. At that poly-associates with
aradius R<2 nm may be considered as clusters,
while larger polyassociates — as domains or
nanodrops as they contain several thousand
molecules of water [11].

The changes in the Gibbs free energy due
to the effects of the limited space and the
native interface correspond to the process
of freezing (melting) of bound water. The
smaller are differences because freezing in

a b

the volume; farther away from the surface is
a layer of water. At T = 273 K water freezes,
the properties of which correspond to the
bulk water, and with temperature decreasing
(excluding the effect of hypothermia) the
water layers, located closer to surface, freeze.
For the free energy of bound water (ice) change
the following relation is valid

AG;., = -0.036(273.15-T), (2)

where the numerical coefficient is a parameter,
associated with the temperature coefficient
of Gibbs free energy for ice change [19].
Determining by the magnitude of signal
intensity the temperature dependence of
nonfreezing water C,,(T) concentration, in
accordance with the procedure described in
detail in [10—13], the quantities of strongly
and weakly bound water and thermodynamic
characteristics of these layers can be calculated.

Water interfacial energy at the interface
with solid particles, or in aqueous solution was
determined as the modulus of total lowering
of water free energy due to the presence of the
phase boundary [10—13] by the formula:

co
7s ==K [ AG(C,,)dC,,, 3)

0

where C™*, is the total quantity of
nonfreezing water at T = 273 K.

Results and Discussion

Signs of a moderate edema-swelling of
encephalon are marked macroscopically
(furrows smoothness, tissue flabbiness,
effusion on the cut surface of a transparent
liquid drops), the area of ischemic necrosis
(stroke) is determined in the left parietal-
temporal zone as a structureless necrotic
brain tissue about 4x5 cm in size, without
clear borders (Fig. 1, a, b).

Fig. 1. Brain:
a — in health; b — an ischemic necrosis (stroke) zone without clear borders
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The irregular blood filling of micro-
vasculature vessels is noted on the light-optical
level at pathomorphological investigation.
There are blood redistribution into plasma
and blood cells and intravascular erythrocytes
aggregation in some part of vessels. The
moderate sclerosis and plasmatic impregnation
are observed in the vessel walls. Marked
perivascular and pericellular edema, moderate
net edema of varying prevalence are noticed.
The degenerative changes of neurocytes with
varying severity dominate: a significant
portion of neurons are in swollen state, with
karyorhexis, as a “melting” neurons and
cells — “shadows”. Extensive necrosis regions
with karyolysis and neurocytolysis signs
are registered. There is expressed glial cell
response along the periphery of necrosis area
(Fig. 2, a, b).

Fig. 3, a, b shows 'H NMR spectra of
the initial brain tissue sample registered at
different temperature and device sensitivity,
respectively. One broad signal is observed
which chemical shift changes from 6, = 4.5 ppm
at T = 300 K till 85 =5.8 ppm at T = 220 K.
It may be related to the strongly associated
water [8—11]. Protons of lipid structures, as of
biopolymers, do not appear in the spectra due
to the short time of proton relaxation. Splitting
into two signals with different intensities is
observed in the spectra after thawing. This
can be caused as by spatial inhomogeneity of
the sample as by the existence of two forms
of strongly associated water with different
ordering which are the highest for the signal
corresponding to larger value of the chemical
shift. The signal intensity decreases with
temperature reduction as a result of partial
water freezing.

The width of the spectrum is significantly
reduced after holding the tissue pieces in
chloroform medium which also could fill the
gaps between the individual pieces of tissue

and penetrate into the bilipid layer of cell
membranes (Fig. 3, ¢, d). Besides strongly
associated water the group of signals lying
in the range of 85 = 1+4 ppm appear at
the spectra. The most intense signal has a
chemical shift 6; =1.25 ppm which can be
caused by the lipid component. The intensity
ratio of water and lipids signals shows that
their quantity is 5—6 wt% relative to the total
water quantity. This is consistent with the
amount of lipids in the brain determined by
biochemical methods [5]. The appearance of
lipids’ signal in chloroform presence indicates
that CDCl;, dissolving in the substance of cell
membranes, transfers them from the liquid
crystal state (characterized by small time of
nuclear magnetic relaxation) to more mobile —
liquid state. It should be noted that the signal
of weakly associated water may be located in
the same spectral range [8—11]. However, we
can assume that this form of water is absent
or its NMR signal is very low at the chosen
experimental conditions.

The cell structures in the brain are
associated with intercellular interactions,
which are implemented by neurotransmitters,
and also by hydrogen, van der Waals and
other types of interactions. In previous works
on studying of the hydrated hydrophilic
nanosilica interaction with hydrophobic
organic substances [19, 20] or lactic zoogloea
cell cultures with nanosilica TS-100 [21] it was
found that the stable heterogeneous structures
of micron size may be formed in a wide range of
component concentrations where hydrophobic
and hydrophilic sites coexist without phase
stratification. This method can be used for
brain tissue components encapsulating by
silica. Nanoparticles reduce intercellular
interactions penetrating into the intercellular
gaps. The changes in the characteristics of
intracellular water enable to estimate the
influence of intercellular interactions on the

Fig. 2. Brain fragments:
a — necrosis zone with marked pericellular edema (x100);
b — “melting” neurons and cells — “shadows”, necrosis zone with the neurons decomposition (x200).
Hematoxylin-eosin
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Fig. 3. 'H NMR spectra of the tissue:
at different temperature (a, b) and higher sensitivity of NMR spectrometer (b, d), native tissue sample (a, b)
and exposed for 1 h in CDCl3 medium (c, d)
Note: hereinafter there are the typical experiment results.

water mostly located within cells (glia and
neurons).

Fig. 4 shows registered 'H NMR spectra of
brain tissue samples containing silica T'S-100
in the air (a, b) and in CDCl; medium (c, d) at
different temperatures. In comparison with the
similar spectra on Fig. 3, the spectra feature
on Fig. 4, a—d is a little bit larger signals
width. This complicates the registration and
separation of the signals of proton containing
groups belonging to the lipid component.
Significant reduction of intracellular water
freezing temperature indicates the clusters
(R £ 2 nm) or domains (R > 2 nm) formation in
cells, which size is determined according to the
equation 1.

It is known that acids are dissolved well in
the bulk water but its solubility drops sharply
at its transition into nanostructured state
(when water polyassociates are less than 20 nm
of size) [17, 18]. This effect could be caused by
reducing of hydration energy of acid molecules
in strongly associated water clusters (domains)
due to the necessity for significant hydrogen
bonds restructuring. Inasmuch as the proton
chemical shift in acids is significantly more
(11 ppm in acid) then in strongly associated
water (4—5 ppm), so in the presence in cells
of water polyassociates differently dissolving

TFA, several signals with different chemical
shift value could be observed in 'H NMR
spectra.

The addition of 20 wt% TFA into the cell
mass (Fig. 4, e, f) results in three signals (1-3
at Fig. 4, e, f) of water-acid solution with
different component concentrations. There
is the maximal acid concentration in strongly
associated water clasters, corresponding to
the signal 1, a bit smaller concentration is
for the clusters manifested as the signal 2.
The chemical shift values for the signal 3 are
the same as in the samples without TFA. As
its intensity is maximal it could be concluded
that a significant portion of intracellular
water practically does not dissolve TFA. A
redistribution of signals intensity and their
displacement in the region of larger chemical
shift values take place in the spectrum with
temperature decreasing. Mainly that water
freezes which does not contain TFA. The signal
intensity of H,0-TFA solution increases again
(T = 210 K) after reaching some minimal value
at T = 220 K. This can be related with the
existence of metabolic processes (with water
molecules, acid or protons participation) that
occur among solution clusters located inside
a cell mass and adsorbed on the surface of the
solid silica particles.
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Fig.4.'H NMR spectra of the tissue:
at different temperatures (a, ¢, €) and spectrometer sensitivity (b, d, f); containing silica TS-100 in the air
(a, b); CDCl3 medium (¢, d) and CDCl3 medium with 20% TFA (e, f)

The layer characteristics of different forms
of water (C,,°and C,,* for strongly and weakly
bound water, respectively) and interfacial
energy value (yg) which characterizes the
total decrease in the free energy of water,
caused by the presence of phase boundaries,
and calculated on the basis of changes in the
concentration of nonfreezing water depending
on the temperature (Fig. 5, a) and Gibbs free
energy changes depending on the concentration
of nonfreezing water (Fig. 5, b) are shown
in the table. Fig 5, ¢ shows the bound water
clusters distribution by radii.

According to the table data, the maximum
value of the free energy reduction in the
layer of strongly associated water (AG®) is
practically independent on the medium, in
which measurements were accomplished. The
exposure of the sample in chloroform medium
leads to some reduction in the contribution
of strongly associated water. Respectively,
vg value decreases from 36 to 28.5 J/g.
Addition of TFA to organic medium results
in significant yg value increasing (2 times).
Probably, it is related to salvation effect of
water and acid interaction, which contributes
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to lowering the freezing temperature of water
in aqueous acidic solution.

Water in the initial sample is presented as
a system of clusters and domains, for which
the maximum of the distribution responds to
domains with R = 20 nm. Except this there
is a small maximum with R = 2 nm. The
exchange of the air on chloroform medium
leads to decreasing of the main maximum and
to increasing the total volume of domains with
R = 100 nm. Thus, weakly polar organic
medium reduces the energy of the water
interaction with the internal interfaces.
Acid addition results in relative increasing
of the influence of domains and clusters of
smaller radius (Fig. 5, ¢). This is due to the ice
crystallization from an aqueous TFA solution
when strong intermolecular water-acid
interactions hinder the formation of hexagonal
ice bulk crystals.

Despite the fact that silica nanoparticles
penetrate into neuroglia intercellular space
and into the gaps between neurons, thereby
reducing intercellular interactions, the
significant increasing in the interfacial
energy of associated water is observed in the
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investigated brain tissue samples (table). It
can be assumed, that destruction of the gel
glia structure is accompanied by formation of
composite silica-cells particles with low content
of weakly bound water. The difference in the
values of interfacial energy of the initial brain
tissue and its encapsulated form should be
attributed to the energy predominance in the
composite formation. At the same time there

are significant changes in the characteristics of
intermolecular interactions in the intercellular
gaps. Accordingly, the main maximum on the
distribution curve AC(R) shifts toward lower
values and corresponds to domains with R=7nm
(table, Fig. 5, c¢). The chloroform medium in
the encapsulated sample stabilizes domains of
larger radius. This process is accompanied by a
significant decrease in yg value.

a b
c
Fig. 5. The temperature dependences:
a — nonfreezing water concentration; b — changes of Gibbs free energy;
¢ — distribution of water clusters associated with brain tissue by radii
The characteristics of the water layers in the brain tissue samples in different media
. C AG?® Cc,. C,.”
S 1 Med Hp0 uw uw Ts
ampre eqmm (mg/g) | (kJ/mol) | (mg/g) | (mg/g) | (J/g)
*Norm Air 4000 -2.25 250 3750 36
*Norm CDClg 4000 -2.25 225 3775 28.5
*Norm CDCl3+20% TFA 4000 -2.25 900 3100 76
I *Norm Air 4000 -2.25 900 3100 89.5
® o *Norm CDClg 4000 -2.25 400 3600 34
=
2 S« *Norm Air 2000 -2.8 1000 1000 66
: g **Lesion Air 2000 -2.25 500 1500 39.5
o= <
s .2 *Norm CDClg 2000 -2.25 1200 800 69.4
i **Lesion CDClg 2000 -2.25 300 1700 23.5

Notes: * — normal brain tissue; ** — brain tissue from the region of ischemic stroke.
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Fig. 6 shows 'H NMR spectra obtained at
different temperatures for the investigated
brain tissue samples containing 2 g/g of
bound water for samples of initial tissue and
of the tissue located in the ischemic stroke
zone. Measurements were performed in air
(Fig. 6, a, b) and CDCl; medium (Fig. 6, c, d).
The temperature dependences of nonfreezing
water concentration, changes in Gibbs free
energy and clusters (domains) distribution by
radii, calculated according to the equation of
Gibbs-Thomson, are shown in Fig. 7, a—c.

For both samples, in air in 'H NMR
spectra one signal is registered with the
chemical shift of 5—6 ppm which corresponds
to better ordering of hydrogen bonds structure
in the brain in comparison with liquid water,
which usually has 65 = 4,5—5 ppm [8]. The
signal of lipid component appears in the spectra
in chloroform medium at 5 = 1-3 ppm. When
temperature is lowering the signals intensity
decreases due to water and lipid transition to
the solid state.

A comparison of the C,,(T) dependences
and strongly and weakly bound water amounts
calculated on their basis (table) demonstrates
that the dehydration leads to reduction of

weakly bound water amount while strongly
bound water amount increases significantly.
For the brain tissue sample obtained from
the area of ischemic stroke the contribution
of weakly bound water is much greater as
evidenced by a comparison of the respective
C,. > C,," and yg values.

The partially dehydrated sample of normal
tissue (Norm) has greater contribution of
water clusters with a radius R = 2 nm in
comparison with initial sample (if compare
Fig. 5, ¢ and Fig. 7, ¢). The domains
contribution with R = 20 nm increases when
placing this sample in a weakly polar medium.
The presence of ischemic necrosis area leads to
stabilizing of water polyassociates with radius
R = 20 nm, and in CDCl; medium — with
radius R = 100 nm, which are characteristic
for weakly bound water.

The measurements of an ability of strongly
associated water polyassociates (clusters,
domains) to dissolve TFA were performed
for tissue samples in CDCl; medium (Fig. 8).
Addition of 20% TFA, that can be dissolved
in cell water, into CDCl; medium results in
three signals (1-3) with chemical shifts in the
range of 85 = 5—10.5 ppm (Fig. 8). Taking into

Fig. 6. 'TH NMR spectra of brain tissue samples containing silica nanoparticles TS-100:
for normal tissue at different temperatures (a, c); from the area of ischemic stroke (b, d) in the air (a, b)
and in CDCl3 medium (c, d) at CH20 =2g/g
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account that the chemical shift of strongly
bound water in brain tissue is 6; = 4.5—6 ppm
and 8y = 11 ppm for pure TFA, it may be
concluded that the signal 3 was caused by the
water clusters (domains), which practically
do not dissolve TFA (the TFA concentration
is less than 10 wt% there); signal 2 (65 =
7—8 ppm) — by polyassociates, which are able
to dissolve up to 30 wt% of TFA; and signal
1 — by concentrated solution of water—TFA.
With temperature lowering the intensity of
all signals decreases due to water freezing
(likely, in the form of hexagonal ice), but at
low temperatures so does — TFA.

The ratio between different types of water-
TFA polyassociates differs significantly
for normal tissue and tissue from ischemic
necrosis area (Fig. 9). In the normal tissue
the largest amount of interfacial water is a
part of the clusters (domains) responsible for
signal 2 while signal 3 is recorded only at low
temperatures. Exactly this signal is dominant
in a wide temperature range in tissue damaged
by necrosis. For the damaged tissue also the
signal 1 has relatively lower intensity.

Thus, almost all the water, located in the
brain tissue, is associated and is a part of the

domain and clusters, significant part of which
have radii R = 2 and 20 nm. The chloroform
medium stabilizes water polyassociates with
radius less than R =100 nm, and TFA stabilizes
water polyassociates with radii R = 7—20 nm.

Addition of silica nanoparticles TS-100
into the brain tissue leads to formation of
composite systems where parts of the tissue
(and possibly separate cells) are surrounded
by silica nanoparticles. This composite looks
like a wet powder that facilitates to study the
impact of the organic medium on the water
polyassociates structure. In the composite
system of brain tissue / silica the average
size of water polyassociates is considerably
less than in the initial tissue (R = 7 nm). The
average domain size increases up to 20 nm in
CDCl; medium. At least three types of domain
differently dissolving acid are observed in the
spectra in the presence of TFA.

Partial dehydration of the investigated
brain tissue samples is accompanied by
reducing in the amount of weakly bound
water and some increasing in the amount
of strongly bound water, that indicates a
change of molecular interactions between the
components of cell-nanoparticle composite
system.

Fig. 7. The temperature dependences:
nonfreezing water concentration (a); changes in Gibbs free energy (b); and distribution by radii of water
clusters (c); connected by normal brain tissue and by tissue from the ischemic necrosis area containing silica
nanoparticles TS-100 (amount of residual water 2 g/g)
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Fig. 8. 'H NMR spectra:
of brain tissue samples at different temperatures in CDCl3 medium with addition of 20 wt% TFA
for normal brain tissue (a, b) and for tissue from ischemic necrosis area (c, d)

Fig. 9. The temperature dependences for water concentration, being a part of the different types
of water-TFA polyassociates:

a — intact tissue, b — stroke

The presence of the ischemic necrosis
area in the brain tissue increases the size of
bound water polyassociates, which occurs as
in air and in a weakly polar organic solvent
(deuterochloroform) media.

The addition of TFA in an organic medium
enables to differentiate the clusters (domains)
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of cell water with respect to their ability to
dissolve the acid. In the normal brain tissue
the bulk of the water is in a composition of
polyassociates capable of dissolving up to 30%
of acid. For the tissue obtained from ischemic
necrosis area the bulk of the water is in the
domains slightly dissolving the acid.
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CTAH BOJHU B TRKAHHUHI I'OJIOBHOT'O
MO3RY 3A IIPUCYTHOCTI
HAHOYACTHHORK KPEMHES3SEMY TS-100
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C. B. [Takpuwens®
0. B. Cepos®
O.T. Boaux?
B. B. Typos!

aeruryr ximii noepxHi im. O. O. Uyiika
HAH Vxpainu, Kuis
’[laTonoro-amaromiune Bigmimennsa
OsexcanapiBcbKol KaiHiuHOI JikapHi, Kuis
KuiBcbKuit MiKHApOaHMII YHiBEPCUTET,
MeIquKo-(hapMaleBTUYHUNA (PaKyJIbTEeT
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MerozoM HusbKoTeMmueparyproi ‘H SIMP-
CIIEKTPOCKOIIil BUBUEHO OyAOBY TipaTHUX IIIapiB
BOJAU, 3B’sA8aHOI KJITMHAMU TI'OJIOBHOTO MO3KY,
3MiHy IMX mapaMeTpiB 3a HEKPOTUYHUX YIIIKO-
IoKeHb (1HCYJIBT) i 3@ MPUCYTHOCTL TPUMTOPOILTO-
BOI KUCJOTH, IO Ta€ 3MOTy audepeHIlitoBaTU
KJIaCcTepH BHYTPIIMTHBOKJIITIHHOI BOAU 3a IXHBOIO
3MATHICTIO PO3UMHATH KUCJIOTY. PO3TIsAHYTO Ta-
KOJK BILIMB HaHOUACTUHKaMu Kpemuesemy TS-100
Ha CTaH BOJAMY Y TKAHWHI I'OJIOBHOTO MO3KY, a caMe
Ha mapaMeTpu 3B’ sI3yBaHHA BOAM HA MOBIiTpi Ta 3a
TPUCYTHOCTI CJIa00II0IAPHOTO POSUNHHHUKA.

Huia KaacTepiB CHUIBHOACOIiIOBAHOI MiK-
daszHoi BOAM OTPUMAHO PO3MOLiIN 3a pagiycamu
i smimamu BinbHOI eHeprii I'i66ca. IlokasaHno,
0 TifpaTHi BJIACTHMBOCTI HATUBHOI TKAHUHU
BiIpiBHAIOTHCA Bij] BJIacCTUBOCTEN 3a HEKPOTUU-
HUX YITKOMKEeHb O0yI0BOIO0 KJacTepiB ciaboaco-
miioBaHOol Bogu. B iHTaKTHIN TKaHMHI BCa Boza
€ 3B’sI3aHOI0 i BXOAUTH A0 CKJAAy KJacTepiB i
IOMEeHiB, 3HaUHA YacTMHAa AKUX Mae€ pamiycu
R = 2 i 20 um. CepenoBuiiie i3 xjaopoopMom
crabinmisye BomHiI moJsiacoliaTu 3 pamiycom mo
R =100 um, a TpudTOpOIITOBA KUCJIOTA — 3 Pai-
ycamu R = 7—20 um. BeTaHOBIIEHO, IO YaCTKOBA
Jerigparaliis JOCHiJ)KyBaHUX 3Pas3KiB TKAHUHU
CYHIPOBOIKYETHCA 3MEHIIIeHHAM KiJIbKOCTi cja-
003B’A3aHOI BOAM i IesIKUM 3POCTaHHAM KiJbKO-
CTi CMJIbHO3B’ A3aHOI BOAH, 1110 CBiAUUTH PO 3MiHY
MOJIEKYJIAPHUX B3A€EMOJAIA Mi’K KOMIIOHEHTaAMU
KOMIIOBUTHOI CHUCTEMM KJITHMHU—HAHOYACTHUH-
Ku. [IprucyTHicTb OocepeaKky ileMiuHOT0 HEKPO3Y
NPUBBOAUTDL 10 3MEHINeHHsS 3B’ sA3yBaHHSA BOAU
yepes 30iabIIIeHHsS BOJHUX IMOJIiacoiiiaTiB cepe-
Hix posmipiB. Ileit epeKT criocTepiraeThcd AK Ha
moBiTpi, Tak i B cepemoBUIIi cIa00MIOJIAPHOTO OP-
TaHIYHOTO PO3UNHHUKA — JeUTepoXJopodopmy.

Knawouwosi cnoea: inmemiununii iHCYJBT, CHJIBHO-
i cabosB’s3ana Boga, 1H AMP-crieKTpocKoIis.
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COCTOAHUE BOJAbI B TKAHHU
I'OJIOBHOI'O MO3T'A B ITPUCYTCTBHUH
HAHOYACTHUIl KPEMHE3SEMA TS-100
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A.T. Boaux®
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ITaTos0r0-aHATOMUUECKOE OTHEICHNE
AJlexcaHAPOBCKOM KIMHUYECKOH 00IbHUITEI, K1ieB
KueBcKuil MeXXIyHAaPOAHBIN YHUBEPCUTET,
MeIuKOo-(hapMaleBTUYeCKUN (PaKyabTeT

E-mail: krupska@ukr.net

MeTtonomM HU3KOTeMIIepaTypPHOU 'H amPp-
CTIEKTPOCKOINY U3YUYEeHO CTPOEHUE TUIPATHBIX CJIO-
€B BOJbI, CBA3aHHOU KJETKaMU I'OJOBHOTO MO3ra,
U3MeHeHNe 9TUX ITapaMeTPOB IIPU HEKPOTUUECKUX
HOBpPe:KIeHUAX (MHCYJIbT) U B IIPUCYTCTBUU TPU-
(TOPYKCYCHOII KHUCJIOTHI, MO3BOJISAIONIEN mudde-
PEHITMPOBAThH KJIaCTePhl BHYTPUKJIETOUHOI BOIBI IO
UX CIIOCOOHOCTHU PaCcTBOPATDH KMCJIOTY. PaccMoTpero
TaK’Ke BInAHne HanouacTull kpemuesema TS-100 na
COCTOSHME BOJBI B TKAHU T'OJIOBHOTO MO3Ta, 8 UMEeH-
HO Ha IIapaMeTphI CBA3LIBAHMA BOJbI HA BO3AYXE U B
MIPUCYTCTBUU CJIA0OIIOISIPHOIO PACTBOPUTEIIA.

Iiss KJaacTepoB CUJIbHOACCOIMUPOBAHHOMN
MesK(asHOW BOABI MOJYUYEHBI pacIipelesieHusd
Mo pagumycaM W U3MeHeHUSM CBOOOTHOM dHep-
ruu I'm66ca. IlokasanHo, UTO ruApaTHLIE CBOM-
CTBa HATUBHOU TKAHU OTJIMUYAIOTCS OT CBOICTB
IPpU HEKPOTHUYECKUX IOBPEKAEHUAX CTPOEHU-
eM KJacTepoB cyiaboaccoUUPOBAHHOI BOALI. B
MHTAKTHOU TKAHU BCA BOJA SBJAETCA CBA3AH-
HOM M BXOIUT B COCTaB KJIACTEPOB U JOMEHOB,
3HAUUTEJIbHAS YaCTh KOTOPBIX MMeEeT PagnyChl
R = 2 u 20 am. Cpegna c xaopodopmoM cTabuam-
3UPYyeT BOAHBIE IIOJMACCOIIUATEI C PAJUYCOM IO
R = 100 M, a TpudTOpyKCyCcHAd KUCJIOTA — C
R = 7-20 HEM. YCTaHOBJIEHO, UTO YaCTUYHAA Je-
TUApAaTaIusa UCCJAeAyeMbIX 00pas3IloB TKAHU CO-
MIPOBOKIAEeTCsA YMEHbBIIIeHNEeM KOJIMYecTBa cJia-
0OCBSIBAHHON M HEKOTOPBLIM POCTOM KOJIMUYECTBA
CUJIbHOCBABAHHON BOABI, YTO CBUIETEJHbCTBYET
00 M3MeHEeHUU MOJIEKYJIAPHBIX B3auMOJeicTBU
MeXKIy KOMIOOHEHTAaMH KOMIIO3WUTHOM cucTe-
MBI KJIETKU—HAHOYACTUIBI. [IpucyTcTBUE ouara
UIIeMUYECKOTO HEKPO3a NPUBOAUT K yMeHbIIIe-
HUIO CBA3BIBAHUSA BOJBI 34 CUET POCTA BOIJHBIX
IMOJINacCOIIaTOB CPeIHEero pasMe pa. ITOT (-
(ekT HaOIIOMAETCA KaK Ha BO3AyXe, TaK U B cpene
¢J1a60TIOIAPHOT0 OPTAaHUYECKOT'0 PACTBOPUTEST —
nerTepoxJyiopodopma.

Knrouesnvle cnosa: nieMunuecKUil UHCYJIbT, CUJIb-
HO- u cyabocBsa3anuasa Boga, H AMP-crnekTpo-
CKOIIN.





