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ABSTRACT. Background. Toxic components of scorpion venom cause local symptoms and the development of severe
neurological, hematological disorders, cardiovascular, respiratory, excretory systems, etc. Among the leading causes of
death under these conditions are heart failure and pulmonary edema. Expanding the understanding of the effects of scorpion
venoms will make it possible to establish pathogenetic mechanisms for developing certain complications and patterns of
histological and biochemical changes in target organs. It can also be essential in developing treatment methods, prevention,
and manufacturing medicines and antidotes. Objective. Morphometric analysis of changes in the structure of the rat heart
wall and the course of hemodynamic processes in it in response to the effect of the venom of the scorpion Leiurus mac-
roctenus. Methods. Experimental studies were conducted on 60 male rats (180 g+3 g), which were injected intramuscularly
with 0.5 ml of the venom solution (28.8 mg/ml) (LD50=0.08 mg/kg). Morphometry of digital images was performed in the
Fiji: ImageJ program. The width of cardiomyocytes and the percentage of myocardial area occupied by blood were deter-
mined. Results and conclusion. Against the background of the action of the scorpion venom Leiurus macroctenus, a statis-
tically significant increase in the width of cardiomyocytes and the area of hemorrhage zones in the myocardium is observed;
these characteristics are more pronounced over time. Cardiomyocytes showed signs of pathological changes already in the
first hour of the venom action, when, morphometrically, the difference from the control group was still impossible to register.
In the case of cardiomyocyte sizes, if in the first hour after the venom administration, the increase in their width was not
observed in the experimental group. The width was already significantly more significant in the third hour than in the control
group. The area of the vessels increased due to the aggregation in their lumens and near the walls of formed blood elements,
the perfusion of the vessels themselves and edema of the middle and outer membranes. The area of hemorrhagic zones
outside the vessels was determined by the increase in permeability, or even the destruction of their walls, which led to
diapedesis and passive penetration of formed blood elements into the surrounding tissues.
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Introduction

Poisoning due to scorpion stings is a current
medical problem that poses a threat to the health and
life of people, especially children and the elderly with
a complicated medical history [1]. The epidemiology
of scorpionism worldwide is impressive. Every year,
about 1.2-1.5 million people suffer from the bites of
these animals, which leads to 2600 deaths. Until re-
cently, it was believed that poisoning due to scorpion
stings is characteristic mainly of poorly developed
tropical and subtropical countries, namely Africa, In-
dia, the Middle East, Mexico, and Latin America.
However, it is now well known that their usual distri-
bution area has significantly expanded, so fatal cases
are also recorded in countries with a high standard of

living [2, 3].

Currently, there are over 1500 different species
of scorpions, of which 50 are venomous subspecies
[4,5,6,7,8,9]. It has been established that the toxic
components of their venom cause not only local
symptoms but also the development of severe neuro-
logical, hematological disorders, disorders of the car-
diovascular, respiratory, excretory systems, etc.
Among the leading causes of death under these con-
ditions are heart failure and pulmonary oedema [10].
Proteins are essential structural components of their
venom and have extremely toxic properties [11, 12,
13, 14, 15]. Even though more than 800 peptides have
been identified to date, the composition of scorpion
venom is considered poorly studied. In addition, it
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can vary significantly even within the species; there-
fore, the features of biological action, impact on tar-
get organs, and morphological changes in body sys-
tems are variable. Therefore, a detailed study of the
structural elements of scorpion toxins is a promising
direction in toxicology, molecular biology, morphol-
ogy, etc. Expanding the understanding of the effects
of scorpion venoms will make it possible to establish
pathogenetic mechanisms for developing certain
complications and patterns of histological and bio-
chemical changes in target organs. It can also be es-
sential in developing treatment methods, prevention,
and manufacturing medicines and antidotes.

In recent years, pronounced changes in climatic
conditions have been recorded, which can lead to the
appearance in specific territories of animals, includ-
ing scorpions, that are not typical for a particular area.
In addition, the creation of artificial conditions for
breeding predatory, poisonous animals that pose a
significant threat to the life and health of living or-
ganisms is currently relevant. That is why the im-
portance of the problem of poisoning due to bites of
predatory animals, their consequences, and practical
and, most importantly, timely treatment is growing.

The above data indicate the need for an in-depth
study of the structure, biological action, and func-
tional activity of toxins of various species of scorpi-
ons since a significant proportion of them remains un-
known. In addition, it is essential to deepen
knowledge in this field since every year, scientists
discover new representatives of these animal species.
Thus, Leiurus macroctenus, belonging to the Buthi-
dae family, was found recently. Toxicological studies
of the composition of its venom are minimal, and the
specifics of the impact on the victims' bodies are en-
tirely unknown. Based on this, the importance and
timeliness of our study on the study of morphometric
indicators of the hearts of rats exposed to the venom
of the scorpion Leiurus macroctenus are undeniable.

The study aims to perform a morphometric
analysis of changes in the structure of the rat heart
wall and the course of hemodynamic processes in re-
sponse to the effect of the scorpion venom Leiurus
macroctenus.

Materials and methods

Experimental studies were conducted on 60
male rats (180 g+3 g), which were injected intramus-
cularly with 0.5 ml of venom solution (28.8 mg/ml)
(LD50=0.08 mg/kg) dissolved in saline (0.9%) [16].
The control group (13 rats) was injected with only 0.5
ml of saline (0.9%).

In this study, absolute and relative variables
were selected that reflect the potential myocardial re-
sponse to the toxic effect of scorpion venom. To as-
sess these changes over time, measurements were
performed on digital images of histological prepara-
tions of tissues removed one and three hours after the
corresponding venom entered the body. Morphome-
try of digital images was performed in the Fiji: Im-
ageJ program. The width of cardiomyocytes was de-
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termined (higher accuracy of measurements was en-
sured by working with images at a magnification of
x200 and using preparations stained using the unique
Azan Trichrome method; the data were compared be-
tween the intact and two experimental groups, which
differed in the duration of the poison; in each of the
two groups, measurements were performed in 16
fields of view (5 random cardiomyocytes in each); as
a result of this approach, 80 measurements were ob-
tained for each group) and the percentage of the my-
ocardial area occupied by blood (since the rate of the
area is a relative indicator, measurements were per-
formed both in micrometers and in pixels to calculate
it; the percentage ratio between the regions filled with
red blood cells and the surrounding tissues was calcu-
lated; 20 digital images were analyzed for each group:
one control and two experimental; the obtained indi-
cators were statistically processed in Excel, in
(Graphs were also constructed based on these meas-
urements to better illustrate the results obtained).

Results and discussion

At the beginning of our analysis, we assessed the
normality of the distribution of the data obtained in
the control and four experimental groups, which
showed that the graph that displayed it did not corre-
spond to a Gaussian curve. In connection with such
results, the non-parametric Mann-Whitney test was
used to assess the reliability of the increase in the size
of cardiomyocytes in the experimental groups relative
to the control and the differences between them. Sta-
tistical analysis of the data on the width of cardiomy-
ocytes showed a significant increase in the size of
heart cells relative to animals not exposed to scorpion
venom in all experimental groups, except for the
group with the shortest duration of its exposure - one
hour (Fig. 1). If for the control group the average
value of this indicator is 21.22 pum (first quartile 19.44
pm; third quartile 22.73 pum), then for rats one hour
after exposure to Leiurus macroctenus poison, it is
20.44 pm (first quartile 17.84 um; third quartile 22.88
pm).

In general, the smaller average width of cardio-
myocytes in this group is only evidence that the toxic
effect on the proteins of their cytoplasm did not have
enough time to manifest itself at the cellular level. In
particular, the loss of transverse striation of muscle
fibers in the rat heart, noted already an hour after in-
oculation, indicates a toxic effect of the poison on the
proteins actin and myosin, which determine the stria-
tion of muscle fibers, or on auxiliary proteins that
help in their attachment to the cytoskeleton and the
organisation of organelles in the cytoplasm. The de-
struction of such finely constructed interactions be-
tween proteins sooner or later inevitably leads to the
stratification of structures in the cytosol, their disor-
ganisation and expansion.

At the same time, the cardiomyocytes of the
hearts of rats from the control group, although they
were slightly (statistically unreliable) more expansive
than those in the group after one hour of exposure to
the poison, had pronounced transverse striations and
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even intercalated discs, which stood out as thicken-
ings between neighboring cells. Thus, despite the
morphometric data, with a careful assessment of the
results of the morphological description, we can say
that there were no intracellular changes in the sarco-
plasm of cardiomyocytes that were not exposed to
toxins from scorpion venom. In the experimental

groups, at later times after the introduction of the poi-
son, a statistically significant increase in the size of
heart muscle cells was noted as a result of changes in
sarcolemmal proteins, which appeared already in the
first hour of exposure to the poison but were not ob-
served in the control group.

Average cardiomyocyte width
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Fig. 1. Average value of cardiomyocyte width in the control group and experimental groups with different durations of action
of Leiurus macroctenus venom. * - difference from the control and experimental groups 1 hour after venom administration is
significant at p<0.01; ** - difference from the experimental group 3 hours after venom administration is significant at p<0.01.

Another critical aspect for comparing the results
of quantitative assessment of the width of cardiomy-
ocytes is the dispersion of data relative to their aver-
age value. In the control group, this indicator is 2.34
um; in the experimental group, after one hour of ex-
posure to the poison, it is 3.8 um. This indicates the
presence of significantly smaller and significantly
larger cardiomyocytes in width, which does not affect
the average indicator of their size, but shows the pres-
ence of single cells, which already at such an early
stage show signs of edema and other hypertrophic
processes, which will be more clearly manifested in
later stages of the poison. However, the presence of a
certain number of narrower than usual cardiomyo-
cytes affected the average value of the width of these
cells in this group.

Suppose we return to the morphological descrip-
tion of the rat myocardium in the first hour after the
poison enters the body. In that case, we cannot ignore
other evidence of intracellular changes, which will
later be reflected in the quantitative characteristics of
its muscle cells. The blurred contours of the cardio-
myocyte nuclei in this group indicate the early stages
of developing edema processes, which cause moder-
ate hypertrophy of only single cells. The homogeni-
sation of the cytoplasm confirms the destructuring of
actin-myosin interactions, which, on the one hand, are
manifested by the loss of striation and, on the other
hand, indicate the further development of intracellu-
lar edema.

And suppose this edema, the most apparent

cause of an increase in the size of any cell, including
cardiac cardiomyocytes, is a wholly expected cause
of such a significant difference for more extended pe-
riods of exposure to the poison. In that case, it is in-
teresting to note the statistically significant increase
in the size of heart cells relative to the control in the
“next” experimental group — only three hours after the
start of the poison. However, this result correlates
with the data of morphological studies of heart tissues
conducted in this group.

Three hours after exposure to Leiurus mac-
roctenus venom, the width of cardiac muscle cells in
rats is already 29.24 um (first quartile 26.50 um; third
quartile 31.22 pm) (Fig. 1). This is significantly
greater not only in the control group but also in the
rats one hour after the venom was administered.

An examination of the results of the morpholog-
ical study of the heart tissues of rats from this group
explains such a dramatic increase in their size. After
all, the wave-like modification of the shape of these
cells intensified, which confirmed the further devel-
opment of edema. The sarcoplasm of cardiomyocytes
became more eosinophilic and somewhat enlight-
ened, the first morphological sign of fluid penetration
into the cell and oedema of the cytosol. Interestingly,
at this stage, edema, as the leading cause of the in-
crease in cell size, had already reached the nuclei of
cardiomyocytes, which contained numerous vacu-
oles, presumably with fluid. Vacuolisation of the nu-
clei confirms the deep stage of edema of cardiomyo-
cytes, which significantly increased their size and
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width. If one hour after the introduction of the poison,
the actin-myosin interactions underlying striation
were only beginning to be disturbed, here the striation
was no longer determined. This speaks in favor of the
loss of spatial structuring of motor proteins, which de-
termine the intracellular organisation of muscle fi-
bers.

A review of the sources also helped to under-
stand the origins of such an increase in cell size. As is
known, the action of toxic substances causes a deteri-
oration in local blood circulation precisely at the third
hour after the poison's impact on the organ, which, in
turn, leads to a decrease in the level of Oxygen in the
cardiac muscle, which is morphologically manifested
in the appearance of vacuoles in the cytosol at earlier
stages of damage and the nucleus at later ones [17].
The expansion of the lumen between the membranes
of the smooth endoplasmic reticulum and the swell-
ing of lysosomes primarily determines vacuolisation
of the cytoplasm. These single-membrane organelles
are responsible for counteracting and neutralising
toxins that enter the cytosol through the membrane.

The set of morphological features we have pre-
sented confirms the most acute manifestation of the
processes of destruction of the surface apparatus, in-
tracellular edema and death of rat cardiomyocytes on
the third day after the introduction of the poison,
which was morphometrically reflected in a statisti-
cally significant increase in the size, namely the width
of these cells, not only relative to the control group,
but also relative to the groups with earlier periods of
exposure to the poison.

Another probable mechanism of the action of
scorpion venom on cardiomyocytes, and, accord-
ingly, their morphometric characteristics, is myocar-
dial ischemia, caused primarily by impaired microcir-
culation in its tissues [18]. In studies on the effect of
scorpion venom on the heart muscle, impaired blood

flow in the coronary vessels is separately noted [19].
That is why the second parameter on which we fo-
cused our attention is the state of the vessels of the
myocardial microcirculatory bed in response to the
action of scorpion venom.

We needed to quantitatively assess such pro-
cesses in the vessels as their expansion, filling with
blood, violation of the integrity of their walls and
hemorrhages, which are logical consequences of the
action of scorpion venom toxins on the heart. For this
purpose, we chose a threshold method of assessing
the area of a specific color in a digital image by
screening out other spectrum elements. The use of
this method of quantitative analysis became possible
due to the contrast of rat heart preparations when
stained with Azan trichrome [20], because the blue
color of cardiomyocytes and connective tissue ele-
ments of the extracellular matrix contrasted suffi-
ciently with the intense red blood cells, so that it was
possible to screen out all areas except the zones occu-
pied by blood for further assessment of their absolute
area and fate relative to all other structures on the sec-
tion.

As is known, the vessels deliver the poison to the
surrounding tissues, and their wall is the first barrier
to the poisons' toxins. In addition, as already men-
tioned, the vessels are the main factor in ischemia,
one of the characteristic effects of scorpion venom on
the heart of its victim.

It is quite characteristic that, according to the re-
sults of our morphometric studies, all experimental
groups demonstrated a statistically significant in-
crease in the area occupied by red blood cells relative
to the control group starting from the first hour of the
poison's action (Fig. 2, 3). Such results correlate with
the literary sources' data and the morphological study
of myocardial tissues in these groups.

Percentage of myocardial cross-sectional area occupied by
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Fig. 2. Individual indicators of the proportion of myocardium filled with formed blood elements in the control and experimental
groups with different durations of exposure to the venom of the scorpion Leiurus macroctenus.
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Many studies on the effects of scorpion venom
on the myocardium identify three main factors of car-
diac dysfunction: adrenergic myocarditis, toxic myo-
carditis and myocardial ischemia [21]. These acute
effects develop within the first hour after the venom
enters the body [22]. In our case, after just one hour,
the proportion of the myocardium filled with red

blood cells in the experimental group was signifi-
cantly higher than in the control group. If in the intact
group, this figure was 10.08% (first quartile 7.5%;
third quartile 12.0%), then for the group whose ani-
mals were exposed to Leiurus macroctenus venom for
one hour, it was 19.84% (first quartile 16.45%; third
quartile 22.95%).

The average value of the proportion of the myocardium filled
with formed blood elements
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Fig. 3. Average value of the percentage of myocardium filled with blood in the control and experimental groups with different
scorpion venom Leiurus macroctenus action durations. * - difference from the control group is significant at p<0.01; ** - difference
from the experimental group of animals 1 hour after venom administration is significant at p<0.05.

Let's turn to the data of the histological analysis
of the state of the blood vessels in the heart's muscular
wall in the control group. We can note the initial char-
acteristics, which in the future, with an increase in the
total time of exposure of the poison to the heart, will
be modified more and more deeply. In particular, it is
necessary to pay attention to the state of endothelial
cells in the vessels of the microcirculatory bed. Here,
endothelial cells were located on the basement mem-
brane tightly to each other and did not show signs of
detachment. Tunica media and tunica adventitia also
demonstrated the absence of oedema in smooth mus-
cle and loose connective tissues. It is also essential to
pay attention to the internal contents of the vessels
because the processes of erythrocyte agglomeration
and whole blood significantly affect the cross-sec-
tional area of the vessels. In the intact group, the lu-
mens of the blood vessels demonstrated only the pres-
ence of red blood cells, without any hints of clumping
or coagulation.

Inturn, in our morphological analysis of the state
of the microcirculatory bed in the experimental
group, where rats were exposed to poison for one
hour, attention is drawn to the presence of significant
diapedetic hemorrhages and the presence of red blood
cells outside the vessels - they infiltrated between the
fibers of the heart muscle. Thus, the exit of erythro-
cytes outside the microcirculatory bed could not but
affect the increase in the proportion of the myocar-
dium filled with blood.

Another factor that increased this indicator was
the expansion of the venous vessels of the heart mus-
cle due to their entire blood supply. As is known, the
wall of venous vessels is devoid of a developed
framework of elastic fibers and membranes, so it does
not resist a change in shape and stretching in response
to blood stasis. Such vessel stretching, accompanied
by increased diapedesis, was also confirmed by in-
creased gaps between endothelial cells on the basal
membrane. Venous vessel hyperextension was deter-
mined by whole blood, as evidenced by the aggre-
gated accumulations of erythrocytes noted by us both
in the lumens of the vessels and attached to their
walls. The walls themselves were already character-
ised by desquamation of endothelial cells from the
basement membrane and their invagination at such an
early stage.

Let's look at the dynamics of changes in the my-
ocardial microcirculatory bed at the third hour after
the onset of the poison. We note a slight further in-
crease in the area of hemorrhage, which nevertheless
does not significantly differ from the indicators at the
first hour after poisoning (Fig. 3). Here, the propor-
tion of the area of the sections filled with blood ele-
ments was on average 22.58% (first quartile 20.48%;
third quartile 24.65%).

Morphologically, this group revealed areas of
hemorrhage, while morphometric assessment did not
show a significant increase in their area compared to
animals after one hour of exposure to the poison. This
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does not indicate the absence of further development
of pathological processes in and around the vessels
because we observed increased infiltration of immune
cells through their walls and clumps of erythrocytes
stuck together in their lumens. Simply deepening
these processes did not significantly affect the in-
crease in the area of the vessels. Nevertheless, there
was fullness of blood and expansion of the vessels,
and the divergence of endothelial cells from each
other, which was noted even in the first hour of expo-
sure to the poison, continued to intensify, in places
resulting in the detachment of these cells from the
basement membrane and their desquamation into the
lumen of the vessels. Such changes in the lining of the
vessel wall cannot but increase diapedesis and the
outflow of fluid from the vessels, which was morpho-
logically reflected in the accumulation of formed
blood elements outside the vessels and edema in the
matrix, respectively.

Conclusion

According to the results of the morphometric
analysis of the data, we can speak of a statistically
significant increase in the width of cardiomyocytes
and the area of hemorrhage zones in the myocardium;
these characteristics became more pronounced over
time. In particular, cardiomyocytes morphologically
showed signs of pathological changes already in the
first hour of the poison’s action, when morphometri-
cally, the difference from the control group was still

impossible to register. In the case of cardiomyocyte
sizes, if an increase in their width was not observed
in the first hour after the poison's administration in the
experimental group, the width was already signifi-
cantly more significant in the third hour than in the
control group. In the statistical analysis of the fraction
of the area of the sections occupied by red blood cells
in or outside the vessels, a significant difference from
the control group according to the Mann-Whitney cri-
terion was observed already from the first hour of the
poison's action. The area of the vessels increased due
to aggregation of formed blood elements in their lu-
mens and near the walls, engorgement of the vessels
themselves, and edema of the tunica media and tunica
adventitia. The area of hemorrhagic zones outside the
vessels was determined by increased permeability or
even destruction of their walls. This led to diapedesis
and passive penetration of formed blood elements
into the surrounding tissues.

Prospects for further development are related
to the study of histological changes in the myocar-
dium of rats exposed to the venom of the scorpion
Leiurus macroctenus at later stages of the experiment.
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AnunmuH A. OcodauBocTi MOP(OMETPUYHUX NOKA3HUKIB MioKapaa mic/isi BIVIMBY Ha IMYPIB OTPYTH
ckopmioHiB Leiurus macroctenus.

PE®EPAT. AkryanabHicTh. TOKCHYHI KOMIIOHCHTH OTPYTH CKOPITIOHIB 3yMOBIIIOIOTH ITOSIBY HE JIUIIIE MiC-
LIEBUX CUMIITOMIB, aJie i PO3BUTOK Ba)KKHX HEBPOJIOTIYHUX, I€MATOJIOTIYHUX PO3JIa/iB, HOPYIIEHb AiSUIBHOCTI Ce-
PLIEBO-CYANHHOI, TNXaJIbHOI, BUIIBHOI cHCTEM, ToIo. Cepesl OCHOBHUX NMPUYHH CMEPTI 33 JaHUX YMOB € ceplieBa
HEJIOCTATHICTh Ta HAOPSIK JIereHb. PO3MIMpEeHHs ysSIBICHB MO0 BIUIMBY OTPYT CKOPITIOHIB HaAAaCTh 3MOT'Y BCTaHO-
BUTH MTaTOTCHETUYHI MEXaHI3MH PO3BHUTKY THX, Y 1HIINX YCKJIaTHEHb, 3aKOHOMIPHOCTEH TiCTOJOTIYHUX Ta 0i0-
XIMIYHUX 3MiH B OpraHax-MilIeHsX, a TAKOK MOXE BITIrpaTH BaXKJIUBY POJb y PO3pOOII METO/IB JiKyBaHHS, TIPO-
(inakTHKK, BUTOTOBJICHHSI JIIKapChKHUX 3ac00iB 1 mpoTHOTPYT. MeTa. MopdomeTpuyHmii aHasi3 3MiH CTPYKTYpH
CTIHKHM ceplsl LIypiB Ta nepediry reMoAnHaMiYHUX MPOLECIB B Hil y BIINOBIAb HAa BIUIMB OTPYTH CKOPITIOHIB
Leiurus macroctenus Mertoau. ExcriepumMenTanbHi JOCTiKEHHS TpoBOAMIn Ha 60 mrypax-camipix mrypis (180
r+3 r), SKUM BHYTPIIIHBOM ’s130B0 BBOMIM 0,5 M1 po3unHy oTpyTH (28,8 Mr/mi) (LD50=0,08 mr/kr). Mopdome-
Tpist 1M POBHUX 300paXkeHb MPoBoAMIachk y nporpami Fiji:Imagel. Busnauanu mupuHy KaplioMiOLUTIB Ta Biico-
TOK IUIOMI MiOKapay, 3alHsITuil KpoB’t0. Pe3yabraTm Ta mincymok. Ha T aii otpytu ckopmioniB Leiurus
macroctenus cTaTHCTUYHO TOCTOBIPHO CIIOCTEPITa€ThCs 3pOCTAHHS ITUPUHH KapJIOMIOIHTIB Ta TUIOMIi 30H Kpo-
BOBIJIMBIB y MiOKapi, i XapaKTePUCTUKU BUSABISAIOTHCS BCE SICKpaBillie 3 INTMHOM 4acy. KapaiomionuTa mposs-
JISUTH O3HAKY MATOJIOTIYHUX 3MiH BXKe Ha TepITy TOANHY Jii OTPYTH, KOJIM MOP(GHOMETPUIHO BiIMiHHICTB BiJl TPYITH
KOHTPOJIIO 11Ie HEMOKJIUBO OYJI0 3apeecTpyBaTH. Y BHUINAAKY PO3MipiB KapAiOMiOIHMTIB, SKIIO Ha IEpIIy TOJUHY
TTiCIIst BBEIGHHS OTPYTH 3pPOCTAHHS iX IUPUHN Y €KCIIEpUMEHTANIbHIH TPy He BiAMIYaJIoCh B3araii, TO Ha TPETIO
MprHA BXKe OyJia JOCTOBIpHO OLIBIIOI0 BITHOCHO IPpyIK KOHTpoTto. [Tnorma cyaun 3pocTana yepes3 arperaitito B
ix mpocBiTax Ta 617 CTiHOK (POPMEHHNX €JIEeMEHTIB KPOBi, IIOBHOKPIB’SI caMUX CYAHMH Ta HaOPSKH CepeaHBOI Ta
30BHIIIHLOT 00010HOK. [IoMma sk TeMopariyHux 30H M03a CyIMHAMU BU3HAYAJACH ITiIBUIEHHSIM MPOHUKHOCTI,
a00 HaBITh PyHHYBaHHAM IX CTIHOK, II[0 IPU3BOAMIIO 0 Jianee3y i MaCHBHOTO MPOHUKHEHHS (POPMEHUX eIeMe-
HTIB KPOBi B OTOYYIOYi TKAaHIHU.

Kuro4oBi ciioBa: oTpyra, CKOPIiOHH, MiOKapa, MOPPOMETpis, ITypH.
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