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ABSTRACT

The aim: to find out the effect of a two-hour tourniquets ischemia of the limb and acute blood loss on systemic disorders of the body in the postperfusion period.
Materials and methods: The experiments were performed on 96 nonlinear male rats weighing 200-220 g. All experiments were performed under sodium thiopental anesthesia.
In the first experimental group, two-hour tourniquets limb ischemia was simulated. In the second experimental group, acute blood loss was modeled. In the third experimental
group, these lesions were combined. In 1 and 2 hours, as well asin 1, 7 and 14 days, the biliary function of the liver was determined in the experimental animals.

Results: Two-hour tourniquets ischemia of the limb in the reperfusion period compared with the control was accompanied by a significant decrease in the rate of bile excretion,
which reached a minimum value in 3 h — 1 day of the experiment and returned to the control level in 14 days. After the simulation of acute blood loss, the rate disturbance of
bile excretion became significantly greater in all observation periods. The complication of acute ischemia-limb reperfusion caused a greater decrease in the rate of bile excretion
with a maximum in 1 day of the experiment. Under these conditions, at 1, 7, and 14 days, the indicator was statistically significantly lower than in the other study groups.
Condlusions: In the case of acute blood loss, complicated by two-hour tourniquets ischemia of the limb, the reperfusion period is accompanied by a summation of the negative
impact of blood loss, ischemia and reperfusion of the limb on the functional state of the liver, which is a significant decrease in the rate of bile excretion with a maximum in 1
day, which further increases, but up to 14 days does not reach the level of control.
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INTRODUCTION

Today one of the current problems is the increasing
incidence of terrorist attacks and local armed conflicts,
which has an impact on public health, [1]. Under these
circumstances, the main reason of the death of victims
and injured is acute blood loss [2]. An effective tool to
stop massive external limb bleeding is considered to be a
tourniquet that completely stops arterial blood flow for a
safe period of up to two hours [3].

It is established that two hours of full bleeding stop in the limb
causes damage to the nerves and vessels under the tourniquet,
which leads to myonecrosis, rhabdomyolysis, deep vein
thrombosis [4]. Some authors have shown that even greater
disturbances in soft tissues of the limb occur after its reperfusion
[5]. The processes oflipid peroxidation are significantly activated,
the destruction of cell membranes is increased in muscle tissue,
which causes inflammation of ischemia-induced local areas.
The question of the influence of inflammatory mediators and
toxic metabolites which enter the systemic circulation from the
ischemic limb on vital organs remains debatable.

THE AIM
To find out the effect of two-hour tourniquets ischemia
of the limb and acute blood loss on systemic disorders of
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the body in the reperfusion period (due to model of liver
biliary function).

MATERIALS AND METHODS

The experiments were performed on 96 non-linear male
rats weighing 200-220 g according to the rules of the “Euro-
pean Convention for the Protection of Vertebrate Animals,
Used for Experimental and Other Scientific Purposes”
(European Convention, 1984). Bioethics Commission of I.
Horbachevsky Ternopil National Medical University Min-
istry of Health of Ukraine found conducted experiments to
be in compliance with the basic ethical standards of work
with laboratory animals (No. 54 dated 27.08.2019).

All animals were divided into five groups: one control
and four experimental (6 rats in each group). The first
experimental group included animals that modeled isch-
emia-reperfusion of the limb. Under sodium thiopental
anesthesia (40 mhekh-' of animal weight) animals were
put proximally superimposed elastic strip tourniquet
“SWAT-T” (USA) on the left leg, width of it is 10 mm,
duration up to 120 minutes. The tourniquet was tightened
according to the effective pressure indicator on it which
stops the blood flow. The anemia of the limb was further
confirmed by the rheographic method. In the second ex-
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Table I. Dynamics of biliary velocity (ml-H-1-kg-1) after acute blood loss complicated by ischemia-reperfusion of the limb

(Me (LO; UQ)) - median (lower and upper quartile)

Reperfusion period

Experimental group

2h 3h 1day 7 day 14 day
Control =2.25(2.19; 2.32) (n=6)
: 215 1747 1.83 2.0973h1d 2.322h3h147d
The first experimenta) group (2.06;2.19) (172;1.76) (1.81;1.93) (2.06; 2.16) (2.24;2.47)
P (n=6) (n=6) (n=6) (n=6) (n=6)
The second experimental grou 1.98° 2457 158720 183701 19570
Blos oo group (1.85:2.07) (2.34; 2.56) (1.46: 1.64) (1.74:1.93) (1.90: 2.03)
(n=6) (n=6) (n=6) (n=6) (n=6)
The third experimental grou 1.84° 172 129720 1587201 L6372
schaminre e':fusion | Blgo 9 IFc)>ss (1.82; 1.96) (1.67;1.83) (1.19:1.38) (1.50; 1.69) (1.56; 1.77)
P (n=6) (n=6) (n=6) (n=6) (n=6)
b, >0.05 <0.05 <0.05 <0.05 <0.05
P, <0.05 >0.05 <0.05 <0.05 <0.05
b, >0.05 <0.05 <0.05 <0.05 <0.05

Notes:

1.* — differences in control group are statistically probable (p<0.05);
2.p, ,— probable differences between the experimental groups 1and 2;
3.p, , — probable differences between the experimental groups 1and 2;
4.p, ,— probable differences between experimental groups 1and 3;

5. 3017 _ differences due to third and fourth h, respectively, as well as on 1and 7 day of the experiment are statistically probable (p<0.05).

perimental group under conditions of sodium thiopental
anesthesia, acute blood loss was simulated by incision of
the femoral vein. After substantiation of blood volume
loss up to 20 % of circulating blood volume, the animals
were provided with hemostasis. In the third experimental
group, these injuries were combined.

In the control group, the animals were anesthetized us-
ing an equivalent dose of sodium thiopental, a tourniquet
was applied for 2 h without stopping the blood flow, and
subsequently taken for studies in 1 h.

In1and2hours, aswell asin 1,7 and 14 days functional state
of theliver was determined in experimental animals. The biliary
function of the liver was studied in each experimental group by
catheterization of the common bile duct and bile intake during
1 h under conditions of sodium thiopental anesthesia (60 mg
kg mass) [6]. The rate of bile excretion was calculated based
on the hour and kilogram of animal’s body weight. After bile
collection, rats were taken out from the experiment by total
bloodletting from the heart, which in the early period of the
experiment corresponded to 2 and 3 h of reperfusion.

The estimation of probable differences between the
experimental groups was performed using the non-para-
metric Mann-Whitney criterion.

RESULTS

Studies have shown (Table I) that in experimental group
1, in which the ischemia-reperfusion of the limb was sim-
ulated, in 1 h of reperfusion, the rate of bile excretion did
not change significantly compared to the control group.
However, in 3 h of the reperfusion period, the index de-

creased by 22.7 % compared to the control (p<0.05) and
by 19.1 % compared to 2 h of observation (p<0.05) and
remained at the same level up to 1 day of experiment. In 7
days, the rate of bile excretion increased and was statisti-
cally significantly higher than in the previous observation
period (p<0.05), but remained significantly lower than in
the control (p<0.05). In 14 days, the index increased further
and reached the level of the control group (p<0.05).

In the case of acute blood loss (experimental group 2),
the rate of bile excretion was significantly lower than in
the control in 2 h of reperfusion (by 12.0 %, p<0.05). In
3 hours, the indicator became even smaller: by 32.9 %
compared to the control (p<0.05) and by 23.3% compared
to the previous observation period (p<0.05). In 1 day, the
rate of bile excretion remained at the level of 3 h (p<0,05)
and was 29.8 % lower than in the control. In the future, the
indicator increased, but by the 14th day it did not reach the
level of control and was 13.3 % lower (p<0.05).

In the case of combination of acute blood loss with limb
ischemia-reperfusion (experimental group 3), the rate of
bile excretion in 2 h was 18.2 % lower than in the control
(p<0.05). In 3 h of the conducting experiment, the index
decreased even more - by 20.6 % compared to the previous
observation period (p<0.05) and by 35.1 % - compared
to the control (p<0.05). In 1 day the indicator reached the
minimum value. It decreased by 42.7 % (p<0.05) compared
to the control and was statistically significantly smaller than
in the previous observation periods (p<0.05). Further up
to 7 days the indicator increased (by 22.5% compared to
the previous observation period, p<0,05) and remained at
the same level up to 14 days.
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Comparison of the experimental groups with each other
showed that in 2 h of the experiment in the experimental
group 3 the rate of bile excretion was significantly lower
than in the experimental group 1 (by 14.4 %, p, ,<0.05).
In 3 h, the indicator was statistically significantly lower in
experimental groups 2 and 3 compared to experimental
group 1 (13.2 %, p, ,<0.05 and 16.1 %, p, ,<0.05, respec-
tively). In 1, 7 and 14 days of the experiment, the indicator
in experimental group 3 was statistically significantly lower
than in experimental groups 1 and 2 (p, ,<0,05, p, ,<0,05)
and significantly lower in experimental group 2 compared
with experimental group 1 (p, ,<0.05).

DISCUSSION

The obtained results indicate that in the case of reperfu-
sion of the limb in two hours of ischemia, preconditions
arise that adversely affect the functional state of the liver,
which is manifested by a decrease in the rate of bile secre-
tion with a minimum of 3 h and 1 day of experiment and
normalization to 14 days. On the base of the pathogenesis
of biliary tract disorders is a decrease in the formation
of bile components, slowing of the excretion process in
the biliary tract, swelling of the liver parenchyma with
impaired bile flow, and impaired bile duct motility [7].
Given the membrane dependence of bile formation and
excretion processes, it can be assumed that toxins from
the ischemic limb entering the bloodstream will cause
damage to cellular and subcellular membranes, primarily
by enhancing the processes of lipid peroxidation, which,
in turn, work separately [8]. Under these conditions, the
source of systemic prooxidant action is muscles, vessels,
and nerve fibers that have been ischemic for two hours and
are subject to reperfusion damage [9].

In conditions of acute blood loss, bile ductility disorders
were observed during all observation periods, which was
higher than in experimental group 1. By 14 days the index
did not reach the level of the control group. The decrease in
bile excretion is obviously due to the development of hypo-
volemic shock, which is characterized by “centralization”
of blood circulation and a decrease in the blood supply to
the organs of the gastrointestinal tract [10].

In conditions of acute blood loss, complicated by two-
hour ischemia-reperfusion of the limb, the disorders were
more pronounced. If in 2 and 3 h of experiment in this
group the rate of bile excretion was at the level of animals
with acute blood loss, then in the future the indicator
became statistically significantly lower. It can be assumed
that in experimental group 3 there is an over-placement
of pathogenic mechanisms of limb ischemia-reperfusion
and acute blood loss. Organ specificity of biliary function
puts it in a number of important and informative criteria
and allows to monitor the status of hepatocyte microsomes,
where cholesterol synthesis of bile acids and conjugation
of bilirubin with glucuronic acid occur; the state of cyto-
plasmic membranes of the sinusoidal pole of hepatocytes
that capture bilirubin and cholesterol from the blood; the
state of the hepatocytes biliary pole, where the compo-
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nents of bile are transferred to the primary bile capillary;
the state of the bile ducts, which provide the outflow of
bile into the duodenum [7]. In addition to, a number of
publications investigating biliary liver function have been
successfully used as a model of organ dysfunction and
insufficiency [11].

The result we have obtained is of considerable practical
importance, since in the course of assisting the victims
and the injured with acute blood loss, it aims at obligato-
ry consideration of the fact of ischemia and reperfusion
of the limb, which can significantly deepen the course of
hypovolemic shock and stimulate the development of or-
gan dysfunction. All this requires finding effective means
of eliminating the effects of limb ischemia-reperfusion in
the case of acute blood loss.

CONCLUSIONS

1. Two-hour ischemia of the limb in the reperfusion peri-
od is accompanied by a significant decrease in the rate
of bile excretion, which reaches a minimum value in 3
h - 1 day of the experiment and returns to the control
level in 14 days.

2. After modeling of acute blood loss, the amplitude of
bile duct velocity disorders in all observation periods
becomes statistically significantly greater than in the case
of ischemia-reperfusion, but their dynamics remains
similar with a maximum decrease in 3 h - 1 day and
an increase - in 14 days, which does not reach level of
control.

3. The complication of acute blood loss of limb isch-
emia-reperfusion is accompanied by a summation of
their negative effect on the functional state of the liver
with a maximum in 1 day of the experiment. Under
these conditions, in 1, 7 and 14 days, the rate of bile
excretion is statistically significantly lower than in the
experimental group in which the most acute blood loss
was simulated.
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