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Abstract

The development of acute lung injury is one of the severe complications of massive
blood loss. Under these conditions, the apoptosis which is identified as an informative marker
of the severity of the pathological process, enhances in the pulmonary leukocytes. The effect
of limb ischemia and its reperfusion on the systemic mechanisms of the pathogenesis of acute
massive blood loss, in particular the level of apoptosis of pulmonary leukocytes, remains
understudied. There are no data concerning the efficacy of the carbacetam under these
conditions.

The objective of the research: to establish the effect of acute blood loss complicated
by limb ischemia-reperfusion on the induction of the early apoptosis of pulmonary leukocytes
and the efficacy of the carbacetam in the correction of identified abnormalities.

Material and methods. The experimental studies were conducted on 216 white non-
linear male rats weighing 200-220g. All procedures were carried out under thiopental sodium

anesthesia. A limb ischemia-reperfusion, an acute blood loss as well as a combination of these
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lesions were carried out in the experimental groups. The identified abnormalities were
corrected with carbacetam in the separate experimental group. After 1 and 2 hours as well as
1, 7, and 14 days, the bronchoalveolar lavage fluid of experimental animals was taken for the
detection of the level of early apoptosis in the leukocyte population.

The results. The simulations of a limb ischemia-reperfusion, an acute blood loss, and
a combination of these lesions create the preconditions for the enhancement of early apoptosis
of pulmonary leukocytes obtained from the bronchoalveolar lavage fluid. If under the
conditions of simulating, solely, the limb ischemia-reperfusion the index is significantly
higher than the control after 1 hour, 2 hours, and 1 day, and returns to the control level after 7-
14 days, then after simulation an acute blood loss and its complication by limb ischemia-
reperfusion the index is statistically significantly higher than control level at all observation
periods. It has been established that the combination of massive acute blood loss and limb
ischemia-reperfusion is accompanied by statistically significantly great increase in the studied
parameter, as compared to the other experimental groups. The index statistically significantly
decreases in all experimental groups under the effect of the carbacetam, which indicates the
marked proapoptotic effect of the medication. Notwithstanding that studied parameters do not
reach the level of the control group, the carbacetam is considered to be the promising
medication for the correction of acute lung injury under conditions of acute blood loss
complicated by limb ischemia-reperfusion.

Conclusions. The simulation of a limb ischemia-reperfusion, an acute blood loss, and
a combination of these lesions create the preconditions for the enhancement of early apoptosis
of pulmonary leukocytes obtained from the bronchoalveolar lavage fluid. The complication of
acute blood loss by limb ischemia and reperfusion is followed by statistically significantly
greater abnormalities at all observation periods. Administration of the carbacetam leads to
decrease in the level of early apoptosis in the bronchoalveolar lavage leukocytes after 7-14
days, which indicates the prospects of the medication for correction of identified
abnormalities.

Key words: acute blood loss; limb ischemia-reperfusion; early apoptosis;

leukocytes; bronchoalveolar lavage (BAL), carbacetam.

Introduction. The development of acute lung injury is one of the severe
complications of massive blood loss. It is characterized by a non-specific inflammatory
response to the action of pathogenic factors, neutrophil sequestration in the lung and vessel

wall impairment, activation of cytokine system, «oxygen outburst», decrease in surfactant
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production and activity, etc. [1, 2, 3]. All of these conduces to the decrease in the
transmembrane potential of the pulmonary leukocytes, stimulate the development of early
apoptosis of pulmonary leukocytes that is defined as an informative marker of severity of the
lung injury [4].

In today's circumstances, there is a considerable increase in the frequency of terrorist
attacks and local armed conflicts, during which an acute limb hemorrhage is the most
common lesion and the leading cause of death of the casualties [5]. According to practice, the
injured with an acute massive blood loss are admitted to the hospital with an applied
hemostatic tourniquet. The maximum safe duration of total limb ischemia-reperfusion is two
hours [6].

Nonetheless, the impact of limb ischemia and its reperfusion on systemic mechanisms
of the pathogenesis of acute massive blood loss, in particular on the level of apoptosis of
pulmonary leukocytes, remains insufficiently studied. Furthermore, there are no data
concerning the efficacy of the carbacetam, which has a specific tissue protective effect under
conditions of acute massive blood loss complicated by limb ischemia-reperfusion.

The objective of research: to establish the effect of acute blood loss complicated by
limb ischemia-reperfusion on the induction of the early apoptosis of pulmonary leukocytes
and the efficacy of the carbacetam in the correction of identified abnormalities.

Material and methods. The experiments were conducted on 216 white non-linear
male rats between the ages of 6 and 8 months weighing 200-220g, which were housed in a
room at a constant temperature of 18-22 °C in standard vivarium conditions. All experiments
were performed in compliance with the regulations of The European Convention for the
protection of vertebrate animals used for experimental and other scientific purposes
(Strasbourg, 18.111.1986.), the Resolutions of the First National Congress on Bioethics (Kyiv,
2001), and the Order of the Ministry of Health of Ukraine of September 23, 2009 Ne690. The
Commission on the Bioethics of the Ivan Horbachevsky Ternopil National Medical
University of the Ministry of Health of Ukraine did not observe any violations of moral and
ethical norms during carrying out of the scientific research work.

All procedures were carried out under thiopental sodium anesthesia (40 mg-kg of body
weight). The experimental animals were divided into five groups: control (6 rats) and four
experimental ones. In the first experimental group (50 rats), animals were simulated the limb
ischemia-reperfusion injury by a method of applying a band of an elastic tourniquet SWAT-T
(USA), the width of 10 mm, proximally to the rat’s left hind leg for 120 minutes. [7]. The

animals of the second experimental group (50 rats) were inflicted the acute blood loss (20%
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of circulating blood volume) by severing a femoral vein. In the third experimental group (20
rats), these lesions were combined. In the fourth experimental group, the animals with a limb
ischemia-reperfusion (20 rats), acute blood loss (20 rats), and the combination of these lesions
(20 rats ) were intraperitoneally injected with the carbacetam (L.M. Litvinenko Institute of
Physical-Organic Chemistry and Coal Chemistry of the National Academy of Sciences of
Ukraine) at a dose of 5 mg/kg body weight. The control group comprised of the animals
solely administered anesthesia and used for investigations in three hours.

After 2 and 3 hours, as well as after 1, 7, and 14 days the experimental animals of the
first, second, and third groups, as well as after 7 and 14 days the animals of the fourth
experimental group were withdrawn from the experiment by means of complete
exsanguination from the heart. Obtained bronchoalveolar lavage (BAL) samples were tested
for detection of the level of early apoptosis in the leukocyte population using FITC-labeled
Annexin V from the Annexin V-FITC Kit («Beckman Coulter», the USA) [8]. The sample
probes were analyzed using EPICS® XL™ Flow Cytometer («Beckman Coulter», the USA).

The obtained results were expressed as a percentage (the ratio of the number of
annexin-positive cells to the total number of bronchoalveolar lavage leukocytes).

An assessment of the probability of differences between the experimental groups was
determined by the Wilcoxon rank sum test (The Mann—Whitney U-test).

The results and their discussion: It is known that hyperproduction of AFO (active
forms of oxygen), which leads to the reduction in transmembrane potential, causes a release
of apoptotic factors from the intermembrane space into the cytoplasm that contribute to the
induction of apoptotic cell death [4]. The study of the leukocytes percentage with features of
apoptosis (annexin-positive) indicates its changes in bronchoalveolar lavage (BAL) among all
experimental groups (table 1). Thus, the percentage of annexin-positive leukocytes of the
animals simulated solely the limb ischemia and reperfusion model increased by 1,9 times in
an hour, by 2,1 times after 2 hours, by 1,7 times after 24 hours and by 1,2 times after 7 days
as compared to the control group. (p<0,05). It should be noted that the percentage of annexin-
positive leukocytes was found scarcely differ from the control data after 14 days of the
reperfusion period. In the course of the experiment, it was indicated that in animals with
simulated limb ischemia-reperfusion the index reached its maximum value after 2 hours, then

its value decreased and was statistically significantly lower after 14 days comparativelyto all

of previous terms. (p<0,05).
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Table 1 — The level of early apoptosis (%) in the bronchoalveolar lavage of rats after

simulation of acute blood loss complicated by limb ischemia-reperfusion (Me (Q2s; Q7s5))

The The duration of the reperfusion period
experimental
group 1h 2h 1d 7d 14d
Control = 3,4 (2,3; 4,8) (n=6)
GrOUp 1 6,5* 7,0* 5,7*2h 4,2*1h,2h,1d 3,41h,2h,1d,7d
Ischemia- (6,2; 6,8) (6,7;7,5) (5,2; 6,0) (4,0; 4,8) (3,0; 3,8)
reperfusion (n=10) (n=10) (n=10) (n=10) (n=10)
p1-2 >0,05 >0,05 <0,05 <0,05 <0,05
6,4* 7,4*1h 11,4*1h,2h 9,2*1h,2h,1d 11,4*1h,2h,7d
oo | (6268 | (10:79) | (109,120) | (89,98) | (108117)
(n=10) (n=10) (n=9) (n=8) (n=8)
p2-3 <0,05 <0,05 <0,05 <0,05 <0,05
GI’OUp-3 8 7* 8 3* 13 1*1h,2h 10 9*1h,2h,ld 12 8*1h,2h,7d
Ischemia 8,1:91) | (7,7:90) | (125:137) | (10,3;11,5) | (12.4:13,7)
reperfusion+ N _ _ _ -
blood loss (n=10) (n=10) (n=8) (n=8) (n=8)
p1-3 <0,05 <0,05 <0,05 <0,05 <0,05
Notes:
1. *— differences are statistically significant comparatively to the control group
(p<0,05);

2. p12 — the significance of differences between the experimental group 1 and
experimental group 2;

3. p13 — the significance of differences between the experimental group 1 and
experimental group 3;

4. p23 — the significance of differences between the experimental group 2 and
experimental group 3;

5. 1h2h1d7d _ the differences are statistically significant comparatively 1 hour, 2 hours

as well as 1 day and 7 days of the experiment, respectively, (p<0,05).

The percentage of annexin-positive leukocytes of the animals simulated acute blood
loss increased as compared to the control group by 1,9 times in an hour, by 2,2 times in 2
hours, by 3,4 times in 24 hours, by 2,7 times in 7 days, and by 3,4 times in 14 days. (p<0,05).
In the course of the experiment, the maximum increase of studied index was observed 1 and
14 days after experimental blood loss. It should be emphasized that the percentage of
annexin-positive leukocytes was found to be statistically significantly higher after 24 hours
than after 1 and 2 hours of the experiment (p<0,05). Furthermore, the studied index was
statistically significantly higher after 14 days as compared to the 1% and 2" hours as well as
the 7" day of the experiment.

The number of annexin-positive leukocytes of the animals simulated acute blood loss

complicated by limb ischemia-reperfusion was similarly statistically significantly higher in
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comparison with the control group at all observation periods: in an hour, after 2 hours, 24
hours, 7 days and 14 days the index increased by 2,6 times, 2,4 times, 3,9 times, 3,2 times and
3,8 times, respectively (p<0,05). In dynamics, the index reached its peak value after 1 day of
the experiment and was significantly higher within the term than after 1 and 2 hours of the
experiment (p<0,05). However, it should be pointed out that the index subsequently decreased
after 7 days as compared to the 1% day (by 19, 2 %, p<0, 05). Yet it again increased up to 14th
day in comparison with the 7" day (by 23,9%, p<0,05).

Intergroup comparison indicated the statistically significantly higher percentage of
annexin-positive leukocytes in the bronchoalveolar lavage fluid of animals simulated acute
blood loss after 1, 7 and 14 days of the experiment comparatively to the animals simulated
limb ischemia-reperfusion (by 2,0, 2,2 and 3,4 times, respectively, pi1-2<0,05). It was
established that the complication of acute blood loss by limb ischemia-reperfusion was
accompanied by a greater increase in the percentage of annexin-positive leukocytes in the
bronchoalveolar lavage fluid at all observation period as compared to the group simulated
either solely limb ischemia-reperfusion or acute blood loss. (p1-3<0,05; p2-3<0,05)

The investigation of carbacetam’s effect on the percentage of leukocytes with features
of early apoptosis (annexin-positive) in bronchoalveolar lavage evidenced the statistically
significant lower value of the index after 7 days in the animals simulated ischemia-
reperfusion(table 2) than the corresponding values in rats without correction (by 21,4%,
p<0,05). The percentage of leukocytes with features of early apoptosis within this
experimental group did hardly differ from the control group after 14 days of the reperfusion
period. Furthermore, it did not depend on the corrective factor.

The administration of carbacetam under conditions of the simulated acute blood loss
resulted in statistically significant lower level of the studied index after 7 and 14 days in
comparison to the animals without correction (by 22,8 and 46,5 %, respectively, p<0,05).
Nevertheless, the level continued to exceed the control (by 2,1 times and 79,4%, respectively,
p<0,05). Under the conditions of carbacetam’s correction, the number of annexin-positive
leukocytes in the rats simulated acute blood loss complicated by limb ischemia-reperfusion
was statistically significantly lower after 7 days and 14 days by 26,4 % (p<0,05) and 45,3
%(p<0,05), respectively, as compared to the animals without correction.

Consequently, the simulation of a limb ischemia-reperfusion, an acute blood loss, and
a combination of these lesions create the preconditions for the enhancement of early apoptosis

of pulmonary leukocytes obtained from the bronchoalveolar lavage fluid. If under the
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conditions of simulating, solely, the limb ischemia-reperfusion the index is significantly
higher than the control after 1 hour, 2 hours, and 1 day and returned to the control level after
7-14 days, then after simulation an acute blood loss and its complication by limb ischemia-
reperfusion the index is statistically significantly higher than control level at all observation
periods. It is noteworthy to delve into the fact that after limb ischemia-reperfusion, the
percentage of annexin-positive leukocytes in the bronchoalveolar lavage fluid reaches its peak
value 2 hours after the experiment, whereas, after acute blood loss complicated by limb
ischemia-reperfusion, the two periods of growth are observed: in 24 hours and 14 days after
the experiment. It's worth noting that the combination of massive acute blood loss and limb
ischemia-reperfusion is accompanied by statistically significantly greater increase in the
studied index. Accordingly, the pulmonary leukocyte sequestration enhances under the
conditions of acute blood loss, particularly complicated by limb ischemia-reperfusion. The
proportion of cells at the stage of early apoptosis among them increases.

Table 2 — The level of apoptosis (%) in the bronchoalveolar lavage of rats after
simulation of acute blood loss complicated by limb ischemia-reperfusion corrected by
carbecetam (Me (Q25; Q75))

Experimental The duration of the reperfusion period
group without correction correction by carbacetam
7" day | 14" day 7" day | 14" day
control= 3,4 (2,3; 4,8) (n=6)
Group 1 4,2 3,4 3,3 3,1
Ischemia- (4,0; 4,8) (3,0; 3,8) (3,1; 3,5) (2,8; 3,3)
reperfusion (n=10) (n=10) (n=10) (n=10)
Group 2 9,2" 11,47 7,1% 6,17
Blood loss (8,9; 9,8) (10,8; 11,7) (6,8; 7,2) (5,9; 6,2)
(n=8) (n=8) (n=10) (n=10)
Group 3 10,9 12,8" 8,0* 7,1%
Ishemia- (10,3; 11,5) (12,4; 13,7) (7,8; 8,1) (6,9;7,2)
reperfusion + (n=8) (n=8) (n=9) (n=9)
blood loss
Notes:
1."— differences are statistically significant comparatively the control group
(p<0,05);

2. # — the significance of differences comparatively the animals without correction
within the one group are statisctically probable (p<0,05)..

The obtained results evidenced that the additional limb ischemia-reperfusion
aggravates the pathogenic mechanisms of lung injury caused by acute blood loss. Presumably,

it is due to the entry into the systemic bloodstream a number of toxins, formed as the result of
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two-hour limb ischemia and its reperfusion. Individual authors’ researches indicate an
increasing concentration of superoxide radical [9] in the internal organs and blood plasma as
well as a reduction in overall antioxidant protection [10] after applying the hemostatic
tourniquet. It can be presumed that these factors are the triggers for the aggravation of
subsequent impairments in the internal organs, including the lungs that are particularly
susceptible to systemic pathogenic impacts. On the other hand, it is evidenced that increasing
number of annexin-positive leukocytes in the bronchoalveolar lavage as well as their
activation together with the enhancement of generation of reactive oxygen species (ROS) are
caused by accumulation of proinflammatory mediators, particularly cytokines [11], which
closes the «vicious» pathologic circle with aggravation of lung injury.

Administration of the carbacetam, under these conditions, contributes to the
considerable decrease in the number of annexin-positive leukocytes in the bronchoalveolar
lavage fluid after 7 and 14 days of the experiment. The outcome is particularly noticeable
after simulated acute blood loss and its complication by limb ischemia-reperfusion. Thus, the
carbacetam demonstrates an antioxidant and antiinflammatory effect, which has been
repeatedly confirmed by other authors [12, 13, 14].

Therefore, the simulation of acute blood loss and its complication by limb ischemia-
reperfusion is accompanied by acute lung injury, which is detected based on increased
number of leukocytes at the stage of early apoptosis in the bronchoalveolar lavage. Under
these conditions, the carbacetam decreases the manifestations of pathological process and is
considered to be the promising medication for counteracting the pathogenic mechanisms,
which are caused by acute blood loss and limb ischemia-reperfusion.

Conclusions: 1. The simulations of limb ischemia and its reperfusion, acute blood
loss, as well as the combination of these lesions, create the preconditions for the enhancement
of early apoptosis of pulmonary leukocytes obtained from the bronchoalveolar lavage fluid. If
under the conditions of simulating, solely, the limb ischemia-reperfusion the index becomes
considerably higher than the corresponding control index after 1 hour, 2 hours, and 1 day, and
returns to the control level after 7-14 days, then after simulation an acute blood loss and,
particularly, its complication by limb ischemia-reperfusion, the index statistically
significantly exceeds the corresponding index of the control group at all observation periods
and is higher comparatively to other experimental groups.

2. Administration of the carbacetam leads to decrease in the number of leukocytes at
the stage of early apoptosis in the bronchoalveolar lavage, particularly, after simulation of the

acute blood loss and its complication by limb ischemia-reperfusion. Furthermore, the

985



carbacetam is considered to be the promising medication in terms of the prevention of acute
lung injury.

The prospects for further research. In the future, it is rationally to enhance the
research of the mechanisms of corrective effect of the carbacetam under the conditions of
acute blood loss complicated by ischemia-reperfusion.
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