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VIOLATIONS OF ANTIOXIDANT-PROOXIDANT SPLEEN INDEX AND
CERULOPLASMIN CONTENT IN SERUM DURING ACUTE BLOOD LOSS,
COMPLICATED BY ISCHEMIA-REPERFUSION OF LIMB AND THE
EFFECTIVENESS OF ITS CORRECTION WITH CARBACETAM
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Abstract

Antioxidant-prooxidant imbalance is one of the key mechanisms of acute blood loss
and ischemic-reperfusion syndrome. Under these conditions, the level of ceruloplasmin (CP)
plays an important role, enhancing antioxidant protection and promoting hematopoiesis,
exhibiting ferrooxidase action. However, in this case, the state of antioxidant-prooxidant
balance in the spleen and the content of CP in the serum is studied insufficiently, thus there is
no data on the effectiveness of carbacetam, which revealed a pronounced protective effect on
antioxidant protection of the spleen.

Objective of research: to determine the dynamics of the antioxidant-prooxidant index
of the spleen and the content of CP in the serum in acute blood loss complicated by ischemia-
reperfusion of the limb, and to evaluate the effectiveness of carbacetam in correction of the
identified disorders.

Materials of the research and their discussion. 108 nonlinear male rats weighing

200-220 g were used in the experiments. All experiments were performed under thiopental-
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sodium anesthesia. In animals, limb ischemia-reperfusion and acute blood loss were modeled
separately and in one of the groups these injuries were combined. In a separate group, the
detected disorders were corrected with carbacetam. After 1 and 2 hours, as well as after 1, 7
and 14 days in the spleen of experimental animals was determined content of reagents to
thiobarbituric acid and catalase activity, and according to these results the antioxidant-
prooxidant index (API) was calculated and was determined the content of CP in serum.

Results of the research and their discussion. Modeling of acute blood loss,
complicated by ischemia-reperfusion of the limb, contributed to a decrease in the value of
API in the spleen, which indicates a shift in antioxidant-prooxidation balance towards the
dominance of prooxidant mechanisms. Under these conditions, the content of CP in the blood
serum increases significantly, which on the one hand compensates the lack of antioxidant
protection, on the other hand indicates on the activation of the mechanisms of the body's
systemic response to inflammation. The use of carbacetam helped to shift the antioxidant-
prooxidant balance of the spleen towards the dominance of antioxidant mechanisms and to
reduction of the CP content in the serum, which indicates on a pronounced antioxidant and
anti-inflammatory effect of the drug, as well as its prospects in cases connected with hemic
hypoxia and ischemia-reperfusion syndrome.

Conclusions: Complication of acute blood loss by limb ischemia-reperfusion
contributes to the shift of antioxidant-prooxidant balance of the spleen towards the dominance
of prooxidant mechanisms with a simultaneous increase in the content of CP of serum. The
use of carbacetam helps to increase the value of API and reduce the content of CP in the
serum.

Key words: acute blood loss; ischemia-reperfusion of the limb; spleen;

antioxidant-prooxidant balance; ceruloplasmin; carbacetam.

Introduction. Acute blood loss from extremities is one of the most serious
complications of modern combat trauma. In response to the massive loss of blood in the body,
with the need to maintain its viability, a lot of compensatory mechanisms are activated,
including the restoration of the circulating blood volume and the maintenance of systemic
blood pressure and the restoration of lost red blood cells. In these processes, an important role
is played by the spleen, which during the period of embryogenesis is an organ of
hematopoiesis [11]. The process of hematopoiesis in the spleen continues under conditions of
acute blood loss [7] and other extreme conditions and pathological processes [13-15]. In

addition, up to 15.5% of circulating blood volume, 30-50% of all platelets and a part of the
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neutrophils that later can enter the peripheral blood stream during bleeding and compensate
the volume and cell composition of lost blood are deposited in the vascular network of the
spleen [16].

One of the key pathogenic mechanisms of acute blood loss is the development of
hypoxia with increased formation of reactive oxygen species and the initiation of free radical
oxidation, which leads to degradation of cell membranes and is a trigger for the development
of multiple organ failure. However, the balance of pro- and antioxidant mechanisms in the
spleen under conditions of acute blood loss has not been studied enough. There are no data on
the dynamics of the content of ceruloplasmin (CP) in the blood serum, which is characterized
by ferrooxidase action [12]. Trivalent iron, which is formed under the action of CP, is
incorporated into the apotransferrin molecule and is used for heme synthesis.

It is known that from the battlefield to the next stages of evacuation, the wounded with
massive bleeding from the extremities can be delivered with a hemostatic tourniquet, which
causes complete ischemia of the extremity, the maximum safe period of which is 2 hours [18].
However, the role of two-hour ischemia-reperfusion of the limb in the pathogenesis of
disorders in the spleen due to acute blood loss has not been studied. There are no data on the
effectiveness of carbacetam under these conditions, which has an antioxidant effect in such
cases [6].

The purpose of the work: to determine the dynamics of the antioxidant-prooxidant
index of the spleen and the content of CP in the serum in conditions of acute blood loss
complicated by ischemia-reperfusion of the limb, and to evaluate the effectiveness of
carbacetam in the correction of identified disorders.

Materials and methods. 108 nonlinear male rats weighing 200-220 g were used in the
experiments. All experiments were performed in accordance with the rules of the “European
Convention for the Protection of Vertebrate Animals Used for Experimental and Other
Scientific Purposes” (European Convention, 1986).

The experimental animals were divided into five groups: control and four
experimental (6 rats per group). All interventions were performed with sodium- thiopepntal
anesthesia (40 mg/kg- per body weight). In the first experimental group, the animals were
modeled ischemia-reperfusion of the limb by applying the tourniquet proximally on the left
leg for 120 minutes A strip of elastic harness "SWAT-T" (USA) 10 mm wide was used. This
tourniquet has minimal adverse effects on the underlying tissues and provides permanent
complete ischemia during the experiment [19]. In the second experimental group was

modeled acute blood loss of 20-22% of the circulating blood volume by crossing the femoral
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vein. In the third experimental group, these injuries were combined. In the fourth
experimental group, to animals with acute blood loss complicated by ischemia-reperfusion of
the limb injected intraperitoneally carbacetam (LM Litvinenko Institute of Physical-Organic
Chemistry and Coal Chemistry of the National Academy of Sciences of Ukraine, Kyiv) at a
dose of 5 mg per kilogram of the animal weight. [6].

Under the influence of thiopental-sodium anesthesia, animals of the first, second and
third experimental groups were recovered from the experiment after 1 and 2 hours, as well as
after 1, 7 and 14 days, animals of the fourth experimental group - after 7 and 14 days. In the
control group, the animals were only anesthetized using an equivalent dose of sodium
thiopental, a tourniquet was applied without cessation of blood flow and subsequently
recovered from the experiment after 2 hours.

The spleen was taken for additional investigation, its homogenate was used to
determine the content of reagents for thiobarbituric acid (TBA-active LP(lipid peroxidation)
products) - one of the main screening indicators of lipid peroxidation activity [3] and catalase
activity - a key component of the enzymatic link of antioxidant protection [9]. Based on these
data, the antioxidant-prooxidant index (APl = catalase activity / content of TBA-active LP
products) was calculated [5]. The content of CP in the blood serum was determined by the
method described in [4].

The probability of differences between the control and experimental groups was
assessed using the nonparametric Mann-Whitney test.

The results of the study and their discussion. The study showed that the value of
API of the spleen (Table 1) under the conditions of modeling only ischemia-reperfusion of the
limb increased while comparing with the control, that became statistically significant starting
from 2 h of the experiment (41.4%, p< 0.05). The indicator reached its maximum after 1 day
of the experiment (2.14 times, p<0.05), was decreasing till day 14, but remained statistically
significantly higher than the control level (61.0%, p<0.05). Simulation of acute blood loss, in
contrast, was accompanied by a significant decrease in the value of API in the spleen, also
starting from 2 h of the experiment (by 35.5%, p<0,05). The indicator reached its minimum
after 1 day and remained at the same level until day 7 (by 54.3 and 55.7%, respectively,
p<0.05). By day 14, the value of API in this group increased, but continued to be 44.1% lower
than the control level (p<0.05). Complications of acute blood loss by ischemia-reperfusion of
the limb caused an even greater decrease in the value of API in the spleen compared with
control. After day 1, the indicator became statistically significantly lower than the control

level (41.4%, p<0.05). After 1 and 7 days, the indicator reached a minimum value (85.2 and

306



79.8%, p <0.05, respectively) and increased by day 14, but was 73.0% lower than the control

level (p <0,05).

Table 1 - The value of APl (AU(arbitrary units)) of the spleen after acute blood loss

complicated by ischemia-reperfusion of the limb (Me (LQ; UQ) - median (lower and upper

quartile))
Experimental arou Period of reperfusion
P group 1h | 2h | Dayl | Day7 | Dayld
Control = 57,45 (50,64; 58,89) (n=6)

Group 1 57,6 77,7 117,4 105,3" 88,5
Ischemia-reperfusion | (51,2;65,1) | (67,1;82,0) ((107,4;120,4)|(101,4;115,9)| (67,9;106,2)

(n=6) (n=6) (n=6) (n=6) (n=6)

Group 2 55,8 35,4 25,1 24,3 30,7
Bleeding (51,8;61,0) | (34,1;37,1) | (19,3;26,5) | (20,7; 25,3) | (28,0; 39,0)

(n=6) (n=6) (n=6) (n=6) (n=6)

igﬁgfﬂf’a 32,7" 152" 8,1" 11,1° 14,8"

: (27,2;37,5) | (14,1;17,5) | (7.7;11,3) | (9,8:14,7) | (12,8;17,3)
reperfusion+ - _ _ _ -
bleeding (n=6) (n=6) (n=6) (n=6) (n=6)
p1-2 >0,05 <0,05 <0,05 <0,05 <0,05
p1-3 <0,05 <0,05 <0,05 <0,05 <0,05
p2-3 <0,05 <0,05 <0,05 <0,05 <0,05

Notes. Here i in table. 2:
1.* - differences with respect to the control group are statistically significant (p<0,05);

2. p1-2 - the probability of differences between experimental groups 1 and 2;
3. p1-3 - the probability of differences between experimental groups 1 and 3;
4. p2-3 - the probability of differences between experimental groups 2 and 3

Comparison of experimental groups showed that after 1 h the value of APl was

significantly lower in experimental group 3, in which we combined acute blood loss and

ischemia-reperfusion of the limb while comparing with other experimental groups (56.8 and

41.4%, p1-3<0.05, p2-3<0.05 respectively). Subsequently, starting from the 2 h of the

experiment, with increasing severity of the disorder, was observed slight decrease of API

value (p1-2<0,05, p1-3<0,05, p2.3<0,05).

Therefore, the content of CP in the serum (Table 2) under the conditions of modeling

only the ischemia-reperfusion of the limb compared with the control group was statistically

significantly increasing starting from 2 h of the experiment (24.4%, p<0,05), reaching a

maximum after 1 and 7 days (40,0 and 35,0%, p<0,05 respectively) and returned to the

control level (p>0,05) to the day 14. Blood loss was also accompanied by an even greater

increase of the studied indicator, starting from the 2 h of the experiment (by 35,9%, p<0,05).
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Table 2 - The content of CP (mg/I) in blood serum after acute blood loss complicated

by ischemia-reperfusion of the limb (Me (LQ; UQ) - median (lower and upper quartiles))

Experimental arou Period of reperfusion

P O™ h T 2h | Dayl | Day7 | Dayl4

Control = 3,40 (3,19; 3,86) (n=6)
Group 1 3,43 4,23" 4,76" 4,59" 3,70
Ischemia- (3,19;3,54) | (4,06:4,42) | (4,69:5,16) | (4,27:5,34) | (3,46:3,84)
reperfusion (n=6) (n=6) (n=6) (n=6) (n=6)
Group 2 3,85 4,62" 6,60" 6,11" 5,51"
Bleeding 3,75:3,93) | (4,55;5,02) | (5,73;6,71) | (5,67;6,24) | (5,28:5,62)
(n=6) (n=6) (n=6) (n=6) (n=6)

g{:ﬁgfn?a 4,68" 5,49" 777" 6,64° 6,16"

i (4,61;4,91) | (5,04;5,66) | (7,49; 8,16) | (6,50; 6,71) | (5,97; 6,23)
repertusion (n=6) (n=6) (n=6) (n=6) (n=6)
bleeding
p1-2 <0,05 <0,05 <0,05 <0,05 <0,05
P13 <0,05 <0,05 <0,05 <0,05 <0,05
P23 <0,05 <0,05 <0,05 <0,05 <0,05

The indicator reached a maximum after 1 and 7 days (by 94,1 and 79,7%, p<0,05,
respectively) and decreased till the day 14, continuing to remain 62,1% higher than the
control level (p<0,05). The combination of acute blood loss and ischemia-reperfusion of the
limb caused the greatest increase in serum CP, starting from 1 h of the experiment with a
maximum after 1 day (in 2,28 times, p<0,05). Even after 14 days, the indicator continued to
exceed the control level by 81,2% (p<0,05).

Comparison of experimental groups showed that after 1 h, 1, 7 and 14 days with
increasing severity of the disorder, the content of CP in the serum was increasing (p1-2<0,05,
p1-3<0,05, p2-3<0,05).

The use of carbacetam was accompanied by a significant increase in the value of API
compared with animals without correction (Fig. 1). After 7 days of medication usage, the rate
increased by 45,9% (p<0,05), after 14 days - by 40,5% (p<0,05). The drug caused a decrease
in the content of CP in the serum: after 7 days of use - by 23,0% (p<0,05), after 14 days - by
19,8% (p<0,05).

The obtained results indicate that after modeling only the ischemia-reperfusion of the
limb, the antioxidant-prooxidant balance in the tissues of the spleen shifted towards the
dominance of antioxidant mechanisms. Similar deviations were observed in works of other
authors [8], which has compensatory nature in response to toxins coming from the ischemic

limb after its reperfusion. Blood loss causes a significant decrease in the value of API in the
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spleen, which indicates on a shift in antioxidant-prooxidant balance towards the dominance of
prooxidant mechanisms and depletion of antioxidant protection and is a typical reaction to
acute blood loss and was described by other scientists [2, 10]. At the same time, the
combination of acute blood loss and ischemia-reperfusion of the limb causes the greatest
decrease of the studied indicator, which, starting from 2 h of the experiment was statistically
significantly lower than in other experimental groups. The obtained result indicates that
complete ischemia of the limb for two hours significantly deepens the intensity of lipid
peroxidation processes and contributes to greater depletion of antioxidant protection of the

spleen in cases of acute blood loss, which may affect key functions of the spleen.

57.4
60 -

50 ~

40 -

20 ~

10 A

\
N

Without Carbacetam

correction

Carbacetam Withour
correction

Figure 1 - The effect of carbacetam on the value of API of the spleen (AU) after acute
blood loss complicated by ischemia-reperfusion of the limb

Note. Here and in Fig. 2: * - differences relative to the control group are statistically
significant, p<0,05; * - differences relative to the group without correction are statistically
significant, p<0,05

Whereas ischemia-reperfusion of the limb will increase the content of CP in the serum
during the period from 2 hours to 7 days of the experiment. Taking into concideration the fact
that CP is one of the main antioxidants of blood serum [1], the result is also an evidence of a
systemic compensatory response to the prooxidant factors in the ischemic limb after its
reperfusion. At the same time, after acute blood loss, this indicator increases even more with
its maximum at day 1 and until day 14 it does not reach the level of control. In light of this,
the increase of CP content on the one hand is a consequence of the activation of lipid

peroxidation due to hypoxia and generation of reactive oxygen species. On the other hand,
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damage of cell membranes affected by reactive oxygen species promotes migration and
activation of leukocytes, that deepens oxidative stress and promotes formation of pro-
inflammatory mediators. The latter are known to activate the transcription of the CP gene
[20]. In addition, blood loss due to iron deficiency also promotes the activation of the
transcription of the CP gene by hypoxia inducible factor 1 (HIF-1), which simultaneously

activates the genes of erythropoietin, heme oxygenase-1, transferrin and its receptor [17].

6 -

5

N

3 -

L

1 -

0]
Without Carbacetam Without Carbacetam
correction correction

Figure 2 - The effect of carbacetam on the content of CP in the serum (mg-1?) after

acute blood loss complicated by ischemia-reperfusion of the limb.

After the complication of acute blood loss by ischemia-reperfusion of the limb, there is
probably a layering of the mechanisms of CP synthesis due to these effects. As a result, the
content of CP in the serum in this experimental group at all observation periods becomes
significantly higher compared to other experimental groups.

Thus, acute blood loss complicated by ischemia-reperfusion of the limb contributes to
a significant shift of the antioxidant-prooxidant ratio towards the dominance of prooxidant
mechanisms and increases CP formation, which has a compensatory character and at the same
time indicates on the development of systemic body response to inflammation.

The use of carbacetam promotes the shift of the antioxidant-prooxidant balance
towards the dominance of antioxidant mechanisms and reduces the intensity of CP formation,
which points on a pronounced antioxidant and anti-inflammatory effect of the drug and the
prospects for its use in hemic hypoxia and ischemic reperfusion.

Conclusions 1. Complication of acute blood loss by ischemia-reperfusion of the limb

contributes to the shift of antioxidant-prooxidant balance of the spleen towards the dominance
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of prooxidant mechanisms, which is manifested by a significant decrease in the value of API,
starting from second hour of the experiment. At the same time the content of CP in blood
serum increases, which is compensatory in nature and indicates the activation of the body's
systemic response to inflammation.

2. The use of carbacetam helps to shift the balance of antioxidant-prooxidant
mechanisms of the spleen in the direction of strengthening of antioxidant protection and, at
the same time, is accompanied by a decrease in the content of CP in the serum.

Prospects for further research. It is promising to deepen the study of markers of the
body's systemic response to inflammation, their dynamics and means of correction in
response to acute blood loss complicated by ischemia-reperfusion of the limb.

References

1. Vashchenko V.l1., Vashchenko T.N. Ceruloplasmin - from metabolite to drug.
Psychopharmacology and biological narcology. 2006. Vol. 6, ed. 3. P. 1254—12609.

2. Gorban L.1. Influence of acute blood loss, complicated by ischemia-reperfusion of
the limb on the antioxidant-prooxidant balance of the liver and its correction by carbacetam.
Achievements of clinical and experimental medicine. 2020. Ne 2. P. 93—100.

3. Preclinical studies of drugs: method. recommendations / ed. by O.V. Stefanova.
Kyiv: Avicenna, 2001. 528 p

4. Kamyshnikov V.S. Handbook of clinical and biochemical laboratory diagnostics. —
Minsk: Belarus, 2000. - 280 p.

5. Kozak D.V. Influence of carbacetam on antioxidant-prooxidant balance of heart,
lung and liver tissue in the dynamics of polytrauma. Hospital surgery. 2014. Ne 1 (65). P.
40—42.

6. Kozak D.V., Volkov K.S. Structural changes of some internal organs of animals
with simulated polytrauma with carbacetam correction. Scientific Bulletin of Uzhgorod
University, series "Medicine". 2014. ed. 2 (50). P. 3-6.

7. Lobov V.V., Nacharov Yu.V., Zubakhin A.A. Hematopoietic function of the spleen
in the posthemorrhagic period. NSU Bulletin. Series: Biology, clinical medicine. 2006.
Volume 4, Ed. 2. P. 78-83.

8. Maximov R.V., Gudima A.A., Sidorenko V.M. Dynamics of the balance of
antioxidant-prooxidant mechanisms in the internal organs under the influence of arterial
tourniquet and limb reperfusion. Hospital surgery. L.Ya. Kovalchuk Magazine. 2017. Ne 1/ P.
37—44.

311



9. Method of determining catalase activity / M.A. Korolyuk, L.I. Ivanova, I.G.
Mayorova, V.E. Tokarev. Laboratory science. 1988. Ne 1. P. 16-109.

10. Violation of the content of reduced glutathione in the lungs of rats on the
background of acute blood loss complicated by ischemia-reperfusion of the limb, and their
correction with carbacetam / O.V. Stakhiv, A.A. Gudyma, I.V. Korda, Yu.V.Uglyar. Medical
and clinical chemistry. 2020. Vol. 22. Ne 3. P. 74-80.

11. Development of the hematopoietic system in the human fetus / 1.V. Alekseev, I.V.
Zamaraeva, E.B. Vladimirskaya [etc.]. Hematol. and transfusiol. 1995. Vol. 40, Ne 5. P. 26—
29.

12. Ferritin and ceruloplasmin in the diagnosis of inflammatory complications in the
acute period of craniocerebral and combined injuries / D.B. Sumnaya, E.V. Sevastyanova,
A.A. Ivanov [et al.] Allergoimmunology. 2006. Vol. 7, Ne 5. P. 423.

13. Age-dependent and cell-population-restricted LRRK2 expression in normal mouse
spleen. Maekawa, T., Kubo, M., Yokoyama, I., Ohta, E. & Obata, F. Biochem. Biophys. Res.
Commun., 2010. 392 (3), 431-435. doi: 10.1016 /j.bbrc.2010.01.041

14. Clinical correlates of splenic histopathology and splenic karyotype in
myelofibrosis with myeloid metaplasia / R. A. Messa, C.-Y. Li, G. Schroeder [et al.]. Blood.
2001. Vol. 97, Ne 11. P. 365-367.

15. Effects of Highshockwave on organs adjacent to the kidney in the growing rat / A.
C. Nardi, U. Ferreira, J. A. Claroet. al. Int. Braz. J. Urol. 2004. Vol. 30, Ne 2. P. 142-147.

16. Goodnough L. T., SkikneB., Brugnara C. Erythropoietin, iron, erythropoiesis.
Blood. 2000. Vol. 96, Ne 3. P. 823-833.

17. Mukhopadhyay C.K., Ehrenwald E., Fox P.L. Ceruloplasmin enhances smooth
muscle cell and endothelial cell mediated low density lipoprotein oxidation by a superoxide
dependent mechanism. J. Biol. Chem. 1996. Vol. 271. P. 14773-14778.

18. New tournigquet device concepts for battlefield hemorrhage control / J. F. Jr.
Kragh, C. Murphy, M. A. Dubicket al. U.S. Army Medical Department Journal. 2011. P. 38—
48.

19. Tourniquets and occlusion: the pressure of design / P. L. Wall, D. C. Duevel, M.
B. Hassan [et.al.].MilMed 2013.Vol.178 (5) .P. 578-587.

20. Transcript selective translational silencing by gammainterferon is directed by a
novel structural element in the ceruloplasmin mRNA 3’untranslated region / P. Sampath, B.

Mazumder, V. Seshadri, P. L. Fox // Mol. Cell. Biol. - 2003. - Ne 23. - P. 1509—1519.

312



