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The injuries received are accompanied by massive damage
to the soft tissues of the limbs, main vessels and nerves, and
the development of compartment syndrome. Violation of muscle
function in the case of a limb injury can be both a consequence
of denervation — as a result of damage to peripheral nerves, and
ischemia with subsequent necrosis and fibrosis — as a result of di-
rect or indirect damage to muscles, «tenotomy syndrome» — in
case of traumatic damage to tendons and muscles yams, with the
simultaneous combination of denervation and ischemia. Markers
for assessing the state of muscle tissue — levels of Na*, K" and
Ca'* electrolytes, indicators of kidney function (urea, creatinine);
glucose and the products of its transformations — lactate (lactic
acid) and pyruvate (pyruvic acid) and, finally, muscle enzymes,
namely creatine kinase (CK) and lactate dehydrogenase (LDH).
Objective. To study the biochemical indicators of blood (activity
of energy metabolism enzymes and electrolyte content) of military
personnel with ischemic contracture and muscle denervation af-
ter a mine-explosive injury. Methods. The blood serum of 45 peo-
ple, who were divided into IV groups, was analyzed. The average
age of patients of the Il group was 33.75 + 3.46; 11l — 37 + 3.66;
1V — 35.86 + 2.35. The results. The activity of LDH and CK and
the content of electrolytes Na*, K, Ca'* were determined in blood
serum. Conclusions. LDH plays a key role in lactate metabolism
and maintenance of energy balance in skeletal muscle. Its in-
creased activity indicates the presence of hypoxia due to ischemic
contracture of the limb and damage to peripheral nerves. KK en-
zyme protects cell membranes from damage. The tendency to de-
crease the activity of CC is a negative sign that reflects the initial
process of destruction of the cell membranes of muscles damaged
by a mine-explosive injury. The obtained results can be used to
determine the severity of pathological processes in patients after
traumatic damage to peripheral nerves and ischemic contracture,
as well as when assessing the expediency of surgical intervention.

Ompumani nopanenns cynpoeooAuCyiomscs MACUGHUMU YUIKO-
OJICEHHAMU MAKUX MKAHUH KIHYIBOK, MA2ICMPAansHUX cyOun
i Hepeis, pozgumxom Komnapmmenm-cunopomy. Takooc uepes
OdeHepeayin — YUWKOONCeHHs nepupepuyHux Hepeis, iuemiio
3 NOOATBLUUM HEKPO30M | IOpO30M — YV pe3yibmami npamoco
abo onocepeoko8ano20 ypasicents M’a13ie, «CUHOPOMY MEeHOmo-
Miiy — 30 MPABMAMUYHO2O YUKOOICEHHS CYXOICUNKIG | M A316,
30 0OHOUACHO20 NOEOHAHHA OeHepeayii U iwemii. Mapkepu Ons
OYIHIOBAHHS CMAHY M 30801 MKAHUHU — DIGHI eeKmponimis
Na*, K" i Ca*™, nokasnuku ¢hynxyii Hupox (cewosuna, kpeamu-
Hin); enoKo3a ma npoodykmu ii nepemeopens — 1axmam (Moaou-
Ha Kucioma) U nipysam (nipo6uHoepaona Kucioma) i, Hapeuimi,
ms3068ux epmenmis, a came: kpeamunkinazu (KK) i nakmam-
oeciopoeenasu (JIAI). Mema. /locnioumu 6ioximiyni noxasuu-
KU Kpogi (akmugHicmv hepmenmie eHepeemuuno2o oOMiHy ma
eMicmy en1eKmponimia) GillCbKOBUX 3 [UWeMIYHOIO KOHMPAKmMY-
Poto ma Oenepsayicto M ’s1316 Nicia MIHHO-8UOYX08020 YPAICEH-
Hs. Memoou. [Ipoananizoeano cuposamky kposi 45 ocio, aKux
posnoodinuau na IV epynu. Cepeoniii 6ix nayienmis 11 epynu
cmanosue 33,75 + 3,46; 1l — 37 + 3,66, IV — 35,86 + 2,35.
Pezynomamu. ¥V cuposamyi kpoei eusnauaniu axmugnicmo JIJI"
i KK, i emicm enexmponimieé Na', K', Ca**. Bucnosxu. JI/I 6i0i-
2pae Kuovosy poib y Memabonizmi aakmamy i niOmpumanui
eHepeemuyHo2o banancy 6 ckeremnux msazax. Iliosuwena iv axmug-
HICMb 6KA3YE HA HAABHICMb 2INOKCIL 34 IWeMIYHOT KOHmMPaKmy-
pu Kinyiexu i ywkooscennsa nepugepuunux nepgis. Pepmenm
KK 3axuwae knimunni memopanu 6io yuikooxcenus. Tenoenyis
00 3nudicenns akmusnocmi KK — necamugna o3naka, saxa 8iooo-
pasicac nouamroguii npoyec pyuHy8anHs KIMUHHUX MemMopan
MA316, YUWKOOJICEHUX MIHHO-6UOYX08010 mpasmoro. Ompumani
pe3yibmamu MOdACYmb Oymu 3acmocosani 0ns 6U3HAYeHHs
8AJHCKOCMI NAMONO2IYHUX NPOYECi6 Y NAYIEHMIE NICAA mpag-
MAMUYHO20 YWKOOJICEHHs nepupepuuHux Hepeie i iuemiyHol
KOHMPAKMypu, a markoic nio uac oyiH8aHHs 00YLIbHOCMI npo-
sedenns onepamugnozo empyuanns. Knwouosi crosa. luemis,
cKeNlemHi M’s3u, 1aKxmamoe2iopo2enasa, KpeamuHKiHa3a.
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Introduction

The war in Ukraine resulted in a significant in-
crease in the number of victims of blast injuries both
among the military and civil citizens. The result-
ing injuries are accompanied by massive damage to
the soft tissues of the limbs, main vessels and nerves,
and the development of compartment syndrome
[1, 2]. Peripheral nerve injuries, which in peacetime
amounted to 4 % of all injuries, were characterized
by a significant and long-term decrease in the func-
tion of the limb, a high level of disability of patients
and constituted a significant medical and social prob-
lem [3]. Currently, there are no clear statistics of such
injuries in Ukraine, but due to military operations, it
has probably increased dramatically.

Violation of muscle function in the event of a limb
injury can be both a consequence of denervation in
the case of peripheral nerve damage, and ischemia,
with subsequent necrosis and fibrosis due to direct
or indirect damage to the muscles, “tenotomy syn-
drome” in the case of traumatic damage to tendons
and muscles also in the simultaneous combination
of several of these processes (denervation + ischemia,
etc.). In this regard, the role of not only adequate as-
sessment of the severity of nerve damage, but also
the nature of muscle damage is increasing in poly-
structural limb injuries [3].

As a result of ischemic and denervation damage
of muscle tissue, a significant amount of protein fac-
tors are released into the blood, which also mediate
inflammatory processes. Their release causes the be-
ginning of a complex cascade of biochemical reac-
tions and affects the course of ischemia [4]. The re-
lease of intracellular enzymes into the serum is an
indicator of tissue injury and physiological cell me-
tabolism [5]. Thus, the measurement of intracellular
enzymes in blood serum is important for diagnosing
damaged muscles, monitoring the course and severity
of the disease, and evaluating the effect of therapy.

Markers that are determined in blood serum and
used to assess the condition of muscle tissue include
the levels of sodium (Na*), potassium (K*) and calci-
um (Ca™) electrolytes, indicators of kidney function
(urea and creatinine levels); glucose and the products
of its transformations — lactate (lactic acid) and py-
ruvate (pyruvic acid) and, finally, muscle enzymes,
namely creatine kinase (CK) and lactate dehydroge-
nase (LDH) [6, 7]. Creatine kinase is a key enzyme
in the metabolism of skeletal muscle contraction and
relaxation. It is present in tissues and cells that re-
quire energy (skeletal and cardiac muscle) and is con-
sidered the best marker for detecting and monitoring

skeletal muscle diseases. Being in the myocyte cy-
toplasm, CK is a catalyst for the reaction of creatine
and adenosine triphosphate, which leads to the forma-
tion of phosphocreatine and adenosine diphosphate.
Phosphocreatine formed as a result of this reaction
is the main depot of muscle energy [8]. The activity
of total CK is a recognized marker of skeletal muscle
destruction, which mostly occurs as a result of trau-
ma. At the same time, myocytes disintegrate and CK
enters the blood from the cytoplasm, which allows
it to be used as a marker of muscle damage [8, 9].
An increase in the activity of CK in the blood se-
rum may indicate the injury of skeletal muscles and
can be observed in a number of pathological condi-
tions. Therefore, monitoring changes in serum CK
levels is important for patients with muscle pain or
weakness [10].

Lactate dehydrogenase is a glycolytic enzyme that
participates in the final stages of glucose conversion
(catalysis of the interconversion of lactate and pyru-
vate). It is a component of all body cells, more often
cytoplasm. Its highest activity was found in the liver,
cardiac and skeletal muscles, and kidneys. The con-
tent of the enzyme in most tissues is much higher
than in blood plasma. The increase in the activity
of LDH or its individual isoforms in blood plasma
occurs as a result of the release of enzymes from
damaged or destroyed cells [6]. An increase in the ac-
tivity of the LDH enzyme is registered in patients
with progressive muscular dystrophy, especially in
the early and intermediate stages of the disease, as
well as during such pathological processes in mus-
cles as: dystrophy, myopathy, traumatic injury [6, 11].
However, information on the activity of LDH and
CK in case of traumatic damage to peripheral nerves
is contradictory. Both a decrease and an increase or
preservation of its activity at the control level were
detected [12].

To date, numerous publications have proven
the regulatory role of calcium in ensuring energy
processes in muscles, their reduced activity. There-
fore, further investigation of the intracellular content
of calcium and other electrolytes is important for
a more complete understanding of the mechanism
of metabolic processes in connective and nervous tis-
sues under normal and pathological conditions. As
you know, catabolic processes prevail in the muscles
in case of nerve innervation disorders.

They are manifested both by changes in the chem-
ical composition of muscle tissue, and by sharp shifts
in the speed of enzymatic reactions that provide en-
ergy for muscle activity. Disruption of catabolic pro-
cesses, first of all, affects the regeneration of ATP, and
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also decreases the supply of substrates necessary for
biosynthetic processes (anabolism). In turn, damage
to anabolic processes triggers a violation of the re-
production of functionally important compounds-en-
zymes, hormones necessary for catabolism [13].

Diseases that lead to neuromuscular disorders
cause the release of organ-specific enzymes from
the muscles into the blood plasma. Their appearance
in the bloodstream as a result of leaching from cells
with increased membrane permeability or structu-
ral damage makes it possible to assess the metabolic
state of muscle tissue [5, 8, 9].

Purpose: to investigate the biochemical indicators
of blood (activity of energy metabolism enzymes and
electrolyte content) of military personnel with ischemic
contracture and muscle denervation after a blast injury.

Material and methods

The study was conducted after the approval
of the ethics committee of the Institute of Traumatolo-
gy and Orthopedics (Protocol No. 4 dated 11.11.2023)
in accordance with the Helsinki Declaration of 2000,
European Society Directive 86/609 on human partic-
ipation in biomedical research and orders of the Mi-
nistry of Health of Ukraine No. 690 of 23.09.20009,
No. 944 dated 14.12.2009, No. 616 dated 03.08.2012.
All patients signed an informed consent form regard-
ing participation in the study.

The blood serum of 45 people, who were divided
into I'V groups, was analyzed. The average age of pa-
tients of Group II was 33.75 £ 3.46; 11l — 37 £ 3.66;
IV —35.86 + 2.35.

Of them, 10 conditionally healthy patients were in-
cluded in Group I (control), 8 patients in Group II with
a diagnosis of ischemic contracture of a limb based on
history and clinical data— local hypertensive syndrome,
signs: atrophy of muscle fibers characteristic of the re-
active-restorative period of ischemic contracture; 10 in
Group I — damage to the peripheral nerves of the limb
(based on clinical and instrumental indicators: using ul-
trasound and electroneuromyography, peripheral nerve
injury was determined); 7 in Group IV — ischemic con-
tracture of a limb with damage to peripheral nerves based
on the combination of the clinical picture of ischemic con-
tracture with the data of instrumental studies that indicat-
ed peripheral nerve injury.

In blood serum, the activity of LDH and CK
was determined using standard Roche Diagnostics
test systems on a Cobas-311 biochemical analyzer.
The content of electrolytes Na*, K, Ca™ was deter-
mined on an automatic EasyLyte Calcium analyzer
(USA) using a package of reagents from MEDICA
(Netherlands).

Statistical processing of the obtained results was
carried out using the Origin Pro 8.5 software package.
Average values of the obtained indicators (M) with
standard deviations (SD) were calculated. The signi-
ficance of the difference between groups with a nor-
mal distribution of the comparison was assessed by
the t-Student test. At p < 0.05 changes were consi-
dered significant. In order to determine the statistical
significance of differences between groups for quan-
titative (with a distribution other than normal) and
ordinal variables, the Kruskal-Wallace test was used.
Comparison of quantitative and ordinal variables in
dependent samples was performed using the Wil-
coxon test. Indicators on the graphs are presented in
the form of median and 5-95 percentiles.

Results and their discussion

According to the data we received, the average in-
dicator of LDH activity in the blood serum of patients
in the control group was (82.5 = 2.1) units/l (Table). In
the rest of the patients, its probable growth was noted.
Thus, LDH activity increased by 142.4 % in Group 11,
by 122.8 % in Group III, and by 153.3 % in Group IV
(p <0.05, Fig. 1).

LDH plays a key role in lactate metabolism and
maintenance of skeletal muscle energy balance. Its
increased activity may indicate hypoxia of skeletal
muscles due to ischemic contracture of the limb and
damage to peripheral nerves. Insufficient supply of oxy-
gen to tissues causes a decrease in the share of aero-
bic, i. e. oxidative, phosphorylation. As a result, under
conditions of hypoxia, muscles accumulate lactic acid,
instead of using it as an energy source. This leads to
acidosis, which inhibits phosphofructokinase. As a re-
sult, glycolytic formation of ATP also stops.
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Fig. 1. LDH activity in blood serum of patients of the control
group (1), with ischemic contracture (2), peripheral nerve damage
(3), ischemic contracture and peripheral nerve damage (4).
* p <0.05 relative to the control group
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Therefore, determination of LDH activity during
diseases accompanied by traumatic damage to skele-
tal muscles and destruction of their cells is an import-
ant marker of tissue destruction.

Our results are consistent with a number of other
publications [6, 14, 15], which report changes in bio-
chemical markers, in particular, LDH activity, under
conditions of ischemia and damage to peripheral nerves.

During the measurement of CK activity, no pro-
bable changes were detected in the blood serum
of patients of Groups II, III and IV compared to con-
trol values. However, a tendency to a decrease of this
enzyme in the blood serum of patients of Groups 11
and III was noted, respectively, by 11.5 and 19.7 %,
and in the IV group, on the contrary, an increase
by 4.5 % (p > 0.05, Table, Fig. 2). These results are

Table
The activity of creatine kinase and lactate dehydrogenase, the content of K, Na*, Ca*" ions

in the blood serum of patients with ischemic and denervation processes in muscles (M + m)

Indicator Control, Ischemic contracture, Damage to peripheral nerves, Ischemic contracture with damage
n=10 n=28 n=10 to peripheral nerves, n =7
Lactate dehydrogenase, units/1 82.50£2.10 200.00 + 16.13* 183.80 + 8.21* 209.00 + 11.85%*
Creatine kinase, units/I 137.00 = 2.00 121.25£28.7 110.20 + 18.94 143.23 £ 11.85
Na*, mmol/l 142.00 &+ 1.90 152.25 £ 5.74* 143.94 £ 9.40 141.26 +2.79
K, mmol/1 4.50 £ 0.10 4.81 +£0.26 532+0.18 4.81+0.12
Ca*", mmol/l 1.23 £ 0.06 1.12 £ 0.04 1.16 = 0.03 1.17 £ 0.03
Note. *p <0.05 relative to the control group.
250 — 300 =
T T
200 - '|'
= 200 o
=}
150 — g
—— g
g 100 J_ 8 100 T
20 T J_
0
0 1 1 1 1
1 | 1 1
1 D 3 4 1 2 3 4

Fig. 2. Creatine kinase activity in blood serum of patients  Fig. 4. Concentration of Ca"" in blood serum of patients
of the control group (1), with ischemic contracture (2), of the control group (1), with ischemic contracture (2),
peripheral nerve injury (3), ischemic contracture and peripheral ~ peripheral nerve injury (3), ischemic contracture and peripheral
nerve injury (4) nerve injury (4)
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Fig. 3. Concentration of Na* in blood serum of patients of the control ~ Fig. 5. The content of K' ions in the blood serum of patients
group (1), with ischemic contracture (2), peripheral nerve injury (3),  of the control group (1), with ischemic contracture (2), peripheral
ischemic contracture and peripheral nerve injury 4). * p<0.05relative ~ nerve injury (3), ischemic contracture and peripheral nerve
to the control group injury (4)
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consistent with other researchers [12]: CK activity
can decrease/increase or remain at the control level.
However, the CK enzyme protects cell membranes
from damage. Its formation and accumulation is one
of the factors of membrane protection. Therefore,
the tendency to decrease the activity of CK is rath-
er a negative sign, which reflects the initial process
of destruction of cell membranes of muscles injured
by a blast injury [6].

The content of Na“ ions in the blood serum
of patients of Group II probably increased by 7 %
(p <0.05, Table, Fig. 3) from the control values.

Whereas the concentration of K" and Ca*™ ions in
blood serum of patients of all studied groups did not
differ from the control values. Although a tendency
to decrease Ca™ was noted in all groups of patients.
It was the largest in the blood serum of individuals
of Group II — 8.9 %, and III and IV — by 5.7 and
4.9 %, respectively (p > 0.05, Table 1, Fig. 4).

The content of K+ ions in the blood serum of pa-
tients of Groups II and IV tended to increase by
6.9 %, and in 111 by 18.2 % (P > 0.05, Table 1, Fig. 5).

The lack of ATP and the shift in pH to the acidic
side change the polarization of the membrane. Na*
and Ca™ ions enter, and K+ leaves skeletal muscle
cells. As a result of acidosis, the influx of extracellu-
lar Ca™ decreases. It is released from complexes with
troponin, ATP activity of myosin is inhibited. This
leads to a decrease in contractility of skeletal mus-
cles. During prolonged ischemia, both the sarcoplas-
mic reticulum and plasma membranes are damaged.
The concentration of Na*, Ca', lactate, pyruvate,
ATP, etc. increases in the cell. These highly hydro-
philic components lead to the swelling of cells and
their organelles, therefore the intensity of peroxida-
tion of membranes, entry of enzymes into the blood
and damage to skeletal muscles increases [14, 15].

Conclusions

Lactate dehydrogenase plays a key role in lactate
metabolism and maintenance of energy balance in
skeletal muscle. Increased activity of the enzyme in-
dicates the presence of hypoxia due to ischemic con-
tracture of the limb and damage to peripheral nerves.
CK enzyme protects cell membranes from injury.
The tendency to decrease the activity of CK is a nega-
tive sign that reflects the initial process of destruction
of the cell membranes of muscles damaged by a blast
injury.

The obtained results can be used to identify
the severity of pathological processes in patients after
traumatic damage to peripheral nerves and ischemic

contracture, as well as when determining the expedi-
ency of surgical intervention.
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