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STUDY OF GUNSHOT INJURIES FEATURES OF PERIPHERAL NERVES BY MODERN
WEAPONS IN THE EXPERIMENT
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The article shows the study results of the sciatic nerve pathomorphosis characteristics in gunshot wounds in experimental
animals (pigs). Changes in the structure of nerve sheaths, its fascicles, features of nerve blood vessel injury were studied under
optical magnification with digital recording of nerve histological sections. The ultrastructural changes of the sciatic nerve during
the simulation of a gunshot wound of the peripheral nerve both with its anatomical section and with the preservation of anatomical
integrity were studied. Histological examination of the sciatic nerve damaged by bullets of the 5.45 calibre showed significant
morphological changes in the nerve structure both in case of anatomical section of the nerve and in case of its contusion. It has
been proven that even if the anatomical integrity of the nerve is preserved, pronounced changes in the nervous tissue occur with a
gunshot wound.
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BUBYEHHS OCOBJMBOCTEN BOTHENNAJIBHUX YIIKOIKEHb IEPU®EPUYHUX
HEPBIB CYYACHUMU BUJAMHU O35POE€HHSA B EKCITIEPUMEHTI

V cTaTTi HaBEACHO PEe3yJIbTATH JIOCIIPKEHHS OCOOIMBOCTEH maroMopdo3y CiIHHYHOTO HepBa NPH BOTHEHAJIbHUX
MIOPAaHEeHHX eKCIEPUMEHTAIBHIX TBapuH (CBHHEN). BuBuamm 3MiHM CTPYKTYypH 000JIOHOK HepBa, HOTro (hacIyKy, 0cOOINBOCTI
YIIKODKEHHS. KPOBOHOCHUX CYAMH HEpBa I ONTHYHUM 30UIBIICHHSAM i3 3alMCOM Ha IU(POBY Kamepy TiCTOJOTIYHUX 3pi3iB
HepBa. J{OCIIDKEHO YIbTPacTPYKTYpHI 3MIHH CIAHMYHOTO HEPBY MPH MOJICIIOBaHHI BOTHEHAIBHOIO IOPAHCHHS HepU(epHIHOTO
HEpBY SIK i3 HOro aHATOMIYHUM IIEPETHHOM, TaK i 3i 30epexeHHsM aHaToMiuHol HimicHocTi. [Ipu ricTonoriyHoMy JOCHTIHKEHHI
CIIHMYHOT'O HEepBa, YIIKO/DKEHOro KyJsIMU Kamiopy 5,45, BusBieHO 3HauHi MOpP(OJIOrivHi 3MiHH B CTPYKTYpi HEepBa sIK IpH
aHAaTOMIYHOMY TI€PeTHHI HepBa, TaK i MpH Horo KOHTY3il. JloBeneHo, 110 HABITh 32 YMOBH 30epe)KeHHsI aHATOMIYHOI LITICHOCTI
HepBa, IPU BOIHENaJIbHOMY HOPaHEHHI BUHUKAIOTh BUPa)KeH] 3MiHM HEPBOBOI TKaHHHH.

Kuro4oBi cjioBa: BOrHenajibHe YIIKODKCHHS, HEPB, CBHHSI, CKCIICPHMEHT.

The study is a fragment of the research project: “To study the clinical and neurophysiological features of the remote
consequences course of gunshot injuries to peripheral nerves”, state registration No. 0122U000328.

Gunshot injuries of peripheral nerves are separate from combat trauma, occupying a special place
in the structure of general traumatism, as they cause high rates of disability and significantly reduce the
quality of life of the wounded.

Gunshot wounds of the upper and lower extremities are often accompanied by concomitant damage
to peripheral nerves (PN), which causes permanent loss of motor and sensory functions [3, 4, 13, 15]. The
mechanism of nerve damage itself is multifactorial and, as is commonly believed, is caused by a
combination of direct and indirect effects of traumatic factors (high temperature, shock wave). As a result,
a clear choice of treatment algorithms is often impossible [14, 15]. Unfortunately, there is no reliable
method of distinguishing between neuropraxia, axonotmesis, and neurotmesis on clinical examination, and
although neuropraxia is thought to be the most common, a number of large published studies report a high
incidence of complete disruption of the anatomical integrity of the nerve following gunshot injury [2, 14].

When considering the structure of traumatic injuries, PN injuries of the upper and lower extremities
make up about 6 %, but according to indicators of permanent disability, they take the first place. In the case
of damage to the limbs, severe moral and material losses occur in the daily life of patients, as the affected
persons become unable to work. When studying modern research of scientists who study combat trauma
of limbs [15], gunshot wounds of peripheral nerves in peacetime make up 7.1 % of the total structure of
their injuries. However, at present, when there are armed conflicts in the world (including the war in
Ukraine), this indicator is much higher. This index is affected by the fact that the limbs are one of the most
unprotected parts of the body (taking into account the presence of body armor, helmets, etc.).
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The effectiveness of the surgical treatment of peripheral nerves combat trauma is worse compared
to the classical nerve injury, which is mainly due to the prevalence of damage to the nerve trunk, its nature,
the presence of intraneural scars, disruption of vascular microcirculation in the structure of the nerve, as
well as due to existing wounding of the main vessels and significant damage to the surrounding soft tissues.
The presence of modern equipment and means of microsurgical treatment also significantly affect the
results of surgical treatment, and the level of training of the surgeon is also important [15].

Therefore, a thorough approach is necessary for a complete understanding of the pathological
processes in the nervous tissue in case of gunshot injury of peripheral nerves in order to optimize the
S g existing and develop new treatment and diagnostic algorithms

for the management of this patients’ category. This can be
- 3 5 m4 ‘ 5 6 7 achieved by conducting an experiment on animals using
il Wbl modern firearms.
% 8 W The purpose of the study was to establish histological
R results of the damaged nerve research as a result of simulating
a gunshot wound to the sciatic nerve with the use of modern
weapons in the experiment.

Materials and methods. The experimental study was
performed on 3 healthy pigs of the Svitlogorsk breed (a series
of studies). The research was conducted on a military training
ground (Ministry of Defence training ground, Kyiv region)
under normal environmental conditions (temperature 19°C,
relative humidity 72 %, atmospheric pressure 760 mm Hg). One
shot from an automatic firearm AKS-74 from a distance of 100
meters was performed to the intended colour point on the on the

Fig. 1. General appearance of the cartridge:  @nimal's thigh, corresponding to the anatomical projection of
1 - 5.45x39 mm a cartridge with “PS” bullets with  the sciatic nerve. A 5.45x39 mm PS cartridge was used during
a steel core. the experiment (fig. 1).

The acute experiment was performed under general anaesthesia in compliance with all bioethical
requirements for animal experiments of the European Convention for the Protection of Vertebrate Animals
for Research and Other Scientific Purposes, Strasbourg, 18 March 1986. Permission of the UVMA
Bioethics Commission No. 5 dated 15.05.2021. Removal of experimental animals from the experiment was
carried out by overdose (euthanasia) administration of 15 mg/kg, Sodium thiopental in a lethal dose. The
dead animals were cremated after the examination. Fragments of selected damaged sciatic nerves of pigs
were taken for histological examination, both in the case of simulation of the anatomical section of the
nerve (fig. 2 A, fig. 2 B), and simulation of nerve contusion (without its anatomical section).

o A BT 1 A 4 : B
Fig. 2. Macrophotos of injured sciatic nerve: A — Visualized left sciatic nerve after a gunshot wound; B — Macropreparation:
selected left sciatic nerve with gunshot injury.
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A histological examination of 2 nerve trunks of a pig, which were damaged by 5.45 bullets, was
carried out. The material was collected after the death of the animals. The first sciatic nerve from the
samples had a thickness of 5 mm and a marginal defect for % of the thickness of the nerve within 1 cm.
Another sample had a thickness of 4 mm without visible damage from the outside. The material was fixed
in 10 % buffered formalin (pH 7.4) for 48 hours, dehydrated and sealed in paraplast [1]. Histological
sections 4 pum thick stained with hematoxylin and eosin were made from the obtained blocks.

Histological sections were examined visually and photographed using an Olympus B53 microscope
with an SP180 digital camera (12214x920 RGB pixels).

Limitations of the study: in general, the small number of experimental animals during the study,
which led to the lack of opportunity to distribute the participants and form groups based on similar
characteristics, makes it impossible to conduct any reliable statistical analysis.

Results of the study and their discussion. In general, the investigated nerves had a normal
structure. They consisted of bundles of nerve fibers surrounded by endoneurium. They were complexed
into bundles of the second order, which were complexed into the nerve trunk itself. The latter was
surrounded by epineurium.

In the case of partial destruction of the nerve trunk by a bullet at the site of the injury, preservation
of a small peripheral part of bundles of nerve fibers adjacent to the epineurium was observed (fig. 3 A).
The edges of the destructive bundles of nerve fibers (fig. 3 A, 3 B) had unclear borders, fragments of torn
nerve bundles. Signs of minor hemorrhages were observed. Directly near the edge of the torn bundles of
nerve fibers, venous blood is observed, while the capillaries and arterial-type vessels appear empty (fig. 3
C). Phenomena of diapedesis of erythrocytes were observed (fig. 3 D).

@
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Fig. 3. Microphotos of the partially destroyed nerve section: A. The central part. Moderate swelling of the perineurium is noted.
Expansion and overflow of blood veins. Staining with hematoxylin and eosin. Microphoto, 100 x; B — Peripheral part of the partially
destroyed nerve section. Ruptures of bundles of nerve fibers, their fragmentation. Expansion and overflow of small veins with blood.
Staining with hematoxylin and eosin. Microphotograph, 100x; C — Venous full blood, empty capillaries and arterial type vessels.
Phenomena of diapedesis of erythrocytes were observed. Staining with hematoxylin and eosin. Microphoto, 200 x; D — Phenomena of
diapedesis of erythrocytes near the ends of torn bundles of nerve fibers. Staining with hematoxylin and eosin. Microphoto, 400x.

Under conditions of the nerve trunk contusion, continuity of its constituent components along the
length is observed. There are separate hemorrhages in the epineurium (fig. 4 A). In the thickness of the
nerve, slight disorganization of nerve fibers with areas of their enlightenment was observed (fig. 4 B).
Small veins were filled with blood. Capillaries and small intratruncal arteries appeared empty. On one part
of the nerve, a transverse rupture of a bundle of nerve fibers was found (fig. 4 C), which looked like a gap
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with uneven edges and small tissue fragments. At the edges of the defect, it was possible to observe
moderately expressed phenomena of diapedesis of erythrocytes. Small hemorrhages were also found in the
thickness of the nerve (fig. 4 D). Individual or groups of tissue basophils were found in distant parts of the
nerve, part of which was destroyed, and in the nerve that had suffered a contusion. Most of them showed
minimal signs of degranulation (fig. 4 E). This was manifested by the detection of a small number, or even
single granules, outside the cells of this type.
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Fig. 4. Microphotos of the sciatic nerve with preserved
anatomical integrity: A — Microhemorrhage in the epineurium
during nerve contusion. Staining with hematoxylin and eosin.
Microphoto, 200 x; B — Nerve trunk under conditions of contusion
with a bullet wound. Ruptures of bundles of nerve fibers, their
fragmentation. Venous plethora. Staining with hematoxylin and
eosin. Microphoto, 100x; C — Transverse rupture of a bundle of
nerve fibers in the middle of the nerve trunk in case of nerve
contusion. Staining with hematoxylin and eosin. Microphoto, 200
x; D — Small hemorrhages in the thickness of the nerve trunk that
has suffered a contusion. Staining with hematoxylin and eosin.
Microphoto, 400x; E — Minimal manifestations of tissue basophil
degranulation in nerve trunk injury after a bullet wound. Staining
with hematoxylin and eosin. Microphoto, 400x.

Thus, the conducted observations showed that a gunshot wound with a 5.45 bullet can lead both to
a direct violation of the integrity of the nerve trunks and to their contusion. The degree of mechanical
damage to the nerve trunk directly depends on the contact with the bullet and the hydrodynamic impact.
The above data coincide with the experience of [2, 6, 5, 9] publications. In general, the changes in the
nerves immediately after the injury can be described as “shock nerve”. This is manifested by a sharp anemia
of the intra-truncal arterial vessels and capillaries, and a sharp expansion and overflow of blood in the
veins. Gunshot injuries are accompanied by minor hemorrhages, with spasm of blood vessels in the area of
the injury, occurring within a few minutes after the trauma. Despite a very short period of time after the
injury, a reaction of tissue basophils was detected, which was presented by the initial manifestations of
their degranulation.

When conducting the experiment, we proved that there is an unevenness of nerve tissue damage
taking into account the so-called distant factors. We could observe changes in the nerve fascicles structure
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depending on the distance of the damaging factor direct impact (1 mm, 2 mm, 3 mm, etc.). Accordingly,
the farther from the nerve tissue is the zone of the factors action affecting the firearm projectile, the less
pronounced are the changes. Although, as stated above, it was possible to observe structural changes in the
nervous tissue in more distant areas from the injury zone. In the case of preserving the anatomical integrity
of the nerve, but in the presence of a contusion, attention is paid to the length and severity of the changes.
Parabiotic and necrotic changes occur in the tissues around the nerve, which negatively affect the efficiency
of reinnervation and, accordingly, the final result of surgical treatment.

An important role in the recovery of the peripheral nerve is played by the condition of the nerve
bed (mesoneurium). Irreversible damage occurs in the bed around the nerve, which creates unfavorable
conditions for regeneration, therefore, to stimulate the recovery processes, it is recommended to use a set
of measures aimed at accelerating the recovery of the nerve. Therefore, interventions directly on the nerve
itself should also include the reconstruction of the mesoneurium through the use of regenerative
technologies (lipofilling and bone marrow aspirate), or transplantation of fat, skin-muscle, or skin-fascial
flaps. Given the irreversible changes and microcirculation disorders, in this category of patients, the
delayed method of neurorrhaphy should be considered as an option, so that later, as a second stage, other
surgical methods can also be used (including the method of primary nerve grafting).

The data we received coincide with the experience of scientists [7, 8, 9, 11, 12] when conducting
similar experimental studies and comparing them with clinical data.

It is necessary to take into account all the features of the pathomorphosis of a gunshot wound to
nerves, which will determine and personalize the tactics of intervention for each patient for obtaining better
recovery rates.

1. During the histological examination of gunshot wounds to the nerves, phenomena of severe
irreversible damage were observed in the nerve tissues: ruptures of bundles of nerve fibers and their
fragmentation, areas of venous full blood and empty capillaries and vessels of the arterial type, phenomena
of erythrocyte diapedesis;

2. Phenomena of the so-called “shock nerve” in case of a gunshot injury - sharp anemia of intra-
truncal arterial vessels and capillaries, overflowing of veins with blood had a spread of at least 8-12 mm
from the place of direct injury. Such changes in the nerve trunk confirm the need to use delayed
reinnervation.

3. The conducted experiment confirmed the severity of changes in the structure of the nerve trunk
and paraneural tissues in case of a gunshot wound, especially pronounced changes in microcirculation,
even with the preservation of the anatomical integrity of the injured nerve.
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ULTRASTRUCTURAL CHANGES OF PINEALOCYTES OF THE PINEAL GLAND UNDER
THE ACTION OF METHYLENE BLUE IN RATS OF DIFFERENT AGES
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The purpose of the study was to investigate the ultrastructural changes of the pineal cells of the pineal gland in normal
conditions and under the conditions of long-term exposure to methylene blue. In 14-day-old intact rats, the pineal gland is
represented as a formed organ. With age, in 45- and 90-day-old animals, the ultrastructural state of the cytoplasm and nucleus of
pinealocytes corresponded to increased activity, but was less pronounced than in 14-day-old animals. Under the effect of methylene
blue, in the pineal gland of 14- and 45-day-old rats, structural signs of weakly expressed enhancement of the function of light and
dark pinealocytes were noted. In 90-day-old animals, under the effect of methylene blue in the pineal gland, along with the
enhancement of the function of light pineal cells, signs of normalization of structure and function were noted in dark ones, which
is obviously connected with the inclusion of adaptive mechanisms to the effect of methylene blue. The obtained results open the
prospect for further study of the patterns of structural and functional changes of the endocrine glands under the conditions of nitrate
intoxication and represent the basis for the development of effective measures for the correction of endocrine system lesions that
occur in people as a result of professional activity.

Key words: gland, endocrine system, intoxication, nitrate poisoning, correction.
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VIIBTPACTPYKTYPHI 3MIHU IITHEAJIOIATIB EII®I3A 3A YMOB 111
METHMJIEHOBOI'O CUHBOI'O ¥ IIYPIB PI3HOI'O BIKY

Meroro mociipkeHHs: Oyji0 BHBYEHHS YJIBTPACTPYKTYPHHX 3MiH IiHEaJbHHX KIITHH emidi3za B HOpMi Ta 3a yMOB
TPUBAJIOTO BIUIMBY METHUICHOBOTO CHHBOTO. Y 14-1000BHX IHTAaKTHUX LIypiB emi(i3 mpeacraBieHuit sk chopmoBaHuii opras. 3
BikoM y 45- i 90-1060BUX TBapuH yIbTPACTPYKTypHUIl CTaH LUTOIUIA3MHU 1 sApa MiHEATOLWTIB BiAMOBIIAB ITiABUIICHIIT
aKTHBHOCTI, OJIHAK MEHII BUPaXEHO, HIXK y 14-1000BuX TBapHH. 3a yMOB il METHUIICHOBOTO CHHBOTO B emidisi 14-, 45-1060Bux
IIypiB BiIMIYaJIHNCh CTPYKTYPHI O3HAKH cJIab0 BUPA)KEHOT'O MOCHIICHHS (YHKILIT CBITINX 1 TEeMHHX INiHeanoruTiB. ¥ 90-mo60BuX
TBapUH IIpH Jil METHWJICHOBOTO CHHBOTO B emidi3i MOpsA 3 MOCHICHHAM (YHKIII CBITIMX IiHEAIbHHX KIITHH, B TEMHUX
BiZIMIYaJIMCh O3HAKU HOpMaJIi3alil CTPYKTYpH 1 GyHKILIi, 10 OUYEBH/IHO IIOB’SA3aHO 3 BKIIOYEHHSIM alaNTaliifHO-IIPHCTOCYBaIbHIX
MEXaHi3MiB J10 /i MeTHIICHOBOT cHHi. OTpUMaHi pe3yJIbTaTH BiIKPHBAIOTh EPCICKTUBY I101aJIbIIOI0 BUBYCHHS 3aKOHOMIPHOCTEH
CTPYKTYPHO-(pyHKI[IOHATPHUX 3MiH 3aJ103 BHYTPIIIHBOI CeKpelii B ymoBax il HIiTpaTHOi iHTOKCHKALi Ta MPeICTaBIsIOTh
HIIIPYHTS 1J1 pO3poOKH epEeKTUBHUX 3aXO0/iB KOPEKLIi ypakeHb eHJOKPHHHOI CUCTEMH, 1110 BUHHKAIOTh Y JIFOJEH y pe3yibTaTi
npodeciiiHol aisTbHOCTI.

Kurouogi ciioBa: 3am03a, eHIOKPUHHA CHCTEMa, iIHTOKCHKALisI, OTPYEHHSI HITpaTaMH, KOPEKIIisl.

The study is a fragment of the reseach project “Histophysiological state of the endocrine system under the effect of
adverse environmental factors”, state registration No. 0120U002026.

It is known that the pineal gland, or epiphysis (pineal gland or upper brain appendage) is a small
oval glandular formation that belongs to the diencephalon and is located in a shallow sulcus between the
upper tubercles of the midbrain above the thalamus. According to data [1], the pineal gland closely
cooperates with all diencephalic elements, implementing its humoral connections not only through blood,
but also through cerebrospinal fluid. The ventricular system of the brain permits the humoral signals of the
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