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Non-compression damage to peripheral nerves of a limb is 
not a frequent trauma to extremities. Non-compression ischemia 
relates to lesions of a limb’s great vessels (atherosclerosis, em-
boli, vasculitis, others). Frequently, they are consequences of a 
traumatic injury to an extremity [16]. A range of publications 
[17] contains selective descriptions of clinical cases of ischemic 
neuropathy, but the pathogenesis of damage to nerves of a limb 
remains understudied and unstructured. The reasons thereof are 
that the authors in their clinical researches describe separate cas-
es with different etiology, while experimental studies made us 
able to investigate the development of damage to a limb’s nerves 
and their recovery. Their main disadvantage was the focus on 
just a single factor as a task – ischemia of a nerve, while clinical 
cases are complicated with the probable presence of two – isch-
emia itself and pressure on the nerve. Moreover, the experimen-
tal researches mostly limit themselves by one or two models of 
isolated nerve compression [8, 10]. Although, such cases rarely 
occur in clinical practice, and the majority of the compression 
lesions are the consequences of a simultaneous trauma and com-
pression to a limb with significant damage to skeletal muscles 
followed by their atrophy, tissue necrosis.

Acute necrosis of skeletal muscles and consequences thereof 
(myoglobinuria, impaired metabolism of electrolytes, acute re-
nal impairment) are covered by scholars better, compared to the 
same of nerves of limbs. The conditions of peripheral nerves 
in compression and non-compression ischemia could reflect 
all the tissues of the extremity and the efficiency of the therapy 
in general. Besides, the literature sources lack enough data on 
the extent of the damage to muscles and peripheral nerves of 
an extremity in compression injury, and, which is the most im-
portant, their sensitivity to damage and stimulation of repairing 
processes.

In traumatology, the autologous tissue technologies are 
widely used, in particular for managing arthritis, traumas to a 
limb’s nerves and tendons. Quite simple to obtain and use, and 
very promising are concentrates of platelet-rich plasma (PRP) 
and cells collected from the bone marrow aspirates (CBMA), 
and homogenized adipose tissue (HAT) derivable, especially in 
cases of peripheral neuropathies [10]. We found a range of re-
searches with positive and promising results of the use thereof 
in the management of damages to the peripheral nervous system. 
The technology seems useful for the therapy of compression-
ischemia neuropathies of the nerves in cases after a compart-
ment syndrome.

Using experimental models of compression ischemia of a 
limb or peripheral nerves, we obtained a significant amount 
of data, but we should not equate all the results with the same 
of a human compression ischemia, so these disorders require 
further study. 

The task of the research is to study damages to a sciatic nerve 
in mechanically-induced limb ischemia and after PRP, CMBA, 
and HAT injections. 

Material and methods. The background of the research is 
the animal model, a mechanically induced ischemia (Mii). The 
study involved Chinchilla rabbits (weighing 4.2-4.5 kg). The 

rabbits lived in standard cages with free access to food and wa-
ter. We subdivided the animals into five groups, five animals 
each: group 1 (control) – intact animals; group 2 (MII) – ani-
mals with an injured limb; group 3 (MII+PRP) – animals with an 
injured limb treated by PRP; group 4 (МІІ+СBMA) – animals 
with an injured limb treated by СBMA; group 4 (МІІ+НАТ) – 
animals with an injured limb treated by НАТ.

MII was simulated by an elastic medical tourniquet (5.5 cm 
wide, eight units per an extremity), lasting through the middle 
third of a left hind limb, from the thigh to the ankle joint. It 
thereby immobilized the limb and caused impaired vascular per-
fusion of the skeletal muscles of the tibia (SMT). We removed 
the tourniquets after 6 hours.

The subfascial pressure. For the subfascial pressure measur-
ing, we applied a classical invasive method whitesides in an 
anterolateral sleeve of a shin, using a standard device stryker 
intra-compartmental Pressure Monitor (USA) for a one-shot 
measurement of every value [2].

The cells suspensions preparation. The cell suspensions were 
injected into the upper third of the SMT once, 6 hours after the 
elastic tourniquet removal. Test animals got withdrawn for the 
experiment in 5th, 15th, and 30th days after it started with the limb 
MII (5 animals for each stage thereof). 

The animals received anesthesia with 60 mg/kg sodium thio-
pental, intraperitoneal.

Platelet-rich plasma (PrP). We drew 5 ml of blood from 
the ear vein of a rabbit. By centrifuging the whole blood in an 
arthrex tube (Arthrex ACP® Double Syringe System, Arthrex, 
Inc. USA) for 8 minutes at 760g, we obtained 1 ml of PRP under 
the layer of erythrocyte mass (the average platelet quantity was 
928,000/ml).

autologous concentrated bone marrow aspirate (cBMa). We 
aspirated 2 mL of bone marrow from the proximal part of an 
intact femur, with a 10G bone puncture needle and 5 mL syringe, 
like in the article [1]. To separate the aspirate, we used a Tulip 
Emulsifier filter (Tulip Medical Products, USA). After centri-
fuging of the aspirate with dextrose citrate coagulate – solution 
A (1:8) (Baxter С.А., USA/Belgium) for 8 minutes at 760g, we 
got 1.0 mL of supraerythrocytic fraction (the average cell quan-
tity in native aspirate – 55.800/ml). 

Homogenized adipose tissue (HaT). Through the access 2 cm, 
we took 5 mg of an abdominal gland and fined it as a suspension. 
For homogenization, the said suspension passed through a 1mm 
hole of two connected syringes.

Histological study. Sciatic nerves and SMTs of rabbits were 
fixed in 10% formalin solution in PBS (pH 7.4) for 24 hours at 
4° C. The 15 µm slices of sciatic nerves, obtained with a cryo-
tome, we impregnated with silver nitrate. On longitudinal sec-
tions of the nerve, we calculated the number of nerve fibers in 
the test area (the transverse axis of the nerve – 420 µm, in the 
micrograph – 420×550 µm; 0.23 mm2). 

electron microscopy. The samples of tibial nerve were fixed 
in 2.5% solution of glutaraldehyde in phosphate buffer with 1% 
osmium tetrachloride, dehydrated in increasing concentrations 
of ethanol and acetone. The tissue samples we embedded in 
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the Epone-Araldite mixture. To get the ultrathin slices, we ap-
plied an ultratome (reihart). For contrast, we used 2% sodium 
citrate and uranyl acetate. To analyze the sections obtained, we 
scanned them with an electron microscope Tescan Mira 3 lMU 
(CzechRepublic) (STEM detector). 

statistical analysis. The data obtained appeared as mean val-
ues (M) ± standard errors of the means (SEM) and have been 
compared using Mann-Whitney U-test. We took the differences 
as significant at P < 0.05.

Bioethics. All manipulations with the animals complied with 
the European Convention for the protection of vertebrate ani-
mals used for experimental and other scientific purposes, # 123, 
Council of Europe, L222, 24/08/1999, p. 31and the Commission 
on Bioethics of the State Institution “The Institute of Traumatol-
ogy and Orthopedics under NAMS of Ukraine.”. 

Result and discussion. Macroscopic studies. After the 
MII, limb muscles were specific with acute edema and aggre-
gation of intestinal tissue. After the incision of the fascia, we 
registered the emission of 0.5 to 2.0 ml of the liquid. Large 
and medium subfascial vessels on the knee level and shin 
muscles (tibialis anterior, flexor digitorumlongus, gastrocre-
mius) were visually full with excessive blood, with the areas 
of hemorrhagic leakages in muscle sections. The texture of 
shin muscles changed: the surface muscles were edematous, 
soft, decolorized (from pink to yellowish-white). The deep 
muscles were more elastic and pink. On the 15th day, the ex-
tent of the edema was lower, compared to the 5th day, and the 
tissue of the muscles – more elastic, while in 30th days after 
the experiment started, there was no excessive interstitial flu-
id anymore. The color of the muscle tissues changed towards 
pinky-yellow, yellowish-white. The group of animals treated 
with PRP and CBMA had no injection areas; in the group of 
HAT, the areas of the insertion of the suspension were clear, 
specific with the excessive formation of connective tissues 
and angiogenesis, evidencing encapsulation of the aspirate. 
In all the animals with MII, we have detected the preservation 
of the integrity of sciatic nerves. The nerve was in the intra-
muscular space, without any signs of fibrosis processes along 
with it. The vessel network of the nerve and paraneural sur-
roundings were distinct, the vessels full in blood, but with-
out signs of hemorrhagic penetration into the intramuscular 
space. In other words, the mechanical damage to muscles of 
the shin, aggregation on interstitial fluid, and muscle tissue 
edema occur after the MII, decrease after the 5th day, and get 
replaced with necrotic changes in muscles without significant 
lesions to the sciatic nerve. 

Microscopic changes in peripheral nerves of a limb. In lon-
gitudinal sections of nerves, we studied the structural changes 
of its fibers in the sciatic nerve fascicules. The nerve’s integrity 
was intact, the same for the fascicular structure. The sheaths of 
nerves had no reasonable damages, except for epineurium. We 
have noticed an increased density of fibroblasts, evidencing cel-
lular reactions in the stromal elements of the nerve, cell prolifer-
ation in the epineurium. Nerve fibers were present in the nerve’s 
fascicules (Fig. 1), but their density had no significant differ-
ences within the period of the experiment (5, 15, and 30 days) 
and in terms of control. However, we have revealed deformed 
fibers with the different thickness of their myelin sheaths. On 
the 30th day after the MII, we identified “free” neurolemmocytes 
along the nerve fibers. 

The distortion of a myelin sheath ultrastructure confirmed it-
self under electron microscopy (STEM). We studied the samples 
of the tibial nerve. On the 5th and 15th day, we noticed the im-

pairment in the density of myelin lamellae, myelin sheath defor-
mities, and necrotized fibers (Fig. 2). In the impaired myelin 
fibers, the axial cylinders could be intact (with microtubules, 
mitochondria, vesicles) or exfoliated from the myelin. The 
cytoplasm of neurolemmocytes contained atypical lamellar 
(membrane) structures, the primary pathologic feature of au-
tophagy. Despite degeneration ovoids, appearing after the total 
disintegration of a myelin fiber, the cytosolic lamellar inclu-
sions result from autophagy, alternation of the damaged myelin 
in neurolemmocytes, and are the signs of dystrophy [14]. The 
PRP, CBMA, and HAT groups had no significant difference in 
the extent of the damage to the nerve. All the samples studied 
confirmed the demyelination and necrosis. The changes in the 
myelin fibers were not specific and frequently diffused. Conse-
quently, we concluded no dependence on the level of the damage 
in the separate fascicules. 

We have not confirmed severe nerve fibers degeneration in 
part of sciatic nerve, although disclosed the trend to the reduc-
tion in their density (Fig. 3). In PRP, CBMA, and HAT groups, 
we registered no “free” neurolemmocytes. This fact can be the 
evidence of less damage to the nerve fibers after the MII; there 
were no clear morphologic signs of the nerve fibers’ progressive 
degeneration in terms from 5th day to 30th day. It only means 
that the demyelination and degeneration of isolated nerve fibers 
occurs on the MII level and distally away from the compressive 
ischemia level, in particular in tibial nerve.

Fig. 1. a sciatic nerve of a rabbit on the 5th, 15th, and 30th 
day after the Mii and the therapy. The impregnation with silver 
nitrate, scale bar 100 µm

Fig. 2. a tibial nerve of a rabbit on the 5th, 15th, and 30th day after 
the Mii and the therapy. electron microscopy, scale bar 1 µm
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Fig. 3. The average amount of nerve fibers in the test-zones of a sci-
atic nerve after the Mii and the injections of PrP, cBMa, and HaT

note: 1 – control group; 2, 3, and 4 – Mii on the 5th, 15th, and 
30th day; 5, 6, and 7 – Mii+PrP on the 5th, 15th, and 30th day; 
8, 9, and 10 – Mii+cBMa on the 5th, 15th and 30th day; 11, 12, 
and 13 – Mii+HaT on the 5th, 15th, and 30th day

Analyzing the results of our own studies and the published ar-
ticles, we concluded that muscles and peripheral nerves of a limb 
have different resistance against the compression ischemia. The 
skeletal muscles of a limb obviously endure significant damage 
from its compression. At the same time, the two factors, compres-
sion, and ischemia affect the limb’s muscles and nerves, but it is 
not always possible to distinguish between the morphologic conse-
quences of both ischemic injury and compression ischemia, as the 
expressions of the cellular necrosis are non-specific. 

Descriptions of damage to muscles, their dystrophy, and slight 
signs of regeneration appear already in publications. In the focus 
of our interest, we have another aspect of compression of a limb, 
namely peripheral nerve conditions. We assumed that large nerves 
of extremities, like a sciatic one, could avoid suffering from the ne-
crosis thanks to their specific anatomical position in the limb. Per-
haps, their deep anatomical placement in an intramuscular space of 
a limb can prevent severe compressive damage. We also investigated 
how PRP, CBMA, and HAT therapy can influence these changes.

The analysis of clinical cases showed that the loss of nerve fi-
bers in chronic non-compression ischemia is not critical; it may 
be less than 5% of myelin fibers. The basic expressions of the 
disorder are disproportionally thin myelin sheath, demyelination 
of the fibers, myelin fibers deformities [13]. The reduced speed 
of nerve impulses is thus predetermined by an axonal degen-
eration rather than by a demyelination process [6]. However, 
spontaneous recovery is also possible. Thus, Hitoshi Nukada et 
al. have described regenerating nerve fibers in the ischemically 
damaged nerves of a limb after 1-6 months [13]. Damage to 
nerves and further nerve fibers degeneration can occur without 
a significant muscle injury [18]. This fact could be explained by 
the higher vulnerability of nerve fibers to ischemia, compared 
to the muscle tissue [12]. Thus, in critical ischemia of a lower 
limb, Kudykin M.N. et al. reported muscle hypotrophy in 40% 
of cases, but neuropathy – in 100% [7]. 

In an experimental paper, a ligature to an aorta does not cause 
total muscle ischemia due to the collateral blood flow; muscles 
and nerves suffer equally upon such conditions [3]. According to 
other data, in non-compression ischemic neuropathies, degenera-
tive muscle changes could progress without significant necrosis of 

muscles, confirming the hypothesis that human distal nerve fibers, 
compared to muscle tissues, are more vulnerable to the acute non-
compression ischemia of limbs [18]. After the limited microemboli 
of limb arteries, was reported the necrosis of small groups of muscle 
fibers, but muscles regenerate further [4]. In such cases, regenera-
tion launches one month after the injury, while muscle fibrosis does 
not develop in non-compression ischemia. 

Having analyzed the literature, we assumed that the extent of 
the nerve lesion depends directly on the value of compression of 
a limb by a tourniquet applied to the extremity. We came to this 
conclusion on the background of the absence of acute necrosis 
to structural elements of the sciatic nerve after 6 hours of the 
limb’s compression, while degeneration, destruction of nerve fi-
bers’ myelin expressed brightly on the level of the tibial nerve, 
topographically equal to and distally from the compression area. 
The data described vary in different authors; this relates to the 
various methods used for study, like only electrophysiological 
or morphological. Thus, if the compression ischemia lasts more 
than 2 hours, the extent of degeneration progresses [3], while in 
other cases described, 12-hours compressing ischemia leads only 
to endoneurial edema [9]. Compression with a tourniquet on the 
level of 250 mm Hg leads only to a reversible nerve blockade, at 
500 mm Hg – rarely to demyelination, while at 1000 mm Hg – to 
demyelination and mechanical damage to the nerve [3]. In the 
research, we determined the subfascial pressure, 30-70 mm Hg 
at the 3rd-6th hour of the MII. The discovered difference in the 
damage to the sciatic and tibial nerves indicates the difference 
in subfascial and intra-tissue pressures, reflected in more signifi-
cant damage to a tibial nerve, due to its anatomic peculiarities 
placed more superficially, compared to the sciatic one.

During the first 4-6 hours after the tourniquet removal, the nerve 
conduction remained, while 8 hours later is did not restored [9]. 
Hence, on the background of these periods, one can say about a 
“therapeutic window” in compressive ischemia management. Dur-
ing the same time, we inserted PRP, CBMA, and HAT into the skel-
etal muscles of the shin. Histological and morphometrical studies 
showed neither positive nor negative results of the insertion of tis-
sue suspension into the damaged muscles. 

In all the samples of the nerves, we saw different types of 
damages: unequal thickness and myelin deformities, atypically 
thin fibers, degeneration of the axial cylinders, lamellar struc-
tures in neurolemmocytes, partial destruction of a nerve’s endo-
neurium. These changes were not all out; we have observed just 
a tendency to the decreased density of nerve fibers in the sciatic 
nerve on the 30th day after the MII, although the dystrophy of 
nerve fibers has already been noticed distally, in the tibial nerve. 
In other research, Richards R.L. described a significant increase 
in endoneurial collagen, progressing till complete replacement 
of the nerve bundles with collagen [5]. However, we have not 
discovered fibrosis in our own studies (except for the destruction 
of endoneurium and perineurium, isolated cell-less areas rich in 
collagen). We assessed all revealed disorders as the consequenc-
es of damage to the limb’s blood vessels, because the injuries to 
vessels (stasis, thrombosis, lytic cell death in vessels) occurred 
as in muscles’ myons, as in the capillaries of intramuscular space 
(unpublished data). However, the changes did not reach the total 
degeneration of the nerve. This fact could have several expla-
nations. The blood supply to a limb’s peripheral nerve is mul-
tilevel, and the vessels cover reasonably the areas on different 
levels. Damage to a nerve due to a focal loss of perfusion has 
been considered before as highly improbable because collateral 
vessels ensure proper blood circulation in the nerve [5]. At the 
same time, the difference between vascularization and revascu-
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larization of a limb muscles exist. Thus, “fast muscles” (soleus) 
have a higher density of micro-vessels, more of them per muscle 
fiber, are longer, and with better VEGF expression, compared to 
the “slow muscles” (extensor digitorum longus). The explana-
tion is in diverse physiology of various types of fibers in these 
muscles, their need for different oxygenation of the “fast” and 
“slow” aerobic and “fast” anaerobic fibers [15]. In our experi-
ment, we neglected this division, as the compression ischemia 
was significant, non-selective, and led to the total necrosis of 
peripheral myons in all the muscles of a shin. 

Consequently, the compression ischemia of a limb causes 
mild or moderate damage to the peripheral nerves of a limb, de-
pending on the level of compression. Inserting PRP, CBMA, and 
HAT into the ischemic limb muscles showed no reliable effect 
on the development of structural changes in peripheral nerves 
while studying these processes in the ischemically damaged 
muscle fibers seems promising. 
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The article describes the results of studying the changes in pe-
ripheral nerves of a limb after a mechanically induced ischemia. 
It assessed myelinated nerve fibers in sciatic and tibial nerves 
after 6 hours of ischemia, simulated by a tourniquet on the level 
of a tibial, knee, and a lower third of a femur. Fasciculi of the 
sciatic nerve have shown no changes in the density of nerve fi-
bers in 5th, 15th, and 30th days after the simulated ischemia, but 
we revealed the deformed fibers with the different thickness of 
myelin sheath. In a tibial nerve, myelin loss and deformations 
occurred on the 5th and 15th day, and atrophy of nerve fibers – on 
the 15th and 30th days. Neurolemmocytes of the injured myelin 
nerve fibers demonstrate the signs of dystrophic processes and 
autophagy. After the insertion of platelet-rich plasma, concen-
trated bone marrow aspirate, and homogenized adipose tissue 
in the ischemically damaged muscles, not a significant differ-
ence appeared between the extent of damage to the nerve. Con-
sequently, the structural signs of the damage to peripheral nerves 
depend more on the level of injury to a limb than on therapy with 
autologous cellular technologies.

Keywords: ischemia of limb, peripheral nerve, morphom-
etry, platelet-rich plasma, concentrated bone marrow aspirate, 
homogenized adipose tissue.
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В статье описаны результаты исследования изменений 
периферических нервов конечности после механически 
индуцированной ишемии. Оценены миелиновые нервные 
волокна в седалищном и большеберцовом нерве после 6-ча-
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совой ишемии, моделированной жгутом на уровне голени, 
коленного сустава и нижней трети бедра. В фасцикулах се-
далищного нерва изменений плотности нервных волокон на 
5, 15 и 30 сутки после моделирования ишемии не выявлено, 
однако обнаружены деформированные волокна с разной 
толщиной миелиновой оболочки. В большеберцовом нерве 
на 5 и 15 сутки установлены демиелинизация и деформация 
миелина, а на 15 и 30 сутки – атрофия нервных волокон. 
В нейролемоцитах поврежденных миелиновых нервных 
волокон выявлены признаки дистрофических процессов и 

аутофагии. После введения в ишемически поврежденные 
мышцы тромбоцитарной плазмы, концентрата клеток аспи-
рата костного мозга и гомогенизированной жировой ткани 
существенной разницы в степени повреждения нерва не 
выявлено. Сделано заключение, что структурные призна-
ки повреждения периферических нервов конечности после 
ишемии являются неспецифическими и в большинстве слу-
чаев зависят от уровня повреждения конечности, чем от те-
рапевтических подходов с использованием аутологических 
клеточных технологий. 
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statiaSi warmodgenilia kiduris periferiuli 
nervebis cvlilebebis kvlevis Sedegebi meqaniku-
rad inducirebuli iSemiis Semdeg. Sefasebulia 
mieliniani nervuli boWkoebi sajdom da didi 
wvivis nervebSi 6-saaTiani iSemiis Semdeg, rac 
modelirebuli iyo laxtis gadaWeriT wvivis, mux-
lis saxsris da barZayis qveda mesamedis doneze. 
sajdomi nervis fascikulebSi nervuli boWkoe-
bis simWidrovis cvlilebebi iSemiis modelire-
bidan me-5, me-15 da 30-e dRes ar gamovlinda, Tumca, 
aRmoCenilia deformirebuli boWkoebi mielinis 
garsis sxvadasxva sisqiT. didi wvivis nervSi 
me-5 da me-15 dRes dadgenilia demielinizacia da 
mielinis deformacia, xolo me-15 da 30-e dRes 

– nervuli boWkoebis atrofia. dazianebuli 
mieliniani nervuli boWkoebis neirolemociteb-
Si gamovlinda distrofiuli procesebis da au-
tofagiis niSnebi. iSemiurad dazianebul kunTebSi 
Trombocituli plazmis, Zvlis tvinis aspiratis 
ujredebis koncentratis da homogenizebuli cxi-
movani qsovilis Seyvanis Semdeg arsebiTi gansx-
vaveba nervis dazianebis xarisxs Soris dadgenili 
ar iqna. avtorebi daaskvnian, rom kiduris perif-
eriuli nervebis dazianebebis niSnebi iSemiis Sem-
deg araspecifikuria da, umetes SemTxvevaSi, metadaa 
damokidebuli kiduris dazianebis xarisxze, vidre 
Terapiul midgomebze autologiuri ujreduli 
teqnologiebis gamoyenebiT.

ENZYMATIC ACTIVITY IN MICROSOME, LIPID PEROXIDATION 
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Fluorine is one of the most widespread and necessary micro-
elements for the body of animals and humans, which is required 
in a clearly limited amount [9,10]. The biological role of this mi-
croelement is difficult to overestimate, since it is part of the tooth 
enamel, bones, participates in the formation of dentin, and also 
prevents the development of osteoporosis with age. For many 
biological processes, it serves as a catalyst or inhibitor [7,11,15].

Different concentrations of fluorine can affect the state of lipid 
peroxidation, as well as the functional state of the microsomes 
of liver hepatocytes. With prolonged ingestion, fluoride can lead 
to fluorosis [6,10,13,14]. 

The question of the physiological role of fluorine on the body 
remains open, since an excess of this trace element in the composi-
tion of water is the cause of the destruction of tooth enamel, inhibi-
tion of phosphorus-calcium and carbohydrate metabolism, and the 

activity of a number of enzymes. Due to this, fluorine can lead to 
the suppression of some intracellular processes in the body, reduce 
the activity of the immune system [5]. Acute fluoride intoxication 
leads to a decrease in the intensity of tissue respiration, the forma-
tion of reactive oxygen species by cells increases, lipid peroxidation 
processes increase, and the activity of antioxidant defense enzymes 
decreases. With the alimentary pathway of sodium fluoride entering 
the body, its negative effect affects the structure and function of the 
digestive system, primarily the liver [1].

It was found that the effect of sodium fluoride leads to an increase 
in all parameters of microsomal oxidation of hepatocytes, with the 
exception of cytochrome b5 [2-5,8]. This circumstance allows us to 
put forward the idea of stimulating free radical processes leading 
to disruption in the structure of hepatocyte membranes, oxidative 
destruction of biologically active substances [4].


