(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 No 1 (310) Slusaps 2021

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

Mennnunckue HopocT I'py3uun
Logodmggmml Lsdgroobm Losbemgbo



GEORGIAN
MEDICAL
NEWS

No 1 (310) 2021

Published in cooperation with and under the patronage
of the Tbilisi State Medical University

N3naercs B COTpyAHUYECTBE U IO IIaTPOHAKEM
TOnIMCCKOro rocyIapCTBEHHOTO METUIIMHCKOTO YHUBEPCUTETA

35dm0393> mdoaolols Lobgedfogm LsdgwoEobm ¥bogg@lodgdmsb
05653dOMAgmdoms s dobo 3sG®mbogom

EXXEMECSIUHBIN HAYYHBIN KYPHAJI
TBUJIUCH - HbIO-IOPK



GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board and The International Academy of Sciences, Education, Industry and Arts (U.S.A.) since
1994. GMN carries original scientific articles on medicine, biology and pharmacy, which are of
experimental, theoretical and practical character; publishes original research, reviews, commentaries,
editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The
full text content is available through EBSCO databases.

GMN: Meaununckne HOBOCTH I'py3mu - exeMecSuHbI PElEH3UPYEMbIM HAy4dHBIM KypHaT,
n3naércs PenakunonHo Kouteruei u MexayHapoaHo# akajieMueit Hayk, 00pa3oBaHusl, UCKYCCTB U
ecrectBo3HaHus (IASEIA) CIHA ¢ 1994 roga Ha pyCCKOM M aHTIIMCKOM SI3bIKaX B IIEJISIX MOAICPKKH
MEAMIMHCKON HayKH U yIy4IlIeHUs 3ApaBOOXpaHeHHUs. B kypHase myONUKYIOTCS OpUTHHAIBHBIC
Hay4HblE CTaThU B OOJIACTH METUIIMHBI, OMOJOTUU U (apMaluy, CTaTbl OO030pPHOTO Xapakrepa,

Hay4YHbIC COO6H.I€HI/I$I, HOBOCTU MCIWIIMHBI U 3APAaBOOXPAHCHUS.

Kypnan unnexcupyercs B MEDLINE, orpaxén B 6a3e qanubix SCOPUS, PubMed 1 BUHUTU PAH.

[TonHoTekcTOBBIE CTaThU KypHana noctynHsl yepes3 b/l EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeml badgoozobm Losbangbo — s@ols ymggemgoy@o
bodg36096™ LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Fmowsb, Fomdmswagbls
bodgosiom gomagyoobs s 5d3-0l 3936090 gd0l, aobosmengdols, 0beygl@E®ool, byermgbgdols
s 39bgd0LdgBYygzgegdols Log@msdm@olicm s3ogdool gOmmdaog godmgdsl. GMN-Jo @yl
> 0baaolyg® gbgovy J399bwgds  9JL3gM0dgbH o, mgm@oymo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbog®m LEsGogdo dgooi3obols, domamaools ©s @o®dsiool begyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyaos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgerdolsgemdos EBSCO-I dmbsigdms dobgdowsb.



MEJUIIMHCKHUE HOBOCTHU I'PY3UHA

ExxemecsuHblil COBMECTHBIN IPY3HMHO-aMEPUKAHCKUI HAYUHBIN JJIEKTPOHHO-IIEYATHBIA KypHaI
ATeHTCTBa MEAMIIMHCKOW HHpOpManu ACCOIMANNK JIeI0BOI mpecchl [ py3un,
MesxayHapoaHOM akaJieMiH HayK, MHIyCTpHHU, oOpa3oBaHus U uckycctB CLIA.

Wznaercs ¢ 1994 r., pacupoctpansiercs B8 CHI, EC u CILIA

TIVIABHBIA PEJAKTOP

Huxonaii [Tupuxananmsunm

HAYYHBIA PEJAKTOP

Enene I'nopranze

3AMECTHUTEJIb ITTABHOT'O PEJAKTOPA
Huno MukaGepuze

HAYYHO-PEJAKIIMOHHBIA COBET
3ypad Bagaukopua - npeacenareas HayuyHo-peraknmoHHOTO coBeTa
Muxaun baxmyrckuii (CLLIA), Anexcanap I'ennunr (I'epmanns), Amupan ['amkpennnsze (I'pysus),
Koncrantun Kunmanu (I'pysus), [eopruii Kamxamunze (I'py3us),
[Maara Kypranunze (I'py3us), Baxranr Macxynus (I'py3us),
Tenrusz Puznuc (CILA), Pesa3 Cenuamsumm (I py3ust), [asug Dmya (CLLIA)

HAYYHO-PEJAKIHUOHHAS KOJUIET'UA
Koncrantun Kunuanm - npeacenarens HayuHo-penakumoHHON KoJLIeruu
Apxumarnput Axam - Baxtanr Axamanze, Amupan Aurtanse, Hemm AnrenaBa, Tenru3 Acarnanu,

T'ust bepanze, Puma bepuamsuiu, Jleo bokepus, Orap I'epamana, Jlnana ['ornamsunu, Homap ['orebamsum,
Huxomaii ['onranse, JIug [IBanan3ze, Tamap JlommamBunu, Manana XKsanawst, Tamap 3epexumnse,
Wpuna Keawamze, Hana Keupksenus, 3ypad Kesanumsumu, I'ypam Kukaanze, Jlumutpuit
Kopnzaua, Tetimypas Jlexara, Hogap Jlomuaze, xxannyumxu Menottu, Mapuna Mamanasg3e,
Kapaman [1araBa, Mamyxka [ luprixamanmsmmm, AnHa Pexsuamsmm, Maka Conorammsum, Pamas Xerypuanm,
Pynomsd Xoxendemrmep, Kaxadbep Yemnnze, Tunarun Ynkosanu, Apumt UxoTya,

Pama3 Illenremms, KereBan D0panmmse

Website:
www.geomednews.org

The International Academy of Sciences, Education, Industry & Arts. P.O.Box 390177,
Mountain View, CA, 94039-0177, USA. Tel/Fax: (650) 967-4733

Bepcusi: neuarnas. Llena: ceoOoaHas.
YeiioBUSI MOANMMCKH: TTONMKCKA IPUHUMAETCS Ha 6 1 12 Mecsies.
ITo Bonmpocam moanucKu o0pamaTses no Tes.: 293 66 78.
Kounrakrubiii agpec: ['py3us, 0177, Tounucu, yn. Acaruanu 7, 1V stax, komHara 408
te.: 995(32) 254 24 91, 5(55) 75 65 99
Fax: +995(32) 253 70 58, e-mail: ninomikaber@geomednews.com; nikopir@geomednews.com

ITo Bonmpocam pa3menieHusi pekjamMbl oopamarbes no reua.: 5(99) 97 95 93
© 2001. Accoumanusi 1ej10Boii npeccol I'py3un
© 2001. The International Academy of Sciences,
Education, Industry & Arts (USA)



GEORGIAN MEDICAL NEWS
Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business

Press; International Academy of Sciences, Education, Industry and Arts (USA).
Published since 1994. Distributed in NIS, EU and USA.

EDITOR IN CHIEF
Nicholas Pirtskhalaishvili

SCIENTIFIC EDITOR
Elene Giorgadze

DEPUTY CHIEF EDITOR
Nino Mikaberidze

SCIENTIFIC EDITORIAL COUNCIL
Zurab Vadachkoria - Head of Editorial council
Michael Bakhmutsky (USA), Alexander Génning (Germany),
Amiran Gamkrelidze (Georgia), David Elua (USA),
Konstantin Kipiani (Georgia), Giorgi Kamkamidze (Georgia), Paata Kurtanidze (Georgia),
Vakhtang Maskhulia (Georgia), Tengiz Riznis (USA), Revaz Sepiashvili (Georgia)

SCIENTIFIC EDITORIAL BOARD
Konstantin Kipiani - Head of Editorial board
Archimandrite Adam - Vakhtang Akhaladze, Amiran Antadze, Nelly Antelava,

Tengiz Asatiani, Gia Beradze, Rima Beriashvili, Leo Bokeria, Kakhaber Chelidze,
Tinatin Chikovani, Archil Chkhotua, Lia Dvaladze, Tamar Doliashvili, Ketevan Ebralidze,
Otar Gerzmava, Liana Gogiashvili, Nodar Gogebashvili, Nicholas Gongadze,

Rudolf Hohenfellner, Zurab Kevanishvili, Ramaz Khetsuriani, Guram Kiknadze,
Dimitri Kordzaia, Irina Kvachadze, Nana Kvirkvelia, Teymuraz Lezhava, Nodar Lomidze, Marina
Mamaladze, Gianluigi Melotti, Kharaman Pagava, Mamuka Pirtskhalaishvili,

Anna Rekhviashvili, Maka Sologhashvili, Ramaz Shengelia, Tamar Zerekidze, Manana Zhvania

CONTACT ADDRESS IN TBILISI
GMN Editorial Board
7 Asatiani Street, 4" Floor
Thilisi, Georgia 0177 Phone: 995 (32) 254-24-91
995 (32) 253-70-58
Fax: 995 (32) 253-70-58

CONTACT ADDRESS IN NEW YORK

NINITEX INTERNATIONAL, INC.

3 PINE DRIVE SOUTH Phone: +1 (917) 327-7732
ROSLYN, NY 11576 U.S.A. WEBSITE

www.geomednews.org



K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
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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 (MII+CBMA) — animals
with an injured limb treated by CBMA; group 4 (MII+HAT) —
animals with an injured limb treated by HAT.

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 5™, 15" and 30" 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 C.A., 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 Imm
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 um 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 pm, in the
micrograph — 420x550 um; 0.23 mm?).

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, 1222, 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 15" day, the ex-
tent of the edema was lower, compared to the 5" 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 5™ 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 30" 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 5™ and 15" day, we noticed the im-
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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.

MII MII+PRP MII+CBMA MII+HAT

A z

Fig. 1. A sciatic nerve of a rabbit on the 5th, 15", and 30th
day after the MII and the therapy. The impregnation with silver

nitrate, scale bar 100 um

MII MII+PRP MII+CBMA MII+HAT

Fig. 2. A tibial nerve of a rabbit on the 5", 15", and 30" day after
the MII and the therapy. Electron microscopy, scale bar 1 um
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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, 15", 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, 15", 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
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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 30" 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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SUMMARY

PERIPHERAL NERVE LESIONS AFTER A MECHANI-
CALLY INDUCED LIMB ISCHEMIA

Pidlisetskyy A., 2Savosko S., *Dolhopolov O., “‘Makarenko O.
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after Yu. Lypa; Bogomolets National Medical University, De-
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matology and Orthopedics under NAMS of Ukraine; *Interre-
gional Academy of Personnel Management, Ukraine

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 5%, 15", and 30™ 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 5™ and 15" day, and atrophy of nerve fibers — on
the 15™ and 30™ 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.

PE3IOME

MOBPEXJIEHHUSI MIEPUPEPUYECKUX HEPBOB KO-
HEYHOCTH NPU MEXAHUYECKHU-UHAYIIUPOBAH-
HOM UILIEMUMN

Mupmucenxnii A.T., 2CaBocbko C.U., *Toaronosos A.B.,
‘Makapenko A.H.

U Tve06cKUtl 0O1GCMHOT 20CNUMALL 6eMEPANO8 6OUH U penpec-
cuposannvix um. FO. Jlunvl, *Hayuonanohoiti MeouyuHcKull
yhugepcumem um. A.A. Boeomonvya, xageopa cucmonocuu u
ambpuonoauu, Kues, STV «Hncmumym opmoneduu u mpaema-
monoeuu HAMH Yxpaunwvry, Kues; *Mesicpecuonanvnas Axaoe-
must ynpaenenusi nepconanom, Kues, Yxpauna

B CTarbe OIMCAaHBI pesyanaTbl HUcciaea0BaHuA I/ISMGHCHPIﬁ
nepudeprHueCKUX HEPBOB KOHEYHOCTH TIOCIIC MEXaHUUCCKH MH-
}lyLlI/IpOBaHHOf/i HILIEMHUH. OL[eHeHbI MHUEJIMHOBBIC HEPBHBIC BO-
JIOKHA B CEIAUIIIHOM U O0JIbIIeOEePIIOBOM HEPBaX Mmocie 6-va-
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COBOH HIIEMUH, MOJEIMPOBAHHON JKI'yTOM Ha YPOBHE TOJIEHH,
KOJICHHOT'O CYCTaBa M HIDKHell Tpetu Oenpa. B ¢dacuukynax ce-
JaJIMIIHOTO HEPBA W3MEHEHHUH TIOTHOCTH HEPBHBIX BOJIOKOH Ha
5, 15 1 30 cyTku nociie MOAEeIMPOBaHKs UILIEMUHU HE BBIBICHO,
oJiHaKo OOHapyXeHbI Je(GOopMUpPOBAHHBIE BOJIOKHA C pa3HOM
TOJIIIIUHON MHUETMHOBOM 000104KH. B 00sbiicOepIioBOM HEpBE
Ha 5 1 15 CyTKHM yCTaHOBIICHBI IeMUESITHHU3ALMS U 1e(OpMaLlHs
muenuHa, a Ha 15 u 30 cyTku — aTpodusi HEPBHBIX BOJIOKOH.
B HeﬁpOHeMOLII/ITaX MOBPEKIACHHBIX MHUEJIMHOBBIX HEPBHBIX
BOJIOKOH BBIABJICHBI IIPU3HAKU JJ,I/ICTpO(bPl'-leCKI/IX IpoHECCOB U

ayrogparun. [locie BBeAEHHs B MIIEMHYECKH IOBPEXKICHHbIC
MBILLILIBI Tp0M60uMTapH01‘/'1 IUIa3Mbl, KOHLIEHTpATa KJIETOK acIiu-
para KOCTHOIO MO3ra ¥ 'OMOT€HU3UPOBAHHOHN >KUPOBOM TKaHU
CYLIECTBCHHONW pa3HMLbl B CTCICHU MOBPEXKICHUS HEpBa HE
BbIsABIEHO. ClenaHo 3aKJIOYeHUE, YTO CTPYKTYpHbIE IPU3HA-
KU TIOBPEKICHUS IepuepHIeCcKUX HEPBOB KOHEYHOCTH IOCIIe
HIIEMUU SABJIAKOTCA HeCl’leLlH(l)I/l‘IeCKI/IMI/I 1 B OOJIBIIIMHCTBE Cl1y-
4aeB 3aBUCAT OT YPOBHS IOBPEKACHUA KOHEUHOCTH, YEM OT TC-
ParneBTUYCCKUX MOAXOA0B C MCII0JIb30BAHUEM ayTOJOIMYCCKUX
KJIETOYHBIX TEXHOJIOTHH.
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ENZYMATIC ACTIVITY IN MICROSOMES, LIPID PEROXIDATION
OF MICE HEPATOCYTES UNDER THE SODIUM FLUORIDE

'Kolisnyk I., *Voloshin O., *Savchenko L., 2Yanchevskyi O., *Rashidi B.

!Kharkiv Medical Academy of Postgraduate Education;
’The State Institution “Lugansk State Medical University”, Rubizhne, Ukraine

Fluorine is one of the most widespread and necessary microele-
ments for the body of animals and humans, which is required in a
clearly limited amount [9,10]. The biological role of this microele-
ment 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 pro-
cesses, 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
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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].
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