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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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EPINEURIAL SUTURES, POLYETHYLENE GLYCOL HYDROGEL
AND FIBRIN GLUE IN THE SCIATIC NERVE REPAIR IN RATS: FUNCTIONAL
AND MORPHOLOGICAL ASSESSMENTS IN EXPERIMENT

Goncharuk O., Savosko S., Petriv T., Tatarchuk M., Medvediev V., Tsymbaliuk V.

Bogomolets National Medical University, Kyiv, Ukraine

Mechanical damage to the peripheral nerve is a fairly com-
mon type of injury, which is characterized by a complex of
long-term neurological disorders [2,4,10,11,19,28,33,38,41] and
require significant financial costs [2,4,10,17,23,25,33,37,44].
Regeneration of the damaged nerve is a staged process and de-
pends on a number of factors: the level and extent of damage,
time from damage and microsurgical restoration, the method of
microsurgery, revascularization [9]. The search for new and ef-
fective microsurgical techniques in the restoration of peripheral
nerves is not complete.

The basic technical method of restoring the spatial integrity of
the injured nerve is neuroraphy [14,16,31] — suturing the ends of
the nerve “end-to-end” through epi- or perineurium with a bio-
compatible monofilament. The disadvantages of the method are
time and financial cost, high manual qualification requirements
for the surgeon, as well as the persistence of xenogenic suture mate-
rial and incomplete spatial isolation of the injured area — additional
triggers of local inflammatory reactions [3,13,29], which generally
limit and slow down the regenerative growth of nerve fibers. All
this motivates the development of sutureless sealed coaptation — ad-
hesive, laser, photochemical [3,7,13-15,22,29,40,43,45,47], nano-
composite [18] or electrowelded [34].

The listed types of direct connection of nerve stumps, first of
all, epineural suture (ES), are used in cases of easy, tension-free
coaptation of nerve ends; otherwise recovery requires a graft
[26]. The efficiency of regeneration and functional recovery is
determined by the level of regeneration of nerve fibers through
the sutured area, and if there are several such areas, as in the
case of a graft, the number of regenerating nerve fibers in the
distal nerve decreases. Grinsell D. and Keating C.P. note that at
the level of one suture zone loses about 50% of nerve fibers, and
after two suture areas - 75% [20].

The efficiency of functional recovery of the limb is influenced
by both the level of nerve regeneration and the state of denervat-
ed muscles during reinnervation, such as malnutrition, fibrotic
changes. The question arises of improving nerve regeneration by
neuroraphy with innovative biodegradable polymers that would
ensure the adhesion of the nerve ends and sufficient strength of
this connection. The synthetic and biodegradable substances
currently used in such way have partially realized this potential.
Prospective data are available on the use of adhesives based on
polyethylene glycol hydrogel (PEG) and fibrin glue (FG) [39].
The advantages of adhesives are ease of use, safety, less trauma
to the nerve endings compared to ES, lower connective tissue
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density at the level of coaptation. However, there are concerns
about the strength of connection of the nerve ends, so several
ESs are still used to avoid “failure” of the suture [24]. Also, PEG
and FG should not interfere with the regeneration of nerve fi-
bers in the distal end of the nerve. Thus, FG is considered as
an alternative to the microenvironment in conduits [12,32,35].
There is evidence for longer biodegradation of PEG in the dam-
aged nerve and its better adhesion and strength compared to FG
[30,42]. That is why a comparative analysis of the effectiveness
of damaged nerve regeneration after different methods of neuro-
raphy is useful for neurosurgical practice.

The aim of the study was to evaluate the effectiveness of sci-
atic nerve regeneration after neuroraphy by ES, PEG and FG.

Material and methods. The animal model. The study was car-
ried out with 30 white not purebred male rats (250+25 g, 5-6 months
of age). Rats were randomly selected into the experimental groups:

Group Ne 1. Control — intact rats;

Group Ne 2. Shame-operated — a linear skin incision on the
lateral surface of the femur was performed, the left sciatic nerve
was isolated and mobilized. This was followed by layer-by-layer
restoration of soft tissue integrity without nerve manipulation;

Group Ne 3. The complete transection (CT) of the sciatic
nerve — the actions, as in the group Ne 2 with the additional com-
plete transection of the sciatic nerve, the endings of the nerve
were not connected, but remained freely in the wound. This was
followed by layer-by-layer restoration of soft tissue integrity
without nerve manipulation;

Group Ne 4. Epineural sutures (ES) — the actions, as in group
Ne 2 with an additional complete transection of the sciatic nerve
and its subsequent fixation end-to-end by epineurial neuroraphy
with the atraumatic needle (4-6 epineurial sutures with a poly-
amide thread Ne 10/0);

Group Ne 5. Polyethylene glycol (PEG) — DuraSeal hydrogel —
the actions as in group Ne 2 with an additional complete cross-sec-
tion of the sciatic nerve and its subsequent fixation with use of hy-
drogel DuraSeal®, (Covidien LLC, USA) and 2 “fixating sutures”.

Group Ne 6. Fibrin glue (FG) — Tisseel glue — the actions, as in
group Ne 2 with an additional complete transection of the sciatic
nerve and its subsequent fixation with Tisseel® fibrin glue and
2 “fixating sutures”;

The surgery was performed under general anesthesia (xyla-
zine 15 mg/kg and ketamine 70 mg/kg, intraperitoneally), ac-
cording to the rules of asepsis and antiseptics. An access to the
sciatic nerve in group 3 was performed as follows: an animal
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was placed in a standard physiological position with its belly
down, skin in the area of middle third of lateral surface of left
thigh was shaved, treated with solution of povidone-iodine (Be-
tadin, “EGIS”, Hungary), dissected along the line of the most
superficial location of the external femur surface, the area of
attachment of both tendons of the biceps femoris to the femur
was visualized, in this zone a linear section along the bone was
performed; the muscle was allocated in the middle. The trunk of
the sciatic nerve was visualized and opened at the interval from
the exit from the pelvic cavity to the branching into the main
branches. In animals of groups 3, 4, 5 and 6 at the middle of this
site, the nerve was transected with microscissors.

In Group 4 animals, traditional epineurial neurorrhaphia with
sutures was performed (Fig. 1). The left sciatic nerve in the mid-
dle third of the hip was crossed with microscissors. Microsurgi-
cal suturing was carried out after sciatic nerve transection with
monofilament atraumatic thread Ne 10.0 in the amount of 4-6
until the fascicles were matched satisfactorily.

In the animals of group 5 and 6 after isolation and nerve tran-
section, two epineurial sutures were applied with an atraumatic
thread Ne 10.0 at the distance of 180° from each other.

In the group of animals Ne 5 after two fixation sutures were
made Tisseel fibrin adhesive solution was applied to the nerve
ending connection site, using the Duo Syringe System. The
junction of the endings of the crossed nerve were covered with a
thin layer of fibrin adhesive solution.

In the 6th group of animals, after two fixation sutures were
applied, a DuraSeal solution (5 ml Kit) was applied to the junc-
tion of the nerve endings. The system was prepared for the use
according to instructions from the manufacturer. After the prep-
aration of the system, gel was applied in a thin layer to the con-
nected nerve site.

After the surgery and careful hemostasis in groups 2-6 layer-
by-layer suturing of a postoperative wound was carried out with
the certified atraumatic needle with a monofilament polyamide
thread 4/0. In order to prevent infectious complications, benzyl
penicillin solution in the dose of 1 mln u/1 kg body weight was
administered to the posterior cervical site. For anti-inflammato-
ry and anti-edema therapy, dexamethasone solution of 6 mg/kg
body weight was administered intraperitoneally.

The Sciatic Functional Index (SFI). The SFI is aimed at quan-
titative assessment of the effects of the damaged sciatic nerve
in rats. SFI quantifies functional deficits in animals by analyz-
ing the trace change after injury. To do this, the limbs of rats
were labeled with a dye (fucorcin) and rats were sent to the test
track. Rat limb fingerprints were collected, the length between
the limb fingers was measured and converted into quantitative
values by the formula as described in the method [46].

Electroneuromyographic studies. Animals were anesthe-
tized (intraperitoneal administration of a mixture of xylazine
hydrochloride 15 mg/kg and ketamine hydrochloride 70 mg/
kg) and fixed on the operating table belly down. A ground
electrode (metallized tape soaked in 0.9% sodium chloride
solution, 20 mm wide, 100 mm long) was fixed along the
tail, and the sciatic nerve was isolated from the pelvic outlet
till its branches, clearing the operating field with saline. The
nerve was covered with a platinum hook-like bipolar elec-
trode (monopolar diameter — 0.22 mm, distance between mo-
nopolars — 5,5 mm. The stimulating current was generated by
a digital electroneuromyograph “Neuro-MVP-Micro” (LLC
“NEUROSOFT”, Russia), applied in pulse mode (pulse dura-
tion - 5 ms) with a frequency of 0.2 Hz (1 pulse for 5 sec) and
a step of increasing the current at 1 mA. The excitation was
recorded by the indicated electroneuromyograph using a con-
centric needle electrode (length - 25 mm, diameter - 0.3 mm,
withdrawal area - 0.015 mm?) at the motor point of the calf
muscle. The distance between the stimulating and recording
electrodes was ~ 25 mm. Analysis of neuromuscular function
was assessed by ENMG parameters: M-response amplitude
(AmV), latent M-response period (ms), excitation conduction
velocity (mm/ms). For analysis only the parameters of the
maximum M-response amplitude were used, which were ob-
tained in most cases - at a stimulating current of 3 mA.

Histological and morphometric analysis. Distal sciatic
nerve was fixed in 2.5% solution of glutaraldehyde in phos-
phate buffer with 1% osmium tetrachloride, dehydrated in
increasing concentrations of ethanol and acetone. The tissue
samples we embedded in the Epone-Araldite mixture. To get
the ultrathin slices, we applied an ultratome (Reihart). The
semi-thin sections were stained with toluidine blue, and then
were stadied under a light microscope (Olympus BX 51) for
histological and morphometrical examination. For morpho-
metric examination, Carl Zeiss software (AxioVision SE64
Rel.4.9.1) and a camera attachment were used. Sciatic nerve
samples for each rat were examined at high (x1000) magnifi-
cation. The mean numerical density of the myelinated axons
was estimated in photo (216x138 um, average 0.03 mm?),
amount of sampling photo are 10-15 (2/3-3/4 of cros-section
of nerve). The mean diameter (um) of the myelinated axons
was estimated by average of large and small diameters per in-
dividual fiber.

Data processing is carried out using the computer program of
Origin v.9.0. The validity of the differences between the com-
parison groups was determined by Kruskal-Wallis H test. Differ-
ences between groups were considered statistically significant
at P<0.05.

Fig. 1. Neuroraphy of the sciatic nerve of rats: a) sciatic nerve after ES;
b) sciatic nerve after PEG (blue color); c) sciatic nerve after FG (white color)
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All experimental procedures were conducted according of
current standards of bioethics (EU Directive 2010/63/EU “on
the protection of animals used for scientific purposes” (1986),
European Convention for the Protection of Vertebrate Animals
Used for Experimental and Scientific Purposes (1986), Law of
Ukraine of February 21, 2006 No. 3447-1V “About protection of
animals against ill treatment” (2006)). The protocol of the study
was approved by the bioethical commission of Bogomolets Na-
tional Medical University (protocol 113).

Results and discussion. We analyzed the functional state of
the limb of rats during the experiment with the use of SFI (Fig.
2). At 2 weeks after neuroraphy, a statistically significant higher
SFI was found in the group with ES and PEG (P <0.05). At 3 and
4 weeks, SFI increased in all three groups (P <0.05). At 4 weeks,
SFI values in the FG group were significantly lower compared
to ES and PEG.

The results of electroneuromyography are shown in Fig. 3 and
Table 1. It was was found significantly smaller amplitude of the
M-response of the skeletal muscles of the shin in all three groups
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with neuroraphy. The amplitude of the M-response in the group
with FG was smaller compared to the ES-group (P <0,05); there
was no statistically significant difference between the ES and
PEG groups. In the ES-group, the latency period of registration
of the M-response was significantly longer (0.85 = 0.05 ms vs
0.62 £ 0.04 in shame-operated rats). The latency period in the
PEG- and FG-group approached to the control values (within
the statistical error of control- to ES-group). The recorded ex-
citation conduction velocity was significantly lower in the ES-
group compared to control and Sham-operated rats by 25.1%
and 31.1% (P <0.05) respectively. The excitation conduction
velocity in the PEG- and FG-group is within the statistical error
of the control and ES-group. The tendency in increase of the M-
response in the PEG- and FG-group (except the amplitude in the
FG-group) may indicate a more efficient reinnervation of skele-
tal muscles by regenerated nerve fibers from the damaged sciatic
nerve. Statistically lower M-response rates in the ES-group in-
dicate delayed (extended, prolonged) muscle reinnervation after
neuroraphy compared to PEG- and FG-group.
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Fig. 2. Charts of changes in SFI in rats after ES, PEG and FG (Mean+SD): a — 1 week; b — 2 weeks, ¢ — 3 weeks,; d — 4 weeks;
on the abscissa: 1 — control; 2 — shame-operated group; 3 — neurotomy; 4 — ES; 5 — PEG, 6 — FG;
* P < 0.05 in comparison with the control and shame-operated group; # P < 0.05 in comparison with the neurotomy
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Fig. 3. Myograms recorded in rats on the 30-th day after neuroraphy: a — shame-operated group;
b—ES; c— PEG; d— FG, 1 - primary-positive peak; 2 - positive peak
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Table 1. Parameters of electroneuromyography in rats after sciatic nerve neuroraphy on the 30-th day (Mean+SEM)

Group Amplitudepoefzl lll(e:gnz:iilve-positive Latency period, ms Excitation c:::::/l;,c,tsion velocity,
Control 19.3+0.95 0.68+0.02 40,9+1,61
Shame-operated 19.1+1.78 0.62+0.04 44,443,42
ES 6.67+1.19* 0.85+0.05@ 30,6+1,40*
PEG 7.28+0.75* 0.76+0.06 37,942,94
FG 5.1£0.29%# 0.76+0.02 33,9+1,09

*- P<0.05 compared to the the control and shame-operated group;
@ - P<0.05 compared to the the control and shame-operated group, # - P<0.05 compared to the the PEG

'ﬂ _. A
ks

Fig. 4. Transverse section of a rat sciatic nerve stained by M.A. Hayat method: a — control;
b — shame-operated group; c — neurotomy; d — ES; e — PEG; f— FG. Magnification x1000

On the 30th day after neuroraphy, an analysis of the re-
generation of myelin nerve fibers in the distal segment of the
sciatic nerve was performed. Fig. 4 illustrates transverse half-
thin sections of the sciatic nerves of the comparison groups.
After complete neurotomy without neuroraphy, spontaneous
regeneration was absent, so in the atrophically altered distal
segment of the nerve the data were not analyzed (in table 2
presented as not analyzed, NA). According to the results of
research in all cases after neuroraphy there was a regenera-
tion of nerve fibers through the area of the nerve coaptation.
Some tendencies between comparison groups were revealed.

Thus, in PEG-group regeneration of «thick» myelin nerve fi-
bers took place (number of nerve fibers by 25.9%, P <0.05;
fiber diameter by 36.9%, P <0.05), and in FG-group regen-
eration of «thiny» nerve fibers took place to a greater extent
(number of nerve fibers by 38.3%, P <0.05). Morphometric
analysis (Table 2) showed a significantly greater number of
myelin nerve fibers in the distal nerve end in the PEG- and
FG-group vs ES-group, and PEG promoted the regeneration
of larger fibers (with a thicker myelin sheath). This indicates
an acceleration of remyelination of axial cylinders on the
30th day after neuroraphy with the use of PEG.

Table 2. Morphometric data of myelin nerve fibers in the distal segment of the sciatic nerve on the 30th day (Mean+SEM)

Group Number of myelinated nerve fibers, in test-zone Diameter of myelinated nerve fibers, pm
Control 200.0+13.1 15.28+0.36
Shame-operated 197.4£10.7 15.81+0.35
CT NA NA
ES 38.5+2.4% 4.82+0.05*
PEG 48.54£2.7*1 8.58+0.18*"
FG 56.8+4.3*A 5.23+0.06*

* - P<0.05 compared to the control and shame-operated group; " - P<0.05 compared to the ES;
NA — not analyzed (regeneration is absent)

© GMN
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This article aims to investigate the effectiveness of sciatic
nerve regeneration in neuroraphy with use of epineural suture
and connection with use of adhesives. There are concerns that
PEG and FG are not strong enough to connect the nerve endings.
This is confirmed by experimental data of some authors. Thus,
the recovery of the nerve after the application of FG by the level
of strength was equal to the recovery with the use of sutures
only after 2-4 weeks [42]. Due to concerns about the strength of
coaptation of the nerve ends, several sutures are still used, which
increases the strength of the adhesive connection and reduces
nerve injury due to fewer sutures.

Therefore, its use in clinical practice is limited only as an ad-
ditional method in microsurgical suture reconstruction. In our
own experiments, we followed the same algorithm. We first
formed 2 fixating sutures and then applied PEG or FG, while the
“classic” version of neuroraphy was the application of 4-6 epi-
neural sutures. Analysis of the effectiveness of the recovery pro-
cess included evaluation and comparison of functional and mor-
phological data. The summarizing analysis indicates that PEG
was significantly better at promoting functional recovery, both
in terms of SFI (acceleration of limb locomotor function) and
in terms of skeletal muscle M-response (latency response pe-
riod and excitation conduction velocity). Compared with ES and
PEG, the use of FG had less significant parameters compared to
PEG. The study of cross sections of the sciatic nerve allowed to
detect and quantify the regeneration rate of myelin nerve fibers,
which explains the results of the M-response. Statistical analysis
indicates a positive effect of PEG and FG on nerve regeneration,
although significantly greater remyelination (analysis based
on fiber diameter) was confirmed only in the group with PEG,
which explains the faster functional recovery of the limb.

The data obtained by us confirm the experimental results of other
authors [39, 40, 42], expend and clarify them. There are several
views on the effect of PEG and FG on nerve regeneration: the direct
effect of PEG and FG, the strength of the nerve connection, the state
of the paraneural environment. Previously, it was hypothesized that
PEG as a chemical fusogen could cause cell membranes to fuse (as
used in vitro to fuse cells, create a hybrid cell line), in this case —a
crossed axon, if PEG was applied in a short time period, and even
were obtained some results [6]. But the analysis of the hypothesis,
the evidential part of the results did not stand up to criticism, pri-
marily due to the axial cylinders of the distal segment, which were
“lost”, are subjects to Waller’s degeneration, which eliminates any
possibility of axon fusion [8].

Although some authors still consider these theoretical issues [36].
Ovoids of degeneration we still have registered on the 30th day and
the time of their elimination in the nerve is a separate factor that
affects the recovery, because they are the products of destruction of
damaged nerve fibers, which delay the tempo of regeneration. We
did not analyze the elimination of ovoids, because we believe that
the relative level of regeneration of nerve fibers is the main indica-
tor of the effectiveness of recovery. According to this algorithm, the
use of PEG gave better results than FG.

The direct action of FG is controversial. Thus, fibrin can in-
hibit cell migration and germination of nerve fibers [1], and at
the same time can be used as an element of the extracellular
matrix for adhesion and elongation of axons [27]. Another factor
is the strength of the connection between the nerve endings. In a
study [30], nerve ruptures at the level of coaptation were greater
(more frequent) after nerve repair via FG, but not after sutures
and PEG. Therefore, own experimental data and data of other
authors [24, 30, 36] indicate better efficiency of PEG application
in comparison with FG based on parameters of regeneration of
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nerve fibers, functional parameters or biomechanical character-
istics. Although Koulaxouzidis G et al. [27] did not note differ-
ences in coaptation and nerve rupture between ES and FG. In this
case, FG equally covers the nerve for up to 6 weeks [5], while
in our own studies we did not register FG at the 4th week. We
also hypothesize that PEG creates a temporary limiting biode-
gradable barrier around the damaged nerve from the paraneural
environment, preventing scar formation after injury. The results
of Isaacs J. et al. partially confirm this: the thickness of the peri-
neural scarring tissue in the longitudinal projection of the nerves
at the coaptation level was smaller after PEG vs FG [24]. In the
same context, FG forms a fibrin capsule around the conduits,
stimulates the infiltration of scar tissue, which prevents nerve
regeneration, and promotes nerve regeneration in non-porous
conduits [5]. Therefore, PEG in the form of a hydrogel is a more
promising tool in microsurgical repair of damaged nerves as an
adhesive, which promotes faster nerve regeneration, reinnerva-
tion of denervated muscles and functional recovery of the limb.
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SUMMARY

EPINEURIAL SUTURES, POLYETHYLENE GLYCOL
HYDROGEL AND FIBRIN GLUE IN THE SCIATIC
NERVE REPAIR IN RATS: FUNCTIONAL AND MOR-
PHOLOGICAL ASSESSMENTS IN EXPERIMENT

Goncharuk O., Savosko S., Petriv T., Tatarchuk M.,
Medvediev V., Tsymbaliuk V.

Bogomolets National Medical University, Kyiv, Ukraine

Mechanical damage to the peripheral nerve is a fairly com-
mon type of injury, which is characterized by a complex of
long-term neurological disorders and require significant finan-
cial costs. The aim of this work is to evaluate the efficiency of
sciatic nerve (SN) regeneration after neuroraphy using epineural
suture (ES), polyethylene glycol hydrogel (PEG), and fibrin glue
(FG). The studies were carried out on 30 white outbred male
rats, which were divided into six experimental groups: Group
Nel: intact rats; Group Ne2: Sham operated; Group Ne3: com-
plete transection of the SN; Group Ne4: nerve repair with ES;
Group Ne5: nerve repair with PEG; Group Ne6: nerve repair
with FG. Functional recovery was assessed at 1, 2, 3, 4 postop-
erative weeks using a walking-track analysis with subsequent
determination of the sciatic nerve functional index (SFI). At 4
weeks, electroneuromyography, histological and morphometric
analyzes were performed. The combined analysis indicated that
PEG significantly improved functional recovery, both in the SFI
index and in the skeletal muscle M-response. Compared to ES
and PEG, the use of FG was reflected in a lower significance of
the indicators compared to PEG. Statistical analysis indicates a
positive effect of PEG and FG on nerve regeneration, although
significantly greater remyelination (analysis based on fiber di-
ameter) was confirmed only in the PEG group, which explains
the faster functional recovery of the limb. PEG in the form of
a hydrogel is a more promising agent in microsurgical restora-
tion of damaged nerves as an adhesive, it promotes rapid nerve
regeneration, denervated muscle re-innervation and functional
limb recovery.

Keywords: sciatic nerve, repair, epineural sutures, polyethyl-
ene glycol hydrogel, fibrin glue, functional outcome.

PE3IOME

SNUHEBPAJIbHBIN OB, MOJIUITUIEHIIIUKOJIb
THJPOT'EJb U ®UBPUHOBBINA KJEA B BOCCTA-
HOBJIEHUN CEJAJJIMINHOIO HEPBA: ®YHKIIU-
OHAJIBHASA U1 MOP®OJIOTHYECKASA OLEHKA B
SKCIIEPUMEHTE

Fonuapyk A.O., CaBocbko C.U., [lerpus T.U.,
Tarapuyk M.M., Measenes B.B., Hlum6amok B.U.

Hayuonanvnvuii meduyunckuil ynugepcumem um. A.A. boeo-
monvya, Kues, Ykpauna

MexaHHYeCcKOe TMOBPEXACHUE NepU(epuuecKkoro Hepsa -
BECbMa 4acThlii BUJ TPaBMbI, KOTOPBIH XapaKkTepu3yercs KOM-
IUIEKCOM JUTMTENBHBIX HEBPOJIOTHYECKHX PacCTPONCTB U 00y-
CIIOBITMBAET 3HAYMTEIbHbIC (PUHAHCOBBIC 3aTPATHI.

e nccnenoBanus - onieHKa 3(PPEKTUBHOCTH pereHepalui
CEJIIMIIIHOTO HEpBa Mocie Helpopaduu ¢ TOMOIIBIO SIHHEB-
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PaJILHOTO IIBA, MOJTUATHUIICH TIIUKOJIS THAPOTeNs B GUOPUHOBOTO
kies. McenenoBanus nposoaminck Ha 30 OenbIx 6eCropoiHbIX
caMIax KpbIC, KOTOpbIE pa3eieHbl Ha MIECTh JKCIIEPUMEH-
TaJbHBIX Ipyni: rpymnmna Nel - MHTaKTHbIE KpbIChL; Tpymna Ne2
- JIOKHO-OTIepUpOBaHHbIe; rpymma Ne3 - mojgHoe nepeceyeHue
cenanumHoro Hepsa (CH); mpynna Ned - coenuHeHHe KOHLIOB
CH ¢ nomorueto snuHeBpansHoro mea (JO1); rpymma NeS - co-
CIMHCHUC KOHIIOB CHec TMOMOIIBIO IMTOJHUITHUIICH ITIMKOJISA THAPO-
resnst (III'T); rpynmna Ne6 - coennnenne konuos CH ¢ nomouisro
¢ubpunoporo kies (OPK). OyHkiHoHAIBHOE BOCCTAHOBICHHE
onenuBaiock B kouue I, II, 111, IV Hepenu mocne onepanuu ¢
IIOMOLIBIO TECT-XO/I0B Ha JIOPOKKE C MOCIIEAYIOIIUM OIpeiere-
HHeM (QyHKIIMOHAIBHOTO MHAEKca cenanuiHoro Hepsa (MCH).
Ha IV Heznene mpoBOAWIN 3ICKTPOHEHPOMHOTPAdHIO, THCTO-
Joruueckuii ¥ Mopdomerpudeckuii aHanuspl. O00OLIAIOMINIA
aHanu3 ykasbiBaet, uyto III'T" mocToBepHo sydie criocodcTBO-
BaJl QYHKIMOHAILHOMY BOCCTaHOBJIEHHIO, kak 1o MICH, Tak u
M-otBety ckenetHblx Mblil. B cpasaenuun ¢ OUI u III'T, mpu-
meHenne K orpa3uinocs B MEHbIIEH 3HAUMMOCTH IOKa3aTeliei
ornocutenbHo III'T. Cratuctuyeckuii aHanu3 ykas3blBaeT Ha
nonoxurenabHoe neicraue [T u @K Ha pereHepanuio Hepsa,
XOTsI IOCTOBEPHO OOJIbIIAs peMUEITMHHU3ALHS (aHAIN3 HA OCHO-
BE JMaMeTpa BOJIOKOH) MOATBEPsKAEHA ToibKo B rpynme ¢ 11T,
410 00BACHSIET O0sIee ObICTPOE QYHKIIHOHATHLHOE BOCCTAHOBIIC-
Hue koneunoctu. [1I'T B popme rugporens siBisiercst 6osee nep-
CIIEKTHBHBIM CPEACTBOM B MUKPOXHPYPTUUECKOM BOCCTaHOBIIE-
HHUHU TIOBPEXKJICHHBIX HEPBOB B Ka4yeCTBE KIIesi, CIIOCOOCTBYeT
OBICTPOH pereHepaLy HepBa, peUHEPBaLlUU JEHEPBUPOBAHHBIX
MBI U (I)yH](LlI/IOHaHbHOMy BOCCTAHOBJICHUIO KOHCYHOCTH.
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PECULIARITIES OF ACTIVATION OF COMPENSATORY-ADAPTIVE PROCESSES
IN ADULT RAT LIVER CAUSED BY UNILATERAL NEPHRECTOMY

Karumidze N., Bakuradze E., Modebadze I., Gogolauri T., Dzidziguri D.

Division of morphology, Biology Department, Faculty of Exact and Natural Scineces,
Iv. Javakhishvili Thilisi State University, Georgia

At the modern stage, the study of the mechanisms of com-
pensatory-adaptive processes of separate as well as inter organs,
has acquired special importance. The urgency of the problem is
further enhanced by its social nature. Deep study of these mech-
anisms allows for the rational employment of such people after
treatment. In this sense, special attention is given to organs such
as the heart,liver and kidneys. Recently, two types of responses
after acute organ failure have appeared to be shared in the liver,
heart, and kidney: (i) surviving differentiated parenchymal cells
undergo cell hypertrophy via polyploidization; and (ii) a popula-
tion of progenitors, mostly identified as resident, more imma-
ture diploid parenchymal cells, self-renew and differentiate to
replace lost cells [12]. Complex metabolic transformations, as
well as detoxification and filtration processes, as it is known,
maintain the body’s homeostasis [5]. A pathological condition
that develops during liver damage and revealed in impaired
kidney function, including acute renal failure, has been known
for about 100 years as hepatorenal syndrome. Despite numer-
ous treatments, a significant reduction in mortality has not been
achieved to date [3,13,15-17].

Particular importance today is also attached to the study of
compensatory mechanisms induced in response to increased
functional load on the liver after various renal pathologies or
resections. Latent hepatopathy caused by increased functional
load on the liver in response to renal resection is revealed in
experimental animals and patients. Thus, any changes in the
functioning of these organs, including those caused by surgery,
increase the risk of severe complications and inevitably lead to
systemic disorders. Based the above, the urgency of the problem
of inter organ compensatory mechanisms and the expediency of
intensive research in this direction is clear [4].

Recent studies have found relatively little information that
compensatory and adaptive growth of liver is not always ac-
companied by strictly regulated sequential regeneration pro-
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cesses such as proliferation, hypertrophy, and polyploidy. For
example, it has been shown that 4 days after the common bile
duct ligation, ploidy of destructive liver parenchyma cells is in-
creased [7]. Increasing of the degree of polyploidy was found
under radiation and oxidative stress [10]. It has been established
that, in the case of alimentary dyslipidemia, the mechanism
of regeneration depends on the duration of use of the hepato-
genic ration and the degree of damage [1]. Clinical trials have
shown that after unilateral nephrectomy for any reason, patients
need constant follow-up, since the changes that develop over
the years in the remaining kidney primarily affect liver func-
tion [14]. For example, after unilateral nephrectomy decrease
in urine output and glomerular filtration, which leads to the so-
called latent hepatopathy is occur [2]. At the same time, it is not
yet known, for example, which mechanism of adaptive growth
is used by the liver in response to dysfunction resulting from
unilateral nephrectomy.

Evaluation of changes in hepatocyte ploidy of white adult rats at
different time from unilateral nephrectomy is the aim of the work.

Material and methods. Experimental Animals and Model.

Experiments were carried out on adult white rats(130-150 g). All
laboratory animals have been housed in cages at room temperature
(25°C), with free access to standard food and water chow and sub-
jected to a 12 h light/dark cycle. Unilateral nephrectomy (resection
of the right kidney) was performed under ether anesthesia.

Experimental groups

The animals were divided into 2 groups: 1. Control group -
intact rats that underwent false surgery; 2. Experimental group
- animals that underwent unilateral nephrectomy. liver and renal
tissue (study material) was taken at 24 h, 48 h, 72 h, after Uni-
lateral nephrectomy.

1 mg/kg of colchicine (Sigma, USA) was injected into the ani-
mals of both the control and the test groups for determination of
the colchicine mitotic index per 1000 cells (%o).
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