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JloXKa XXKOBYHOro Mixypa Ha ynbTpacTpPyKTypy ne4viHku
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Effect of Electrocoagulational, Cryo- and Ultrasound Treatment
of the Gallbladder Bed After Experimental Cholecystectomy

Pedrepar: [NpoBegeHO MOPIBHANBHWI aHami3 pesynbraTtiB enekTPOHHO-MIKPOCKOMNIYHOro AOCHiAXEeHHSA penapaTtuBHMX MpoLeciB
Yy TKaHWHI MEYiHKM KPOMMWKIB MiCns XONeuucTeKTOMil, 3AiNCHEeHOI 3a OOMOMOroH MOHOMOMSIPHOI enekTpokoarynsuii, ynsTpasByKOBO-
ro ckanbnens Ta 3a yMoB Hu3bkux Temnepatyp Ha 1, 3, 14, 21 i 30-Ty goby. Pesynsratn ekcnepMmMeHTy A03BONUAM MOPIBHATU remo-
Ta xonecTaTu4Hu edeKkTn pPi3HNX BUAIB €Heprii, OLiHUTK CTyNiHb TpaBMaTu3auii NapeHXiM1 MeYiHKM B 30HI ONepaTUBHOIO BTPYYaHHS,
a TakoX Ta BMNVMB Pi3HNX METOAIB Ha SAKICTb | TEPMiHM penapauii. YNbTpacTpPyKTypHi 3MiHM B renatoumTtax 3anexHo Bif METOAIB BNAMBY
XapaKkTepuayBanucs pisHUMW AMCTPOMIYHUMMK | AECTPYKTMBHUMMK npouecamu. [poBeaeHi enekTpoHHO-MIKPOCKOMIYHI AOCHIMKEHHS
nokasanu, WO ynbTpacTpyKTypa KMiTUH MEeYiHKM NiCNs eneKkTpoKoarynsauiiHoro BMMMBY Ha OXe BMAANEHOro >XOBYHOro Mixypa Bigno-
Bigana Hopmi Ha 30-Ty goby, micnsa kpioaii — Ha 21-wy foby, a nicns ynsTpa3sykoBoro BnNnmBy — Ha 14-Ty noby. [loBedeHo, Lo BUKOpK-
CTaHHS yNbTPa3ByKOBOIO BMNIMBY i KPIOAIT NPY XONELMCTEKTOMIT MOPIBHAHO 3 EMEKTPOKoAarynsauieo € HalMeHLWw TpaBMaTUYHUM AN TKa-
HUHUW NEYiHKN.

Knto4yoBi cnoBa: remocTas, Kpiogis, nediHka, penapaTviBHi 3MiHW, yrbTPa3ByKOBUIA BNVB, EMEKTPOKoarynsauis.

Abstract: The results of electron microscopic examination of reparative processes in liver tissue of rabbits after cholecystec-
tomy performed with monopolar electrocoagulation, ultrasonic scalpel and at low temperatures on days 1, 3, 14, 21 and 30 were
comparatively analyzed. Experimental findings allowed to compare the hemo- and cholestatic effects of different types of energy,
to assess the degree of trauma to the liver parenchyma in the surgery area and the impact of different methods on the quality and
timing of repair. Ultrastructural changes in hepatocytes depending on the methods of influence were characterized with various dystro-
phic and destructive processes. Electron microscopic studies showed that the ultrastructure of liver cells after electrocoagulation
on the bed of the removed gallbladder corresponded the norm on day 30, after cryoeffect it did on day 21, and after ultrasound this
was on day 14. It has been proven that the use of ultrasound and cryoeffect in cholecystectomy compared to electrocoagulation occur-
red to be the least traumatic for liver tissue.

Key words: hemostasis, cryoeffect, liver, reparative changes, ultrasound exposure, electrocoagulation.

VY abnomiHanbHIN Xipyprii omepaTtuBHI BTpY-
YaHHSI TPOBOJSTHCS 3 BHUKOPUCTAHHAM pi3HHX (i-
3u4HUX (AaKTOpiB 1 CTBOPEHHX HA OCHOBI IX Jii

In abdominal surgery, the interventions are
performed using various physical factors and
medical devices created on their basis: mono- and

MEJIUYHUX TPUIIAJIIB; MOHO- 1 OIOJSIPHUI TUCEKTOP,
€JIEKTPOJIUCEKTOP, KOATYISTOP, KPIOCKAIIBIIENb, a Ta-
KOX YNBTPa3BYKOBHH, JTa3epHUH, IIa3MOBHH, pajiio-
YacTOTHUN 1 BOZOCTpYMHHMI cKanbneni [6, 9]. binb-
LIOCTi 3 HUX BJIACTHBA CEJICKTHUBHICTh — PyHHYBaHHS
KIITHH TEYiHKH 31 30epekeHHSIM LiIICHOCTI CyAMH
Ta CEKPETOPHUX €IIEMEHTIB TMEYiHKH, IO B XOIl
pe3eKiii o3BoJse iX KIIMyBaTH, KoaryiaroBaru adbo
JITyBaTH 3aJIeXKHO Bix Aiamerpa [5].

Ha croromni icHye 0e3iid crmocoOiB 3yNmHUHKH
KpOBOTEYI ITiJT 9ac orepallii Ha MediHIli, MpoTe II0-
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bipolar dissector, electrodissector, coagulator, cryo-
genic scalpel, as well as ultrasonic, laser, plasma,
radiofrequency and water jet scalpels [6, 11].
Most of them are characterized with selectivity,
i. e. the destruction of liver cells while maintai-
ning the integrity of blood vessels and secretory
elements of liver, which during resection allows
them to clip, coagulate or ligate depending on the
diameter [5].

Today, there are many ways to prevent bleeding
during liver surgery, but the search for the most

effective of them remains relevant. Mono- and bi-
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akTyaabpHEUM. MOHO- 1 OinossipHa KoaryJisiis, sKa 1mo-
IIMpeHa B JIAMapoCKOMiuHiM Xipyprii, He 3aBKIu
3a0e3neuye HaliliHy 3ynHMHKY KpoBoTedi (remoc-
Ta3) y JoXi xoBuHOro Mixypa [3, 9, 10, 11]. Ilic-
ns enexTpokoaryisiiiiHoro BmuBy (EKB) yTBO-
PIOETBCS KOATYIAIMIHHIN HEKpO3, KU MOXe OyTH
cyOCTpaToM /sl pO3BUTKY iH(DEKIIHHNX YCKIIaTHEHb,
BTOPUHHHUX KpPOBOTEY, >KOBYHHMX HOpHIb [2, 5,
8, 9]. ¥V Xipypriuaiii mpakTHIl TOMIMPEHE BHUKO-
puctanaa kpioBmmBy (KB), mpore mpornosyBaru
HOro pe3ynbTraTH JOCTaTHHO CKIAIHO uepe3 Heoll-
HOPIJHICTh 3MiH, sIKi BiJIOyBalOThCS B TKaHHUHAX
MIPOTSITOM Ta IMiCJIsl OXOJIOKEHHI-BiairpiBy [1, 7].

OcolOnuBe wMicie cepell ycix croco0iB (hizuu-
HOT JceKIii Ta Koaryisiii 3aiiMae yabTpa3ByKOBHM
BB (Y3B), 3a sikoro TepMiuHni eeKT He3HAYHUH,
OCKIJIbKA PO3CIYeHHS! TKaHWH OOCSTAETHCS TOJIOB-
HUM YMHOM 3a paxyHoK kaBitauii. Ilig mieto Tucky
W yneTpa3sByKy B TKaHMHax (pparMeHTyroThcs Oif-
k# 1 popmyroTkest TpomOu. Lli mporiecu BiOyBaroTh-
Csl TMiJ BIUIMBOM MEXaHIYHHMX KOJUBAHb 1 MEHILIOIO
MIpOIO 33 PaxXyHOK TerIoBUX edekTiB [4, 9, 10].

TakuM 4YMHOM, AN BHPOBAPKEHHS BKa3aHUX
(hiBUYHEX CIOCO0IB Yy XipypriuHy MPakTUKy HEOO-
XiTHO BU3HAYUTH YIBTPACTPYKTYPHI 3MIiHH TKAaHWUH
y 30HI BIUIMBY 1 MEXaHI3M perapaTuBHOI perenepa-
mii.

MeTta JOCIHIPKEHHS — BUBUCHHS JIMHAMIKH YIlb-
TPACTPYKTYpHUX 3MiH TEYIHKH KpPOJHUKIB 3a pi3-
HUX CIOCOOIB TreMOCTa3y B JIOXKI JKOBYHOTO MiXy-
pa miciisi XOJNEMUCTEKTOMIT 3 3aCTOCYBaHHSIM MOHO-
MOJISIPHOTO €NIEKTPOKOATYIISIIHOTO BIIMBY, Kpiomil
Ta YABTPa3BYKOBOTO CKaJbIIEIIS.

Marepiaiau Ta MeTOIH

EnexTpoHHO-MIKpOCKOITiYHE JOCTi/DKEHHST BH-
KOHyBaJId Ha 84 Kposukax-camusax nopoau IuH-
muna macoro 3,0-3,5 kr. PoOory BuKOHyBamn
BiMOBiIHO 10 3aKkoHY Ykpainu «lIpo 3axucT TBa-
pUH BiT JKOPCTKOTO MOBOMKEHH» (Ne 3447-1V Bin
21.02.2006 p.) i3 morpuMmaHHsM BuMoOr Kowmitery
3 OloeTnky XapKiBCHKOTO HAIllOHAIBHOTO YHIBEp-
curery imeni B.H. Kapazina, ysromkeHux i3 mo-
JIOKEHHSIMA «EBPOMEHCHKOT KOHBEHIIIT PO 3aXHUCT
XpeOeTHUX TBAPHH, SKI BUKOPUCTOBYIOTHCSI B EKCIIC-
PUMEHTAJILHUX Ta 1HIMX HaykoBHX Hisix» (Crpac-
Oypr, 1986). VYci TBapuHuM mepeOyBain B yMOBax
BiBapilo Ha CTAHIAPTHOMY Xap4OBOMY PEXHMi.

st 3A1CHEHHST OCTaTOYHOTO TeMOCTa3y B JIOKI
BUIAJICHOTO >KOBYHOTO MiXypa 3aCTOCOBYBAJH OIH-
CaHi HIXKYE TPUIIAIH.

Enexrpoxipypriunnii anapar EXBA-350M / 120b
«Hanmis» («MEJJAH», VYkpaiHa) BUKOPHCTOBYIOTh
Yy MOHOIIONISIPHOMY pexumi podoru. Yacrora cTpy-
My ckmangae (440 + 10) kI, MmakcuManbpHa BHXimTHA
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polar coagulation, which is common in laparos-
copic surgery, does not always provide reliable
hemostasis in the gallbladder bed [3, 9-11]. After
electrocoagulation exposure (ECE), the coagu-
lation necrosis is formed, which can be a subst-
rate for the development of infectious complica-
tions, secondary bleeding, bile fistulas [2, 5,
8, 11]. In surgical practice, the use of cryoeffect (CE)
is common, but its results are difficult to predict
due to the heterogeneity of changes that oc-
cur in tissues during and after cooling-warming [1,
71.
A special place among all the methods of phy-
sical dissection and coagulation is occupied
by ultrasound (US), which has a slight thermal
effect, because the tissue dissection is achieved
mainly through cavitation. Under the action of
pressure and ultrasound in tissues the proteins are
fragmented and the blood clots are formed. These
processes occur under the influence of mechanical
oscillations and to a lesser extent due to thermal
effects [4, 9, 11].

Thus, to introduce these physical methods into
surgical practice it is necessary to examine the
ultrastructural changes of tissues in the affected
area and the mechanism of reparative regenera-
tion.

The aim of the research was to study the dynamics
of ultrastructural changes in liver of rabbits by
different hemostatic techniques in the gallbladder
bed after cholecystectomy using monopolar electro-
coagulation, cryoeffect and ultrasonic scalpel.

Materials and methods

Electron microscopic examination was perfor-
med in 84 male chinchilla rabbits weighing 3.0—
3.5 kg. The research was performed in accordance
with the Law of Ukraine ‘On Protection of Ani-
mals Against Cruelty’ (Ne 3447-1V of 21.02.2006)
in compliance with the requirements of the Com-
mittee in Bioethics of V.N. Karazin Kharkiv Na-
tional University, consistent with the provisions
of the ‘European Convention for the Protec-
tion of Vertebrate Animals Used for Experimental
and Other Scientific Purposes’ (Strasbourg, 1986).
All the animals were kept in the Animals House
on a standard diet.

To achieve final hemostasis in the removed
gallbladder bed we used the following devices.

Electrosurgical device EHVA-350M / 120B ‘Na-
diya’ (MEDAN, Ukraine) is used in monopolar
mode. The current frequency makes (440 + 10) kHz,
the maximum output power is 500 Ohms, the no-
minal load in the cutting mode is (220 + 40) W, in
the monopolar coagulation mode is (100 + 28) W.




notykHicTh — 500 OM, HOMiHAJIbHE HaBaHTAKCHHS
y pexumi pizanss — (220 + 40) BT, y pexumi MOHO-
nossipHOi Koaryisiuii — (100 + 28) Br.
Kpioammikarop KI'-01 KMT («IIporpec Meny,
Pocist) mae miamerp HakoHeYHHMKa 2 MM. Temrepa-
typa (—80,0 = 1,0)°C nHa #ioro poOodiii TOBEpXHI
nocsraeTbes nogadero okcuay asory (I) N,O. Tpu-
BaJIiCTh Kpiomii cTaHOBUTH 2—3 XB. TemmeparypHUit
KOHTPOJIb 3MIACHIOETHCSI 32 JOTIOMOTOIO MiABKOHC-
TAHTAHOBOI TEPMOIApyW Ha ABTOMATHUYHOMY Camo-
3anucyrodyomy mnoreHmiomerpi AKC-4-003 («Mepa-
tect», Pocis). Temmneparypa B uenrpi 3ouu KB
nocsirae —39°C i3 iaMeTpoM 3arajbHOi 30HH JIbOJIO-
yrBOperHst 13—15 mm, Ommkue no mnepudepii Tem-
neparypa TKaHUHHU MOCTYIOBO miaABUILyeThes 10 0°C.
VnerpasBykoBa Xipypriyxa ycraHoBka «Harmo-
nic scalpel Ultracision» («Ethicon Endo Surgery»,
CIIA) mpawioe B pexumax «Koaryssimii» Ta «pos-
CiUEHHsS» 3 YacTOTOI0 KOJMBaHb POO0OYOI YaCTUHM
55,5 k', ammitynoro pyxy sieza 50—100 MM, TeM-
reparyporo B 30H1 BIumBy 37—63°C.
3aIeKHO BiJl CIIOCOOY BHIATICHHS )KOBYHOTO MiXy-
pa i crrocoOy TreMocTasy Bei TBApUHU Oyl PO3aisieH]
Ha rpynu. Y KpOoJMKiB rpynu 1 BUIaJIeHHs AKOBUYHOIO
MiXypa i TeMOCTa3 y JIOXKi )KOBYHOTO MiXypa BUKOHY-
BaJIM 32 JIOTIOMOTOI0 MOHOIIOJISIPHOT €JIeKTPOKOary-
JIALT, y Tpymi 2 TICHs XOJICHUCTEKTOMIT HOXHIISIMU
[IPOBOJIMJIM T€MOCTa3 ILISIXOM KPIOreHHOI 00poOKu
JI0Ka KOBYHOTO MiXypa JIanapoCKOMYHUM Kpioaruti-
KaTopoM, y Tpymi 3 Uil XOJEUUCTEKTOMIl Ta remMoc-
Ta3y BUKOPHUCTOBYBAJIW YIbTPa3BYKOBUH CKajlb-
neib. TBapuH onepyBaiy HiJl BHYTPILIHbOBEHHUM
TIOMEHTAIOBUM Hapko3oM. KOHTponpHY rpymy ckiia-
71 6 KpOJHKiB 03 ONepaTuBHOTO BTPYYaHHS.
EnexTpoHHO-MIKpOCKOITiYHE JOCTiHKEHHS 3pa3-
Ka TKAaHWUHH TeYiHKH, SKAW Opanyu Ha MEXi 3 30HOI0
BIUTHBY, BUKOHYBaiu Ha 1, 3, 14, 21 i 30-ty moOy
micnst  orepartii. dparMeHTH TeUiHKH (DiKCyBan
B 2,5%-My po3umnHi miroTapoBoro ampaerigy («SPI-
Chemy, CIIA) na docharnomy Oydepi mpoTsrom
4 roguH 1 B 1%-My po3unHi TeTpokcus ocmiro («SPI-
Chem») niporsirom 2 Toz 3a Temmieparypu 4°C. 3pas-
KM TKaHWHU 3HEBOJHIOBAIM B €TAHOJNI 3pOCTA0uoi
KOHIIEHTpalii W abcosoTHOMY areToHi. dparmen-
TH TKaHUHH OPOCOYYBAJIM 1 3aJMBajd CYMIIIIIIO
EMOKCUIHUX cMoll emoH-apaimity («SPI-Chemy).
VYnpTpaToHKi 3pi3M TOTYBalIM Ha YABTPaMIKPOTOMI
«YMTII-6 AT» («Selmi», Ykpaina), KoHTpacTyBaIu
ypaHialleTaToM 1 LUTPAaTOM CBUHIIO Ta BHBYAJIH
i eneKTpoHHUM MikpockonoM «EOM-100 BP AT»
(«Selmiy) 3a mpuckoprorodoi Harpyru 75 kB.

Pe3yiabTaTn Ta 00roBOpeHHs
VY tBapun rpymu 1 depe3 moOy micis omepartii
Ha MEXi 3 30HOIO BIUIUBY B KJIIITHHAX TEUIHKH CIIO-

The KG-01 KMT cryoapplicator (Progress-
Med, Russia) has a tip diameter of 2 mm. The
temperature (—80.0 + 1.0) °C on its operating sur-
face is achieved by the supply of nitric oxide (I)
N,O. The duration of cryoeffect is 2-3 minutes.
Temperature was controlled by means of a copper-
constantan thermocouple with automatic self-
recording potentiometer AKS-4-003 (Meratest,
Russia). The temperature in the center of the CE
zone reaches —39°C with the diameter of the
general ice formation zone of 13—15 mm, closer to
the periphery the tissue temperature gradually
rises to 0°C.

The harmonic scalpel (Ultracision, Ethicon
Endo Surgery, USA) provides the modes of
‘coagulation” and ‘dissection’ with an oscilla-
tion frequency of 55.5 kHz, 50-100 pum blade
amplitude, the temperature in the affected area
of 37-63°C.

Depending on the method of the gallbladder
removal and hemostatic technique, all animals
were divided into groups. In rabbits of group 1
the gallbladder removal and hemostatic technique
in the gallbladder bed was performed by mono-
polar electrocoagulation, in group 2 after cho-
lecystectomy with scissors the hemostatic technique
included cryogenic treatment of the gallbladder
bed with a laparoscopic cryoapplicator, in group 3
there was used ultrasound for cholecystectomy
and as a hemostatic technique. Animals were ope-
rated under intravenous thiopental anesthesia.
The control group consisted of 6 rabbits without
surgery.

Liver tissue, sampled on the border with the af-
fected area, was examined with electron micro-
scope on days 1, 3, 14, 21 and 30 after surgery.
Liver fragments were fixed in a 2.5% solution of
glutaraldehyde (SPI-Chem, USA) with a phosphate
buffer for 4 hours and in a 1% solution of os-
mium tetroxide (SPI-Chem) for 2 hours at 4°C.
Tissue samples were dehydrated in increasing
concentration of ethanol and absolute acetone.
Tissue fragments were impregnated and filled
with a mixture of epon-araldite epoxy resins (SPI-
Chem). Ultrathin sections were prepared with an
ultramicrotome ‘UMTP-6 AT’ (Selmi, Ukraine),
contrasted with uranyl acetate and lead citrate
and studied with an electron microscope ‘Com-
puter-100 BR AT’ (Selmi) at an accelerating voltage
of 75 kV.

Results and discussion

In animals of group 1 a day after surgery on
the border with the zone of the effect in liver cells
there were observed ultrastructural changes of
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M 0,5 um

0,5 um EPR

Puc. 1. YneTpacTpyktypa cdparmeHTiB renatoumnTiB KponukiB yepes 1-wy aody nicns EKB y noxi »oB4Horo mixypa: A —
HabyxaHHSA MITOXOHAPIV | Ae3opraHisauia kpucTt; B — pisHi Buau nisocom y untonnasmi. N — saapo; n — agepue; M — mito-

xoHAapii; EPR — eHgonnasmaTtnyHuin petukynym; L — nisocomu.

Fig. 1. Ultrastructure of fragments of rabbit hepatocytes in by the 1t day after ECE in gallbladder bed: A — mitochondria
swelling and cristae disorganization; B — different types of lysosomes in cytoplasm. N — nucleus; n — nucleolus; M —

mitochondria; EPR — endoplasmic reticulum; L — lysosomes.

CTepiranucsi ynpTpacTpyKTypHI 3MiHM OpraHels, Xa-
pPaxkTepHi Uil MOYaTKy PO3BUTKY 3amajbHOI peak-
uii. Ilepunykneapuuii mpoctip siiep OyB MOMIpHO
po3mpeHnid. Y LUTOMIa3Mi BHABISUTUCS HAOPsK-
7 MITOXOHIpII 3 MaTpUKCOM HU3BKOI €IEKTPOHHOT
IIUTBHOCTI Ta Je3opraHizamiero Kpuct (puc.l, A).
I'panynsapuuii eanomnazmarnaauii petukynym (EITP)
XapaKTEepHU3yBaBCs BUPAKECHUM PO3LIMPEHHSIM 1 Ba-
KyOJTi3aIli€l0 IMCTEPH, CIOCTEPIraJocs MOpyIIeHHS
IUJTICHOCTI OKpeMHX IUITHOK MemOpaH. Komrmiekc
lompmki OyB rimeprpodoBaHUi, y 30HI JIOKami3a-
mii SKOTO CcHocTepiraimes Ji30COMH Ta JIIigHI
kparti (puc. 1, B). YKoBuHi kamiisipu 1 mpoctopu
Hicce Oynu MOMIpHO PO3LIMPEHI Ta MICTHIN TIO-
OZIMHOKI HaOpsSKIl MIKPOBOPCHHKH. Y IMTOILIAa3Mi
CHJIOTEJIIOIUTIB CUHYCOIIHUX KalUIIPIB BUSBIISIIN-
csl HaOpSIKJII MITOXOHAPIT 3 OCEPEAKOBOIO ECTPYK-
Li€r0 30BHIMHIX MeMOpaH 1 KpUCT Ta BaKyolli-
30BaHi HucTepHu rpanyispaoro EITP.

Ha 3-tio noOy micns EKB BusHawamucs sk
JNECTPYKTHBHI, Tak 1 AUCTpO(iuHi 3MIHM KIIITHH
MeYiHKH. Slapa TemaTonuTiB Maju IMPOCBITICHHUN
MaTpUKC 1 HEPIBHOMIPHUH PO3IOIA XPOMATHHY.
BusiBnsmics mmOoki iHBariHamii  siaepHoi MemO-
paHM 1 pPO3LIMPEHHS IEPUHYKIIEAPHOIO IPOCTO-
py. O3HakamMu ACCTPYKTUBHHUX 3MiH MITOXOHIPIH
Oynu iX 3HaYHE HAOpPSIKAHHS, 3MCHITICHHS KUTHKOCTI,
BE3UKYJIALIA KPUCT Ta JI3HC 30BHINIHIX MEeMOpaH.
I'panymspuuii  EIIP  xapaktepus3yBaBcsl 3HAYHOKO
BaKyOJIi3alli€l0 I[UCTEPH 1 OCEPEJKOBUM JII3UCOM
MeMOpaH. KinbKicTh TpaHys IIIKOTEHY y LUTOILIa3-
Ml TENaroluTiB I1CTOTHO 3MeHmmiIacs. KoMiuieke
lonpmki  TmpencTaBIeHO  BEIMKMMH — BAaKyOJISIMU.
[lopsin i3 mepBHHHMMHK Ji30COMaMH 3 sIBJsUIACS
BeJIMKa KiUIbKiCTh ayTodarocom. JKoBuHi Kamiisipu
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organelles, characteristic of the inflammation onset.
The perinuclear space of the nuclei was modera-
tely expanded. Swollen mitochondria with a low
electron density matrix and disorganization of
crystals were found in cytoplasm (Fig. 1A). Gra-
nular endoplasmic reticulum (EPR) was charac-
terized with a pronounced expansion and vacuo-
lation of the tanks, there was a disordered integrity
of individual sections of the membranes. The
Golgi complex was hypertrophied, in the area of
localization of which the lysosomes and lipid drop-
lets were observed (Fig. 1B). The bile capillaries
and spaces of Disse were moderately dilated
and contained single swollen microvilli. Swollen
mitochondria with focal destruction of outer
membranes and cristae as well as vacuolated gra-
nules of granular EPR were found in cytoplasm
of sinusoidal capillary endothelial cells.

On day 3 after ECE, both destructive and
dystrophic changes of liver cells were determined.
The nuclei of hepatocytes had an enlightened mat-
rix and uneven distribution of chromatin. Deep
invaginations of the nuclear membrane and the
perinuclear space expansion were revealed. Signs
of destructive changes in mitochondria were their
significant swelling, decrease in number, vesicle
crystallization and lysis of outer membranes. Gra-
nular EPR was characterized by significant
vacuolation of tanks and focal lysis of membranes.
The number of glycogen granules in cytoplasm
of hepatocytes decreased significantly. The Golgi
complex is represented by large vacuoles. Along
with the primary lysosomes, a large number
of autophagosomes appeared. The bile capil-
laries were dilated and filled with a low electron
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Oy pO3IIMPEH] Ta 3alOBHEHI CYOCTAHIIE) HU3b-
KOi eneKTpoHHOI IinbHOCTI. [loOnn3y >KOBYHHX
KamiJIsIpiB 4acTo CIOCTEpiraiucs BEIHMKI BKIIOYEH-
HS mimigiB. L{imiCHICTh LMTOIJIA3MAaTHYHOI MeMO-
paHM AeAKUX renarouuTiB Oyna mopyiueHoro. IIpo-
cropu licce MmicisamMu Oynu 3BY)KeHi, a CHHYCOiTHI
KalmJIIpH — PO3MIUPEHi. Y IUTOINIa3Mi €HIOTEITiO-
IATIB 3YCTPIYaNNCA OCEPEIKH ISCTPYKINi Kapio-
JIeMH, MEMOpaH MITOXOHIPIA, a TaKoXK IHCTePH
rpanyisspaoro EITP. ¥V mpocBiTi KamiiaspiB BUSBIISA-
JIUCS CKYITYEHHS KIIITHHHOTO JICTPUTY.

Ha 14-ty noOy y TBapuH rpynu 1 3aBepurmiocs
(opMyBaHHSI LIUTFHOTO CIIONYYHOTKAHWHHOTO PyO-
IS B 30HI KOATYJSIIHHOTO HEKPO3y. 3MIHH YJbTpa-
CTPYKTYPH KJIITHH TICYIHKM Ha MEXi 30HU Jii Maju
B OCHOBHOMY nucTtpodiunmii xapaxrep i 30epira-
mucst o 21-i nobu. Sapa remaTonuTiB MIiCTHIIN
BEJIMKI CKYMUYEHHI TeTepOXpOMAaTHHYy, a IiX LHUTO-
mia3Ma Oyna iCTOTHO po3pimxkeHoro (puc. 2). Opra-
HEJIM LUTOIUIA3MHU KOHLEHTPYBAJIUCS MOOIN3Y siapa.
MiToxoH/Ipil Manu TPOCBITICHUA MATPUKC 1 Je-
3opraHizoBani kpuctu. [[ms OaraTthboX remaronuTiB
Oyna xapakTepHa Tirmepruiazis MeMOpaH TpaHyJsp-
Horo EIIP. Kommnekc lonpmxki wmicTuB Ji30c0-
MOTIOMIOH] TiNBILA, 3allOBHEHI OCMIiO(MITEHOIO CyO0-
CTaHIi€0. 3MIHH YIBTPACTPYKTYPH €HIOTEIONN-
TIB CHHYCOIJHHX KamiIsApiB OynM aHaJOTIYHUMHU
TakKUM Ha TONEPEIHHOMY TEPMiHI CIOCTEPEKEeH-
HSl.

Ha 30-ty noGy micns EKB 3miHu ynmsrpacTpyk-
TYpH KIITHH TEYiHKA B JOCIHiJKYBaHIM 30HI Oyim
MiHIMabHUMHU Ta BUPAXKaJHCS B HE3HAUHOMY PO3-
LIMPEHHI MEPUHYKJIEapHOr0 MPOCTOPY 1 LUCTEpH
EIIP, pe3opraHizamii KpUCT JAESIKHUX MITOXOH/I-
piit. [lopymens xommiekcy loapki, Mmia3MoieMy,
YKOBYHHUX 1 CHHYCOITHUX KaITiJISIPiB HEe BUSBJICHO.

JocnipkeHHs: TKAHUHY TIe41HKY TBapuH TPy 2,
SKMM Te€MOCTa3 IpoBoAMiIM 3a gomomoror KB,
Ha l-my i 3-T0 100y B IUISHIN, SIKa PO3TAIIOBY-
BaJlacsl MOPSI i3 30HOI0 KPIOHEKPO3Y, BUSBUIIO JIC-
CTPYKTHBHI 3MiHH KIiTHH (puc. 3, A), mpote
BOHM OyJTM MEHII BHpa)KeHi, HIX y TBapHH rpynu 1.
Ha 3-110 100y 3’sBisamucs mepini 03HaKd BHYTPIII-
HBOKIIITHHHOI penaparii. ®opMyBaHHS CIOIyY-
HOTKQaHHHHOTO PYyOIll 3 MyXKWM pO3TallyBaHHSIM
BOJIOKOH BiI0OyBajocs Bxke Ha 7-My 700y crocrepe-
JKECHHSI.

Ha 14-ty noOy micisi omepaTMBHOTO BTpy4YaH-
HSl 3MIHM YABTPACTPYKTYpH KIITHH TEYiHKH Oyiu
MiHIMAJIBbHIUMH 3 TEPEBaXKaHHSIM TPOIIECIB pere-
Hepauii. Slnpa renarouuTiB Majdd THIIOBY CTPYKTY-
py 1 IpiOHO3EpHUCTHII MaTPHKC, YacTO CIIOCTepira-
JIUCS BENWKI sfepls OimssMeMOpaHHOI JIoOKami3arlii,
mo, SK 1 rineprasis muctepH rpanyispHoro EITP,
CBIIUNTH TIPO AaKTHBAIIO TpOIEciB OiOCHHTEY.
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Puc. 2. Po3pigxeHHs untonnasmu (*) i NpocBiTneHHa ma-
TpUKCy miToxoHapiv (M) renatounTiB Ha 14-wy foby nicns
EKB y noxi >xoB4Horo mixypa. N — agpo.

Fig. 2. Loosening of cytoplasm (*) and enlightenment of
mitochondrial matrix (M) of hepatocytes on day 14 after
ECE in gallbladder bed. N — nucleus.

density substance. Large lipid inclusions were
often observed near the bile capillaries. The integ-
rity of cytoplasmic membrane of some hepatocytes
was disordered. Disse spaces were narrowed
somewhere, and sinusoidal capillaries were ex-
panded. In cytoplasm of endotheliocytes there
were the foci of destruction of karyolemma,
mitochondrial membranes, as well as granular
EPR tanks. Accumulations of cell detritus were
found in the lumen of capillaries.

On day 14 in animals of group 1 the formation
of a dense connective tissue scar in the area of
coagulation necrosis completed. Changes in the
ultrastructure of liver cells at the boundary of
the zone of effect were mainly dystrophic in nature
and persisted until the 21* day. The nuclei of hepato-
cytes contained large accumulations of hete-
rochromatin, and their cytoplasm was significantly
loosened (Fig. 2). Cytoplasmic organelles were
concentrated near the nucleus. Mitochondria had
an enlightened matrix and disorganized -cristae.
Many hepatocytes were characterized by hyper-
plasia of the granular EPR membranes. The Golgi
complex contained lysosomal bodies filled with
an osmophilic substance. Changes in the ultrastruc-

ture of sinusoidal capillary endothelial cells
were similar to those in the previous observation
period.

On day 30 after ECE the changes in ultrastruc-
ture of liver cells in the area studied were mi-
nimal and were expressed in a slight expansion
of the perinuclear space and EPR tanks, disorga-
nization of the crystals of some mitochondria.
Disorders of the Golgi complex, plasmolem-
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MitoxoHzpii Gararbox KIITHH INepeOyBajiu B CTaHi
($yHKIIOHANBEHOI HANpyTH: MOMIpHE MPOCBITIIHHS,
YIIUIBHEHHS MAaTpHUKCy Ta Je30praHizamisi KpucT
(puc. 3, B). ¥V wactuni remarouuti 30epiranocs
posmmpenns uuctepH EIIP. Tlopymenp i3 Ooxy
KoMIUIeKCy [omb/pki, miaa3sMoiieMH, >KOBYHUX 1 CH-
HYCOIHUX KaIliJIsIpiB, a TaKoK E€HIOTETIOUHUTIB He
BHUSIBJICHO.

Ha 21-mry o6y y KponuKiB TpymH 2 yIbTPacTPyK-
Typa KIITHHHUX €JIEMEHTIB TMEYiHKH MPaKTHIHO
BI/IMTOBiIaIa HOPMI.

VY excriepuMeHTaIbHUX TBapUH TPYyNu 3 uepes
o0y micnst 3actocyBaHHss Y3B BiasHauanucs guc-
TpodiuHi 3MiHM OpraHes KJIITHH TNEYiHKH 0e3 03-
HaK BUPaXEHOI AECTPYKIii, B sApax TenaToLuTiB
MEPEeBAYKAB EYXPOMATHUH 31 CKYMUYEHHSMHU JAPIOHHX
IPYIOYOK TeTepoxpoMaTuHy mo mnepudepii sapa.
Crocrepiraiocss  pO3IIMPEHHS] HEPUHYKICAPHOTO
npocropy. Y LWTOIDIa3Mi BUSBISLIIUCS HaOPSAKII
MITOXOHJIPiT 3 Ie30praHi30BaHUMU KPUCTAMHU.

Hucrepuu rpanyaspaoro EIIP wmamu Bumsin
EJIEKTPOHHO CBITIUX BaKyoJieW i3 apiOHoaucriepc-
HUM BMICTOM, Ha MeMOpaHax SIKUX pPO3TallOBY-
Banucs pudocomu (puc. 4, A). Y nurormiazmi 3MeH-
mryBayiacs KUTKICTH ToiricoM. Komrreke [ombmxi
MaB BUDISAJ CKYIYEHHS JOBUIBHO OpPi€EHTOBAHUX
IAAKAX MEMOpaH, OTOYCHUX BE3WKYIaMH Pi3-
HUX po3mipiB. XKoBuHi kamimsipu 1 mpocropu [lic-
Ce PO3LIMPEHI Ta 3allOBHEHI HAOPSKIUMH MIKpPO-
BOpPCHHKaMH. BusiBisBcs HaOpSK LUTOIIIA3MH 1
MITOXOHJIPIfi  ©HJOTENIOIUTIB CUHYCOITHUX Karli-
nspiB. Lucrepun rpanymspaoro EIIP posmmpeni
Ta MICISIMA BakKyoJi30BaHi, KUIbKICTh pHOOCOM
3MeHIeHa. Crioctepiranocsi NOpyImeHHs! HUTICHOCTI
MEPUCHHYCOIAaIbHOI YaCTUHU LHTOIUIA3MAaTHYHOL
MeMOpaHU €HJIOTETIOIUTIB.

Ha 3-tio 100y ynbpacTpykTypa TI€HaTOLUTIB
CBiUMIIa [IPO [TOYATOK PO3BUTKY pEeapaTUBHOI pere-
Heparlii KIITHH. Y sSapax TelaTolNTIB BUSBIISBCS JIe-
KOHJICHCOBAaHWN XPOMaTHH, PiBHOMIPHO pPO3IOiIe-
HAW 10 sapy. Y CTPYKTypl smepHOi MeMmOpaHu
ICTOTHAX 3MIH HE BUSBISJIOCH, ajieé TIEpHHYKIIEap-
HI TpocTopu Oyl TOMIPHO po3mHpeHi. Marpukc
MITOXOH/Ipifi MaB HHM3bKY €JIEKTPOHHY HIUTBHICTH i3
YaCTKOBO JIE30praHi30BaHUMU KpHCTaMu. [HOMI 3ycC-
Tpivasucs MiTOXOHAPIT, siki xisiThest. Llucrepuu rpa-
nynsapaoro EIIP HesHauno poszmmpeHi. KinbkicTb
BiIbHUX puOOCOM 1 momicom Oyna 30imblneHo0. Y
LUTOIJIa3Mi TeNaTOLUTIB BUSIBIISUIACS 3HAYHA Killb-
KiCTh TpaHyn DIiKOreHy, Bakyosned rmaakoro EITP i
nizocom (puc. 4, B). Kommuteke ['onbxi MaB TUITOBY
OynoBy. Y IIUTOIIa3MI €HIOTEINIOIHTIB CHHYCOITHIX
KaliJIsIpiB  CriocTepiraaucs HaOpsAKI MITOXOHMPIT,
nuctepHu rpanyispHoro EITP i MikpomiHOIMTO3HI
BE3UKYJIH.
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Puc. 3. YneTpacTpykTypa opraHoigis uuTonnasmu renaro-
umMTiB Y NoXi xoB4YHoro Mixypa nicnst KB: A — Bakyonisauis
unctepH EPR i HabyxaHHa miToxoHApin (M) Ha 3-Tio poby;
B — miToxoHapii y pisHOMY (PyHKLiOHanNsHOMY CTaHi Yyepes
14 nio.

Fig. 3. Ultrastructure of hepatocyte cytoplasm organelles
in gallbladder bed after CE: A — vacuolation of EPR tanks
and swelling of mitochondria (M) on the 3™ day; B — mito-
chondria in different functional state after 14 days.

ma, bile and sinusoidal capillaries were not detec-
ted.

Examination of the liver tissue of group 2 ani-
mals, the hemostatic technique for those was
performed using CE, on the 1% and 3" days in the
area located near the cryonecrosis site, revealed
destructive changes in cells (Fig. 3A), but they
were less pronounced than in the animals of
group 1. On day 3 the first signs of intracellular
repair appeared. The formation of a connective tissue
scar with a loose arrangement of fibers occurred
on the 7" day of observation.

On day 14 after surgery, changes in the ultra-
structure of liver cells were minimal with a
regeneration predominance. The nuclei of hepato-
cytes had a typical structure and fine-grained
matrix, large nucleoli of near-membrane locali-
zation were often observed, which, like hyperplasia
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Puc. 4. YnbrpacTpykTypa renaTouuTiB y NOXi »OBYHOMoO
mixypa nicna Y3B: A — HabyxaHHs miToxoHapin (M) i Ba-
Kyonisauis unctepH EPR yepe3 pnoby nicns onepadii; B —
CKYM4YeHHS Ni30COMOMOAIOHNX CTPYKTYpP Y HaBKOMULLUHBO-
SAEPHIN 30HI uuTonnasmmn Ha 3-Tio goby micnsa onepadii.
L — nisocomu, N — agpo.

Fig. 4. Ultrastructure of hepatocytes in gallbladder bed
after ultrasound: A — swelling of mitochondria (M) and vacuo-
lation of EPR tanks in a day after surgery; B —accumulation
of lysosomal structures in surrounding nuclear zone of
cytoplasm on the 3™ day after surgery. L — lysosomes, N —
nucleus.

Ha 14-ty moOy ympTpacTpykTypa KIITHH IEJiH-
KU BigHOBHWJIACS 1 Maja THIOBY OymoBy. Smpa
TeHaToUTIB OyM OKpyInoi (GopMH 3 PIBHOMIPHO
PO3MOAIIEHUM XPOMAaTHHOM 1 UITKO KOHTYpOBa-
HOIO KapioyieMoro. binplricth MiTOXOHApIH Mic-
THUJIM MaTPUKC CEPEIHBOI EJIEKTPOHHOI IMIJILHOCTI
3 YITKO BUpaXXeHUMH Kpucramu. Crocrepiraiucs
rimeprpodisi 1 rinepruiasis eJeMeHTIB TpaHyJsip-
Horo EIIP, sixi BusiBisuMCS y 301IbIIEHHI KUTBKOCTI
LUCTEpH 1 MPUKPIMIIEHUX A0 HUX pudocoMm, a Ta-
KOX Yy pO3IIUpeHHI KaHanbiiB. Komrmeke [onbmki
30epiraB THIOBY JIOKajli3alito, OpoTe iHOmI I KIIi-
TUHM OyiM rinepTpodoBaHUMH. Y IMTOILIA3Mi BUSIB-
JSUTUCST  CKYyNUYEeHHsT TpaHyd DIIKOTeHy, JIi30Co-
MOTIO/IOHI TiNBIA Ta IMOOAMHOKI JIMiJHI Kparui.
JKoBuni kamijaspu Micmsamu posmuperi. I[Ipoctopu

of granular EPR tanks, indicates the activation
of biosynthesis processes. Mitochondria of many
cells were in a state of functional stress: mode-
rate enlightenment, matrix compaction and di-
sorganization of the cristae (Fig. 3B). In part of
hepatocytes the expansion of EPR tanks remained.
Disorders of the Golgi complex, plasmolemma,
bile and sinusoidal capillaries, as well as endothe-
liocytes were not detected.

On day 21 in rabbits of group 2, the ultrastructure
of liver cell elements was almost normal.

In experimental animals of group 3 a day
after the use of ultrasound there were dystrophic
changes of liver cell organelles without the signs
of severe destruction, in the nuclei of hepato-
cytes there was euchromatin domination with the
clusters of small lumps of heterochromatin on
the periphery of the nucleus. The perinuc-
lear space was expanded. Swollen mitochondria
with disorganized cristac were found in cyto-
plasm.

Granular EPR tanks had the form of electro-
nically light vacuoles with fine content, on the
membranes of which ribosomes were located
(Fig. 4A). In cytoplasm the number of polysomes
decreased. The Golgi complex had the appea-
rance of an accumulation of arbitrarily oriented
smooth membranes surrounded by vesicles of
various sizes. The bile capillaries and spaces
of the Disse are dilated and filled with swollen
microvilli. Cytoplasmic edema and mitochond-
ria of sinusoidal capillary endothelial cells were
detected. Granular EPR tanks are expanded
and vacuolated in places, the number of riboso-
mes is reduced. Disordered integrity of the peri-
sinusoidal part of the cytoplasmic membrane
of endothelial cells was observed.

On day 3, the ultrastructure of hepatocytes in-
dicated the beginning of the development of re-
parative cell regeneration. In the nuclei of hepa-
tocytes was found decondensed chromatin, evenly
distributed throughout the nucleus. There were
no significant changes in nuclear membrane struc-
ture, but the perinuclear spaces were moderately
expanded. The mitochondrial matrix was low
electron density with partially disorganized crys-
tals. Occasionally there are mitochondria that
divide. Granular EPR tanks are slightly expan-
ded. The number of free ribosomes and poly-
somes was increased. In cytoplasm of hepatocytes
there was found a significant number of gly-
cogen granules, vacuoles of smooth EPR and
lysosomes (Fig. 4B). The Golgi complex was
of a typical structure. Swollen mitochondria, gra-
nular EPR tanks, and micropinocytic vesicles
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Pwuc. 5. Hopmanisauis ynsTpacTpykTypu renaToLmTiB Y NoXi
XKOBYHOro Mixypa Ha 21-wy goby nicna Y3B. M — MiTOXOH-
apii, EPR — eHpgonnasmatnyHmim petukynym.

Fig. 5. Normalization of ultrastructure of hepatocytes in
gallbladder bed on day 21 after ultrasound. M — mitochond-
ria, EPR — endoplasmic reticulum.

Hicce Manu HOpManbHy MIMPHUHY 1 OyJaM 3alOBHEHI
3BUTUMH MiKPOBOPCHHKaMH. YIBTPAaCTPyKTypa €H-
JOTENIOUUTIB CHUHYCOIAHMX KamspiB HaOImxa-
Jacs 10 HOPMH.

Ha 21-my noOy micis Y3B mnoBHiCTIO BigHO-
BUJIACs YIBTPACTPYKTypa BCIX KIITHHHHUX KOMIIO-
HEHTIB MIEYiHKU. YIBTPACTPYKTypa siApa i OpraHoiis
LUTOIUIa3MM TEMaTOLUTIB CBilYMiIa HPO BHUCOKY
(hyHKIIOHANBHY aKTUBHICTh KJIITHH. Slnpa, 3amoB-
HEHI NEKOHJICHCOBAHUM XPOMAaTHHOM, MiCTHIU |—
2 Bemukux saepiil. Llucrepru rpanymspHoro EITP
pO3TaIoByBaIKMCA TMOONM3Y sApa 1 MITOXOHAPIH,
4acTO KOHTaKTyBalu 3 HUMH (puc. 5). Uucnenni
MITOXOH/IpIT Mall MaTpUKC CEPeHBOI eJEeKTPOH-
HOI LITBHOCTI Ta YiTKO BUpaxxeHi KpucTH. CTpyk-
Typa CHJOTETIOUUTIB CUHYCOIIHUX KaluIspiB Bij-
OBi1aJ1a HOPMI.

TakuM 4MHOM, PE3yabTaTH EKCIIEPUMEHTAIBHOTO
JOCHIDKEHHST yIBTPACTPYKTYpPHOI Oprasizamii Kili-
tuH nedinku micns EKB, KB 1 Y3B, mposenennx
i Yac XOJEHUUCTEKTOMII 3 METOI0 TeMO- Ta XOJec-
Tazy, CBi4aTh MPO PO3BUTOK pEHapaTuBHUX Mpolie-
CiB y TapeHXiMi B pi3HI TEPMIHH CIIOCTEPEKEH-
Ha. [lepmri o3Haku pereHeparii TkaauH Ticnss EKB
cnocrepiranucs Ha 14-ty noOy, micns KB 1 Y3B —
Ha 3-Ty moO0y. YIBTpacTpyKTypHa OpraHizamis K-
THH TICUIHKH BITHOBIIOBaNacs Ta HaOyBaja TH-
noBoi Oynosu micng KB 1 V3B panime, HiX micns
EKB, 1m0 cBiquuTh Mpo ORI MAAHY iX Mif0.

3acrocyBanns KB i V3B mnonepemkae Hekpos
TKaHWH, IOIIKOKEHHS JPIOHUX KPOBOHOCHHUX CY-
JVH 1 )KOBYHHUX WIISIXiB CHPHUSE HMIBUAKOMY (HopMy-
BaHHIO CIIOJIyYHOTKAHWHHOTO pyOIsl Ta MiHIMI3ye
PU3UK PO3BUTKY iHTpa- Ta mMicasonepauniiHux yc-
KJIa/IHEHb.
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were observed in cytoplasm of sinusoidal capillary
endothelial cells.

On day 14, the ultrastructure of liver cells
was restored and had a typical structure. The
nuclei of hepatocytes were round with a uniformly
distributed chromatin and a clearly contoured ka-
ryolemma. Most mitochondria contained a medium
electron density matrix with distinct crystals.
Hypertrophy and hyperplasia of granular EPR
elements were observed, which were manifested
in an increased number of tanks and ribosomes
attached to them, as well as in the expansion of tu-
bules. The Golgi complex retained its typical
localization, but sometimes these cells were hy-
pertrophied. Accumulations of glycogen granules,
lysosomal bodies and single lipid droplets were
detected in the cytoplasm. The bile capillaries
were somewhere dilated. Disse spaces were of
normal width and were filled with curled micro-
villi. The ultrastructure of endothelial cells of
sinusoidal capillaries approached to the norm.

On day 21 after ultrasound, the ultrastructure
of all cell components of liver completely re-
stored. The ultrastructure of the nucleus and
organelles of cytoplasm of hepatocytes showed
a high functional activity of cells. Nuclei filled
with decondensed chromatin contained 1-2 large
nucleoli. Granular EPR tanks were located near
the nucleus and mitochondria, often in contact
with them (Fig. 5). Numerous mitochondria had
a medium electron density matrix and distinct
cristae. The structure of endothelial cells of sinu-
soidal capillaries was normal.

Thus, the results of an experimental study
of ultrastructural organization of liver cells after
ECE, CE and US, performed during cholecystec-
tomy for achieving the hemo- and cholestasis,
indicate the development of reparative processes
in the parenchyma at different observation terms.
The first signs of tissue regeneration after ECE
were observed on day 14, after CE and US were
found on day 3. The ultrastructural organi-
zation of liver cells was restored and acquired
a typical structure after CE and US earlier than
after ECE, which indicates a more gentle ac-
tion.

The use of CE and ultrasound prevents tissue
necrosis, damage to small blood vessels and
bile ducts, promotes the rapid formation of connec-
tive tissue scar and minimizes the risk of intra-
and post-surgery complications.

The obtained experimental data can be used
to develop new approaches and modern techni-
ques of gentle dissection of liver tissues in lapa-
roscopic surgery.




OTpumaHi eKCIepUMEHTaJbHI JaHi MOXYTb
OyTH BHWIKOPUCTAaHI i PO3pOOKH HOBHUX ITiJXOIIB
1 Cy4yaCHHMX TEXHOJIOTIH IIAJAHOTO PO3TUHY TKAaHUH
TIEYiHKH B JIAMMapOCKOMIUHIN Xipyprii.

BucnoBku

Buxopucranus Y3B i KB mig gac xomenmcrek-
Tomii mopiBHsIHO 3 EKB € HaliMeHIT TpaBMaTHIHUM
JUTS TKAaHWHU TI€9iHKH, BUKJINKA€ HE3HAYHE 3arajieH-
HS TApeHXIMH TEYiHKH, CIpHsSI€ OUIbII IIBUAKOMY
BiJTHOBJICHHIO CTPYKTYPH KJIITHH 1 3aBEPILCHHIO (a3u
perenepaliii 3 GOpMyBaHHSIM HIKHOTO CIIOJTYYHOTKA-
HUHHOI'O PyOIIs.

Hopwmamnizamist ynbTpacTpyKTypH KIITHH TI€4iH-
ku micis EKB BigOysanacst ma 30-ty 100y, micis
KB — na 21-1y 100y, a micist Y3B — na 14-1y 100y.

Excnepumenmu eukonani 6ionogiono 00 KOMNJIEKCHUX Hay-
KOB0-00CIIOHUX pobim Kkagedpu Xipypeiunux xeopob Xapkieco-
K020 Hayionanvhozo ynieepcumemy imeni B.H. Kapasina «Po3-
pobdKa MAnoIHEA3UGHUX ONEPAMUEHUX GMPYUAHb ) JNIKYEAHHI
X60PUX HA HCOBUHOKAM SIHY X60POOY, BUPAZKOEY X6OPOOY WLIYH-

Ka i osanaoysmunanoi kuwku» (Homep depoicasnoi peecmpayii

0100U005308) ma «Busuennsi 0ii ¢izuunux memodie i mop-
Godyuryionanvroeo cmany cyoun, MKAHUH WAYHKA, MOHKO20
il MOBCMO20 KuweyHuKka npu ix oucexyii ma xoaeynayii y Xi-
PYpeii  WIYHKOBO-KUUKOBO2O ~ MPAKY»
peccmpayii 0106U001585).
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Conclusions

The use of ultrasound and CE during cholecys-
tectomy compared to ECE is the least traumatic to
liver tissue, causes minor inflammation of liver
parenchyma, promotes faster recovery of cell
structure and completion of a regeneration phase
with the formation of a delicate connective tissue
scar.

Normalization of the ultrastructure of liver
cells after ECE occurred on the 30" day, after
cryopreservation it was noted on day 21, and on
day 14 after ultrasound.

The experiments were performed in accordance with the
comprehensive research work of the Department of Surgical
Diseases of V.N. Karazin Kharkiv National University ‘De-
velopment of minimally invasive surgical interventions in
treatment of patients with gallstone disease, gastric and duo-
denal ulcers’, State Registration Number (2 0100U005308) and
‘Study of effect of physical methods and morphofunctional
condition of blood vessels, gastrointestinal tract coagulation
in surgery of gastrointestinal tract’ (V2 0106U001585).
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