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Purpose. A number of theoretical and experimental studies, both in vitro and in vivo, have been performed to ex-
plain the action of low temperatures on tissue. It is now evident that the thermal parameters used in the past for freezing
during cryosurgery were not precise, which may have resulted in the failure of treatment. Methodology. Experimental
cryogenic destruction was performed as follows. After anesthesia, an upper medial laparotomy was performed and the
abdominal cavity was opened in layers. The pancreas was brought as close to the opening as possible. The anterior
surface of the organ was exposed and the cryogenic instrument of the Cryoelectronic device was firmly applied to the
organ.The operation control unit was adjusted to the temperature required to produce the cryogenic effect of —80°C and
of —180°C, because cryozone formation is dependent on different parameters, particularly on these temperatures. An in
vitro experimental study used this method. Cryogenic destruction, which involves only freezing, was performed for
three minutes. The time parameter was also investigated in this study. The freeze—thaw cycle was monitored using in-
traoperative ultrasound before, during and after cryosurgery. The cryogenic applicator was then automatically warmed
up and removed from the tissue. Automatic thawing of the destruction area was continued up to four minutes. In order
to study ultrastructural changes in the pancreatic parenchyma after exposure to low temperatures, biopsy samples were
taken immediately, one hour and 24 hours after warming up. For transmission electron microscopy, the specimens were
taken immediately and one hour after the finishing of the freeze—thaw cycles intraoperatively, after which the ab-
dominal cavity was closed. The next specimens were taken after 24 hours, this time also intraoperatively. Results. The
present study examined the effects of exposure to different low temperatures on pancreatic cells. The results clearly
suggest that damage to pancreatic cells after freezing and thawing at various intensities is acute, and the pancreatic cell
architecture cannot be returned more or less to normal. The disruption of pancreatic cells occurred after freezing and
thawing at different low temperatures, in particular at temperatures of —80°C and —180°C. Pancreatic cells are entities
with a highly specific intracellular morphological content, separated from the non-specific extracellular solution by the
cell membrane. Originality. The pathophysiologic consequences of freezing a significant portion of the primate pan-
creas have been investigated using a liquid nitrogen cryosurgical probe. Histologically, typical cryonecrosis occurred in
the treated area, while the untreated pancreas and surrounding tissue remained normal. This study demonstrates that
cryonecrosis of a significant portion of pancreatic tissue can be produced in a primate without the development of dif-
fuse pancreatitis or other ill effects. Conclusions. The present observations on the early ultrastructural changes in the
pancreatic tissue clearly enable a better understanding of the mechanisms of damage and the pathogenesis of frostbite
during cryosurgery. The properties of the pancreatic parenchyma response after low temperature exposure provide im-
portant insights into the mechanisms of damage and cryogenic lesion immediately after thawing in cryosurgery. Pro-
gressively damaged pancreatic cells in the post-cryosurgical zone lead to cryoaponecrosis and cryoapoptosis. Vascular
changes and circulatory stagnation indicate the anti-angiogenesis mechanism of biological tissue injury after low tem-
perature exposure at —180°C and —80°C. Thus, cryoaponecrosis, cryoapoptosis and anti-angiogenesis are some of the
most important mechanisms by which living tissue suffers damage as a response to cryosurgery, finally leading to com-
plete local cryodevitalization of the pancreatic parenchyma. References 16.

Keywords: cryosurgery, low temperature, pancreatic cell changes, anti-angiogenesis, cryoaponecrosis,
cryoapoptosis, oncology, animal study
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B po06oTi HaBeEHO P TEOPETHUHMX 1 €KCIIEPUMEHTATBHUX JAOCIIKEHD, SIKi MPOBOAMIUCE iN Vitro ta in vivo, ms
TOTO, 00 MOSCHUTH Ail0 HU3bKHUX TEMIIEPaTyp HA TKAHMHU. BOHM HO3BOJIIOTH CTBEPAXKYBATH, IO TEMIICPATypHIi Ma-
paMeTpu KpioxXipyprii, siIki BAKOPHCTOBYBAIIUCH pPaHille He Oy JOCTaTHHO KOHTPOJIbOBAHI, IO B PSAAlI BUMAIKIB MPH-
BOJAWJIO JIO TPOBANy JIKyBaHHSA. Y [BOMY IOCTIKCHHI BIEpIIE OMUCYIOTHCS PaHHI YIBTPACTPYKTYPHI OCOOIMBOCTI
MapeHXiMU MiAMUTYHKOBOI 3aJI03H Micisl HU3BKOTO TEMIIEPATypHOTO BIUIUBY, TOOTO KPiOXipyprii, B MPUPOJHAX YMOBAX.
[Toka3aHO BIUTMB 3aMOPOXKYBaHHI-PO3MOPOKYBAHHS 3 BUKOPHUCTAHHIM TeMIIepaTypH pi3HOi iHTeHcUBHOCTI. Byna noc-
JDKeHa KpioXipypridHa peakiis MapeHXiMH MiAIUTYHKOBOI 3aJI03H, B TOMY YHCII YIBTPACTPYKTYPHI KIITHHHI 3MiHH B
TKaHWHAX MiAINUTYHKOBOI 337031, AHaJIi3 3a JOIOMOTO0 €JICKTPOHHOTO MIKPOCKOIIa, IIOKa3aB, 10 aHAIOTIYHI IPOILeCH
BiOyBaJIMCSl B TKaHWHAX MIiJIUTYHKOBOI 3aJ703W MICJsl JIOKaIbHOI KpiogecTpykiii mpu Temmeparypi -80°C i -180°C.
Bonu Oynu 65u3bKMMU B Iepio]] Bij Oe3nocepeHbo KpioxXipypriutoi ¢asu a0 24 roAuH Micis TOTo, SIK TKaHWHA M-
JIA€ThCS BIUTUBY HU3bKOI TEMIIEpaTypH.

KarouoBi cioBa: kpioxipyprisi, TemnepaTypa, NaHKpeaTuuHi 3MiHU KJIITHH, aHTU-aHTi0TeHe3, KPioalloOHEKpo3, Kpio-
arronTo3, OHKOJIOTIS, TOCITIIKEHHS.

PROBLEM STATEMENT. The exocrine pancreatic gans [2-4] and in situ ablation of tumors using subzero
cells in the center of the cryozone changed upon thaw- temperatures for surface malignancies [5] has been
ing. Ultrastructural changes in the exocrine pancreatic described. Advances in this technology have aroused
cells, where the first signs of dystrophic processes had interest in the use of cryosurgery for the treatment of
been noticed, were increased. These ultrastructural parenchymal malignancies [6].
changes in the pancreatic cells provide a means of better Tumors are not cut out but shock-frozen. Recent sci-
understanding the mechanisms of damage and the path- entific research on the application of freezing in the
ogenesis of frostbite after cryosurgery. The properties of fields of biology and medicine, and numerous theoreti-
the pancreatic parenchyma response to low temperature cal and experimental studies in vitro and in vivo, have
exposure provide important insights into the mecha- demonstrated the effect of low temperatures on tissue,
nisms of damage and the cryogenic lesion immediately as well as the impairment and destruction of cells under
after thawing in cryosurgery. Our new insights prove on cryoinfluence [7].
the cell level that suddenly and progressively damaged Interest is increasing in using low temperatures to
pancreatic cells in the post-cryosurgical zone lead to treat diseases of the pancreas, notably pancreatic malig-
aseptic cryonecrosis and then to aseptic cryoapoptosis nancies [8]. It has been suggested that cryoablation
of vital normal tissue. The vascular capillary changes should be used where pancreatic tumors are deemed
and circulatory stagnation demonstrate the anti- unresectable [9].
angiogenesis mechanism, which, together  with The pathophysiologic consequences of freezing a
cryoaponecrosis and cryoapoptosis, are some of the significant portion of the primate pancreas have been
main mechanisms of biological tissue injury following investigated using a liquid nitrogen cryosurgical probe
low temperature exposure. [10]. Histologically, typical cryonecrosis occurred in the

The use of deep freezing as a method of destroying treated area, while the untreated pancreas and surround-
biological tissue has been known for a long time and has ing tissue remained normal. This study demonstrates
been described in detail [1]. that cryonecrosis of a significant portion of pancreatic

Cryosurgery is based on the application of low tem- tissue can be produced in a primate without the devel-
peratures to destroy abnormal tissue. The use of cryo- opment of diffuse pancreatitis or other ill effects.

genic techniques for the resection of parenchymal or-
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Another study was designed to evaluate the effects
of direct pancreatic surface cooling on the exocrine
pancreas [11]. The changes in serum amylase levels,
pancreatic water, amylase and cathepsin B as a ly-
sosomal enzyme, content, histological changes of acinar
cells, and the subcellular distribution of cathepsin B
after one to two and three hours of direct pancreatic
cooling in rats have been measured. In addition, the in
vivo amylase and cathepsin B output stimulated by
caerulein, in vitro lysosomal and mitochondrial fragility,
as well as the pancreatic adenylate energy metabolism,
were evaluated.

Electron microscopy of acinar cells of the pancreas
cooled to —30°C with subsequent thawing has already
been reported [12].

Quick-freezing and freeze-drying were used in
preparation for high-quality morphology and immuno-
cytochemistry at the ultrastructural level to obtain ultra-
structural localization of insulin in the pancreatic beta
cell by the unlabeled antibody-enzyme technique [13].

Also, fetal rat pancreases, cultured for eight days in
PRMI 1640, were successively frozen to —196°C [14].
The effects of culture, various cooling times, warming
rates, thawing procedures, dimethyl sulfoxide concen-
tration, and ultrastructural changes in cellular elements
were analysed.

Currently, no data are available on ultrastructural
cellular changes of cryosurgical response in normal and
pathological pancreatic tissue when exposed to low
temperatures. Neither the in vivo sensitivities of the
pancreatic parenchyma to different cryosurgical expo-
sures, nor the minimum temperature required to cause
adequate cryodestruction and prevent tumor recurrence,
have as yet been defined or described in the medical
literature. The effect of different temperature applica-
tions on the freeze—thawing process and the cryosurgi-
cal response of normal pancreatic tissue in animals have
not been investigated by electron microscopy. Such
studies would permit an assessment of cryosurgical
techniques as a treatment option for diseases of the
pancreas, especially for pancreatic tumors.

To our knowledge, this is the first study investigat-
ing ultrastructural findings in the acinar cells of animal
pancreatic parenchyma after exposure to different low
temperatures. An experimental study in pancreatic cryo-
surgery, revealing hitherto unreported ultrastructural
changes in the exocrine cells of the dog’s pancreas after
the freeze—thawing process, is presented here.

EXPERIMENTAL PART AND RESULTS OB-
TAINED. Animals. The aim was to investigate the pro-
cesses that occur in pancreatic parenchyma subjected to
destruction by the application of different low tempera-
tures and the degree of their early ultrastructural mani-
festations.

Experimental cryogenic destruction was performed
as follows. After anesthesia, an upper medial laparoto-
my was performed and the abdominal cavity was
opened in layers. The pancreas was brought as close to
the opening as possible. The anterior surface of the
organ was exposed and the cryogenic instrument of the
Cryoelectronic (Scientific-Production Company ‘Pulse’,
Kyiv, Ukraine) device was firmly applied to the organ
[15].

The operation control unit was adjusted to the tem-
perature required to produce the cryogenic effect of —
80°C and of —180°C, because cryozone formation is
dependent on different parameters, particularly on these
temperatures. An in vitro experimental study used this
method [16]. Cryogenic destruction, which involves
only freezing, was performed for three minutes. The
time parameter was also investigated in this study [16].
The freeze—thaw cycle was monitored using intraopera-
tive ultrasound before, during and after cryosurgery.
The cryogenic applicator was then automatically
warmed up and removed from the tissue. Automatic
thawing of the destruction area was continued up to four
minutes. In order to study ultrastructural changes in the
pancreatic parenchyma after exposure to low tempera-
tures, biopsy samples were taken immediately, one hour
and 24 hours after warming up. For transmission elec-
tron microscopy, the specimens were taken immediately
and one hour after the finishing of the freeze—thaw
cycles intraoperatively, after which the abdominal cavi-
ty was closed. The next specimens were taken after 24
hours, this time also intraoperatively.

A total of 48 healthy adult mongrel dogs of both
sexes, each weighing 12.1 to 14.6 kg, were used for the
experiment. All animals were quarantined at the Univer-
sity Animal Care Facility for one week, and the dogs
were Kkept strictly in accordance with the guidelines for
the care and use of research animals established by the
animal ethics committee of the National Medical Uni-
versity and the Ukrainian National Veterinary Universi-
ty in Kyiv. All animals were provided with standard
pellet food and water, but were not fed for 12 hours
prior to the experiment. All dogs were kept in their
cages and observed for the next 24 hours postoperative-
ly.

Experimental Design. Thirty-two animals were used
for the experiment. The dogs were divided into two
groups of 16 each. In group A, the pancreatic paren-
chyma was frozen at —80°C and in group B at —180°C in
each of 11 animals. The cryoprobes were in contact with
the animal pancreas for three minutes at each of these
temperatures. The remaining 10 animals were used as
controls and again divided into two groups each of 5
animals. In the first control group (n=5 animals), the
cryoprobe was inserted into the pancreas but no freeze—
thaw cycle was conducted. The second control group of
5 animals underwent sham (simulated) laparotomy
(opening of the abdominal cavity).

Operative Procedure. After a 12-hour fast, the ani-
mals were anesthetized by intravenous injection of 50
mg/ml ketalar (0.2 mg/kg body weight) and xyla
(xylazine base, 0.2 mg/kg body weight) in a ratio of 1:1
(InterChemie, Netherlands). After endotracheal intuba-
tion, the animals were ventilated with a respirator. The
pancreas was exposed for laparotomy using an oblique
abdominal section and a vertical or hockey-stick-shaped
incision towards the left costal arch. The pancreas was
examined bimanually and the peritoneal cavity was
explored to rule out extrapancreatic disease. The pan-
creas was then isolated by disconnecting all peritoneal
attachments. One hour after cryosurgery, the abdominal
wall was closed in two layers. After 24 hours, this oper-
ative procedure was repeated. When the dogs regained
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consciousness, they were returned to their cages.

The Cryosurgical Approach. A disc probe with a di-
ameter of 20 mm was placed on the pancreas. Tempera-
tures of —80°C and —180°C were selected for cryosurgical
exposure, at a temperature stabilization of + 1%, for con-
tact with the pancreatic parenchyma. A three-minute
freeze followed by a complete thaw of the pancreas was
used for each freeze-thaw cycle. Every cryolesion was
observed for 60 minutes after thawing. The two freeze—
thaw cycles were monitored by intraoperative ultrasound
before, during and after cryosurgery. Liquid nitrogen was
applied by Cryoelectronic, a cryosurgical device of our
own, produced by the Scientific Company, Kyiv,
Ukraine, suitable for universal application. Liquid nitro-
gen was circulated through the probe at —196°C (15).

Freezing with a Cryoprobe. Specific lesions in the
pancreas could be identified, targeted and cryoablated in
the animal experiment. A cryoinstrument with a disk-
shaped cryoprobe measuring approximately 20 mm in
diameter was placed on the pancreas tissue to induce
necrosis (tissue destruction). Guided by continuous
intraoperative ultrasonic monitoring, the pancreas tissue
was frozen to —80°C and —180°C in order to achieve
complete tissue destruction. The ice-ball (cryogenic
zone) was generated without difficulty. The line of
demarcation between the area that was cryosurgically
destroyed, followed by cryogenic necrosis, and the
healthy pancreatic parenchyma was clearly outlined by
the rim of the cryozone. The cryozone included a 7-mm
margin, which surrounded the normal-looking pancreas
parenchyma. When the pancreas tissue had frozen to an
ice-ball at a temperature of —80° and —180°C, liquid
nitrogen refrigeration was stopped. Immediately after a
single freeze—thaw cycle, the cryozone was measured
using a cryoprobe with a diameter of 20 mm, and found
to measure 34 mm. During the freezing process, the
diameter of the cryogenic zone was 7 to 15 mm larger
than that of the cryoprobe. No intraoperative or postop-
erative complications were encountered. All dogs toler-
ated pancreas cryosurgery well and none died.

Thawing the Tissue. Thawing each freeze-thaw cy-
cle took approximately four minutes in the automatic
cryosurgical unit. The cryoprobe was warmed up and
removed from the tissue. The two freeze-thaw cycles
that were performed for each cryolesion in the course of
experimental cryosurgery revealed the same cryozone
with an ice crater in the middle and an ice margin with a
demarcation line immediately after cryosurgery.

Electron Microscopic Study of the Pancreas. For
transmission electron microscopy, the specimens of the
pancreas tissue were divided into fragments and then
secured in a 1% solution of osmium tetraoxide for a
period of 2 hours at a temperature below +4°C. The
objects were dehydrated for 15 minutes in each of the
following solutions: a) 70° and 80° ethanol at +4°C, b)
room temperature (+18°C) of 96° ethanol, c¢) 3 portions
of 100° ethanol, d) in a mixture of ethanol and acetone,
and e) in 2 portions of acetone. The objects were im-
mersed in 3:1, 1:1, 1:3 mixtures of acetone and epoxy
resin. They were left in each of the mixtures for one
hour, in pure resin for 12—-24 hours and then embedded
in epoxy resin. Sections of 0.5-p thickness were cut and
then stained with 2% solution of uranyl acetate on 70°

ethanol for 15 minutes, and left in a lead citrate(s) con-
centration for a further 15 minutes.

For light microscopic studies, specimens from the
pancreatic parenchyma were collected from the
cryozone immediately, one hour and 24 hours after
cryosurgery. The biopsy was taken from the margin
between the frozen and normal pancreatic parenchyma,
i.e. from the center of the cryonecrosis, and investigated
under a light microscope. The histological results have
been published separately (2, 8).

RESULTS. Before the Freeze-Thaw Cycle. The
electronic micrographs show the structure of the dog
pancreas cells before cryosurgery (Figures 1A-B).

Figures 1A-B — Dog pancreas cells before cryosurgery,
followed by gradual freezing using liquid nitrogen
(i.e. refrigeration at —196°C). Electron micrograph

(Figure 1A), showing the pancreatic cell with the space

of pancreatic acini (1), a centro-acinar cell with nucleus

(2), exocrine pancreatic cells (3) with mitochondria (4),

Golgi body (5), canaliculi of the rough endoplasmic
reticulum (T), and zymogen granules (6)

Figure 1B — shows the exocrine pancreatic cells (1) with
the basement side. Nucleus with an evenly distributed
chromatin (2), mitochondria with a dense electronic
matrix and a small number of cristae (3), canaliculi of
the rough endoplasmic reticulum (4), Golgi body (5),
and zymogen granules (6)
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The Freeze-Thaw Cycle at —/80°C. For the first
time, tissue was taken directly from the central portion
of the cryozone in the dog’s pancreas immediately after
thawing to observe the ultrastructural changes in pan-
creatic parenchyma (Figure 2A).

Figure 2A — Freeze—thaw cycle at —180°C: exocrine
pancreatic cell (1), nucleus (2), margination of the
chromatin into large aggregates (1), canaliculi of the
rough endoplasmic reticulum ()

An exocrine pancreatic cell (1) and the nucleus (2)
with a well-preserved nuclear envelope (membrane) are
seen. The perinuclear space is insignificantly dilated all
over the cell. The chromatin is divided into large aggre-
gates (). The canaliculi of the rough endoplasmic re-
ticulum are slightly dilated and partly fragmented (%).
Zymogen granules are absent.

st

Figure 2B — Pancreatic exocrine cell (1), mitochondria
and a small number of cristae (2), canaliculi (£),
erythrocytes (3), endothelium cell (4), canaliculi of the
endoplasmic reticulum (), and basement membrane (1)

In Figure 2B, the bottom part of the pancreatic exo-
crine cell (1), mitochondria with a dense electronic
matrix, and a small number of cristae (2) are seen.
Canaliculi of the rough endoplasmic reticulum are
slightly dilated and partly fragmented (). Erythrocytes

(3) are found in the vascular capillary space. An endo-
thelium cell (EK) with electron-dense mitochondria (4),
canaliculi of the endoplasmic reticulum (A) and ribo-
somes are visible. The basement membrane (1) of the
endothelium cell is reduced to powder.

Figure 3A — Pancreatic exocrine cell (1), nucleus (2),
mitochondria (3), dilated canaliculi of endoplasmic
reticulum (), and myelin-like structures (1)

Figure 3A shows the central portion of the cryozone
in the dog’s pancreas one hour after thawing. An exo-
crine pancreatic cell (1) with a nucleus (2) possessing a
dense chromatin and mitochondria with an electron-
dense matrix, and a small number of cristae, are seen.
Dilated canaliculi of the endoplasmic reticulum full of
an amorphous flake-like substance («£) are also ob-
served. No ribosomes are found on the membranes. The
number of ribosomes in the cytoplasm is suddenly re-
duced. The myelin-like structures (1) in the cytoplasm
testify to the increase in free radicals.

Figure 3B — Pancreatic exocrine cell (1), plasmatic
membrane (Ta), canaliculi (£), erythrocyte (2),
myelin-like structure (3), endothelial structure (Tb),
myelin-like structure (4), and cell organelle (6)

Also, Figure 3B illustrates the central portion of the
cryozone in the dog’s pancreas one hour after thawing.
An exocrine pancreatic cell is seen (1). The plasmatic
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membrane on the bottom (Ta) surface is not clearly
structured. Canaliculi of the endoplasmic reticulum ()
fragmentize upon intensification of the edema and loos-
en the ribosomes. An erythrocyte (2) and a myelin-like
structure (3) are present in the vascular capillary space
where the endothelial structure is locally damaged (Th).
The endothelial cell reveals a myelin-like structure (4).
An erythrocyte (5) and the remains of the cell organelles
(6) in the interstitial space are also seen.

Figure 4A — Pancreatic cell (1), pyknotic ncleus (2),
cytoplasm (3), endoplasmic reticulum (1),

and neutrophil (4)

Figure 4A illuminates the central portion of the
cryozone in the dog’s pancreas 24 hours after thawing.
An exocrine pancreatic cell (1) with a pyknotic nucleus
is seen. The cytoplasm is filled with an electron-dense
homogeneous content (3) and with the canaliculi of the
endoplasmic reticulum (T). A segmented neutrophil is
seen in the center of the inflammation (4).

A

e hiad

Figure 4B — Cell de ritus 1) and fibrin fib-e‘rs 2

Twenty-four hours after thawing, the central portion
of the cryozone in the dog’s pancreas (Figure 4B), cell
detritus (1) and fibrin fibers (2) are observed, which are
signs of cryonecrosis and cryoapoptosis following the
exposure of the pancreatic parenchyma to deep low
temperatures.

Discussion. The present study examined the effects
of exposure to different low temperatures on pancreatic

cells. The results clearly suggest that damage to pancre-
atic cells after freezing and thawing at various intensi-
ties is acute, and the pancreatic cell architecture cannot
be returned more or less to normal. The disruption of
pancreatic cells occurred after freezing and thawing at
different low temperatures, in particular at temperatures
of —80°C and —180°C. Pancreatic cells are entities with
a highly specific intracellular morphological content,
separated from the non-specific extracellular solution by
the cell membrane.

An inadequately studied aspect of cryosurgery is the
mechanism by which damage occurs during the freezing
process. This is important because, although cryosur-
gery is clinically used to treat parenchymal tumors,
especially liver tumors, neither the freezing process nor
the mechanism of damage involved in this kind of
treatment is fully understood. Therefore, research into
the process of freezing in liver tissue is of great signifi-
cance for pancreatic surgery.

An experiment-based investigation of pancreas cryo-
surgery must consider the following aspects: 1) the
mechanism of tissue destruction with respect to pancre-
as freezing; 2) the viability and safety of cryosurgical
applications in the pancreas; 3) biological perspectives
of freezing pancreas tumors; and 4) experimental stud-
ies focused on refining the technology of the equipment
used for pancreatic cryosurgery.

The data presented here constitute the results we ob-
tained from the experimental investigations in the field of
pancreatic cryosurgery. Healthy pancreatic parenchyma
was investigated grossly and morphologically by electron
microscopy. The study was focused on the mechanism of
the freeze-thawing process with applications of —80°C
and of —180°C to pancreatic tissue in terms of early pan-
creatic cell changes. Endothermic transformation of the
cryogenic lesion in the pancreatic parenchyma immedi-
ately, one hour and 24 hours after freeze—thawing does
correlate with various low temperatures.

In this study, the following early ultrastructural
changes in the post-cryosurgical zone occurred in the
pancreas at a temperature of —180°C more than at a
temperature of —80°C: the division of chromatin into
large aggregates, dilation and partial fragmentation of
the canaliculi of the rough endoplasmic reticulum, re-
duction of the basement membrane of the endothelium
cell, reduction in the number of ribosomes and the pres-
ence of myelin-like structures in the vascular capillary
space. Further, the cell detritus and the fibrin fibers,
resulting from cryonecrosis and cryoapoptosis, were
more clearly visible at the temperature of —180°C than
at —80°C. The cryonecrosis and cryoapoptosis indicated
the cryodevitalization of the living matter, i.e. pancreat-
iC tissue.

Cell changes in the pancreatic tissue augment with
time in animals, both after exposure to —180°C and after
exposure to —80°C. Immediately after the freeze—thaw
cycle at —180°C, no myelin-like structures in the cyto-
plasm can be found. They occur only after one hour
after thawing, indicating an increase in free radicals. On
the other hand, a segmented neutrophil as well as cell
detritus and fibrin fibers are not observed immediately
or one hour after the freeze—thaw cycle, but only after
24 hours.
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Similarly, in this study, the cell changes in the pan-
creas tissue depend on time after the freeze—thaw cycle
at —80°C. Thus, cell detritus in the interstitial space can
first be seen one hour after thawing in the cryozone, and
damaged exocrine pancreatic cells are visible 24 hours
after thawing in the dog’s pancreas.

Further, our investigation demonstrated that the dam-
aged endothelial structure and the damaged blood cells in
the vascular capillary space including segmented neutro-
phils are the initial signs of aseptic inflammation and
circulatory stagnation after the freeze—thaw cycle.

The results of our study show that the early pancre-
atic cell changes in the post-cryosurgical zone observed
in the first 24 hours after the freeze—thawing cycles are
the beginning phase in the whole post-cryosurgical
process. They lead to the next phase of aseptic
cryoaponecrosis and then to aseptic cryoapoptosis,
which, in many weeks, will clinically finish with the
formation of a post-cryosurgical crust and a post-
cryosurgical scar. The cryodevitalization of the pancre-
atic parenchyma will be complete at that time too.

Further,  fundamental investigation of the
cryodestruction mechanisms in pancreatic tissue would
allow the researcher to list the main requirements for
cryosurgical equipment. The main technical parameter
for effective cryodestruction is the provision of a suffi-
ciently low, sub-zero temperature in the biological tis-
sue, followed by deliberate thawing. Our findings, i.e.
early ultrastructural changes in the pancreas parenchy-
ma, show that research into cryosurgical techniques will
yield data on the main medical requirements for the
application of cryomethods. However, studies that will
reflect the late ultrastructural changes in the pancreas
after low temperature exposure, e.g. one week, two
weeks, four weeks, two months, three months, six
months, are yet to be conducted. Such data would en-
hance the efficiency of cryosurgical methods in the
different fields of medicine, primarily for the treatment
of malignant tumors in the pancreas and other paren-
chymal organs. Thus, our findings and additional further
studies should lead to a fuller understanding of the
ultrastructural features of parenchymal tissue after cryo-
surgery, giving rise to a new concept concerning the
technical requirements of cryosurgical equipment to
perform modern cryosurgical operations, especially in
oncology. The optimal technical data for the modern
universal cryosurgical systems should be of a high cool-
ing capacity and of great accuracy, thus guaranteeing
the cryodestruction of the specified volume (16).

Prospective randomized clinical trials concerning
cryogenic surgery and conventional surgical techniques
in patients with pancreatic carcinomas have not been
published hitherto. It is, however, necessary to work out
a clinical concept of cryosurgical and conventional
surgery focused on intraoperative tumor reduction in
pancreatic cancer, as this would improve patients’ sur-
vival rate and quality of life.

CONCLUSIONS. The present observations on the
early ultrastructural changes in the pancreatic tissue
clearly enable a better understanding of the mechanisms
of damage and the pathogenesis of frostbite during cry-
osurgery. The properties of the pancreatic parenchyma
response after low temperature exposure provide im-

portant insights into the mechanisms of damage and
cryogenic lesion immediately after thawing in cryosur-
gery. Progressively damaged pancreatic cells in the
post-cryosurgical zone lead to cryoaponecrosis and
cryoapoptosis. Vascular changes and circulatory stagna-
tion indicate the anti-angiogenesis mechanism of bio-
logical tissue injury after low temperature exposure at —
180°C and —80°C. Thus, cryoaponecrosis, cryoapoptosis
and anti-angiogenesis are some of the most important
mechanisms by which living tissue suffers damage as a
response to cryosurgery, finally leading to complete
local cryodevitalization of the pancreatic parenchyma.
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B paboTe mpencraBieH psa TEOPETUYECKUAX U IKCIICPHUMEHTAIBHBIX HCCIIEI0BAHHM, KOTOPBIC MPOBOAMINCH iN Vitro
1 iN VivVO, GBUTH BBIMOJHEHBI, YTOOBI OOBSICHUTD ACHCTBHE HU3KUX TeMIeparyp Ha TKaHu. OHH MO3BONISIOT YTBEPKAATh,
YTO TEeMIIepaTypHbIE MapaMeTpbl KPHOXHPYPTHH, KOTOPBIE HCIIOIB30BAINCH paHee, He ObUIM JOCTATOYHO KOHTPOIIH-
pyeMblIe, 4TO B psjie CllydaeB IIPUBOAMIO K MPOBaly JieueHUs. B 3ToM HcclienoBaHNK BHEPBBIE ONUCBHIBAIOTCS PaHHUE
YIBTPACTPYKTYpHBIE OCOOEHHOCTH MAapeHXHMMBI ITOPKEITyJOYHON KeJe3bl MOocie HU3KOTO TEMIEpaTypHOTO BO3AEHCT-
BHSI, TO €CTh KPUOXUPYPIHHU, B €CTECTBEHHBIX ycIOBUAX. [10Ka3aHO BIMSHHUE 3aMOpaKMBaHUSI-PA3MOPAKUBAHUS C HC-
MOJIb30BAHNUEM TEMIIEPATyphl Pa3INYHON MHTEHCUBHOCTH. bblna uccienoBaHa KpHOXUPYPrudecKkas peakiys napeHX -
MBI MOJPKEIYAOYHOH JKelle3bl, B TOM YHCIIE YIbTPACTPYKTYpHBIE KJIETOUHBIE M3MEHEHHS B TKaHAX MOKETYIOYHOM
KeJe3bl. AHAIN3 C TIOMOIIBIO AIEKTPOHHOTO MHUKPOCKOTIIA, MTOKa3all, 4YTO aHAJOTMYHBIE MPOIECCHl POUCXOAMUIN B TKa-
HSX TOJDKETYI0YHOM Kee3bl MOoCie JIOKAIbHOW KpuoaecTpykiuu mnpu Temmeparype -80° C u -180° C. Ouu Obutn
OJIM3KH B MEPUOJ] OT HEMOCPEACTBEHHO KpUOXUpyprudeckoi (asel 10 24 yacoB mocje Toro, Kak TKaHb I0/BEpraeTcs
BO3JICHCTBUIO HU3KOU TEMIIEPATYpHI.

KiroueBble ci10Ba: KpHOXUPYPIHd, TeMIepaTypa, MaHKpeaTHUECKHe U3MEHEHHUS KJIETOK, aHTH-aHI'MOTeHe3, KpHoa-
MOHEKPO3, KPHOAIIONTO3, OHKOJIOTUS, UCCIIEOBAHMUS.
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