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FEATURES OF GRANULATION TISSUE MORPHOLOGY AROUND
THE NET ALLOTRANSPLANT WHEN APPLYING POSTOPERATIVE RADIATION THERAPY

Morar I., Ivashchuk A., Bodyaka V., Domanchuk T., Antoniv A.

Higher State Educational Institution of Ukraine Bukovinian State Medical University, Chernivtsi, Ukraine

Patients with oncological diseases of the abdominal organs
are known to constitute the highest risk group for the postopera-
tive eventration [1]. In order to prevent the development of the
postoperative eventration, the majority of surgeons strengthens
the anterior abdominal wall with mesh allografts, but the rate
of regeneration and the risk of purulent-septic complications’
development from the side of the postoperative wound in pa-
tients with cancer has certain features stipulated by the presence
of tumorous intoxication, phenomenon of the secondary im-
munodeficiency cachexia, anemia, etc. [2-4]. The use of com-
plex treatment, which includes postoperative radiation therapy,
significantly slows down reparative processes in the irradiation
area, that also increases the risk of eventration.

The study of the postoperative teleirradiation therapy influ-
ences on the morphology of granulation tissue around reticular
allograft will allow to determine more optimally the expediency
and safety of this type of treatment in strengthening the anterior
abdominal wall in patients with abdominal cancer.

The objective of the article to study the peculiarities of the
granulation tissue morphology around the elements of the re-
ticular allograft of the muscular-aponeurotic layer of the ante-
rior abdominal wall when using postoperative distant gamma
therapy in the experiment.

Material and methods. The experiment was performed on
168 mature nonlinear rats of middle age of both sexes, weigh-
ing not less than 180 g, which were implanted with prolene
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(Prolene) reticular allograft of ETHICON company into the tis-
sues of the muscular-aponeurotic layer of the anterior abdominal
wall, according to the method proposed by us (Pat.106161 dated
25.04.2016) [5].

All experimental animals were divided into two groups —
the group of comparison (72 rats) and the main one (96 rats).
Animals of the main group, from the 13th to the 19th day af-
ter implantation of a reticular allograft, received distant gamma
therapy on the organs of the abdominal cavity with gamma-ther-
apeutic device AGAT - P1U isotope Co60, 1.25 MeV, by a single
irradiating dose of 2 g, total irradiation dose - 14 g.

Taking of biological material was carried out on the 20th,
30th, 40th and 50th day after surgery, by excision of the mus-
cular-aponeurotic layer of the anterior abdominal wall together
with a reticular allograft, under general intravenous anesthesia
(solution chloral hydrate 200-250 mg/kg).

The surgical procedures were performed in the vivarium of
the Higher State Educational Establishment of Ukraine “Bukov-
inian State Medical University”, in accordance with the national
requirements of the “General Ethical Principles of Experiments
on Animals” (Ukraine, 2011), which are in line with the Coun-
cil of Europe Convention about protection of the vertebrate
animals used for research and other scientific purposes (dated
18.03.1986).

For light optical examination, at histological investigation
bioptates of the muscular-skeletal aponeurotic layer of the ante-
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rior abdominal wall were fixed in 10% neutral formalin. Paraffin
sections were stained with hematoxylin and eosin. To identify
collagen fibers and fibrin the method of staining histological
sections with aqueous blue - chromotrope 2 V according to N.Z.
Slinchenko was used [6].

Comparison of the number of the granulation tissue cells us-
ing computer micro-densitometry (computer program ImagelJ
1.48 v) was carried out.

The statistical analysis of the results was carried out in ac-
cordance with the type of research and the types of numerical
data that were obtained. Distribution normality was verified us-
ing the Lilliefors and Shapiro-Wilk tests and by the direct visual
evaluation of eigenvalues distribution histograms. Quantitative
indices having a normal distribution are represented as mean
(M)+standard error (S). In the nonparametric distribution the
data are presented as median (Me) as a measure of position, up-
per (Q75) and lower (Q25) quartiles as a measure of dispersion.
Discrete indices are presented in the form of absolute and rela-
tive frequencies (percentage of observations to the total number
of examined). Parametric tests with the assessment of Student’s
t-test, Fisher’s F-test were used to compare the data that had nor-
mal distribution. The median test, Mann-Whitney Rank U-test,
and Wilcoxon signed-rank test for multiple comparisons (in the
case of dependent groups) were used in abnormal distribution.
The Pearson correlation analysis was used to estimate the degree
of dependence between variables in parametric distribution and
the Spearman rank correlation coefficient was used in the case
of the indices distribution that significantly differed from the
normal one. In order to compare discrete values in independent
groups, the criterion ¥2 of maximum probability (log-likelihood)
(MP %2) was used; to compare the pairs of discrete values, the
calculation of the modification of the exact criterion by Fisher
(mid-p) was used. Determination of the diagnostic advantage of
the method was performed on the basis of assessing the quality
of diagnostic procedures using ROC-analysis, with the determi-
nation of sensitivity, specificity, diagnostic value, area under the
ROC-curve (AUROC), diagnostic odds ratio (DOR). Statistica
for Windows version 8.0 (Stat Soft Inc., USA), Microsoft Excel
2007 (Microsoft, USA) software packages were used for statisti-
cal and graphical analysis of the obtained results.

Results and discussion. Uneven structure of the granulation
tissue, characterized by areas where blood vessels predominate,
places of accumulation of fibroblasts or lymphoid cells, as well
as foci with edema of the latter one, is marked in the animals
of the main group on the 20" day of observation. In animals of
the comparison group, in contrast to the main one, edema of
the granulation tissue is absent, and lymphoid cells are mainly
found on the periphery of the latter (Fig. 1-4).

On the 30th day of the study, the granulation tissue volume
in both groups under study was smaller compared to the 20th
day of observation. In the animals of the main group, in con-
trast to the group of comparison, the granulation tissue edema
remains, a larger volume of the latter one is observed as well.
Collagen fibers in animals of the main group are thickened and
straightened.

On the 40th and 50th days of observation, the morphological
picture of granulation tissue in animals of the comparison group
remains unchanged. In the main group of animals, the swell-
ing of the granulation tissue is preserved, however, its volume
decreases. Areas of lipofuscin accumulation, formed because of
irradiation, by means of enhanced lipid peroxidation take place
in animals of the main group as well (Fig. 5-8).
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Fig. 1. Photo of micro-preparation of the anterior abdominal
wall of the rat of the group of comparison on the 20th day after
implantation of the reticular allograft. Elements of the reticular
allografi (1). Granulation tissue (2). Hematoxylin and eosin.
Vol. 10 x. Op. 10 x

Fig. 2. Photo of micro-preparation of the anterior abdominal
wall of the rat of the comparison group on the 20th day after im-
plantation of the net allograft. Elements of the net allograft (1).
Granulation tissue (2). Staining with water blue chromotropic
2B. Vol. 10 x. Op. 10%

Fig. 3. Photo of the anterior abdominal wall micro-preparation of
the rats of the main group on the 20th day afier implantation of the
reticular allografi. Elements of the reticular allograft (1). Granulation
tissue (2). Blood vessels (3). Hematoxylin and eosin. Vol. 10 x. Op. 10%
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Fig. 4. Photo of micro-preparation of the anterior abdominal
wall of the rats of the main group on the 20th day after implanta-
tion of the reticular allografi. Elements of the reticular allografi
(1). Granulation tissue (2). Staining with water blue chromo-
tropic 2B. Vol. 10 x. Op. 10%

Fig. 5. Photo of the micro-preparation of the anterior abdomi-
nal wall of the rat of the comparison group on the 50th day after
implantation of the net allografi. Elements of the net allograft (1).
Granulation tissue (2). Hematoxylin and eosin. Vol.. 10 . Op. 10x

Fig. 6. Photo of the micro-preparation of the anterior abdomi-
nal wall of the rat of the group of comparison on the 50th day
after implantation of the reticular allograft. Elements of the re-
ticular allograft (1). Granulation tissue (2). Staining with water
blue chromotropic 2B. Vol.. 10 x. Op. 10%

© GMN

Fig. 7. Photo of the micro-preparation of the anterior ab-
dominal wall of the rat of the main group on the 40th day after
implantation of the reticular allograft. Elements of the reticular
allograft (1). Granulation tissue (2). Hematoxylin and eosin.
Vol. 10 . Op. 10x

Fig. 8. Photo of the anterior abdominal wall micro-prepara-
tion of the main group of rats on the 50th day after implantation
of the reticular allograft. Elements of the reticular allograft (1).
Granulation tissue (2). The area of edema (3). Lipofuscin ac-
cumulation sites (4). Staining with water blue chromotropic 2B.
Vol. 10 . Op. 10x

For more detailed analysis of the cellular composition of the
granulation tissue the indices of the latter one between the ani-
mals of both experimental groups, depending on the time fol-
lowing the net allograft implantation were compared by us.

Analyzing the results of the study, presented in Table 1, it
should be noted the veritable predominance of the number of
fibroblasts on the 30th day of observation in animals of the main
group. Throughout the observation period animals of the com-
parison group showed an increase in the number of fibroblasts,
with exception of the 50th day of observation, where this differ-
ence against the 40th day is uncertain. An increase in the num-
ber of fibroblasts is also marked in the main group of animals
throughout the observation period, but on the 40th day there is a
probable decrease in their number.

The results of the study, presented in table 2, indicate a prob-
able predominance of the lymphoid cells in animals of the main
group throughout the whole period of investigation, with excep-
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tion of the 30th day of observation, where on the contrary their
number is less. In both groups under study throughout the whole
period, a probable decrease in the number of the lymphoid cells
is noted on the 40" day of observation, with exception of the
main group, where the number of the latter increases.
Evaluating the results, presented in table 3, it should be noted

MEJTUIIMHCKUE HOBOCTHU I'PY3HUU
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the absence of plasma cells in the group of comparison, start-
ing from the 40th day of observation. Indices of the main group
probably prevail only on the 20th day of observation. On the
30th day of observation a decrease in the number of plasma cells
is noted in both experimental group, but this difference is uncer-
tain in the comparison group.

Table 1. Granulation tissue fibroblasts around the net allograft

in different observation terms after implantation of the latter M+m), %

Group of animals
Terms of observation, day Comparison Main
n=16 n=22
19,32+0,672
_ i 9 b
20-th 72,31+0,746 <0,001
30-th 79,31£0,794 90,68+0,815
p,<0,001 p<0,001; p,<0,001
40-th 97,13+0,473 84,05+0,622
p,<0,001* p<0,001; p <0,001*
50-th 98,06+0,309 90,32+0,782
p,<0,001 p<0,001; p,<0,001*

notes. n - number of observations, p - difference between the two experimental groups;
pl - difference against the indices of the 20th day of observation;

*

- probable difference against the indices of the previous observation period

Table 2. Lymphoid cells of granulation tissue around the reticular allograft
after implantation of the latter in different times of observation (M+m),%

Group of animals
Terms of observation, day Comparison Main
n=16 n=22
70,23+0,631
20-th 23,13+0,865 p<0,001
30-th 17,44+0,508 7,55+0,473
p,<0,001 p<0,001; p,<0,001
40-th 3,19+0,319 13,27+0,484
p,<0,001* p<0,001; p <0,001*
50-th 2,13+0,272 6,32+0,408
) p,<0,001 p<0,001; p,<0,001*

notes: n - the number of observations, p - difference between the two groups under study;
pl - difference against the indices of the 20th day of observation;
* - probable difference against the indices of the previous observation term

Table 3. Plasma cells of granulation tissue around the net allograft following implantation
of the latter in different observation terms (M+m),%

Group of animals
Terms of observation, day Comparison Main
n=16 n=22
4,27+0,337
20-th 1,16+0,14 <0,001
30-th 1,11£0,148 0,52+0,057
p,>0,05 p<0,001; p,<0,001
1,03+0,121
40-th Separate p,<0,001*
1,05+0,12
50-th Separate p,<0,001

notes: n - the number of observations, p - the difference between the two experimental groups, pl - the difference against the indices
of the 20th day of observation; * - probable difference against the indices of the previous observation period
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Analyzing the results of the study of the granulation tissue
macrophages, which are shown in table 4, the absence of the
latter ones in the comparison group, starting from the 40th day
of observation, should be noted as well. The number of mac-
rophages in the main group of animals predominates, but this
difference on the 30th day of observation is uncertain. In both
groups of animals under study, a decrease in the number of mac-
rophages was observed throughout the whole period of observa-
tion.

Thus, the use of the distant gamma therapy after reticular al-
lograft implantation leads to uneven maturation of the granula-

tion tissue and its edema, probable decrease in the percentage
of fibroblasts, an increase in the lymphoid cells, as well as the
appearance of plasma cells and macrophages on the day 40th
and 50" day of observation.

When evaluating the results of the research of the specific vol-
ume of the collagen fibers per unit area of the granulation tissue,
presented in table 5, it should be noted the probable predomi-
nance of indices in the animals of the main group throughout
the whole period of investigation. In both experimental groups,
there is a probable increase in the specific volume of collagen
fibers throughout the observation period.

Table 4. Macrophages of granulation tissue around the net allograft
after implantation of the latter one at different observation times (M+m), %

Group of animals
Terms of observation, day
Comparison n=16 Main n=22
7,23+0,558
_ :l: b >

20-th 4,44+0,387 <0,001

30-th 2,19+0,262 2,23+0,227
p,<0,001 p>0,05; p,<0,001

2,4540,261

40-th Separate p,<0,001
2,05+0,283

50-th Separate 9,<0,001

notes: n - the number of observations, p - difference between the two experimental groups,
pl - difference against the indices of the 20th day of observation;
* - probable difference against the indices of the previous observation period

Table 5. Specific volume of collagen fibers per unit area of granulation tissue, %

Group of animals
Terms of observation, day
Comparison =16 Main n=22
52,18+0,591
20-th 48,31+0,805 <0,001
30-th 50,63+0,547 53,27+0,484
p,<0,001 p<0,001; p>0,05
40-th 52,44+0,701 60,05+0,629
p,<0,001* p<0,001; p,<0,001*
50-th 52,38+0,554 54,23+0,603
p,<0,001 p<0,001; p,<0,001*

notes: n - the number of observations, p - difference between two groups under study;,
pl - difference against the indices of the 20th day of observation;
* - probable difference against the indices of the previous observation period

Table 6. Optical density of the colored collagen fibers with water blue in units of optical density

Group of animals
Terms of observation, day
Comparison =18 Main n=24
0,21+0,002
] " > )
20-th 0,14+0,002 <0,001
30-th 0,21+0,002 0,21+0,002
p,<0,001 p>0,05; p>0,05
40-th 0,24+0,003 0,24+0,002
p,<0,001* p>0,05; p,<0,001*
50-th 0,25+0,002 0,24+0,001
p,<0,001 p>0,05; p,<0,001

notes: n - the number of observations, p - difference between the two experimental groups,
pl - difference against the indices of the 20th day of observation;
* - probable difference against the indices of the previous observation period
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Table 7. Specific volume of blood vessels in granulation tissue, %

Group of animals
Terms of observation, day
Comparison n=18 Main n=24
0,52+0,266
] L ) )
20-th 7,06+1,879 <0,001
30-th 3,06+1,237 3,09+1,151
p,<0,001 p>0,05; p,<0,001
40-th 1,52+0,544 2,18+0,853
p,<0,001* p<0,01; p,<0,001*
50-th 1,53+0,491 3,14+0,99
p,<0,001 p<0,001; p,<0,001*

notes: n - the number of observations, p - difference between the two experimental groups,
pl - difference against the indices of the 20th day of observation;
* - probable difference against the indices of the previous observation period

The results of the study of the optical density of the colored
collagen fibers, presented in table 6, indicate that there is no dif-
ference between the two groups, with exception of the 20th day
of observation, where a probable predominance of indices in the
main group of animals is observed. Throughout the whole pe-
riod of study a probable increase in the optical density of the
colored collagen fibers is marked in both experimental groups
of animals.

The results of the study of the specific volume of the blood
vessels in the granulation tissue, which are presented in table 7,
indicate a probable predominance of indices in the animals of
the main group, starting from the 40th day of observation. In the
main group of animals, in contrast to the comparison group, a
probable increase in the specific volume of the blood vessels in
the granulation tissue throughout the whole period of investiga-
tion is noted.

In such a manner, the use of the postoperative radiation ther-
apy somewhat distorts the granulation tissue maturation, that is
manifested by a probable predominance of the specific volume
of the collagen fibers, as well as an increase of the specific vol-
ume of the blood vessels, on the 50th day of observation. There-
fore, summarizing the results of the study, it should be noted
that the postoperative radiation therapy leads to edema of the
granulation tissue, even in the remote term after surgery, which
remains for a long time. The rise of the granulation tissue edema
after radiotherapy is confirmed by the results of other studies.

It is known that irradiation leads to a decrease in the number
of fibroblasts in the site of inflammation, which proves a prob-
ably smaller number on the 20th day of observation and a sharp
increase on the 30th day. Also, irradiation stimulates not only
the proliferation but also the maturation of fibroblasts, which
proves the probable predominance of the specific volume of
collagen fibers throughout the observation period in animals of
the main group [7]. Moreover, the degree of their maturity does
not change, which proves the incredible difference in the optical
density of colored collagen fibers with water blue.

The use of radiation therapy leads to increased migration of
lymphoid cells and macrophages, as well as the predominance
of specific volume of blood vessels in the longer observation
period, indicates inflammation in this area and immaturity of
granulation tissue.

This study shows the reaction of almost formed granulation
tissue to prolonged, strong irradiation.

Therefore, the use of postoperative radiation therapy, in large
doses, leads to increased collagen synthesis and the develop-
ment of inflammation in the postoperative wound.

144

Despite the predominance of the specific volume of collagen
fibers, this negatively affects the strength of the postoperative
scar, because the granulation tissue has not completed the matu-
ration process due to inflammation caused by irradiation.

Conclusions. The use of the postoperative radiation thera-
py, when performing plastics of the anterior abdominal wall
with net allograft, leads to distortion of the maturation pro-
cesses of the granulation tissue, its edema, which is manifest-
ed by a probable decrease in the percentage of fibroblasts, an
increase in the lymphoid cells, the appearance of plasma cells
and fibers, an increase in the specific volume of the blood
vessels.

Prospects for further research. We consider it necessary
to study the effect of postoperative remote gamma therapy of
the abdominal cavity on the features of the morphology of the
granulation tissue of the laparotomy wound, depending on the
radiation dose.
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SUMMARY

FEATURES OF GRANULATION TISSUE MORPHOL-
OGY AROUND THE NET ALLOTRANSPLANT WHEN
APPLYING POSTOPERATIVE RADIATION THERAPY

Morar L., Ivashchuk A., Bodyaka V., Domanchuk T.,
Antoniv A.

Higher State Educational Institution of Ukraine Bukovinian
State Medical University, Chernivtsi, Ukraine

The aim of the research was to study experimentally the mor-
phologic peculiarities of the granular tissue around the elements
of the reticular allotransplant of the muscular aponeurotic layer
of the anterior abdominal wall when using postoperative distant
gamma therapy.

The experiment has been done on 168 laboratory rats which
were implanted with a prolenic mesh allograft into the tis-
sues of muscular aponeurotic layer of the anterior abdominal
wall. From the 13th to 19th day after the implantation of the re-
ticular allograft, animals from the main group (96 rats) received
irradiation of the site of the last one. Taking of the biological
material was carried out on the 20th, 30th, 40th and 50th day
after surgery. For optical research at histological examination
the samples of biopsy were fixed in 10% neutral formalin. Par-
affin sections were stained with hemotoxylin and eosin. To
identify collagen fibres the method of histological sections’
coloring was applied. The results of the research indicate that
the use of distant gamma therapy after reticular allotransplant
implantation leads to uneven maturation of the granulation
tissue, its edema, probable decrease in the percentage of fi-
broblasts, increase of lymphoid cells as well as the appear-
ance of plasma cells and macrophages on the 40th and 50th
days of observation. At the histologic sections coloring with
aquious blue-chromotrope B2, there is a predominance of the

© GMN

specific volume of collagen fibers and an increase in the spe-
cific volume of blood vessels on the 50th day of observation.
Thus, the use of the postoperative radiotherapy at the plasty
of the anterior abdominal wall with a reticular allograft leads
to the distortion of the maturation process of the granular tis-
sue, its edema, which shows itself in the probable reduction
in the percentage of fibroblasts, increase in lymphoid cells,
appearance of plasma cells and macrophages as well as prev-
alence of specific volume of collagen fibres, increase in the
specific volume of vessels.

Keywords: granular tissue, gamma teletherapy, reticular al-
lograft / allotransplant, muscular aponeurotic layer.

PE3IOME

OCOBEHHOCTH MOP®OJIOTUH TPAHYJISILIUOH-
HOM TKAHM BOKPYI' CETYATOI'O AJIJIOTPAHC-
IIJIAHTATA IIPU IPUMEHEHWU MMOCJEONEPALIU-
OHHOM JIYYEBOM TEPAIIUU

Mopap U.K., UBamyxk A.HU., Boasika B.10., lomanuyx T.1.,
AHTOHUB A.A.

Buvicuee eocyoapcmeennoe obpazosamenvroe  yupescoenue
Vrpaunvr Bykosunckuii eocyoapcmeennvliil. MeOUYUHCKUU YHU-
eepcumem, Yepnosywl, Yxpauna

Lenbio Mccle0BaHuUs SIBUIOCH OMpe/IelieHHe 0COOCHHOCTH
MOP(OJIOrHHU IPAHYISIIMOHHON TKAHU BOKPYT 3JIEMEHTOB CeTya-
TOTO aJUIOTPAHCIUIAHTATA MBIIICYHO-aIIOHEBPOTHYECKOTO CIIOSI
nepegHel OPIOLIHON CTEHKH NPH NPUMEHEHUH MOCIIeoNnepaLu-
OHHOM JIMCTAHIIMOHHON raMMa-Tepariiu B SKCIIEPUMEHTE.

DKCIEPUMEHT BBINIOJIHEH Ha 168 nabopaTopHBIX KpbIcax,
KOTOPBIM HMIUIAHTUPOBAH IPOJICHOBBIM CETYaThlii ajIOTpaH-
CIUIAHTAT B TKAHW MBILICYHO-AIIOHEBPOTHYECKOTO CIIOS Iepe/-
Hell OPIOIIHOM CTEHKH.

JKusoTHble 0cHOBHOM rpynisl (n=96) ¢ 13 o 19 cytku nocne
MMIUTAHTAllMM CETYaTOro aJUIOTPaHCIUIAHTATa MONyYain 00iy-
YeHHEe y4acTKa PAcIIONIOKEHHsI MOCIISHEro raMma-TepaneBTH-
yeckuM annaparom AI'AT P1-VY, ("bantuen", Dcronus). 3adop
OuosoruyecKoro Marepuaa nposoauiu Ha 20, 30,40 u 50 cyT-
KM IIOCJIe ONepaTUBHOTO BMeliaresabcTBa. (s cBeTo-OII-
TUYCCKOI'0O UCCIICAOBAHUSA IPU T’UCTOJIOTUYECKOM UCCIICIOBAHUU
ouonTarel Gpukcuposain B 10% HelitpansHOM hopmanune. [1a-
paduHOBBIE CPEe3bl OKPAIINBAINA I'€MATOKCHIMHOM U DO3HMHOM.
JIiis uaeHTU(HUKAINE KOJIJIArCHOBBIX BOJIOKOH HCIIOJIb30BAIN
METOIUKY OKPACKHU T'MCTOJIOTUYECKUX CPE30B BOAHBIM FOJ'Iy6]>IM
- XpoMotpornom 2B.

Jliist MOp(hOMETPUYECKOro HCCIIeIOBaHNUs CHavYasa IMoJIydallu
I[BETHBIC U(PPOBBIC KOMTHK ONMTHYCCKUX M300paxeHuit (udpo-
Bo¢ paspereHue - 1600x1200) ¢ momorpio Mukpockomna Delta
Optical Evolution 100, ITonbIira (ruiaHaxpoMaTuieckue 00beK-
TuBbI - 20X 1 40X B 3aBUCUMOCTH OT ILI€JICH MCCIIEI0BAHMUs) U
mdposoii kamepsl Olympus SP-550UZ (Snonwust). Ha mudpo-
BBIX KJIOIIHUAX OIITUYCCKUX H306pa)KeHPIl>’I B Cpe€aec u I/IHCprMCH—
TaMM KOMIbIOTepHO# mporpammbl Image J (1.48, W. Rasband,
National Institutes of Health, USA) npousBoamiu 6e3moBTOp-
HBIM IOJICUET YMCJIA KJIETOK Pa3HbIX THUIIOB (CKOP-TECT) C MO-
CJICITYIOIIUM IPEJICTABICHUEM UX YUCIIa B IIPOLIEHTHOM BUJIE
oIpesielieHNe YACIbHOro 00beMa KOJIareHOBBIX BOJIOKOH U KPO-
BC€HOCHBIX COCy)IOB l'lyTeM X BBIACJIICHUSA U aBTOMATHYCCKOI'O
OJICYeTa YNCIIa IPUXOSIIMXCS Ha HUX MHUKCEJIeH ¢ MOCIeay o-
MM NIEPEBOJIOM JaHHBIX B %o.
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HOJ’Iy'-leHHbIe pe3yanaT1>I MCCIICA0OBAHUA CBUIACTECIILCTBY-
IOT, 4TO IPHUMECHCHUEC JlMCTaHLlHOHHOﬁ ramMmma-Teparuu Iocljie
UMIUTAaHTAalUU CE€TYATOro ajuIoTpaHCIUIaHTaTa MPUBOAUT K HE-
PaBHOMEPHOMY CO3PEBaHHIO IPAHYJSILUOHHON TKAHHU, €€ OTEKY,
JIOCTOBEPHOMY YMEHBIICHHIO TIPOIieHTa (prOpoOIacToB, yBeiu-
YCHUIO HMM(bOH)leIX KJICTOK M IOABJICHHUIO INIa3MaTHYCCKHX
KieTok 1 mMakpodaro Ha 40 u 50 cyrku nHabOmongenus. [Ipu
OKpacKe T'MCTOJIOTHYECKHUX CPE30B BOAHBIM IOJIYOBIM - XPOMO-
Tporom 2B orMeuaeTcsi JOCTOBEPHBIH POCT YIACIBLHOIO 00bemMa
KOJUIar€HOBBIX BOJIOKOH M COCY0B Ha 50 CyTKM HaOMIO/IeHUSL.
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OCOBEHHOCTH PA3BUTHSA PEITPOTYKTUBHOM CUCTEMBI ITPA UCIOJIL30BAHAN
I'EHETUYECKHU MOIUPULTUPOBAHHBIX HCTOYHUKOB (OKCHEPUMEHTAJIBHOE UCCIIEJOBAHHUE)

Xapucoa H.M., ’Cmupnosa JL.M., *Ky3bmun A.®., 'PricnaeBa I.K., 'Jlenec6aeBa I.A.

'Kapazanounckuii meouyunckutl ynusepcumem, kagpeopa mopgonoeuu u ¢pusuonoeuu, Kapaeanoa, Kasaxcmanu;
Kocmpomckuii 2ocyoapcemeennviii ynusepcumem um. H.A. Hekpacosa, *ragedpa pusuueckoil kyromypot u cnopma,
Skaghedopa 6uonozuu u sxonoeuu, Poccus

B Hamm gHUM OHOTEXHOJIOTHSI CTPEMUTECIIBHO Pa3sBUBACTCA
6}'[8.1"0):[211)5{ HCHOJIb30BAHUIO COBPEMEHHBIX METOAOB Jid CO34a-
HHSI HOBBIX 6HonpenapaTOB, CII0CO0OB MX CHHTE3a U pacno3Ha-
BaHUs. OI[HI/IM U3 METOHOB, IPUMEHSCMBIX B 6I/IOT€XHOJ'IOFI/II/I,
SABJIACTCA METOJ TEHHOI WHXXCHEPUH, TTO3BOJISFOLIU I co31aTrb
u MOZ[I/I(bI/IIII/IpOBaTL Pas3JIMYHbIC HOBBLIC MPOAYKTbI, HUCIIOJb3Y-
eMbIe B THUIICBOM IMIPOMBINUIEHHOCTH, MCEOUIUHE, CEILCKOM
X03ﬂﬁCTBe, (I)apMaL[eBTPI‘{eCKOﬁ W XUMHYECKOI HMPOMBIIIICHHO-
cru. C IIOMOMIBIO TCHHOM WHXXCHECPUHU ITOJIYyHaOT MUKpOOpra-
HU3MBI-ITPOAYLEHTbI aHTI/I6I/IOTI/IKOB, Q)epMeHTOB AMHUHOKHUCIIOT
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BUTAMHUHOB; PEKOMOWHAHTHBIC BaKIIMHHBIE ITAMMBI OaKTEpHii
U BHPYCOB; TPAaHCTEHHBIE PACTEHUs, 0OJice MPOIYKTHUBHBIC H
YCTOIYMBBIE K BPEAUTENSIM, MEHee TpeOOBaTeIbHBIC K YCIIOBHU-
SIM BBIPAIIUBAHNST; TPAHCTEHHBIE KUBOTHBIE, BRIPAOATHIBAIOIINE
C MOJIOKOM OHOJIOTHYECKH AKTHBHBIC BEIECTBA JIEKAPCTBEH-
HOTO Ha3Ha4YeHHs. BMecre ¢ TeM BMEIIATEIbCTBO B CTPYKTYPY
renoma monekyibl JJTHK 1 reHOB BBI3bIBaeT cepbe3Hoe Oecrio-
KOHMCTBO B 00mIecTBe [6,26].

[Mpeskie 4eM HCIOIb30BaTh T€HHO-MOMU(DUIIMPOBAHHBIE CO-
pTa U MPOIYKTHI HA MX OCHOBE JJIsI [TUTAHUS YEIOBEKa WIIH B



