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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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reziume

egzogenuri kreatinis efeqti xangrZlivi stresis 
pirobebSi Secvlil Akt/mTOR sasignalo gzaze 

m.Sengelia, g.burjanaZe, m.koSoriZe, z.quCukaSvili, 
n.koSoriZe 

iv. javaxiSvilis sax. Tbilisis saxelmwifo uni-
versiteti, zust da sabunebismetyvelo mecniere-
baTa fakulteti, biologiis departamenti, saqa-
rTvlo

cnobilia, rom bunebrivi cirkaduli ritmis 
darRvevas Tan sdevs ujreduli metabolizmis 
cvlileba da qronikuli stresis ganviTareba, 
rac gulisxmobs rogorc ujredis energetikuli 
statusis daqveiTebas, aseve anaboluri reaqciebis 
Semcirebas. zemoaRniSnulis gaTvaliswinebiT, 
mniSvnelovania iseTi naerTebis moZieba, romleb-
sac SeswevT unari qronikuli stresis pirobebSi 
moaxdinon am procesebis prevencia. 

eqsperimentSi naCvenebia, rom cirkaduli rit-
mis xangrZlivi darRvevis pirobebSi kreatinis 
intraperitonialuri Seyvana hipokampis ujre-
debSi aaqtivebs stresis Sedegad daqveiTebuli 
mitoqondrialuri kreatinkinazas aqtivobas. 
imis gaTvaliswinebiT, rom ujredis energe-
tikuli metabolizmis mimdinareobis erT-erT 
centralur regulatorad iTvleba mTOR, Ses-
wavlilia misi raodenobrivi cvlilebebi 
xangrZlivi cirkaduli ritmis darRvevis pi-
robebSi da egzogenuri kreatinis gavlena am 
procesze. miRebulma Sedegebma aCvena, rom or-
ganizmSi kreatinis Seyvana zrdis rogorc gaaq-
tivebuli mTOR-is, aseve misi aqtivatoris Akt 
raodenobas. 
aRniSnulis gaTvaliswinebiT, SesaZlebelia vi-

varaudoT, rom kreatinis dadebiTi efeqti xan-
grZlivi cirkaduli ritmis darRevis pirobebSi 
ganviTarebuli stresis dros hipokampis ujre-
debis energetikul metabolizmze gamowveulia 
misi modulatoruli moqmedebiT PI3K/Akt/mTOR 
sasignalo gzaze.

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 

(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 ImageJ 
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 χ2 of maximum probability (log-likelihood) 
(MP χ2) 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 20th 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).

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 
allograft (1). Granulation tissue (2). Hematoxylin and eosin. 
Vol. 10 ×. Op. 10 ×

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 ×. Op. 10×

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

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 ×. Op. 10×

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. 10×

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. 10×

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 40th 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 

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), %

Terms of observation, day
Group of animals

Comparison
n=16

Main
n=22

20-th 72,31±0,746 19,32±0,672
p<0,001

30-th 79,31±0,794
p1<0,001

90,68±0,815
p<0,001; p1<0,001

40-th 97,13±0,473
p1<0,001*

84,05±0,622
p<0,001; p1<0,001*

50-th 98,06±0,309
p1<0,001 

90,32±0,782
p<0,001; p1<0,001*

notes: n - number of observations; p - difference between the two experimental groups; 
p1 - 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),%

Terms of observation, day
Group of animals

Comparison
n=16

Main
n=22

20-th 23,13±0,865 70,23±0,631
p<0,001

30-th 17,44±0,508
p1<0,001

7,55±0,473
p<0,001; p1<0,001

40-th 3,19±0,319
p1<0,001*

13,27±0,484
p<0,001; p1<0,001*

50-th 2,13±0,272
p1<0,001

6,32±0,408
p<0,001; p1<0,001*

notes: n - the number of observations; p - difference between the two groups under study; 
p1 - 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),%

Terms of observation, day
Group of animals

Comparison
n=16

Main
n=22

20-th 1,16±0,14 4,27±0,337
p<0,001

30-th 1,11±0,148
p1>0,05

0,52±0,057
p<0,001; p1<0,001

40-th Separate 1,03±0,121
p1<0,001*

50-th Separate 1,05±0,12
p1<0,001

notes: n - the number of observations; p - the difference between the two experimental groups; p1 - 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 50th 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),%

Terms of observation, day 
Group of animals

Comparison n=16 Main n=22

20-th 4,44±0,387 7,23±0,558
p<0,001

30-th 2,19±0,262
p1<0,001

2,23±0,227
p>0,05; p1<0,001

40-th Separate 2,45±0,261
p1<0,001

50-th Separate 2,05±0,283
p1<0,001

notes: n - the number of observations; p - difference between the two experimental groups; 
p1 - 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, %

Terms of observation, day 
Group of animals

Comparison =16 Main n=22

20-th 48,31±0,805 52,18±0,591
p<0,001

30-th 50,63±0,547
p1<0,001

53,27±0,484
p<0,001; p1>0,05

40-th 52,44±0,701
p1<0,001*

60,05±0,629
p<0,001; p1<0,001*

50-th 52,38±0,554
p1<0,001

54,23±0,603
p<0,001; p1<0,001*

notes: n - the number of observations; p - difference between two groups under study;
 p1 - 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

Terms of observation, day
Group of animals

Comparison =18 Main n=24

20-th 0,14±0,002 0,21±0,002
p<0,001

30-th 0,21±0,002
p1<0,001

0,21±0,002
p>0,05; p1>0,05

40-th 0,24±0,003
p1<0,001*

0,24±0,002
p>0,05; p1<0,001*

50-th 0,25±0,002
p1<0,001

0,24±0,001
p>0,05; p1<0,001

notes: n - the number of observations; p - difference between the two experimental groups;
 p1 - difference against the indices of the 20th day of observation; 

* - probable difference against the indices of the previous observation period
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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.

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 I., 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 

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.

РЕЗЮМЕ

ОСОБЕННОСТИ МОРФОЛОГИИ ГРАНУЛЯЦИОН-
НОЙ ТКАНИ ВОКРУГ СЕТЧАТОГО АЛЛОТРАНС-
ПЛАНТАТА ПРИ ПРИМЕНЕНИИ ПОСЛЕОПЕРАЦИ-
ОННОЙ ЛУЧЕВОЙ ТЕРАПИИ

Морар И.К., Иващук А.И., Бодяка В.Ю., Доманчук Т.И., 
Антонив А.А.

Высшее государственное образовательное учреждение 
Украины Буковинский государственный медицинский уни-
верситет, Черновцы, Украина

Целью исследования явилось определение особенности 
морфологии грануляционной ткани вокруг элементов сетча-
того аллотрансплантата мышечно-апоневротического слоя 
передней брюшной стенки при применении послеопераци-
онной дистанционной гамма-терапии в эксперименте.

Эксперимент выполнен на 168 лабораторных крысах, 
которым имплантирован проленовый сетчатый аллотран-
сплантат в ткани мышечно-апоневротического слоя перед-
ней брюшной стенки.

Животные основной группы (n=96) с 13 по 19 сутки после 
имплантации сетчатого аллотрансплантата получали облу-
чение участка расположения последнего гамма-терапевти-
ческим аппаратом АГАТ Р1-У, ("Балтиец", Эстония). Забор 
биологического материала проводили на 20, 30, 40 и 50 сут-
ки после оперативного вмешательства. Для свето-оп-
тического исследования при гистологическом исследовании 
биоптаты фиксировали в 10% нейтральном формалине. Па-
рафиновые срезы окрашивали гематоксилином и эозином. 
Для идентификации коллагеновых волокон использовали 
методику окраски гистологических срезов водным голубым 
- хромотропом 2В. 

Для морфометрического исследования сначала получали 
цветные цифровые копии оптических изображений (цифро-
вое разрешение - 1600х1200) с помощью микроскопа Delta 
Optical Evolution 100, Польша (планахроматические объек-
тивы - 20х и 40х в зависимости от целей исследования) и 
цифровой камеры Olympus SP-550UZ (Япония). На цифро-
вых клопиях оптических изображений в среде и инструмен-
тами компьютерной программы Image J (1.48, W. Rasband, 
National Institutes of Health, USA) производили безповтор-
ный подсчет числа клеток разных типов (скор-тест) с по-
следующим представлением их числа в процентном виде и 
определение удельного обьема коллагеновых волокон и кро-
веносных сосудов путем их выделения и автоматического 
подсчета числа приходящихся на них пикселей с последую-
щим переводом данных в %. 
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Полученные результаты исследования свидетельству-
ют, что применение дистанционной гамма-терапии после 
имплантации сетчатого аллотрансплантата приводит к не-
равномерному созреванию грануляционной ткани, ее отеку, 
достоверному уменьшению процента фибробластов, увели-
чению лимфоидных клеток и появлению плазматических 
клеток и макрофагов на 40 и 50 сутки наблюдения. При 
окраске гистологических срезов водным голубым - хромо-
тропом 2В отмечается достоверный рост удельного объема 
коллагеновых волокон и сосудов на 50 сутки наблюдения.

reziume

granulaciuri qsovilis morfologiis Tavise-
burebani badebrivi alotransplantatis irgvliv 
operaciisSemdgomi sxivuri Terapiis gamoyenebis 
pirobebSi

i.morari, a.ivaSCuki, v.bodiaka, t.domanCuki, 
a.antonivi

bukovinis saxelmwifo samedicino universiteti, 
Cernovci, ukraina

kvlevis mizans warmoadgenda granulaciuri 
qsovilis morfologiis TaviseburebaTa gansaz-
Rvra muclis wina kedlis kunTovan-aponevrozu-
li Sris badebrivi alotransplantatis elemen-
tebis irgvliv operaciisSemdgomi distanciuri 
gama-Terapiis gamoyenebisas eqsperimentSi.
eqsperimenti Catarda 168 laboratoriul vir-

Tagvaze, romelTac muclis wina kedlis kunTo-
van-aponevrozul SreSi implantirebuli hqonda 
prolenis badebrivi alotransplantati.
ZiriTadi jgufis cxovelebi (n=96) badebrivi 

alotransplantatis implantaciidan me-13-19 dRes 

iRebdnen am midamos dasxivebas gama-Terapiuli 
aparatiT АГАТ Р1-У ("Baltiec", estoneTi)����������. biologi-
uri masalis aReba ganxorcielda operaciuli 
Carevidan me-20, 30-e, me-40 da 50-e dRes. histologi-
uri sinaTluroptikuri kvlevisTvis bioptatebi 
fiqsirdeboda 10%-ian neitralur formalinSi. 
parafinuli anaTlebi ESeRebili iyo hematoqsi-
liniT da eoziniT. kolagenuri boWkoebis iden-
tifikaciisaTvis gamoyenebuli iyo histologi-
uri anaTlebis SeRebvis meTodika qromotrop 
2B-iT.
morfometriuli kvlevisaTvis Tavdapirvelad 

miiReboda optikuri gamosaxulebebis cifruli 
aslebi (1600х1200) mikroskopis Delta Optical Evolu-
tion 100 (poloneTi) da cifruli kameris Olympus 
SP-550UZ (iapinia) gamoyenebiT. optikuri gamosa-
xulebebis cifrul aslebze garemoSi da kom-
piuteruli programis Image J (1.48, W. Rasband, 
National Institutes of Health, USA) instrumentebiT gan-
xorcielda sxvadasxva tipis ujredebis Tvla, 
maTi Semdgomi %-uli gamoxatviT, aseve, kola-
genuri boWkoebis da sisxlZarRvebis xvedriTi 
moculobis gansazRvra maTi gamoyofis da maTze 
gavlili piqselebis raodenobis avtomaturi 
TvliT da Semdgomi gadayvaniT %-Si.
miRebuli Sedegebi miuTiTebs, rom distanci-

uri gama-Terapiis gamoyeneba badebrivi alo-
transplantatis implantaciis Semdeg iwvevs 
granulaciuri qsovilis araTanabar momwife-
bas, mis SeSupebas, fibroblastebis procentis 
sar-wmuno Semcirebas, limfoiduri ujredebis 
matebas, plazmuri ujredebisa da makrofagebis 
gaCenas dakvirvebis me-40 da 50-e dRes. histolo-
giuri preparatebis SeRebvisas qromotrop 2B-iT 
aRiniSneba kolagenuri boWkoebis da sisxl-
ZarRvebis sarwmuno zrda dakvirvebis 50-e dRes.
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В наши дни биотехнология стремительно развивается 
благодаря использованию современных методов для созда-
ния новых биопрепаратов, способов их синтеза и распозна-
вания. Одним из методов, применяемых в биотехнологии, 
является метод генной инженерии, позволяющий создать 
и модифицировать различные новые продукты, использу-
емые в пищевой промышленности, медицине, сельском 
хозяйстве, фармацевтической и химической промышленно-
сти. С помощью генной инженерии получают микроорга-
низмы-продуценты антибиотиков, ферментов аминокислот 

витаминов; рекомбинантные вакцинные штаммы бактерий 
и вирусов; трансгенные растения, более продуктивные и 
устойчивые к вредителям, менее требовательные к услови-
ям выращивания; трансгенные животные, вырабатывающие 
с молоком биологически активные вещества лекарствен-
ного назначения. Вместе с тем вмешательство в структуру 
генома молекулы ДНК и генов вызывает серьезное беспо-
койство в обществе [6,26]. 

Прежде чем использовать генно-модифицированные со-
рта и продукты на их основе для питания человека или в 


