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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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APPLICATION OF ULTRASOUND TECHNOLOGY IN THE PROCESSING OF 
HISTOLOGICAL MATERIAL

G. Burkadze, N. Kikalishvili, T. Muzashvili.
Levan Samkharauli National Forensics Bureau, Tbilisi, Georgia.

Abstract.
Aim of study: The pathological examination is one of the 

longest in the list of medical tests. Most of this time is spent 
on preparation for the slide. In addition, part of the chemical 
reagents needed for processing is not safe for the environment 
and the personal working in the laboratory. The goal of our 
project was to develop a new, cost-effective and eco-friendly 
tissue processing technology by integrating a new hardware 
component - an ultrasound device - into the processing protocol. 

Material and methods: 28 experimental protocols were 
developed to create a new tissue material processing protocol. 
A selected broad panel of tissues was used for each experiment. 
168 autopsy tissue samples with a standard set of organs were 
used in the examination. Processing was carried out manually 
under conditions of ultrasonic treatment (UP200HT). All slides 
were stained with hematoxylin-eosin technology. The quality of 
the slides was evaluated through 5 points evaluation system by 
2 pathologists. 

Results: Application of ultrasound technology in the 
processing of histological material will: reduce processing 
time and number of reagents required for processing; increase 
the cost efficiency of processing; remove harmful component 
xylene from the processing protocol; better preserve tissue 
antigenic structure at the expense of reduced tissue retention 
time in reagents.

Conclusions: So, the interdisciplinary use of engineering and 
medicine will be of great benefit to both the medical staff and 
the environment, as well as to patients (they will receive better 
research quality and reduced waiting time for examination 
results).

Key words. Processing protocol, Xylene, ultrasonic treatment.
Introduction.

The pathological examination is one of the longest in the list 
of medical tests. Most of this time is spent on preparation of 
the slide - a one-cell-thick, transparent, stained tissue sample 
placed on glass, in which structural changes are diagnosed 
by the pathologist as a result of microscopic examination. In 
addition, the quality of the slide, together with the qualification 
of the pathologist, is the most important factor for the correct 
diagnosis, and its preparation consumes a large part of the cost 
of this examination in the form of time, reagents and human 
resources.

To prepare the thin tissue sections needed for microscopic 
examination, it’s necessary to mount the tissue into a special 
mounting medium, for which the paraffin medium is widely 
used all over the world. This procedure is called processing and 
involves the following stages: 

1) Dehydration (replacement of water in tissue by addition of the 
alcohols with increasing concentration – 70%, 95% and 100%.

2) Transparency (substituting the alcohols by xylol in the 
tissue). 

3) Soaking in paraffin (substituting xylol by paraffin).
4) Mounting of the sample in paraffin. 
The final result of the tissue processing is sectioning (cutting) 

of the block to receive thin tissue sections of up to 3 micrones in 
thickness, which is performed by the microtome. The obtained 
sections are then stained by different methods. 

In its essence, the whole processing process is a way to obtain 
a thin, 2-3 micron thickness of the tissue sample, in order to 
further stain it, for study and detection of pathological changes 
in the transmission light microscope.

One of the components of the processing process, xylene, is 
organic representative of a petroleum product, which, like other 
organic solvents, is rather dangerous. It belongs to the 3rd class 
of compounds. It is a volatile compound and is quite dangerous 
for health, especially under conditions of long-term exposure. 
Employees of the laboratory are constantly under the influence 
of this substance - it impacts them from air inhaled into the 
body and from the surface of the skin. Causes irritation of the 
skin and mucous membrane of eye and breath system. Modern 
laboratories are equipped with powerful exhaust systems, 
although this in most cases, it is not enough - due to the volatility 
of xylene, it gets into the air and creates a hazard for health of 
laboratory workers and environment [1-10].

The goal of our project was to develop a new, cost-effective 
and eco-friendly tissue processing technology by integrating a 
new hardware component - an ultrasound device - into the tissue 
processing protocol. 

Functionality and viability of the idea proposed by us were 
confirmed by studies

according to which all stages of processing are accelerated 
under the conditions of using ultrasound, however, none of 
these studies removed any steps from the processing protocol 
[1,3-13].

We provide the new solution - the integration of an additional 
hardware component (an ultrasound device) in an existing 
processing protocol, which is forced mount the paraffin in 
the tissue samples. This new solution will not only allow us 
to remove from the processing process an aggressive and 
harmful substance xylene, as well as significantly reduce the 
processing time and cost. Xylene is the most expensive of 
the substances necessary for processing. At the same time, 
it causes contamination of the paraffin and increases its cost. 
Through this new protocol reducing the cost of the processing 
process at the expense of the cost of the xylene used and at 
about 2/3 the cost of the paraffin used for this process. Beside 
that, it should be noted that the eco-friendly component of this 
protocol includes not only removal of the harmful substance - 
xylene from the protocol, but significantly reducing the amount 
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of paraffin by about 2/3 used in this process. This also no less 
important, because after impregnation tissue with xylene, in 
order to remove it from the tissue and replace it with paraffin, 
it is necessary to pass the tissue through at least 3 paraffins, in 
order to completely expel xylene from the tissue and replace it 
with paraffin. As the result of this process, the first and second 
paraffins are contaminated with xylene and already become 
harmful to the environment. On the other hand, paraffin itself is 
not an aggressive and harmful compound, but it is not subject to 
recycling, so reducing its consumption will significantly reduce 
the pressure of harmful effects on the environment.
Materials and Methods.

A non-personalized study was performed. The current 
material of the Histological Examination Division of the 
Medical Examination Department of the Levan Samkharauli 
National Forensics Bureau was used for the research. An 
individual classifier was developed, and all materials were 
coded. 28 experimental protocols were developed to create a 
new tissue material processing protocol. A selected broad panel 
of tissues was used for each experiment. 168 autopsy tissue 
samples with a standard set of organs (brain, heart, lung, liver, 
kidney, spleen) taken post mortally within 4-10 hours, were 
used in the examination. Processing was carried out manually 
under conditions of ultrasonic treatment of the material (UST-
UltraSonic Treatment). For ultrasonic treatment was used 
ultrasound device UP200HT. There was carried out control 
for each experiment through standard processing. All slides 
were stained with standard hematoxylin-eosin technology. In 
addition, various histochemical (histochemical stain techniques: 
alcian blue, perls, van-gieson) and immunohistochemical studies 
(IHC markers: CK8, vimentin, ki67) was conducted on the 
materials of successful experiments. Experiments were visually 
documented by creating a database of microphotographs of 
slides. The quality of the slides was evaluated through 5 points 
evaluation system of cutting/staining/visualization components, 
according to a standard scheme, by 2 pathologists, based on 
which the final protocol was developed. The best result was 
considered to be the experimental protocol, which resulted in 
a slides identical to that obtained with the standard protocol, 
although it turned out that in 10% of cases we obtained a better 
slides then by standard protocol. 

Quantitative data retrieved in the study was treated by 
Pearson’s and Spearmen’s correlation and X2 test. Statistical 
analysis of acquired quantitative data was performed by use 
of SPSS V.23.0 program. The confidence interval of 95% was 
considered as statistically significant.
Results.

Based on the results obtained after the evaluation of the quality 
of the slides, experimental protocol Ν A20 was considered the 
best. There was no lack of transparency with tissue samples 
obtained by new processing protocol, so there was no need to 
modify the standard staining protocols. In all experimental slides 
stained by standard protocols, the transparency of the quality 
required for histomorphological research by transmission light 
microscopy was fully achieved (Figures 1-2).

New tissue processing protocol:
1) buffered formalin-60 min, 2) alcohol 70%-60 min, 3) 

alcohol 96%-30 min with sonification (UST), 4) alcohol 96%-
30 min with sonification (UST), 5) alcohol 96% -30 min with 
sonification (UST), 6) alcohol 100%-30 min with sonification 
(UST), 7) paraffin-90 min with interval sonification 60 min (20 
min (UST)/10 min).

The perspective of improving the quality of the slides itself 
is also important - modern delicate technologies imply the 
maintenance of stable membranes due to the need to study the 
antigenic structure in the process of tissue processing. Especially 
in the case of tumor pathologists - for the purpose of developing 
effective treatment regimens for patients and planning post-
operative management. Due to the fact that the delay time of 
the tissue in the reagents to be carried out is technically reduced 
- the antigenic structure of the tissues will most likely be better 
preserved.

So, by using ultrasound-combine tissue processing protocol 
we achieved next results: 

• reduction of processing time.
• reduction of the number of reagents required for processing.
• increasing the cost efficiency of processing.
• removal of harmful component xylene from the processing 

protocol. 
• better preservation of tissue antigenic structure at the expense 

of reduced tissue retention time in reagents.
The pathological examination is mandatory in the conditions 

of all surgical medical manipulations, therefore the development 

Figure 1. Histological speciments, HEX200: a) brain, b) heart, c) 
lung, d) liver e) kidney, f) spleen.

Figure 2. Histological speciments: a/b/c) lung, IHC: a) ck8/18X100, 
b) vimentinX200, c) ki67X400; d) spleen, perlsX100; e) heart, van 
giesonX200, f) lung, alcian blueX100.
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of this technology finds a wide response in the pathology labs 
of the whole world. This fast, cheap and eco-friendly method 
of tissue samples processing will be beneficial for any clinic or 
research center due to its high cost-effectiveness.
Conclusion.

The new tissue material processing protocol is significantly 
different from the standard one, namely:

• The duration of the new protocol is 5.5 hours instead of 12.5 
hours of standard protocol.

• The number of reagents in the processing battery is 7 instead 
of 12 of standard protocol.

• Xylene was removed from the processing process.
• Removing xylene resulted in a 3-fold reduction of paraffin.
Due to the removal of xylene from the processing process, 

paraffin is no longer polluted and is consumed almost completely 
without loss, which is no less important, because although 
paraffin itself is not an aggressive and harmful compound, 
but it is not subject to recycling, so reducing its consumption 
will significantly reduce the pressure of harmful effects on the 
environment. In addition, the cost-effectiveness of the new 
protocol is much higher by 27.5%, than the standard one.

So, the interdisciplinary use of engineering and medicine will 
be of great benefit to both the medical staff and the environment, 
as well as to patients (they will receive better research quality 
and reduced waiting time for examination results).

Project was supported by Shota Rustaveli National Science 
Foundation of Georgia (SRNSFG) - scientific grant STEM-22-2527.
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Резюме
Применение ультразвуковой технологии при 

обработке гистологического материала
Г. Буркадзе, Н. Кикалишвили, Т. Музашвили.
Национальное бюро судебной экспертизы им. Левана 

Самхараули
Цель исследования: Патологическое обследование 

является одним из самых длинных в списке медицинских 
тестов. Большая часть этого времени уходит на подготовку 
препарата. Кроме того, часть химических реагентов, 
необходимых для обработки тканей, не безопасна 
для окружающей среды и персонала, работающего в 
лаборатории.

Целью нашего проекта была разработка новой, 
экономически эффективной и экологичной технологии 
обработки тканей путем интеграции нового аппаратного 
компонента - ультразвукового устройства - в протокол 
проводки.

Материалы и методы: 28 экспериментальных 
протоколов были разработаны для создания нового 
протокола проводки тканевого материала. Для каждого 
эксперимента использовали выбранную широкую панель 
тканей. В исследовании использовали 168 образцов ткани 
полученных после вскрытия со стандартным набором 
органов. Обработку проводили вручную в условиях 
ультразвуковой обработки (UP200HT). Все препарата 
стекла окрашивали по технологии гематоксилин-эозин. 
Качество слайдов оценивали с помощью системы оценки 5 
баллов 2 патологоанатома.

Результаты: Применение ультразвуковой технологии 
при обработке гистологического материала позволит: 
сократить время обработки и количество реагентов, 
необходимых для проводки; повышение экономической 
эффективности проводки; удаление вредного компонента 
ксилола из протокола проводки; улучшение сохранения 
тканевой антигенной структуры за счет сокращения 
времени удержания ткани в реагентах.

https://www.google.com/search?sca_esv=718ef8e26346b19d&rlz=1C1GCEU_en-GBGE1119GE1119&q=%D0%BF%D0%BE%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%BD%D1%8B%D1%85&spell=1&sa=X&ved=2ahUKEwjmzYzXvceJAxUlRPEDHUGeB-IQkeECKAB6BAgKEAE
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Выводы: Таким образом, междисциплинарное 
использование инженерии и медицины принесет большую 
пользу как медицинскому персоналу, так и окружающей 
среде, а также пациентам (они получат лучшее качество 
исследований и сократится время ожидания результатов 
обследования).

Проект был поддержан научным грантом STEM-22-
2527 Национального научного фонда Грузии им. Шота 
Руставели.

Ключевые слова: протокол проводки, ксилол, 
ультразвуковая обработка.

reziume
ultrabgeriTi teqnologiis gamoyeneba histologiuri masalis
procesirebaSi
g. burkaZe, n. kikaliSvili, T. muzaSvili 
levan samxaraulis saxelobis sasamarTlo eqspertizis erovnuli 

biuro
kvlevis mizani: paTologanatomiuri gamokvleva erT-erTi 

yvelaze xangrZlivia samedicino diagnostikuli gamokvlevebis 
nusxaSi. am drois umetesi nawili xmardeba preparatis 
damzadebis teqnikur dros, amasTan qimiuri reaqtivebis 
nawili, romelic gamoiyeneba masalis damuSavebisas ar aris 
usafrTxo garemosTvis da laboratoriis TanamSromlebisTvis. 
Cveni proeqtis mizani iyo qsovilovani masalis procesingis 
axali, ekologiurad sufTa teqnologiis SemuSaveba procesingis 
protokolSi aparaturuli komponentis - ultrabgeriTi mowyobilobis 
integrirebiT.

masala da meTodebi: SemuSavda qsovilovani masalis 
procesingis 28 eqsperimentuli protokoli. eqsperimentisTvis 
gamoyenebul iqna 168 qsovilovani nimuSi - autopsiuli masala 
organoTa standartuli nakrebiT. qsovilovani masalis gatareba 
ganxorcielda manualuri reJimiT ultrabgeriTi damuSavebis 
pirobebSi aparatiT UP200HT. preparatebi SeRebil iqna 
hematoqsilin-eozinis meTodiT. warmatebul eqsperimetis 
preparatebi damatebiT SeRebil iqna histoqimiuri da 
imunohistoqimiuri teqnologiiT. preparatebis xarisxis Sefaseba 
ganxorcielda 5 baliani sistemiT 2 paTologanatomis mier.

Sedegebi: ultrabgeriTi teqnologiis gamoyeneba histologiuri 
masalis

procesirebaSi amcirebs procesingis dros da reaqtivebis 
raodenobas, Sesabamisad izrdeba procesingis xarjTefeqturoba. 
amasTan, reaqtivebSi qsovilis dayovnebis drois Semcirebis 
gamo SesaZlebelia ukeT iqnes SenarCunebuli qsovilis 
antigenuri struqtura. 

daskvnebi: inJineriisa da medicinis interdisciplinuri 
gamoyeneba sargebels moutans rogorc samedicino personals, 
aseve garemos da pacientebs, romlebic miiReben kvlevis 
ukeTes xarisxs da kvlevis Sedegebis molodinis Semcirebul 
dros. 

proeqti ganxorcielda SoTa rusTavelis saqarTvelos 
erovnuli samecniero fondis samecniero grantis STEM-22-
2527 mxardaWeriT.

sakvanZo sityvebi: procesingi, qsiloli, ultrabgeriTi aparati.
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