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Abstract. Manual cell counting is commonly used for the quantitative assessment of cellular
structures; however, it is labor-intensive, time-consuming, and prone to fatigue. Most automated cell
counting methods are expensive and require expert involvement. The use of image analysis software
provides an affordable yet reliable automated cell counting solution, particularly for histological
corneal image analysis. This study aims to develop a software product for counting cellular structures
in histological corneal images. The program is implemented in Python within the Visual Studio Code
environment and features a graphical user interface created with Tkinter. The software allows users
to load images, mark different cell types by mouse clicks, and save annotations and statistics in Excel
format. Testing was conducted on 50 histological images of Wistar rat corneas stained with
hematoxylin and eosin. The software automatically identifies and counts fibroblasts, lymphocytes,
macrophages, mast cells, basophils, eosinophils, and neutrophils. Initial testing revealed an issue
with displaying resized images on the canvas, which made annotation difficult. Future modifications
are planned to address this problem. The developed software successfully provides direct annotation
of cellular structures in images and automated cell counting.
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BBenenue

'ucronaTonoruss WMeeT peliaroliee 3HauYeHUE A AUArHOCTUYECKUX M TEParneBTHUUYECKUX
pelIeHnd TIPU MHOTHX OOJIG3HEHHBIX COCTOSIHHSX. MopdoMeTpus sBIsSeTCS 0a30BBIM METOJOM B
WCCJIETOBAaHUH TUCTOIATONIOTHUH, TaK KaK OHAa OOHapY»XUBAeT CTPYKTYpHbIE U MOP(OIOTHYECKUE
abeppanuu B oOpasnax, ©, 0€3 COMHEHHS, BHOCHUT DJJIEMEHT TOYHOCTH B TOJIACPKKY
JUArHOCTHYECKOTO pelieHus. MoppoMeTpruueckuii TOIXO0J] BKIIOYAET KiIacCH(UKALMIO U
COPTHUPOBKY JIEMEHTOB, METOJIbI MOICUETA TOUYECK U TIEPECEUCHUN, Pa3TUIHBIX KIETOK [1, 2].

PydHoll mojcyer KJIETOK KakK KOJMMYECTBEHHOW OIICHKH KIETOYHBIX CTPYKTYp SBISETCS
TPYIOEMKHM, YTOMHTEIBHBIM IIPOIIECCOM M OTHHUMAaeT MHOTO BpemeHH. C JIpyroil CTOPOHBI,
OOJIBIIMHCTBO aBTOMATHU3WPOBAHHBIX METOJOB MOJACYETa KJIETOK SIBJISIOTCS JOPOTOCTOSIIIUMHU U
TpeOYIOT JUTsi pabOThI AKCTIEPTOB. TakuM 00pa3oM, UCIIOIB30BAHKUE TPOTPAMMHOTO O0ECTICUSHUS JITISt
aHalM3a W300paKEHU TMO3BOJSET TMONYYHTh JOCTYN K HEIOpPOTOMYy, HO HaJIe)KHOMY
ABTOMATHU3MPOBAHHOMY TIOJICYETY KJIETOK, B YaCTHOCTH — aHAJIM3y KJIETOYHBIX CTPYKTYpP CPE30B
TJIa3HOTO S0JI0KA.

Ilenp wuccrmenoBanus, pa3paboTKa MPOrPAMMHOTO TPOAYKTA JUIS TOJCYETa KICTOYHBIX
CTPYKTYpP TUCTOJIOTUYECKUX CHUMKOB POTOBUIIBI.
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JKCNepUMEHTAJIbLHAA YaCTh

[IporpamMmMHBIii TPOAYKT OBLIT peaqn30BaH Ha s3bIKE MporpaMmMmupoBanus Python, cpema —
Visual Studio Code. IlporpamMma npencraBiser coboil rpadudeckuil HHCTPYMEHT Ajsl paboThl ¢
M300paKEeHUSMU, TIO3BOJISIONIUHN MT0JIB30BATENIO 3arpy»KaTh U300paKEeHUs, OTMEYaTh HA HUX TOYKU
PAa3JIMYHBIX THUIIOB C MOMOMIIBIO HICJIYKOB MBIIIHU, 4 TAKKC COXPAaHATL U3SMCHCHHOC I/I306pa)K€HI/IC n
CTaTUCTUKY, COJEpIKAIlyl0 KOJIMYECTBO HaXKaTUW ais Kaxaoro tuma B ¢aiin. Mcmonb3yercs
o6ubmumoreka Tkinter anst co3nanus rpapudeckoro unrepdeiica, Pillow s 06padotku n3o0paxeHuit
u Pandas s coxpanenust nanHbIX B Excel B pa3pabaTeiBaeMoM IPOrpaMMHOM MPHUIIOKCHHH.

[Tporpamma Obuia anpobupoBana Ha 50 TUCTONOTUYECKUX CHUMKAX POTOBUIIBI, OKPAIIEHHBIX
reMaTOKCUJIMHOM M 303MHOM. ['MCTONOrMYecKHe CHUMKHU OBLIM MOJMY4YEHBI IMYTEM OKpPAIIUBAHUS
IeMaTOKCUJIMHOM M 303MHOM CpPE30B POTOBHIIBI KpbIC-caMIoB moponasl Wistar maccoir 250 r.,
MOJIYUEHHBIX B XOJI¢ MPOBEACHUS SKCIIEPUMEHTA MO H3YUEHHUIO PEreHEepaTOpHBIX IPOILIECCOB B
poroBoii 06oouke (paspemieHue aruaeckoro komurera Ne 3898 ot 24.11.2014 r).

PesyabTaTsl

CornacHo pa3paboTaHHOM IporpaMMe, 1ocie 3arpy3ku H300paxKeHne CTAaHOBUTCS JOCTYITHBIM
IUIL pasMETKH pa3IMyHbIX KieToK. MHTepdeiic mporpammsl mpeacrasieH Ha puc. 1. B manHOM
IIPOJYKTE MPEIJIOKEHO ONPEICIIUTh CIEAYIOINE KIETOYHbIE CTPYKTYpPhl Ha THMCTOJOTMYECKUX
CHMMKaxX pOTroBHIBL: (UOpoOIacTsl, TUMQPOIUTH, Makpodaru, TyYHBIC KIETKH, O0a30(HIIbL,
503uHOGMIBI, HeWTpodmibl. Kaxnas kieroyHas CTpyKTypa OTMEUYEHa OIpPEeIEHHBIM LIBETOM IS
JanpHeme pasMeTkd. PazMedeHHbIe HAa M300paKEHHH KJIETOYHBIE CTPYKTYPHI aBTOMATHUECKH
IIOJICYMTBIBAIOTCS B OKHE IMoJcyeTa KIeToK. CTOMT OTMETUTh, YTO IOCJE 3arpy3kKu M300pakeHHe
OTKPBIBACTCS M CYUTHIBACTCSI ¢ IOMOIIBIO Onbmoteku Pillow. Jlanee co3maercs ero Komus, KOTopas
yMeHblIaeTcs 10 pazmepa He 6onee 700 x 700 nukcesnei, Y4TOObI yMECTUTHCS B OKHE, U OUHUILACTCS
CIIMCOK paHee OTMEUYEHHBIX TOUYEK, COPACHIBACTCS CTATUCTHKA (BCE CUCTUNKH HAXKATHIA OOHYIISIOTCS)
1 OOHOBJISIETCA JIEMEHT ¢ TeKCTOBOM MH(OpMalueid, 4To0bl M0Ka3aTk, YTO KOJIMYECTBO BCEX THIIOB
KJIETOK cHOBa 0.
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Puc. 1. Hnmepgeiic npoepammol

Ilocne PasSMETKH I/1306pa)KCHI/I$I MMOJI30BATCJIb MOKCT HaKaTb KHOIIKY Save Image I
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(baﬁﬂa H €TI0 PACIOJIOKCHHUEC, U COXPAHUTH B (I)OpMaTC .png. Ilonp30BaTenps TakKe MOXKET HaKaTh
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KHOIIKY Save counts to Excel, 4ro0b1 coxpaHUTB CTATUCTUKY O HAXKATHSAX B BUIE TAOJIHIIBI B (hopMaTe
XIsx. By Tabmuiip! mpeacTaBieH Ha puc. 2.
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Puc. 2. Coxpanenue cmamucmuxu 6 gpopmame .XISx

CornacHo THpPOBEACHHON ampoOaruu, pa3paOOTaHHBIM MPOrpaMMHBIA HPOAYKT IMO3BOJSET
BECTH IOJICYET PA3INYHBIX KJICTOYHBIX CTPYKTYP Ha KaXKJIOM FMCTOJIOTMYECKOM CHUMKE POTOBUIIBL.
BrIsiBIeHO, YTO yMEHBILIEHHOE HM300pa’keHUE IMPH €ro 3arpy3ke MOMEIIAeTcs HEe Ha XOJCT, a B
BBIIEJICHHYIO 00JacTh, YTO 3aTpyJHSET Ipouecc peaakTupoBaHus. [lnanupyerca mogudukanus
MPOrPaMMHOTO MPOAYKTa JJIsl yCTPAHEHHUsI BBISIBIICHHBIX MPOOIIEM.

3akaouyeHue
B pesynbrare pa3paboraHa mporpamma MO3BOJISIET OTMEUATh KICTOYHBIC CTPYKTYPHI MPSIMO Ha
3arpyK€HHOM H300pa’KEHHU CPE30B POTOBUIIBI U ABTOMATHUECKH BECTH MOJICUET KaXKI0TO THUIIA KIIETOK.
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