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BcTtynneHune. VI3BECTHO, 4YTO HEPBHbIE KIETKM,
BXOASLLUME B COCTAB HEPBHbIX YYBCTBUTESIbHbLIX Y3/10B
yenoseka, HEOAHOPOAHbI MO CBOEMY CTPOEHUIO U Bbl-
nonHsemon oyHkummn [3,6,7]. CoBpeMeHHble MeToabl
nccnegoBaHuii NO3BONWIAN YCTAHOBUTL, YTO HEMPOHbI
YyBCTBUTENbHbIX Y3/10B Pa3/MyalTCs No pasmMepam u
dopMe nepmkapnoHa, 0CO6EHHOCTSMUN CTPOEHNSA APA,
YNbTPaACTPYKTYPHOM opraHusauun [2,3,4,5]. Konnye-
CTBEHHbIE NoKa3aTenn, XapakTepumayloLwme CoCToHME
HEMPOUNTOB KaK LEHTPaNbHbIX, Tak N nepudepunye-
CKMX OTAENOB HEPBHOM CUCTEMbI, MOTYT CYLLECTBEHHO
U3MEHATCS BCNEeACTBME PasHbiX GU3MONOTMYECKUX U
naTosorMyeckmx npoueccos. Hanbonee 4acto npu nc-
cnenoBaHUN YyBCTBUTESbHbIX Y3/I0B HEPBHOM CUCTEMBI
BbIYMCIISIOT Pa3Mepbl BXOASLLMX B UX COCTaB HEPBHbIX
KNeToK, X naowaab, KOAM4ecTso, MIOTHOCTb pacno-
noxeHuns n ap. Ansa onpeneneHmsa nepeynciieHHbIX no-
KasaTenen 0ObIYHO MCMOJb3YIOT CUCTEMHbLIN MOpdO-
METPUYECKNN N CTEPEOMETPUHECKNIN aHaNN3.

CuctemMHbin MOpPOMETPUYECKUI aHANN3 paeT
BO3MOXHOCTb MONlyYUTb METPUYECKUE XapaKTepu-
CTUKN MOPGOSIOTMYECKMX CTPYKTYP, YCTAHOBUTb
xapakTtep ux cBaA3elh. KonnyecTBeHHble xapakTe-
PUCTUKN JalOTCS B ABYX- U TPEXMEPHOW CUCTEME.
OueHka npouecca Ha MJOCKOCTU AOCTUraeTcs C
MOMOLLBIO NAAHUMETPUK, MOPDOOrmMieckme name-
HeHUs n3y4yaloT B 06beMe NOCPeacTBOM cTepeomMe-
Tpun. Hanbonee pacnpoCTPaHEHHbLIMU METOAaMU
MONIY4EHUS XapakKTePUCTUK OpraHmsauum TKaHewn,
KJIETOK, MEXKNEeTOYHbIX 06pa3oBaHUn 1N UX ynbTpa-
CTPYKTYP SBASIOTCSH MAAHUMETPUYECKNI («KEeTOoY-
Hbl», NN «CETOYHbIN», METOL), METOL, HaNOXEHNS
9TaNIOHOB, IMHENHOIO UHTErPUPOBAHUSA U TOYEYHO-
ro cyeta [1].

BO3MOXHOCTb BbINOJSIHEHUS OMUWCAHHbIX METO-
OUK, B NX KNAaCCUYECKOM WCMOJSIHEHUU, HAMpPSMY0
CBsI3aHHA C HanuyMeM cneuunanbHbiXx NPUBOPOB U

artemsudmed@mail.ru

npucnocodneHnii, Taknx Kak OKyNnsp-MUKPOMETP,
pa3Hble OKYNsipPHble BCTaBKM, O0ObEKT-MUKPOMETP,
KaKk npaBuWinO, [OBOJIbHO TPYAOEMKW, 3aHUMalOT
MHOIO BPEMEHM.

B ycnoBusax pasBuTUA COBPEMEHHbLIX LUOPOBbIX
TEXHONIOMMIA CTann OOCTYMHbI PECYPChl 3NEKTPOHHO-
BbIYNCIIUTENBHON TEXHWKW, C Haln4yMem MHOXecTBa
pPasfIiyHbIX CTaHAAPTHBIX U Cheuuann3npoBaHbIX Mpo-
rpamMm, NO3BOJIAIOLLMX MO HOBOMY MOAOMTU K PELLEHNIO
NMOCTaB/IEHHbIX paHee 3aaad. Tak, GOMbLUMHCTBO CO-
BPEMEHHbIX BbICOKOKIACCHbIX CBETOBbIX MUKPOCKOMOB
OCHaLLeHO nporpaMmMHbiM obecrneyeHnem, No3BOSIO-
WM NPOBOAUTL NpakTuyecku nobble MopdomeTpu-
yeckue mccnepoBaHusa. OgHako, AaHHble NpuUbopbI U
npeanaralwmecs K HUM JIULEH3VUOHHbIE MPOrpaMMbl
He Bcerpa sIBASTCS AOCTYMHbIMU MO MPUYMHE UX Bbl-
COKOW CTOMMOCTMW.

Llenb pa6ortbl. Paspabotatb meToauky onpe-
OEeneHnsi OCHOBHbIX METPUYECKUX XapaKTEePUCTUK
NCEBAOYHUMONSAPHbLIX HEAPOLMTOB YYBCTBUTESbHBIX
CMWHHOMOS3rOBbIX Y3/10B, pa3paboTaHHasi Ha OCHOBE
006LLLEe00CTYMNHbIX KOMMbIOTEPHLIX MPOrpamMm, He Tpeby-
loLLas 40pPOrocTosLwero 06opyaoBaHNs

OnucaHue metopa. OnucbiBaemas MeToamka 3a-
K/IOYAETCHA B TOM, YTO NEPBOHAYANIbHO MPOU3BOANTCS
doTorpadmpoBaHne rmMcToNorm4eckmx Cpe3oB MOsiC-
HmnyHoro CMY yenoBeka, C NocneayLwmMm n3rotosne-
Hnem (B rpadpuyeckom pepaktope Adobe Photoshop)
LBYXMEPHO-MPOCTPAHCTBEHHON PEKOHCTPYKLUMK MNPO-
LONbHOrO ceyeHus nocnegHero. MNonyyeHHoe umMdpo-
Boe n3obpaxeHne obpabaTbiBann nytem obeeaeHus
KOHTYPOB NMCEBAOYHUMOMSPHbLIX HEMPOHOB B CTaHAAPT-
HOM rpadunyeckom pegaktope Paint (puc. 1), onepa-
LMOHHOM cmncTteMbl Microsoft Windows 7, yepHbiM LBe-
TOM, LUMPOKOM KNCTbIO.

Mocne 0OGPUCOBKN KOHTYPOB MCEBAOYHUMONSAP-
HbIX HelipoHOB B Paint, oTkpbiBaeM M306paxeHne B
penaktope Imaged. [8]. Nepen oTkpbiTMEM K300pa-
XeHusl, cnenyeTt oTkanmbpoBaTtb MPorpamMmy C nomMo-
wpto komaHapl Analyze>SetScale pns 3apgaHus npo-
CTPaHCTBEHHOro maclitaba nsobpaxeHus. AKTUBHbIE
pes3ynbraTbl USBMEPEHUIA B JAHHOM Clly4ae npeacTtas-
NFI0TCA B 3a4aHHbIX KanMbpPOBOYHBLIX €OUHULAX, Ha-
npumep, munnnmetpax [9].
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Puc. 1. AByXMepHO-NPOCTaHCTBEHHAasA PEKOHCTPYKLUS CMUH-
HOMOS3roBoro y3na 4yenoBeka. KoHTypbl nceBAO0YyHUNONSAPHbIX
HeMpouMTOB BblaesnieHbl Npyu NnoMoLm pegaktopa Paint. Okpacka
remMaToKCUIMH-303nHOM. 06. 4., oK. 7*.
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Puc. 2. Mpepabiayuiee n3odpaxeHue nocre UCnosib3oBaHne

komaHabl Image>Adjust>Threshold
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Puc. 3. NMpeabiaywee naobpaxeHune nocre NCnosib3oBaHue
komaHapbl Process>Binary>FillHoles.

Ha cnepyowem 3Ttane, C MNOMOLUBID KOMaHAbI
Image>Type KOHBEPTUPYEM aKTUBHOE M306paxeHne B
8-6uTHOE (B pe3ynbTarte Yero noayvyaem naobpaxeHne
B OTTEHKax Ceporo useTa).

3ateM wucnonb3lyeMm WHCTPyMeHT Image>Adjust>
Threshold aBTomaTnyeckn nam MHTEPaKTUBHO HacTpa-
MBaeM BEPXHUE N HUXHME 3HAYEeHUs nopora ons cer-
MEHTMPOBaHMUS 006s1acTU uHTepeca U 3agHero ¢doHa
n3obpaxeHusi. Mpn STOM yAanseM BCE HEHYXHble
3/IEMEHTLI, KDOME 06BEAEHHbLIX KOHTYPOB HEIPOHOB, B

peaynbTarte 4Yero nonydaem 6enbiii poH, Ha Ko-
TOPOM N306paxeHbl YepHbIE KOHTYPbLI HEpO-
HOB (puc. 2). [locne 3Toro Hy>XHO 3anoNHUTb
6enble NPOCTpaHCTBa B Mpefenax KOHTYpOB
KomaHgom Process>Binary>FillHoles (puc. 3).
Ha cnepgytolwem atane KoHBepTUpyeM n3obpa-
XEeHWe B Macky KOMaHaom

Process>Binary>Convert to Mask n ot-
hensem KaxAblii 3neMeHT apyr OoT Apyra
Ha pacCTOsiHWE OAHOro nuKCens KOMaHAOoMm
Process>Binary>Watershed, 3apaBas coOT-
BETCTBYlOLLME NnapamMeTpsl [9].

3atemM NpoOM3BOAMM HACTPOWKY: B MYHKTE
MeHio Analyze>SetMeasurments Bbibupaem
Area (pacueT obLiel nnoLwaan HelpoHoOB, Bbl-
JeneHHbIX 4EpHbIM uBeToM) 1 Feret’s Diameter
(naeT oBa pa3mepa: MakCUManbHbIA U MUHU-
MasbHbIV KaXA0ro OTAENbHOro aN1eMeHTa Yep-
HOrO LIBETA, B HALLIEM CJly4ae MakCUMaribHbIN 1
MUHUMasbHbIM AMamMeTp HenpoumToB) [9].

Janee npon3BoaMM pacyeT KONM4ecTBa,
pa3mMepoB 1 0bLelr NIoLwaam y4acTkoB YHepHO-
ro ugeTta, KOTOpble COOTBETCTBYIOT MAOLLaAn
NCEeBAOYHUMONSAPHBLIX HEMPOHOB C MOMOLLbLIO
KomMmaHgbl Analyze > AnalyzeParticles [9].

B oTkpbIBLLEMCS OKHE HEOOXOAMMO B CTPO-
ke Size Beectn 100-infinity, n BbIoENUTL NyH-
kTbl: Pixel units, Display results, Clear results,
Summarize. B ctpoke Circularity octaBuTb He-
M3MeHHbIM 3HadeHue (0.00-1.00), a B cTpoke
Show BbicTaBuTb Outlines. anee HaxaTb OK.

B pesynbrate NpoBeOEHHbIX HaMn Aen-
CTBUI, OTKPOETCS TPU OKHA: OOHO OKHO C
obuwmmMn pesynstTataMmn, B KOTOPOM coaep-
XaTcs OaHHble O KOMYeCcTBe HEMPOHOB U UX
obLen nnowanu; opyroe ¢ pa3aMepoM Kaxao-
ro U3 971IeMEHTOB (MUHUManbHbIN-MinFeret n
MakcumanbHblii-Feret); TpeTbe okHO ¢ 0603Ha-
YEeHNEM KaX[0ro U3 OTAEsbHbIX 3/IEMEHTOB, C
Hymepaumen 1 ero KOHTYPOM.

PesynbTtaTbhl uccnegoBaHU M ux 00-
cyXxaeHue. [JaHHblii MmeTog 6bln MCNOIb30BaH
HaMn ons CPaBHUTENbHOW OLEHKU U3MEHEHUI
KOJIMYECTBEHHbIX XapPaKTEPUCTUK MCEBAOYHU-
MNONSIPHBLIX HENPOHOB MOSACHNYHbLIX CIMHHOMO3-
roBbIX Y3/10B YENI0BEKA B MOJIOA0OM U MOXUIOM
Bo3pacTe. Takxe BbILIEOMNNCAHHbLIA MEeTOoS,
MOXeT OblTb MCNOMIL30BaH A1 UCCNefoBaHUs

W OPYrvX 9N1IEMEHTOB TKaHEWN Mpu UX OTHOCUTENBLHO Of-
HOPOLHOWM CTPYKTYpPE.

BbiBoAbl. Taknm 06pa3oM, onucaHHasi Bbllle Me-
ToOMKa MnO3BOAISIET MPU HaNNYMN MUHUMAJbHOIO KO-
NIM4ecTBa cneumanbHOro obopyaoBaHns (MUKpockona
C npocTenwen undpoBOon BUAEOKaMEPON nnn poTo-
HacagKoin) N KOMNbOTEPA C NAKETOM OBLLEAOCTYMHbLIX
nporpaMm MpPOBECTN KOMMAEKCHOoe MopdomeTpuye-
CKO€ nccnegoBaHne YyBCTBUTESbHBIX HEPBHbIX Y3/10B,
a Takxe Apyrux aHaToOMU4ecknx o6pasoBaHuii.
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METO/J, BUSHAYEHHS1 OCHOBHUX METPUYHUX XAPAKTEPUCTUK HEAPOLMUTIB B CMTMHHOMO3-
KOBUX BY3JIAX JTIOOAUHU

Hikidopor A. I., CtapueHko . I., YepHsk B. B.

Peslome. Y pobOTi NPONOHYETLCH METOAMKA OTPUMaHHS KOMMIEKCHOI MOP@POMETPUYHOT XapakTepucTukn
HEPBOBUX KNITUH YYyTIMBMX HEPBOBKX BY3NiB. 3anNponoHOBaHa MeToamka OO3BOJISE NPU HASBHOCTI HECKTAAHOMO
yCTaTKyBaHHS i 3arajibHOAOCTYMHUX KOMM IOTEPHUX NMPOorpam NpPoBECTM 0BYNCIEHHS PO3MIPIB HEAPOUWTIB, Kiflb-
KOCTi, BiIHOCHOI NAoLWj Ha ricTonorivHomy 3pisi. OnncaHnini MeTod Moxe OyTK TakoX BUKOPUCTaHWIA Ans [ochi-
LDKEHHS IHLUMX €NTEMEHTIB TKaHWH Npu iX BIGHOCHO OOHOPIOHIN CTPYKTYPI.

Kniouosi cnoBa: CMMHHOMO3KOBUIA BY30J1, HEPBOBI KNITUHU, MOPDOMETPIS.
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METOJ, ONPEAENIEHUS OCHOBHbIX METPUYECKUX XAPAKTEPUCTUK HEMPOLIMUTOB B CMIUHHO-
MO3roBbIX Y3JIAX HEJIOBEKA

Huknodpopoe A. I'., CtapuyeHko U. U., YepHsak B. B.

Pesiome. B paboTe npepnaraetcs Metoanka nosy4eHns KOMiIeKCHoM Mop@poMeTPUYECKON XapakTEPUCTUKIN
HEPBHbIX KNIETOK YyBCTBUTESIbHbIX HEPBHbIX Y3/10B.

MpennoxeHHas MeToaMKa NO3BOMSET NPU HAMYNN HECNOXHOMO 060PYA0BaAHUS N OOLLEAOCTYMHBIX KOMMbIO-
TEPHbIX NPOrpamMm NPOBECTU BbIYMCNEHUS Pa3MePOB HENPOLIMTOB, KOIMYECTBA, OTHOCUTENBHOM MOLWAAM Ha rn-
cTofiornyeckom cpese. OnNncaHHbli METOL MOXET ObITb TakXXe MCMNONIb30BaH AJ1s1 UCCNe0BaHUS APYrX 3NIEMEH-
TOB TKaHEW Npu UX OTHOCUTENBLHO OQHOPOLHOM CTPYKTYPE.

KnioueBble cnoBa: CNMHHOMO3Ir0BOM y3€e/, HEPBHbIE KIIeTKU, MOPPOMETPUS.
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Method for Determination of Basic Metric Characteristics of the Human Dorsal Root Ganglion Cells

Nikiforov A. G., Starchenko I. I., Chernyak V. V.

Abstract. Withthe development of modern digitaltechnologies have become available resources ofthe electronic
computing technology, with the presence of many different standard and specialized programs that allow for a new
approach to solving the tasks. For example, the most modern high-light microscope equipped with software that
allows you to carry out almost any morphometric study. However, these devices and their accompanying licensed
programs are not always available due to their high cost.

The purpose of the work. Develop a methodology for determining the basic metric characteristics dorsal root
ganglion cells developed on the basis of widely available software that does not require expensive equipment.

Description of the method. The described technique lies in that, initially photographed histological sections of
human lumbar DRG, followed by manufacturing (in the graphic editor Adobe Photoshop) of two-dimensional spatial
reconstruction of the longitudinal section. The resulting digital images are processed by outlining the contours of
neurons in a standard graphic editor Paint, the operating system Microsoft Windows 7 in black, with a wide brush.
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Then the image opens in the editor Imaged. Before the opening of the image program must be calibrated using
the command Analyze> SetScale to define the spatial scale of the image. Active measurement results in this case
are represented in the set of calibration units such as millimeters.

In the next step, using the command Image> Type active image converts in 8-bit (resulting in an image in shades
of gray).

Then use command Image> Adjust> Threshold automatically or interactively adjustable upper and lower
threshold to segment the region of interest and the background image. This removes all unwanted items, except
circled circuits of neurons, resulting in a white background, which shows the black outlines of neurons. Then you
need to fill the white space within the contours using command Process> Binary> FillHoles. At the next stage,
convert the image into the mask by command Process> Binary> Convert to Mask and separate each element from
each other at a distance of one pixel by command Process> Binary> Watershed, asking relevant parameters.

Then make the setting: in the menu Analyze> SetMeasurments select Area (calculation of the total area of
neurons isolated in black) and Feret’s Diameter (gives two sizes: the maximum and minimum of each individual
element in black, in this case, the maximum and minimum diameter of neurocyte).

Next is the calculation of the number, size and total area of regions of black color, which corresponds to the area
of neurons using the Analyze> AnalyzeParticles

In the window that opens, you must enter in a row Size — 100-infinity, and select points: Pixel units, Display
results, Clear results, Summarize. In line Circularity leave unchanged the value (0.00-1.00), and in line Show select
Outlines. Then click Ok.

As a result of our actions, will open three windows: one window with the general results, which contains data on
the number of neurons and their total area; the other with the size of each of the elements (the minimum — MinFeret
and maximum — Feret); third window with the designation of each of the individual elements, with numbering and
its contour.

Results of the research. This method has been used by us for the comparative assessment of changes in
quantitative characteristics of human lumbar dorsal root ganglion neurons in young and elderly people. Also, the
above method may be used for research or other tissue elements at their relatively homogeneous structure.

Conclusion. Thus, the above-described method allows in the presence of a minimum number of special
equipment (microscope with a simple digital camera or photo adapter) and the computer with the package widely
available software to perform a comprehensive morphometric study of sensory ganglia and other anatomical
structures.

Keywords: dorsal root ganglion, nerve cells, morphometry.

PeueH3seHT — npog. LLlepcTiok O. O.
CrartTa Hagiwna 09. 03. 2015 p.

266 BicHuk npo6nem Gionoriii MmeguunHau — 2015 — Bun. 2, Tom 3 (120)





