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The article shows the potential of practical

use of the dorsal skin fold optical microscopy
method as an effective diagnostic technology
for biosystems. It has been experimentally
proved that even in the basic formulation, the
presented method allows obtaining a large
amount of useful research data in conditions as
close as possible to native ones.
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BBEAEHUE

B Haykax o >KU3HU O0JbIION 06BbeM BasKHOM HHOOP-
MaU{ MOXKeT OBITH IIOJIy4eH TOJBKO IIPH HEIOo-
CpellCTBEHHOM H3y4YeHHH >KHUBBIX CHUCTEM C y4ETOM
BCeX CJIOKHBIX BHYTPEHHHX IIPOLIECCOB U B3aHMO-
HOeHCTBUM. B yCI0BUSIX in vivo, IPU COXPaHEHHH MeXK-
KJIETOYHBIX B3aHMOJEUCTBUI, TPAHCIIOPTA BellecTB
Y CUTHAJIOB MOXKHO HaJesThCsl Ha IOTy4YeHHe peasb-
HOI KapTHUHBI IIPOLIECCOB, ITPOTEKAOIIHUX B 6H0I0OTH-
YeCcKHUX TKaHIX. JKMBOH OpPraHM3M COCTOUT U3 TPHII-
JIMOHOB KJeToK [1], rae Kakpgas oTAenbHas KiaeTKa
SIBNISIeTCS XUMHUYeCKON GabpHUKOM, CUHTe3HPYIOLer
Y YTHIN3UPYIOLIeHN OJHH BellecTBa U CTHMYJ/IBI AJIs1
TOro, 4To6Bl NMPOU3BOAUTH ApYyrHe K IlepelaBaTh
UX JaJjbllle 110 IlelI0YKe OZHOMY M3 TPH/UIMOHOB
agpecaToB, a MOXeT ObBITh, M BceM cpa3y. M Bce
3TO B abBCOMIOTHOM “MOJIYaHHUH», C UCIIOTIb30BAaHHUEM
JIUIIB A3bIKa QHU3UKO-XUMHYECKHUX «KeCToB». TeM He
MeHee, M3y4aTh 3Ty 3alyTaHHYIO CHCTeMYy HeobXo-
JOKMO K BO3MOXKHO, U IJTAaBHBIM HHCTPYMEHTOM 3/1eCh
OKa3bIBaIOTCSI GOTOHBI, C OAHOL CTOPOHBI, I103BOJISIIO-
e perucTpupoBaTh MHPOPMALIUI0O HHTYHUTHUBHO
IIOHSITHBIM CIIOCOOOM, C APYroil CTOPOHBI, peasu-
3yIoIlMe JOCTaTOYHOe pa3pelleHHe IPH aHalIH3e
SKMUBOM CHUCTeMBI. MeToAbl ONITUYECKOM CIIeKTPOCKO-
MU U MHKPOCKOIIMU SIBASIIOTCS OJHUMHK M3 Hau-
bonee 3dHeKTUBHBIX CI1I0COOOB HU3yUeHUS CTPYKTYPHL
U OUHAaMHKH CI0XKHBIX MOJEKYISIPHBIX CHCTEM,
HAHOCTPYKTYp M MaTepHaloB Ha HUX OCHOBe [2-9]
M LIMPOKO MCIIOAB3YIOTCS [l AUATHOCTUKU U Tepa-
[IMU B OMOJIOTMU U MeguliMHe [10-14].

CTtaHZapToM B obnacTH HabnomeHUS SBISETCS
KJIeToYHass MUKPOCKOIMS, IIpoBogMMaAs in vitro
(0T mat. «B CTeKJIe»), KOTJa KJIETOYHBIM IIpeIla-
paT H3ydaeTcsi B peaJibHOM BpeMeHH Iof 6oib-
MM YBeJIHYeHHEeM B HCKYCCTBEHHO CO3JaHHBIX
ycnoBusX. OJHAKO HETPYAHO IIOHSTH, 4YTO 60sb-
mas 4acTb MHPOpPMAIIMU, CBI3aHHAs C CUTHaJaMU
OT APYTHUX KIeTOK (3HAOKPHHHBIMU - OT JaIeKHUX
KJIeTOK, IIapaKpUHHBIMU - OT COCEAHUX), IIOJIHO-
CTBIO TepseTcs IPH TakoM monaxone. LlelbHYI0 Kap-
THHY B3aMMHOIO BIMSHMS KIeTOK APYr Ha Jpyra
MOSKHO COXPAaHHTB, eC/IM HCIIOJb30BaTh ex vivo (1art.

INTRODUCTION

In life sciences, a large amount of important infor-
mation can be obtained only by directly study-
ing biosystems, considering all complex internal
processes and interactions. Under in vivo condi-
tions, while maintaining intercellular interactions,
transport of substances and signals, one can hope
to obtain a real picture of the processes occurring
in biological tissues. A living organism consists of
trillions of cells [1], where each individual cell is
a chemical factory that synthesizes and disposes of
some substances and stimuli to produce other ones
and transfers them further down the chain to one
of the trillions of recipients, or maybe all at once.
And all this in absolute “silence”, using only the
language of physico-chemical “gestures”. Yet, it is
necessary and possible to study this intricate sys-
tem, and photons turn out to be the main tool here,
allowing information to be recorded in an intuitive
way, on the one hand, and realizing sufficient reso-
lution when analyzing a living system, on the other
hand. Optical spectroscopy and microscopy meth-
ods are among the most effective ways to study
the structure and dynamics of complex molecular
systems, nanostructures and materials based on
them [2-9] and are widely used for diagnostics and
therapy in biology and medicine [10-14].

The standard in the field of observation is in vitro
cell microscopy (from Latin “in glass”), when a cel-
lular specimen is studied in real time under high
magnification in artificially created conditions.
However, it is not difficult to understand that
most of the information associated with signals
from other cells (endocrine - from distant cells,
paracrine - from neighboring cells) is completely
lost with this approach. A complete picture of the
mutual influence of cells on each other can be
preserved using ex vivo (lat. “from life”) histologi-
cal approaches, when a fixed thin tissue sample is
analyzed, but at the same time, there is obviously
a loss of data on the development of processes over
time.

From what has been said, in modern biology and
medicine, approaches are extremely in demand that
provide long-term monitoring of a living organism
in real time at the level of its individual cells and/or
cell systems, which is quite difficult to implement
due to the limited penetration of radiation from
the optical range of the spectrum in biological tis-
sues. However, there are several methods to work
around this problem. For example, clarification
methods [15] can be used when the transparency
of tissues (mainly integuments) for incident light
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«M3 >XHU3HU») THCTOJIOTMYecKHe IIOAXOABI, KOTJa
aHanIM3HUpyeTcss PUKCUPOBAHHBIM TOHKUM obpasers
TKaHH, HO IIPU 3TOM CO BCeHM OYeBHUJHOCTBIO IPO-
HCXOAHUT IIOTePsl JAHHBIX O Pa3BUTHH IIPOLIECCOB BO
BpeMeHH.

M3 CKa3aHHOIO SICHO, YTO B COBpPeMeHHOI OHo-
JIOTUM U MeJHULIMHe Ype3BbIYalHO BOCTPeOOBaHBI
moaxoAsl, obecrmeunBaroliye JIMTeIbHBI MOHH-
TOPUHI >XMBOTO OpPraHH3Ma B pPeXHMe peasbHOro
BpeMeHU Ha YPOBHE ero OTAe/NbHBIX KJIeTOK H/HJIHU
CUCTEM KJIETOK, YTO JOBOJIBHO C/IOXKHO peajn30BaTh
M3-3a CHJIBHOIO IIOIVIOIIEHHUSI H3JIydeHUs OINTHYe-
CKOrO Malla30Ha CIeKTpa B 6H0TOrMyeckyx TKaHSIX.
TeM He MeHee, CyLIeCTByeT psifi MeTOJOB, I103BOJIS-
fonux oborTH 3Ty mpobieMy. Hampumep, MOXKHO
HCIIO/Ib30BaTh MeTOAbl IIpocBeTieHHUs [15], korma
[IPO3PavHOCTb TKaHeM (B OCHOBHOM, IIOKPOBOB) JIsI
[aJalollero CBeTa IOBBbIIIAeTcs 6yaromaps MoAu-
¢uKaLMK UX CTPYKTYPHBIX U OINTHYECKUX CBOMCTB
IyTeM MMMepPCHUU B OMOCOBMECTHUMBIX ONTHYECKHX
IIPOCBET/ISIONMX areHTax, BbIPAaBHHUBAIOIIUX ITOKa-
3aTelM paccenBaTesnel. MOXHO IIOCTyHNaTb HHaue
M COBUIATh H3/ydeHHe B CIIeKTpa/JbHBIe 00/1acTH,
B KOTOPBLIX OHO (J1abo B3aMMOMENCTBYeT C TKaHSIMU
OpraHu3Ma, B TaK Ha3blBaeMble CIIeKTPa/bHBIe
«OKHa IIpO3pavyHOCTH» TKaHeM [15, 16], pacronoxeH-
Hble B OMM>KHeM HMHQPAKpaCHOM HJIM PeHTTeHOB-
CKOM AHara3oHe ClleKTpa. HakoHell, MOKHO 060HTH
npobseMy CIeLHAJIBHBIM BBIOOPOM TIeOMETPUH
3KCIIeEPUMeHTa - CO3JaHHeM PpeaJbHOro OKHa s
HabnomeHus. Bce sTH MeTozbl, 06beAMHEHHBIE IO,
obIMM Ha3BaHHEM ¢HUHTPaBHUTalIbHasi MHKPOCKO-
nus» [17] (MUKpPOCKONMS KHBBIX CHCTEM), CErofHS
OAIOT BO3MOXKHOCTb AOCTHYb 3HAUHUTEIBHOIO IIPO-
rpecca B HayKax O >KM3HHU, IIOCKOJIBKY OHH He Hapy-
IIAI0T KAapPTHHBI CJIOXKHOTO MEXK/JIETOYHOro B3a-
UMomencTBUsa [18] U obecrieyuBaroT HabiaromeHue
B peaJIbHOM BpPeMeHH Ha YPOBHE OT/e/IbHBIX KIeTOK
U KJIETOYHBIX CTPYKTYp [19].

B manHoM o0630pe MBI AeMOHCTPHUPYeM IIPHUMEP
peanu3anuM in vivo MeToma HabniomeHus nabopa-
TOPHBIX MBIIIEI C MCIIONb30BAaHHEM OPUTHHATbHOMU
KOHCTPYKIUU JOPCa/JIbHOKM KOXKHOM CKIaAKU. B 3T0k
KOHCTPYKIIMM CKIaZKa KOXU Ha CIIHHEe >KHBOTHOTO
NPUIIOAHUMAETCSl HaJ, OCHOBHOM ITOBEPXHOCTBIO
Tesla U QUKCUPYETCs CIleliMaJIbHOKM KaMepoH C OITH-
YeCKH MPO3PayHBIM OKHOM, YTO JaeT BO3MOXKHOCTb
IIPOBOAUTH HabrofeHUsT 0OIIer ITPOAOJIKUTEIbHO-
CTBIO [0 HEeCKOIBbKUX Henenb [20]. Iloka3aHoO, 4TO
Iaxe B caMol 6a30BOM KOHOUIYpallMH C HCIIOJb30-
BaHHEeM HHBEPTHPOBAHHOIO ONTHYECKOT0 MHKPO-
CKOITa MOXKHO HabII0faTh IOAKOKHBIE CJIOK OHOJIO-
IrHYecKHX TKaHel U KPOBeHOCHBIe COCy bl (BILZIOTh [0
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increases due to modification of their structural
and optical properties by immersion in biocompat-
ible optical clearing agents that equalize the optical
properties of diffusers. It is possible to do otherwise
and shift radiation into spectral regions in which
it weakly interacts with body tissues - into the so-
called spectral “transparency windows” of tissues
(15, 16] located in the near infrared or X-ray spectral
range. Finally, you can get around the problem by
choosing the geometry of the experiment to cre-
ate a real window for observation. All these meth-
ods, combined under the general name “intravital
microscopy” [17] (microscopy of biosystems), today
make it possible to achieve significant progress in
life sciences, since they do not disrupt the picture
of complex intercellular interaction [18] and provide
real-time observation at the level of individual cells
and cellular structures [19].

In this paper, we demonstrate an example of an
implementation of an in vivo method for observing
laboratory mice using an original dorsal skinfold
design. In this design, the fold of skin on the ani-
mal’s back is lifted above the main surface of the
body and fixed by a special camera with an opti-
cally transparent window, which makes it possible
to conduct observations with a total duration of up
to several weeks [20]. It is shown that even in the
most basic configuration, using an inverted optical
microscope, it is possible to observe subcutaneous
layers of biological tissues and blood vessels (includ-
ing capillaries), as well as register the processes
occurring in them at the level of individual cells in
real time.

1. THE METHOD OF EXPERIMENT

The experimental scheme is shown on Fig. 1. Micro-
scopic studies were performed using an inverted
fluorescence microscope Motic AE31E with an incan-
descent lamp as a white light source and a mer-
cury lamp for fluorescence imaging. For additional
labeling of biological tissues, a fluorescent dye
Cy-5-amine with absorption (emission) maxima at
wavelengths of 646 (662) nm was used. An appro-
priate set of spectral filters was used to excite and
detect fluorescence. A Raptor Photonics camera
(digital FALCON EMCCD FA285-CL) was used to reg-
ister optical signals.

The dorsal chamber and the table compatible
with a standard microscope were designed by us
independently and made of biocompatible polycar-
bonate on a 3D printer [21]. The key difference of the
dorsal chamber we used is the minimized weight
of the device. It is well known that commercially
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Puc. 1. Cxema 3kcnepumeHma: mMbllb C YCMAaHo8AeHHOU dopcanbHol Kamepol GUKCUpyemcsl Ha cneyuanbHoM CMoAUKe,

KOmopeili ycmaHasAusaemcs 8 MUKpockone 0As npoeedeHus uccAedosaHus. [1As peaausauuu 3mozo nooxo0d MoXHO
UCNoAb308amb CMAHOAPMHBIL ONMUYECKUL MUKPOCKON, NpUMEHSIeMBbIL 0As1 UCCA008AHUSI KAEMOK U 2UCMoAO2UU MKaHel

Fig. 1. Experimental scheme: a mouse with a dorsal chamber installed is fixed on a special stage, which is installed in a microscope
for research. To implement this approach, a standard optical microscope can be used to study cells and tissue histology

KaIlWJIJISIPOB), & TaKKe PerHMCTPHUPOBATh IIPOLIECCHI,
IIPOUCXOJSINKe B HUX Ha yPOBHE OTJAeTbHBIX KIETOK
B pea/lbHOM MacIluTabe BpeMeHHU.

1. METOAUKA SKCMNMEPUMEHTA

CxeMa 3KCIIepUMEHTAa MpenoCTaBjleHa Ha puc. 1.
MMHKpPOCKOIIHYEeCKHEe MCC/IeJOBaHHSA IIPOBOIUIH
C MCIIOJIb30BaHHMEM HHBEePTUPOBAHHOIO ¢Iyo-
peclieHTHOro MHKpockomna Motic AE31E c jamMnon
HAaKQJIMBAHUS B KaueCcTBe HCTOYHHKA 6enoro csera
Y PTYTHOM JIaMIIOH [JIS1 BU3YaJIM3allMH BO Qroopec-
LIEHTHOM peskuMe. i JOIIOTHUTEIBHOIO0 MapKUPO-
BaHHUS OHMOTKaHeH HCIIOB30BAIHN (GJIyopecLieHTHBII
KpacuTenb Cy-5-amine ¢ MaKCMMyMaMH IIOIJIOILe-
Husa (3MHCCHH) Ha IJIMHAX BOMH 646 (662) HM. g
BO3Oy>KIeHUSI U [eTeKTHPOBAHHUS (JyopecLieHLIUHU
HICIIOIB30BAIM COOTBETCTBYIOIIMM Habop CIIeKTpasb-
HBIX OGHIBTPOB. [ PperucTpallid OITHYEeCKHUX
CUTHAJIOB KCIIONB30BAIK Kamepy Raptor Photonics
(digital FALCON EMCCD FA285-CL).

JopcasipHass KaMepa U COBMeCTHUMBIM CO CTaH-
OAPTHBIM MHUKPOCKOIIOM CTOJHK OBLIH CITPOEKTHPO-
BAaHBI HAMH CAaMOCTOSITe/IBHO K U3TOTOBJIEHBI 13 OHO-
COBMECTHMOrO ITonKapboHaTta Ha 3D-mpuHTepe [21].
Kno4deBpIM OTIHYHMEM HCIONb30BAaHHOM HaMH
NOPCAIPHOM KaMephl SBJSeTCSI MHUHHMH3HUPOBAH-
HBIF BeC yCTPOMCTBAa. XOpOILIO KM3BeCTHO, YTO KOM-
MepuecKHd HOCTYIIHble THTAaHOBble KaMepbl OOCTHU-
raroT o 30-40% Beca >XMBOTHOTO, YTO BBI3bIBaeT
He TOJIBKO H30BITOYHOE TPaBMHPOBAHHE S>KHUBOT-
HBIX [22], HO U IIPUBOOMUT K CyIIeCTBEHHBIM QHU3HO-
JTOTMYeCKMM H3MeHeHHsIM B IIpolecce Habmiome-

available titanium chambers reach up to 30-40% of
the animal’s weight, which causes not only exces-
sive injury to animals [22], but also leads to sig-
nificant physiological changes in the observation
process, for example, due to the production of the
stress hormone corticosterone [23].

To prepare for the experiment, the dorsal
chamber was surgically mounted on the mouse’s
back with fixation using a 5-0 monofil thread.
All manipulations with animals were performed
using general injection anesthesia by administer-
ing a combination of Zoletil-Xylazine drugs (20-40
mg/kg of Xylazine intramuscularly and 5-10 mg/kg
of Zoletil intraperitoneally 10 minutes after Xyla-
zine). To reduce light scattering, a thin layer of skin
was resected on one side of the skinfold up to the
muscular fascia. Microscopy was performed using
a set of standard 4-40x micro lenses. The resulting
images and videos were processed in the Image]
program.

2. LIGHT-FIELD MICROSCOPY
IN WHITE LIGHT

The results obtained using the brightfield tech-
nique are illustrated in Fig. 2. The technique makes
it possible to observe various components of sub-
cutaneous tissues: the vascular bed, as well as
rounded subcutaneous fat cells (adipocytes). At
the same time, the morphology of the vascular
network can be traced almost to the scale of capil-
laries: the red marks show the sequential branch-
ing of a large vessel up to terminal arterioles
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HMUS, HaIIpuMep, K3-3a BeIpaboTKH FOPMOHA CTpecca
KOPTHUKOCTepoHa [23].

JlJ1s TIOATOTOBKKM K 3KCIIEPHUMEHTY JO0PCaJbHYIO
KaMepy XHUPYPrHUYeCKH yCTaHaBIHMBaJIKM Ha CIHHY
MBIIIK C (PUKcAIMEeNd C IIOMOIIbI0O HUTU MOHO-
¢una 5-0. Bce MaHUIYIALMUH C SKHBOTHBIMHU IIPO-
BOJM/IN C IpUMeHeHHeM o0miell HWHBEeKLHOHHOM
aHeCTe3UU IIyTeM BBeJeHHs KOMOMHAILIMHU IIpeIla-
patoB 3onermn-Kcunasus (20-40 mr/kr KcunasuHa
BHYTPHUMBIIIEYHO M 5-10 MI/Kr 30/eTHia BHYTPHU-
6promrHHO Yepe3 10 MUHYT mocse Kcunasuna). Is
yMeHBbIIeHUS CBeTOpacCessHUsI M3 HcClefyeMoH
0671aCcTH yOAAs/IM TOHKUH Y4acCTOK KOXH BIUIOTh
[0 MBIIIEYHON QacIlMU C OGHOU M3 CTOPOH KOKHOM
CKIaAKH. MHKPOCKOIHIO MPOBOJUIHN C HCIONB30-
BaHHeM Habopa CTaHIApTHBIX MHKPOOOBEKTHBOB
4-40x. ITomyueHHbIe HM306paskeHUsI U BUAeo obpaba-
TBIBaJIM B IIporpamMme ImageJ.

2. CBET/IOMNOJIbHAA MUKPOCKOIUA
B BEJIOM CBETE
Pe3ynbTaTH, [oJIlydeHHBIe

.
| ‘@ ONTUYECKUE UBMEPEHWA

(~15 pm). The detailed picture makes it possible
to study many pathophysiological processes. For
example, vascular growth and development (angio-
genesis) can be investigated in response to damage
or chemical stimulus, or pathological formation
in the dorsal window area. In addition, the model
makes it possible to directly observe vasodilation
and vasoconstriction (respectively, dilation or nar-
rowing of the lumen of blood vessels) under chemi-
cal or thermal influences or inflammation, which
is extremely valuable, since usually such data are
studied only indirectly [24]. Clear distinctness of
vasa vasorum vessels which are thin vessels branch-
ing directly from large ones and feeding their walls
and nearby tissues (branches are marked in Fig. 2a
in green), - can be used to study some common vas-
cular pathologies. For example, violations in their
work hypothetically can cause inflammation in the
walls of large vessels and lead to the development
of atherosclerosis [25].

C HCIIO/Ib30BAHMEM METOAUKH
B CBeTJIOM II0JIe, HJIIIOCTPHUPYET
puc. 2. BuiHO, 4YTO MeETOAHMKaA
1o3BosisieT HabIOOATh pas3iny-
Hble KOMIIOHEHTBl IIOJKOKHBIX
TKaHeH: COCYyJHCTOe pyclo,
a TaKKe OKpYIJIble IIOJKOKHBbIe
SKUPOBBle KJIETKH (aJUIIOLIKTHI).
IIpu 3TOM MOpPGOJIOTHSL COCYLH-
CTOM CeTH IPOCIeXKHUBaeTCs Ipak-
TUYeCKH [0 MacmrTaba Kamui-
JSApOB: KPacCHBIMH MeETKaMH
[I0Ka3aHO I10C/Iel0BaTe/IbHOE BeT-
BJIEHHE KPYIIHOTO COCyaa BILIOTh
[0 TepMHUHAIbHBIX apPTEPHUOI
(~15 mxm). Takasg OeTaju3alusa
[laeT BO3MOXKHOCTb HM3y4aTb MHO-
rve naTopU3HONIOTHYecKHe IIPOo-
neccel. HampuMep, MOXXHO HcCCIe-
[0BaTbh POCT W pa3sBHUTHe COCYIOB
(aHTrHOreHe3) B OTBET Ha IIOBPEX-
JeHHe UIH XUMHYECKUHN CTUMY
nubo maTonmoruyeckoe obpaso-
BaHHe B 067acTH [OPCaIbHOIO
OKHa. Kpome Toro, Monenb AaeT
BO3MOKHOCTb IIpSIMOTO Habiio-
JeHHs Ba3oAHW/IAaTallMU U Ba3o0-
KOHCTPUKLIHH (COOTBETCTBEHHO,
PacIIMpeHHs] WK Cy>KeHHS IIPO-
CBeTa KPOBEHOCHBIX COCYIOB) IIPHU
XMUMHYECKHUX MU TePMHUYECKHUX

Puc. 2. N306paxceHue, c030aHHOE MemodomM c8emAON0AbHOLU MUKPOCKONUU

8 benom ceeme, 6UOMKAHU YKUBOU MblLLU 8 OKHE HABAOOEeHUS1 A0pCanbHOL Kamepbl:
a) — nony4eHHoe Npu HU3KoM yeeaudeHuu (KpacHbIMU MOYKAMU OMMeHeHO
nocnedosamenbHoe 6emeneHue KPYnHo20 cocyod, 3eAeHbIMU MO4KAmu — cOCyObl
vasavasorum, CUHUMU moykamu — 6oaee 2Ay60Kuli caoli adunosHoti (kuposoli)
MKaHU; b) - noay4eHHoe npu 604ee 8biCOKOM yeeauveHul (KpacHbIM NYHKMUpom
ommeveHbl 3nemeHmbl aduno3Holi mkaHu (Ha ecmaske - cmamucmuxa
pacnpedeneHus No pazmepam omaeAbHbIX adLUNOLLMO8)

Fig. 2. An image created by light-field microscopy in white light of the biological
tissue of a living mouse in the observation window of the dorsal chamber:

a) obtained at low magnification (red dots indicate sequential branching of a large
vessel, green dots indicate vasa vasorum vessels, blue dots indicate a deeper layer
of adipose (fat) tissue; b) obtained at a higher magnification (the red dotted line
marks the elements of adipose tissue (in the insert - size distribution of adipocytes)
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BO3MEMCTBUSIX MM BOCIIAJe-
HUSIX, YTO KpaHHe LIeHHO, TakK
KaK OOBIYHO I10400HBIEe MaHHBIE
H3y4aloTcs JIHIIb KOCBeHHO [24].
YeTkasg pas3saIHYMMOCTE  COCY-
IOB THIIA vasa vasorum - TOH-
KHX COCYZIOB, OTBETBJISIIOIIMXCS
HAIIPSIMYIO OT KPYIIHBIX M TN TA0-
IIMX HUX CTeHKH K OrIu3iexamue
TKaHU (OTBETBJIEHUS OTMeuYeHBI
Ha pHUC. 2a 3eJeHbIM LIBETOM), -
MOKeT OBITh HCIIONB30BaHA [JISI

‘ g i

U3y4YeHUS HEKOTOPHIX PaCIpo- E 4 200 MRM | pm ROgugtihm

CTPaHEHHBIX IIaTOJOTHUH COCYAOB.
Tak, HapymeHus B ux paboTe 1o
OOHOM M3 THUIIOTe3 MOIYT OBITH
NIPUYKUHON BO3HUKHOBEHHS BOC-
MaJleHUH B CTeHKaX KPYIIHBIX
COCYZOB M IIPUBOJUTb K Pa3BU-
THIO aTepocKiepo3sa [25].

Kak BugHo u3 puc. 2b, oka-
3bIBaeTCsl AOCTYIIHOM [/ MCCle-
OOBAHUM TaKKe U aJgUIIO3HAI
(CkupoBasi) TKaHb. JTO I103BOJISIET
H3y4aThb ee GHU3HOIOTHIO, & TAKKe
3abomeBaHMUs, CBS3AHHBIE C HApPY-
MeHUsIMU MeTabonusMa, B T.U.
caxapublll guabet [26]. Mel mof-
CYUTATHU CTAaTUCTHUKYy MaKCH-
MaJIBHBIX JHaMeTpPOB aJUIIO-
nuToB (puc. 2b) u obHaApYKUIH,
YTO OHa COOTBETCTBYyeT HOPMaJlb-
HOMY 3aKOHY pacIpefeneHHs,
IIPpU 3TOM CpelHee 3HAaYeHUe
pasMepa 31eMeHTa aJHUII03HOH
TKAaHU 42 +12 MKM. 50 MKM | pm 50 MKM | pm

Puc. 3. M306paxkeHue ydacmka cocyducmoll cemu Npu manom yeeaudeHuu:
a) - ceemnonoAbHoe; b) — payopecueHmHoe (0Kpacka c NOMOLWbI0
¢nyopecueHmHozo kpacumeas Cy-5-amine)

Fig. 3. Image of a section of the vascular network at low magnification:

a) light-field; b) fluorescent (coloring with Cy-5-amine fluorescent dye)

— = i

3. TEMHOIOJIbHAA
®JIYOPECLIEHTHAA
MWKPOCKOIUA

dinyopeciieHTHasE  MHUKPOCKO-

nusi B IIHMPOKOM IIOJe II03BO-
7seT CyIlecTBeHHO paCHIHpPHUTh

KPyr H3y4daeMbIX OMOIIPOIIeCCOB

U TOAy4YUTh ILeHHBle JaHHEIe

B PeXHMe peajbHOr0 BpPeMeHH.

Tak, y>ke yepe3 HECKOJIBKO CEKYH]

mocjiie BBefleHUS QayopeclLeHT-

HOTO KpacHUTelns B KPOBOTOK

MaJjIoro >KMBOTHOTO B o06sacTu

JOPCaJIbBHOU CKIaJKH HAa4YWHAKOT

3aMeTHO OKpAIIMBaTbCsl KPYII-

HBble COCYAbl C MaKCHMYMOM IIO

Puc. 4. OnpedeneHue mpaekmopuli 08UKeHUSI 0MOeAbHbIX KAeMOoK

Kp0o8LU, HenpepbIBHO UUPKYAUPYIOWUX NO dpmepuoAam U Kanuaasipam:

a) - u306paxkeHue, NOAYYeHHOE 80 8peMsl IKCNepuMeHma, Uaacmpupyem
NoAOXKEHUEe UHOUBUOYANbHbIX OKPALIEHHbIX KOMNOHEHMOo8 Kpo8omokd,

b) - cymmapHoe HabatodeHue (passeepcmka kaopos 3a 30 cekyHd) 3a
NoAOXKEHUemM MApKUpo8aHHbIX GAOPEeCUEHMHbIM KpacumeAnem KAemok Kposu
(kaxxdas puonemosas oKpy>XHOCMb COOMaemcmayem NoAOXKeHUK KAemok,
onpedeAnsiemMblx Ha 0mAeAbHbIX Kadpax puc. 4a)

Fig. 4. Determination of the trajectories of individual blood cells continuously
circulating through arterioles and capillaries: a) the image obtained during
the experiment illustrates the position of individual-colored components of the
blood flow; b) total 30 sec-accumulated distribution of blood cells marked with
fluorescent dye positions (each purple circle corresponds to the position of cells
identified in individual frames on Fig. 4a)
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MHTEHCHBHOCTHU Ha BpeMeHHBIX OTpe3Kax 3-5 MUHYT.
O peTanu3alldM OKPAIMBAaHHS MOXKHO CYAUTb IIO
pHC. 3, e B ABYyX peXkKMMax I10Ka3aHa ofHa U Ta Ke
0671aCTh OPCAIBHOTO OKHA ITPU MAJIOM YBeJTHYeHUHU
(06beKTUB 4x).

Ha puc. 3b BUAHO, UTO Ha XapaKTEPHOM Mac-
mTabe 20-30 MKM, IIPHMEPHO COOTBETCTBYIOLIEM
pasmepy afUIIOLUTOB, BO GIyopeclieHTHOM PesKHUMe
IIPOSIB/ISIeTCS TOHKas ceTdyaTasl CTPYKTypa OKpalleH-
HOM KaIlWUISApHON ceTH. IIpu 6onpmoieM yBenude-
HUU (yBenuueHHe o6beKTHBA 40x) BO3HHKAeT BO3-
MOKHOCTb HabJIONeHHUs TPaeKTOPUM [ABUKEHUS
OTZle/IbHBIX KOMIIOHEHT KPOBHU (pHC. 4), HEIIPepbIBHO
LUPKYIUPYIOMKX II0 apTepuolaM M KaOHIIsSpaM.
Tak B Kaap pa3mepoM 230 x230 Mkm? (puc. 4a) moma-
JaeT ogHOBpeMeHHO OoT 20 1o 40 MHAWBUIYa/IBHBIX
KJIeTOK KPOBM, [BIKDKYIIHXCSI II0 CBOMM TPaeKTo-
pUSAM, TO IOKMAAs 06sacTh HAabNIOLeHN S, TO BHOBb
BO3Bpallasich B Hee. EC/IM B35Th MOC/IeOBATENIbHBIH
Habop KampoB HabnomeHHs 3a BpeMeHHOH HHTep-
Bal B 30 C U OTMeTUTh TOYKaMH B KaKAOM M3 HHUX
perucTpupyeMsle KIETKH, TO IIOJYUYMTCS KapTHHA
IOBUKeHUS KJIeToK (puc. 4b). OHa oTobpaskaeT cTaTu-
CTUKY PerHCTpPalliU YaCTHIL B Pa3HBIX YaCTsIX Kagpa.
Kak IOKa3bIBaeT BUAeOHabIIO[eHMe, 3TOT HHTEp-
BaJ obecrieumnBaeT NPHUOIH3UTENBHO [BYKPATHBIA
3aIac BpeMeHH Ha IIPOXOoXKIeHHe BCero Kajgpa caMou
MeJJIEHHO [IBUTAIONIENCS KIeTKOH. [IoMHMO MoOp-
bomorum CocyIMCTOM CeTH, 3TOT SKCIIpecc-aHaJIU3
JaeT BO3MOXKHOCTb KaueCTBEeHHO CYAHTb O CpefHeH
CKOPOCTH OBUKEHHUSI KJIeTOK: OHa HMKe TaM, Ile
ToukHu (Ha puc. 4b) pacrososkeHbl IoTHee. Takke
MOXKHO CIe/laTh KaueCTBeHHBbIe BBHIBOJL K 0 Hambo-
7iee «IOMYJISIPHBIX» TPAeKTOPHSIX ABKSKEHHUS: TOUKHU
pacriosniokeHsl pexke. HMHTepecHO OTMETHUTH, HUTO
Jaske IIPU PACHONIOXKEeHHUH B OOHOM COCylle TPaeKTo-
PHUHU KIeTOK He 3aIlOo/NHSIIOT ero II0JHOCTBIO, OCTaB-
715151 IYCTOTHI.

dryopeclieHTHOe OKpAIIHMBAHKeE B in vivo 3KCIIepH-
MeHTe ITpPef0CTaBIseT OO PHBIe BO3MOXKHOCTH IS
HabmioneHU!, Hanmpumep, GapMakKOKUHETHUKH IIpe-
[1apaToB, B T. Y. [IapaMeTPOB 3KCTpaBa3allkuu U3 Kpo-
BOTOKA B TKaHM [27] K cpefiCTB AOCTAaBKU j1eKapcTB [28],
paboThl KIETOK MMMYHHOH CHCTeMBl [29], MHKpO-
LIUPKY/ISLHHU B OIYX0/IeBbIX TKaHAX [30].

3AK/TIIOYEHUE

HM3ydyeHue 6HMONOTHYeCKHX IIPOLECCOB C IIOMOILBIO
CBeTa CerofiHsl UIHMPOKO PAaCIPOCTPAHEHO KU PYTHHHO
MCII0/Ib3yeTCs KaK B in Vitro, TaK W B eX Vivo MeTOH-
Kax. OIHaKo Kak ¢oTorpadus yCTyIaeT I10 KOIHUYe-
CTBY JeTaJled BUZAeOQakly, a BUJE03AIUCh YCTyIIaeT
peajlbHOMY 3pE€HHIO, TaK H oObIYHAas MHKPOCKO~
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As can be seen from Fig. 2b, adipose (fat) tissue
is also available for research. This allows us to study
physiology, as well as diseases associated with met-
abolic disorders, including diabetes mellitus [26].
We calculated the statistics of maximum adipocyte
diameters (Fig. 2b) and found that it corresponds to
the normal distribution law, while the average size
of the adipose tissue element is 42+12 pm.

3. DARK-FIELD FLUORESCENCE
MICROSCOPY

Widefield fluorescence microscopy makes it pos-
sible to significantly expand the range of biopro-
cesses under study and to obtain valuable data in
real time. Within a few seconds after the intro-
duction of fluorescent dye into the bloodstream of
a small animal, large vessels begin to noticeably
fluoresce around the dorsal skinfold with a maxi-
mum intensity at times of 3 to 5 minutes. The col-
oring details can be evaluated on Fig. 3, where the
same area of the dorsal window is shown in two
modes at low magnification (4x lens).

Fig. 3b shows that at a characteristic scale of
20-30 pm, approximately corresponding to the size
of adipocytes, a thin mesh structure of the col-
ored capillary network appears in the fluorescent
mode. At a higher magnification (magnification
of the 40x lens), it becomes possible to observe
the trajectories of individual blood components
(Fig. 4) continuously circulating through arterioles
and capillaries. Single 230x230 pm frame (Fig. 4a)
can contain 20 to 40 individual blood cells mov-
ing simultaneously along their trajectories, leav-
ing the observation area, then returning to it. If
we take a set of sequential observation frames
for a time interval of 30 seconds and mark the
recorded cells with dots in each of them, we get
a picture of cell movement (Fig. 4b). It displays sta-
tistics of particle registration in different parts of
the frame. As video-observation shows, this time
interval provides approximately double the time
reserve allowing for the passage of the slowest
moving cell through an entire frame. In addition
to the morphology of the vascular network, this
brief analysis makes it possible to qualitatively
judge the average speed of cell movement: it is
lower in regions where the dots (in Fig. 4b) are
located more densely. It is also possible to draw
qualitative conclusions about the most “popular’
trajectories of movement: they are seen most dis-
tinctly. It is interesting to note that even being in
one vessel, the trajectories of the cells do not fill it
completely, leaving voids.

i
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IUsl KIETOK WM TKaHeH CONEPKUT JIMIIb Maylo
4acTh 60raTor KapTHHBI 6HMOTOrHYeCKUX IIPOLIeCcCOB.
MHTpaBUTa/IbHASI MUKPOCKOIIHS [103BOJIIeT JOCTHYb
Iporpecca B IPeoJ0/IeHUH HeJOCTATKOB CTaHOAPT-
HBIX MeTOAMK. HaMmu Obly1a peann3oBaHa MeTOLHKA
HCCIeIoBaHUS B OJHOM H3 ee 6a30BBIX BapHAaHTOB,
1 B JaHHOH paboTe MBI IIPOJEMOHCTPUPOBAIN BO3-
MOXKHOCTb HaO/lI0JeHHUsl IOJKOXKHBIX C/10eB TKaHH,
B T. 4. COCYJIOB 1 OT/Ie/IbHBEIX KJIe€TOK KPOBU B PEXKHMe
peanbHOTO BpeMeHH. TecTOBble 3KCIIEPUMEHTHI
[IOKa3aaM, YTO IIpPOoTeKarolue B OHOTKaHSAX IIPO-
LIeCCBl MOYKHO PerHCTPHPOBATh AJIMTE/IBHOE BpeMsi
BILJIOTBb 10 Hefenu. OLleHUBasi IIOTeHIIHAT Peaar3o-
BaHHOM METOAMKH, Mbl PaCCUMThIBA€M Ha HIMPOKYIO
KOOIIepaIlUI0 M BHEeAPeHHEe 3TOro MHorooberao-
Ilero MeTofa B IOBCeJHEBHYIO HCCIe[0BATEIbCKYIO
IPaKTUKy Kak 1 GyHAAMeHTa/JIbHBIX HCCIefoBa-
HUM, TaK U U1 aKTYalIbHBIX IIPAaKTHUYECKUX 3aad,
Hanpumep, MAJasi H3ydyeHHUS (apMaKOKHHETHKHU
CYIIeCTBYIOUIMX K Ppa3pabaTbiBaeMbIX JIeKapCTBEH-
HBIX CPeliCTB, OLleHKH HX B3aHMOJEHCTBHS C KJeT-
KaMH OpraHH3Ma (B T.4. MMMYHHBIMH), IIPOLIECCOB
aKTUBHOM M IIACCUBHOM JOCTaBKH JIeKapPCTBEHHBIX
CPencTB.

BNATrOAAPHOCTU

PaboTa BBIIIONIHEHAa B paMKaX TeMBbl ToOCyHap-
CTBEHHOIO 3aJaHHsl MHHHCTepPCTBA IIPOCBEIeHHS
PO «JlasepHble TeXHOJIOTHH I 6UOMeIUIIMHCKIX
npriIokeHHH» Ne 122122600055-2 B 4acTH IIpoBefe-
HUS ONTHUYECKUX HabII0leHUN C IIOMOILIbI0 MeTola
JOpCalbHOM KaMephl M TeMbl TOCYLApCTBEHHOTO
3agaHus HUI «Kyp4aToBCKHI HHCTHUTYT» B YacTHU
IIpOBeeHUsI HCCIefOBAaHUKN MeTOAaMH JIIOMHHeC-
LIEHTHOH CIIeKTPOCKONHM. Pa3paboTka KOHCTPYK-
LMK JO0pPCAa/IbHOM KaMepbl M CTOJIMKA BBHIIIOJHEHA
B pamkax HHMP 1o xoHTpakty N¢ 749-2A-24-HUP
oT 25.06.2024 r. Mmexpay PU3MYECKUM HHCTUTY-
oM uUM. II.H.JlebemeBa PAH u PHLIX MM. akapg.
b.B.IleTpoBCKOTO.
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Fluorescent staining in an in vivo experiment
provides extensive opportunities for observations,
for example, of the pharmacokinetics of drugs,
including parameters of extravasation from blood
flow to tissues [27] and drug delivery [28], the work
of immune cells [29], microcirculation in tumor
tissues [30].

CONCLUSION

The study of biological processes using light is
widespread today and is routinely used in both
invitro and ex vivo techniques. However, just in the
same way as photography is inferior in the num-
ber of details to a video file, and video recording
is inferior to real vision, the standard microscopy
of cells or tissues contains only a small part of
the rich picture of biological processes. Intravi-
tal microscopy makes it possible to make prog-
ress in overcoming the shortcomings of standard
techniques. We have implemented the research
technique in one of its basic variants and dem-
onstrated the possibility of observing subcuta-
neous tissue layers, including blood vessels and
individual blood cells in real time. Test experi-
ments have shown that the processes occurring
in biological tissues can be recorded for a long
time, up to weeks. Assessing the potential of
the implemented technique, we count on broad
cooperation and the introduction of this promis-
ing method into everyday research practice both
in areas of basic research and actual biomedical
practice, for example, to study the pharmaco-
kinetics of existing and developing drugs, to
assess their interaction with body cells (includ-
ing immune cells), active and passive delivery
processes of drugs.
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