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The article shows the potential of practical
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BBEAEHWUE

B HayKax o >KM3HH 60/bII0M 06beM BasKHOM MHPOP-
MaU{ MOXKeT OBITh IIOJIy4eH TOJBKO IPH HeIOo-
CpenCTBEHHOM H3Yy4YeHHH SKHUBBIX CHCTEM C y4eTOM
BCeX CJIOKHBIX BHYTPEHHMX IIPOLIECCOB M B3aKMO-
JOeHCTBUM. B yCI0BUSX in vivo, IPU COXPaHEHHUH MeXK-
KJIETOYHBIX B3aMMOJEHCTBHU, TPAHCIIOPTA BellecTB
M CHTHAJIOB MOKHO HAaJIesiIThCS Ha II0JIydYeHHe peasb-
HOI KapTHUHBI IIPOLIECCOB, ITPOTEKAOIIHUX B 6H0IOTH-
YeCKUX TKaHSIX. JKUBOK OPraHU3M COCTOMUT U3 TPHII-
JIMOHOB KJIeTOK [1], rie Kakmasi OTAeNbHAs KIeTKa
SIBNISIETCS XUMHYeCKON GabpHUKOM, CHHTe3HPYIOLer
Y YTUIHU3UPYIOIIeN OJHH BellleCTBA M CTHUMYJIBL /IS
TOro, 4To6Bl NPOU3BOLUTH [ApyrHe K IlepelaBaTh
UX Jasbllle II0 LlelIOYKe OJHOMY K3 TPHJIIMOHOB
azpecaToB, a MOXeT OBITh, M BceM cpa3y. M Bce
3TO B abCOMIIOTHOM “MOJIYaHHUH», C UCIIOTIB30BAaHHUEM
JIMIIB 513bIKA QH3HUKO-XUMUYECKHUX «KecTOB». TeM He
MeHee, M3y4aTh 3Ty 3alyTaHHYIO CHCTeMy HeobXo-
OYIMO 1 BO3MOSKHO, U IJTABHBIM HHCTPYMEHTOM 37IeCh
OKa3bIBAIOTCS POTOHBI, C OLHOU CTOPOHBI, ITI03BOJISIO-
IIYe PerucTpUpoBaTh MHGPOPMAIIMI0 HHTYHTHBHO
IIOHSITHBIM CII0COOOM, C APYroil CTOPOHBI, peasnw-
3yIoI[He [OCTAaTOYHOe PpaspellleHHe IIPH aHaJIM3e
SKUBOM CHUCTeMBI. MeTOABI ONTHUYECKOH CIIeKTPOCKO-
UM M MHKPOCKOIIMH SIBJISIIOTCS OOJHHMH H3 HaU-
bonee 3dpHeKTUBHBIX CI10COOOB HU3YUeHUS CTPYKTYPHL
U OUHAMHUKH CJIOXKHBIX MOJIEKYISPHBIX CHCTEM,
HAHOCTPYKTYp M MaTepHa/JIOB Ha HX OCHOBe [2-9]
U IIMPOKO MCIIONB3YIOTCS AJIS JUATHOCTUKH M Tepa-
[IUU B OMOJIOTMU U MegulivHe [10-14].

CTtaHgapToM B 0067acTH HabIIOLeHUS SBISETCS
KJIeTOYHAasi MHUKPOCKOIIMS, IITPOBOLKMAS in Vitro
(0T mat. «B CTeKJIe»), KOTJA KJIETOUYHBIM IIpeIla-
paT H3ydaeTcsi B peasbHOM BpeMeHHU Iof 6oib-
IIMM yBeJIHYeHHEeM B HCKYCCTBEHHO CO3/LaHHBIX
yc1oBusSX. OJHAKO HETPYAHO IIOHSTH, YTO 60Jb-
mast 4acTb UHQOPMAILIUHU, CBSI3aHHAS C CUTHAJIAMH
OT JIPYruX KJIETOK (3HIOKPUHHBIMHU - OT LAJIEKHUX
KJIeTOK, IIapaKpUHHBIMU - OT COCEIHUX), IIOJIHO-
CTBIO TepsieTCsl IIPH TaKoM Iloaxofe. LlenpHYIO Kap-
TUHY B3aMMHOTO BJIMSHHUS KJIETOK APYr Ha Jpyra
MOSKHO COXPAaHHTb, eC/IM HCIIOb30BaTh ex vivo (Iart.

Syl 4

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
aHaNIU3HUpyeTcss PUKCUPOBAHHBIM TOHKUM obpaserr
TKaHHU, HO IIPU 3TOM CO BCeH OYeBHUJHOCTBIO IIPO-
HCXOJIUT ITOTePsI JAaHHBIX O PA3BUTHUH IIPOLIECCOB BO
BpeMeHH.

M3 CKa3aHHOIrO SICHO, YTO B COBpPeMeHHOH O6Ho-
JIOTUM U MeJHLIMHe Ype3BbIYaNHO BOCTPeOOBaHBI
moaxoAsl, obecrnednBaioliye [JIMTEIbHBI MOHH-
TOPUHI >XMBOTO OpPraHH3Ma B pPeXHMe peasbHOro
BpeMeHH Ha ypOBHE ero OTHeNbHBIX KIeTOK H/HIH
CHUCTEM KJIETOK, YTO JOBOJIBHO C/IOXKHO peajn30BaTh
M3-3a CHJIBHOIO IIOIVIOIIEHHSI H3JIy4eHUs OITHUe-
CKOrO Malla30Ha CIeKTpa B 6H0IOrMyeckyx TKaHSIX.
TeM He MeHee, CyLIeCTByeT psifi MeTOJOB, I103BOJIS-
fonux oborTH 3Ty mpobreMy. Hampumep, MOKHO
HCIIO/Ib30BaTh MeTOABbI IIpocBeTneHHUs [15], korma
[IPO3PavHOCTb TKaHeM (B OCHOBHOM, ITIOKPOBOB) AJIsI
[aJaIONIero CBeTa IOBBbIIIAeTcs 6yaromaps MoAH-
dUKaLMK UX CTPYKTYPHBIX U OINTHYECKUX CBOMCTB
IyTeM MMMepPCUU B OMOCOBMECTHUMBIX OITHYECKHX
IIPOCBET/ISIONMX areHTax, BbIPAaBHHUBAIOIIUX IIOKa-
3aTelM paccenBaTesnell. MOXKHO IIOCTyHNaThb HMHaue
M COBUIATh H3/ydeHHe B CIIeKTpaJbHBIe 00/1acTH,
B KOTOPBIX OHO (J1ab0 B3aHMMOMEHNCTBYeT C TKAaHSIMU
OpraHu3Ma, B TaK Ha3blBaeMble CIIeKTPa/IbHBIE
«OKHa IIPO3pPavyHOCTH» TKaHeM [15, 16], pacronoxkeH-
Hble B OMM>KHeM HMHQPaKpPaCHOM HJIM PeHTTeHOB-
CKOM JHara3oHe ClleKTpa. HakoHel, MOKHO 060HTH
npobseMy CIeLHaJIBHBIM BBIOOPOM TIeOMeTpUHU
3KCIIePHMEeHTa - CO3[JaHKeM PpeaJbHOro OKHa [JIs
HabnomeHUs. Bce sTH MeTofbl, 06beiMHEHHBIE IO
obIMM Ha3BaHHEM ¢HUHTPaBHUTalbHAsi MHKPOCKO-
nus» [17] (MUKpPOCKONMS >KHUBBIX CHUCTEM), CErofHSs
JAI0T BO3MOXKHOCTb AOCTHYb 3HAUHUTEIBHOIO IIPO-
rpecca B HayKax O >KM3HHU, IIOCKOJIIBKY OHH He Hapy-
IIAI0T KApPTHHBI CJIOXKHOTO MEXK/IETOYHOrOo B3a-
uMomencTBUsa [18] U obecrieyuBaroT HabamomeHUe
B peaJIbHOM BpPeMeHHU Ha YPOBHE OT/e/IbHBIX KIETOK
U KJIETOYHBIX CTPYKTYp [19].

B manHoM o0630pe MBI AeMOHCTPHPYeM IIpPHUMEP
peanu3anuM in vivo MeToma HabniomeHus nabopa-
TOPHBIX MBIIIEM C KCII0JIb30BAHKEM OPHUIHMHAJIBHOU
KOHCTPYKIIUU JOPCaJIbHOM KOXKHOM CKIaAKU. B 3T0M
KOHCTPYKIIMM CKIaZKa KOXH Ha CIIHHE >KHUBOTHOTO
NPUIIOAHUMAETCSl HaJ, OCHOBHOM IIOBEPXHOCTBIO
Tesla U QUKCUPYETCsI CIlelIMaJIbHOKN KaMepOH C OITH-
YeCKU MPO3payHBIM OKHOM, YTO JaeT BO3MOXKHOCTb
IIPOBOAUTH HabnomeHUs 06ILeHr IPOJOIKHUTENbHO-
CTBIO 10 HEeCKOJNBKUX Hemenb [20]. ITokaszaHO, YTO
Iaxe B caMol 6a30BOM KOHOUIYpalLMH C HCIIOIb30-
BaHHEeM HHBEPTHPOBAHHOIO ONTHYECKOT0 MHKPO-
CKOITa MOYKHO HabII0faTh MOJKOKHBIE CIOH OHOJIO-
THYeCKUX TKaHeH K KPOBEHOCHBIE COCYABI (BILIOTH 10
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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 € YCMAaHo8AeHHOU dopcaAbHol Kamepol GUKCUpyemcs Ha cneyuanbHOM CMoAUKe,

KOmopbil ycmaHasAusaemcs 8 MUKpockone 0As NpoeedeHus uccAedo8aHus. [1As peaausayuu 3moz0 nooxo0d MoXKHO
UCcNoAb308amb CMAHAAPMHBIL ONMUYECKUL MUKPOCKON, NpUMEHSIeMbIL 0As1 UCCA008AHUS 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

KaIlWIJISIPOB), & TaKKe PerHMCTPHUPOBATh IIPOLIECCHI,
MPOUCXOASIIMe B HUX Ha YPOBHE OTAE/bHBIX KJIeTOK
B peaJlbHOM MacIluTabe BpeMeHH.

1. METOAUKA SKCNEPUMEHTA

CxeMa 3KCIepHMeHTa IIpefoCTaBjieHa Ha puc. l.
MUKpPOCKOIIMYEeCKHMe HCCIeJOBaHUS IIPOBOLMIN
C MWCIOJb30BaHHMEM HHBEPTHPOBAHHOIO ¢yo-
peclieHTHOro MuKpockorna Motic AE31E c jamMmon
HaKa/IMBAaHUS B KauecTBe MCTOYHHKa 6eioro csera
Y PTYTHOM JIaMIIOH [JIs1 BU3YaJIM3allMU BO Qroopec-
LIEHTHOM peskuMe. [l TOIIOJIHUTEIBHOIO0 MapKUPO-
BaHHUS OHMOTKaHeH HCIIOIB30BAIHN (GJIyOopeclieHTHBII
KpacuTenb Cy-5-amine ¢ MakCMMyMaMH IIOIJIoLie-
Husg (3MHCCHH) Ha IJIMHAX BOMH 646 (662) HM. [isg
BO30OY>KIeHUsI M JeTeKTHPOBAHUS (IyopecLieHIIHH
HICITOIB30BA/IK COOTBETCTBYIOIIMK HabOp CIIeKTpasb-
HBIX OHIBTPOB. [l perucTpaliid OITHYeCKHUX
CUTHAJIOB KCIIONB30BaIK KaMmepy Raptor Photonics
(digital FALCON EMCCD FA285-CL).

JopcanpHasi KaMepa M COBMECTHMBIM CO CTaH-
OAPTHBIM MHUKPOCKOIIOM CTOJHK OBUIH CITPOEKTHPO-
BaHBI HAMU CAMOCTOSITEIbHO 1 M3TOTOBJIEHBI 13 OHO-
COBMeCTHMOrO IonruKapboHaTa Ha 3D-mipuHTepe [21].
Kio4yeBRIM OTJIHYHEM HMCIOJb30BAHHOM HaMHU
JOpCaJIbHON KaMephl SIBASIeTCSI MHUHHUMHU3HUPOBAH-
HBIM BeC YCTPOMCTBA. XOPOIIO HM3BECTHO, YTO KOM-
MepuYecKHd AOCTYIHbIe THTAHOBblE KaMephl LOCTH-
raioT go 30-40% Beca >XMBOTHOTO, YTO BBI3bIBaeT
He TOJbKO H30BITOYHOEe TPABMHPOBAHHE >KHUBOT-
HBIX [22], HO U NIPUBOAMUT K CyIIeCTBeHHBIM QH3HO-
JIOTUYeCKMM H3MeHEHHUsIM B IIpoilecce Habmwoge-

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]J
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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HUS, HaIIlpuMep, K3-3a BeIpaboTKH FOPMOHA CcTpecca
KOPTHUKOCTepoHa [23].

s IOATOTOBKHM K 3KCIIEDHMEHTY OPCabHYIO
KaMepy XHUPYpPTHUYecKH YCTaHAaBIWBAJIHM Ha CIHHY
MBIIIKU C (PUKcAIIMEeNd C T[OMOIIbI0 HUTU MOHO-
¢una 5-0. Bce MaHUIYIALWUH C KHBOTHBIMHU IIPO-
BOJWUIN C IIpUMeHeHHeM obmliell HWHBEeKLMOHHOM
aHeCcTe3UH IIyTeM BBeleHHS KOMOMHAIIMM IIpera-
patos 3onermwn-Kcunasun (20-40 mr/kr KcunasuHa
BHYTPHMMBIIIEYHO M 5-10 MI/Kr 3o0/eTHiaa BHYTPHU-
6promKrHHO Yepe3 10 MUHYT mocse KcunasuHa). [Ins
yMeHbIIeHUs CBeTOpacCessHUsI M3 HcClefyeMoM
0671aCTH yOaasIM TOHKUH Y4acCTOK KOXKH BIUIOTh
[0 MBIIIeYHOM QaclIMU C OGHOU M3 CTOPOH KOKHOM
CKJIaAKA. MHKPOCKOIIMIO IPOBOOH/IM C HKCIIONB30-
BaHHeM Habopa CTaHIAPTHBIX MHKPOOOBEKTHBOB
4-40x. ITomyueHHBble H306paskeHUsI U BUAeo obpaba-
TBIBAJIK B IIporpamMMe Image].

2. CBET/IOMNOJIbHAA MUKPOCKOIUA
B BEJIOM CBETE

Pe3YJ'IBTaTbI, IIOJIYyY€HHbIE

(~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 MCIONb30BAaHHEM MeTOOHKHU
B CBeTJIOM II0JIe, HJIIIOCTPHUPYET
puc. 2. BuaHO, YTO MeETOOHKA
[103BOJIsIeT HAOMIOmATh Ppasnud-
Hble KOMIIOHEHTBI IIOJKOKHBIX
TKaHeH: COCyJHCTOe Pycio,
a Takke OKpYIJIble IIOAKOKHBIE
SKUPOBBle KJIETKU (aAUIIOLIUTEI).
IIpu 3TOM MOPPOIOrKs COCymH-
CTOM CeTH IIPOCIeKHUBaeTCs IIpaK-
THYeCKH [0 Macmradba Kanui-
JIApOB: KpPacCHBIMM MeTKaMH
[I0Ka3aHO II0C/Ief0BaTeIbHOe BeT-
BJIeHHEe KPYIIHOTO COCyJa BILIOTh
IO TepMHHA/JIbHLIX apTepHoIl
(~15 mxm). Takas OeTajau3alusi
JaeT BO3MOKHOCTb M3y4aThb MHO-
rvue maTtopu3nOIOruYecKue IIpo-
1eccel. Harmpumep, MOKHO HCCIIe-
JOBaTb POCT M Pa3sBUTHE COCYJ0B
(aHruoreHes) B OTBET Ha IOBPEeXK-
JeHHe UIH XUMHYeCKUU CTUMYJ
nubo maTonmoruyeckoe obpaso-
BaHHe B 00J1aCTU [OPCAIBHOTO
OKkHa. Kpome TOro, monesnb gaeT
BO3MOSKHOCTb IIpsiIMOro Habiro-
JeHHs Bas3oOWIaTallUd U Ba30-

Puc. 2. V306paxkeHue, co30aHHOe Memodom C8emA0N0AbHOLU MUKpockonuu

8 benom ceeme, 6UOMKAHU YKUBOL MblLU 8 OKHE HABAOOEeHUS1 dopcanbHOU Kamepbl:
a) = noAy4eHHOe Npu HU3KOM y8eAuyeHUU (KpacHbIMU MOYKAMU omme4eHo
nocnedosamenbHoe eemeaneHue KpynHo20 cocyod, 3eAeHbIMU MoYKamu — cocyobl
vasavasorum, CUHUMU moyvkamu — 6oaee 2Ay60Kuli caoli adunosHoti (kuposoli)
mKaHu; b) - nony4eHHoe npu 6onee 8bICOKOM yeeaudeHUU (KpacHbIM NYHKMUpPOM
ommeveHbl 3nemeHmbl dduno3Hol 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:

0
0 20 30 40 50 60 70
Diameter, um

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)

KOHCTPUKLUHUH (COOTBETCTBEHHO,
pacHIMpeHHsl MK CY>KeHHS Ipo-
CBeTa KPOBEHOCHBIX COCYJI0B) IIpH
XHUMHUYECKHUX HIHN TepMHYeCKHX
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BO3/IEMCTBUSIX HJIM BoOCIlaje-
HHUSX, 4YTO KpalHe LIeHHO, TaK
Kak 0OBIYHO MoAobHBIe MaHHBIE
H3y4aloTCs JIHIIb KOCBEHHO [24].
YeTKkasg  PasIMYMMOCTh  COCY-
JOB THUIIa vasa vasorum - TOH-
KHX COCy[IOB, OTBETBJISIIOLIHXCS
HaIIpSIMYIO OT KPYIIHBIX U [TMTAI0-
IIUX UX CTeHKH U 6rIu3iesxamiie
TKAaHH (OTBETBJIEHHS OTMedeHBbI
Ha PHC. 2a 3eJleHbIM LIBETOM), -
MOXKeT OBITh HCIIONIB30BAaHA MJIS 2
M3y4YeHHsI HEKOTOPBIX PpacIIpo- - 4 200K ||y
CTPaHeHHBIX IATOJIOTHUH COCYJOB.
Tak, HapymeHHs B UX paboTe 1o
ONHOM M3 TUIIOTe3 MOTYT OBITH
INPUYUHON BO3HUKHOBEHHS BOC-
NaJleHUH B CTeHKaX KPYIIHBIX
COCYIOB K IIPUBOOMTb K pa3sBU-
THIO aTepocKiepo3sa [25].

Kak BHOHO H3 PHUC. 2b, oxa-
3bIBAaeTCsl AOCTYIIHOM [/ HCCIe-
JOOBAHHM TakKXKe H aJUIIo3HAd
(CkupoBasi) TKaHb. JTO I103BOJISIET
H3y4yaTh ee GH3HOIOTHIO, a TAKKe
3aboneBaHMUs, CBSI3aHHBIE C Hapy-
IIeHUSIMH MeTabonu3Ma, B T.d.
caxapHbli auabet [26]. Mbl mof-
CYUTATHU CTAaTUCTUKY MaKCH-
MaJIBHBIX [AHaMeTpPOB aJHIIO-
nuToB (puc. 2b) u obHapyKHIH,
YTO OHa COOTBETCTBYeT HOPMaJb-
HOMY 3aKOHY pacIpele/eHHS,
IPU 3TOM CpefHee 3HaueHHe
pasMepa 37eMeHTa aJHUII03HOM » .

TKaHU 42+12 MKM. 50 MKM | pm 50 MKM | pm

Puc. 3. M306paxkeHue ydacmka cocyducmol cemu Npu manom yeeaudeHuu:
a) - ceemnonoAbHoe; b) — payopecueHmHoe (0Kpacka c NOMOLWbH0
¢dnyopecueHmHozo 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)

3. TEMHOINOJIbHAA
®JIYOPECLIEHTHAS
MUKPOCKOINUA

diyopecuieHTHasET  MHUKPOCKO-

nusi B IIHMPOKOM IIOJIe II03BO-

JsleT CyILIecTBeHHO pacCIIHpHUTh

KPyr H3ydaeMbIX OMOIIPOIIeCCOB

M IONYy4UTh LleHHBle [JaHHBbIe

B PeXHMe peajbHOr0 BpPeMeHH.

Tak, y>Ke yepe3 HECKOJIbKO CeKYH/]

mocae BBefeHUS QIyopecLieHT-

HOTO KpacuTelsi B KPOBOTOK

MaJjIoro >KMBOTHOTO B o06sacTu

JOPCaZIbHOM CKJIAJKKM Ha4YHHAIOT

3aMeTHO OKpAIIKMBaThCsl KPYII-

HBble COCYZBpl C MaKCUMYyMOM IIO

Puc. 4. OnpedeneHue mpaekmopuli 08UXKEHUSI 0MOeAbHbIX KAeMOoK

Kp0o8LU, HeNnpepbI8HO UUPKYAUPYIOLWLUX NO dpmepuoAam U Kanuaasipam:

a) - u306paxkeHue, NoAy4eHHOe 80 8peMsl IKCnepuMeHmad, Uaacmpupyem
NnoAOXKeHUe UHOUBUOYAAbHbIX OKPAWEHHbIX KOMNOHEHM08 Kpo8oMmoKd;

b) - cymmapHoe HabaodeHue (passepcmka kaopos 3a 30 cekyHd) 3a
NoA0XKeHUeM MAapKUpOBAHHbIX GAOpecUeHMHbIM Kpacumenem KAemok Kposu
(kaxxdas puonemosas oKpy>xHOCMb COOMaemcmayem NoA0XKeHUK 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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MHTEHCHBHOCTH Ha BpeMeHHBIX OTpe3KaxX 3-5 MUHYT.
O [IeTanu3alMK OKPAIIMBAaHHUS MOXHO CYAHUTb II0
pHC. 3, THe B IByX PeXKMMax [I0Ka3aHa OJHa U Ta ke
0671aCTh LOPCAJIBHOTO OKHA ITPU MAJIOM YBeJTHYeHHUU
(06BeKTHUB 4X).

Ha puc. 3b BuAgHO, 4TO Ha XapaKTepHOM Mac-
mTabe 20-30 MKM, IIPHMEPHO COOTBETCTBYIOIIEM
pasMepy afUIIOLUTOB, BO GIyOpecLieHTHOM peXHMe
IIPOSIBJISIeTCSl TOHKAsl ceT4daTasl CTPYKTypa OKpalleH-
HOM KaIWUISApHON ceTH. IIpu 6onbloieM yBenude-
HUU (yBenuueHHe o6beKTHBa 40x) BO3HHMKAeT BO3-
MOXXHOCTb HaO/lIofleHUsI TPAaeKTOPHUI [BUKEHUS
OTZe/bHBIX KOMIIOHEHT KPOBHU (pHUC. 4), HeIIPepbIBHO
LUPKY/JIHUPYIOIIUX 10 apTepuoiaM K KaIlMIsSpaM.
Tak B Kaap pasMmepoM 230x230 mkMm? (prc. 4a) moma-
JaeT ogHOBpeMeHHO oT 20 1o 40 MHAWMBUIYAIBHBIX
KJIeTOK KPOBM, [BIKDKYIIHXCSL II0 CBOMM TPaeKTo-
pUsM, TO IOKMAAs 06sacTh HabMIOLeHS, TO BHOBb
BO3Bpalllasich B Hee. EC/IM B34Thb MOC/IeA0BaTe/IbHBIN
Habop KagpoB HabmiofeHHs 32 BpeMeHHOH HHTep-
Bal B 30 C ¥ OTMETUTh TOYKAMH B Ka’KIOM M3 HHX
perucTpupyeMble KIETKH, TO IIOAYUYMTCS KapTHHA
IOBUKEHUS KJIeToK (puc. 4b). OHa oTobpaskaeT cTaTu-
CTUKY PeTHCTPALlMK YaCTHUIL B Pa3HBIX YACTSIX Kajapa.
Kak mokasblBaeT BHeoHabniofeHHe, 3TOT UHTep-
Ban obecreurBaeT NPUOIM3UTENBHO ABYKPATHBIM
3arac BpeMeHH Ha IIPOXOsK/IeHHe BCero Kajpa caMok
Me[JIeHHO [BHUTAIOIIENCsl KIeTKOM. IIoMHMO Mop-
boNoruM CoCyIMCTOM CeTH, 3TOT 3KCIIpecc-aHaJIU3
IaeT BO3MOKHOCTb KaueCTBEHHO CYIUTh O CpefHel
CKOPOCTH OBI>KeHHSI K/IeTOK: OHa HIDKe TaM, I[e
TouKK (Ha puc. 4b) pacronoxkeHsl IIOTHee. Takke
MOXKHO CllellaTh KaueCTBeHHble BBIBOABI U 0 Haubo-
7lee «IOMYJISIPHBIX» TPAeKTOPHSIX ABKSKEHHUS: TOUKHU
pacrionoskeHbl peske. MHTepecHO OTMETUTb, UTO
Iake MPH PACIIONIOKEHHUH B OZHOM COCYZie TpaeKTo-
PUH KJIETOK He 3aIlO/NIHSIOT ero IOJHOCTBIO, OCTaB-
TS5 IIyCTOTHL.

dyopeclieHTHOe OKpallIMBaHHUeE B if Vivo 3KCIIEpH-
MeHTe ITPef0oCTaBIIsieT OOIINPHBIEe BO3MOXKHOCTH IS
HabnofmeHUI, HampuMmep, papMaKOKHMHETHUKHU IIpe-
[1apaToB, B T. 4. IapaMeTPOB 3KCTpaBa3alluy U3 KPo-
BOTOKA B TKaHH [27] ¥ CpeCTB JOCTAaBKHU JIEKapCTB [28],
paboTBl KIEeTOK MMMYHHOH CHCTeMBl [29], MHKpO-
LU PKY/ISILIMY B OIyX0JIeBbIX TKaHSX [30].

3AK/TIOYEHUE

H3ydyeHHe 6MONTOrMYECKUX IIPOLIECCOB C ITOMOIIBIO
CBeTa CerofHs IIHPOKO PACIIPOCTPAHEHO U PYTHHHO
HCIIO/Nb3YeTCsl KakK B in vitro, TaK U B eX Vivo MeTOJLU-
Kax. OmHako Kak ¢oTorpadus ycTyraeT I10 KOIHYe-
CTBY JeTajled BUAeOQakly, a BUJE03AIIUCh YCTyIIaeT
peanbHOMY 3peHHI0, TaK M O0ObIYHAs 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 Masylo
4acTh 60raTor KapTHHBI 6HMOTOrHYeCKUX IIPOLIeCcCOB.
MHTpaBUTa/IbHAsI MUKPOCKOIIHS [103BOJIsIeT LOCTUYb
mporpecca B IIPeOJO/IeHHH HeJOCTAaTKOB CTAHAAPT-
HBIX MeToAMK. Hamu 6plsa peasn3oBaHa MeTOJHKA
HCCIeIOBAaHUS B OJHOM H3 ee 6Aa30BBIX BapHUAHTOB,
M B JaHHOH paboTe MBI IIPOJEMOHCTPUPOBAIN BO3-
MOXKHOCTb HaO/lI0JeHHsl IOAKOXKHBIX C/10eB TKaHH,
B T.4. COCy[IOB U OT/Je/IbHBIX KJIETOK KPOBH B PEXKHME
peanbHOTO BpeMeHH. TecTOBble 3KCIIEPUMEHTHI
[IOKa3ajaM, YTO ITpPOoTeKalolue B OHOTKaHSIX IIPO-
LlecChl MOXKHO PerdCcTpHUpPOBaTh AJIMTe/IbHOe BpeMsl
BIUIOTh [0 Hellenu. OLleHHBas IIOTeHLHA/ Peat30-
BAaHHOM METOAMKM, Mbl paCCUMThIBA€M Ha HIMPOKYIO
KOOIIepallUI0 M BHEeAPeHHEe 3TOro MHorooberao-
Ilero MeTOAa B IIOBCeJHEBHYIO HCCIeI0BATEIbCKYIO
NPaKTUKy Kak 1 QyHAAMEeHTa/JIbHBIX HCCIefoBa-
HHUM, TaK KU OIS aKTyaJbHBbIX IIPaKTHUeCKUX 3aJad,
Hanpumep, MAasi H3ydyeHHUS (apMaKOKHHETHKHU
CyIIeCTBYIOUIMX K Pa3pabaTbiBaeMbIX JIeKapCTBEH-
HBIX CPeJiCTB, OLleHKH HX B3aHMMOJeHCTBHS C KIeT-
KaMH OpraHH3Ma (B T.4. MMMYHHBIMH), IIPOLIECCOB
aKTUBHOM M IIAaCCUBHOM [JOCTaBKH JIeKaPCTBEHHBIX
CPencTB.
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