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It is known that gastrointestinal cancer is one of the leading causes of cancer-related deaths worldwide. Colorec-
tal cancer is the most common among tumors and tends to have a high rate of spread. Respiratory disorders include
a wide range of diseases affecting the respiratory system, particularly the lungs. Therefore, it is important to study
the relationship between these disorders and neoplastic processes in the body. With the development of nanotech-
nology and the improvement of its safety, nanoparticles can become an important tool in the fight against cancer.
The promise of their use lies in their ability to be modified so that they selectively target tumor cells.

The aim of the study was to investigate the submicroscopic restructuring of alveoli in respiratory portion of the
lung in the modeled DMH-induced colon adenocarcinoma in situ, to evaluate the use of Au/Ag/Fe nanoparticles
composition for the correction of ultrastructural disorders of respiratory alveoli in the development of induced car-

cinogenesis.

Electron microscopic studies of the alveoli of the respiratory portion of the lung revealed that the modeled car-
cinogenesis induced by DMH causes deep damage to the submicroscopic organization of the components of the
blood-air barrier, respiratory and secretory alveolocytes, and alveolar macrophages.

The use of nanoparticles in induced oncogenesis as a corrective factor had a positive effect on regenerative pro-
cesses and contributed to the restoration of the ultrastructure of nuclei and cytoplasmic components of alveolar wall
cells, which improves their functioning and, consequently, the normal course of gas exchange.

Key words: lungs, type | and type Il aveolocytes, macrophages, ultrastructural changes, DMH, oncogenesis,

nanoparticles.

Connection of the publication with planned re-
search works.

The scientific work is a fragment of the research
topic “Morphological and metabolic aspects of carcino-
genesis” (state registration number 0123U100070).

Introduction.

In recent years, cancer statistics have shown an
alarming upward trend. According to the International
Agency for Research on Cancer, more than 20 million
new cases of cancer have been registered globally, and
deaths from cancer have reached about 10 million peo-
ple. One of the most common is colorectal cancer, with
1.9 million new cases and about 900 thousand deaths
[1, 2]. Early cancer diagnosis is one of the most import-
ant tasks of modern oncology. It allows detecting the
disease before it spreads, which significantly increases
the chances of successful treatment. The main areas of
research in this area include: development of sensitive
diagnostic tests, innovative imaging methods, develop-
ment of screening programs, integration of artificial in-
telligence, and prevention through diagnosis [3]. Despite
numerous studies in this area, little attention has been
paid to the impact of colon cancer on the respiratory sys-
tem, in particular on the alveoli of the respiratory por-
tion. Respiratory disorders encompass many conditions
that affect the lungs and respiratory system, so analyzing
the relationship between lung condition and oncologi-
cal pathologies of the body’s organs is a key to a holistic
analysis of this pathology [4].

The use of nanoparticles for the early visualization
of cancer cells is one of the innovative strategies in on-
cology. Nanoparticles are materials with unique physical

and chemical properties that allow them to be used to
accurately detect cancer cells even at very early stages
of the disease [5, 6, 7]. Nanoparticles can be equipped
with molecules that selectively bind to certain markers
of cancer cells, which allows nanoparticles to be sent
directly to tumors. This significantly improves the ac-
curacy of diagnosis and reduces the likelihood of errors
in determining the localization of tumors [8, 9, 10]. The
advantages of using nanoparticles are their increased
sensitivity, minimal invasiveness, and multifunctionality.
In addition to diagnostics, nanoparticles can be used to
deliver drugs to tumors, which creates opportunities for
simultaneous diagnosis and treatment.

The aim of the study.

To find out the ultrastructural changes in the alveoli
of the respiratory portion of the lung under conditions
of modeled DMH-induced colon adenocarcinoma in situ,
and to study the effect of using Au/Ag/Fe nanoparticles
complex for the correction of submicroscopic changes in
the alveoli of the respiratory portion of the lung under
conditions of modeled carcinogenesis.

Object and research methods.

The experimental animals were divided into the fol-
lowing groups: | — intact white rats (15 animals); Il — an-
imals with modeled colon adenocarcinoma in situ (70
animals); Ill — animals with induced colon adenocarci-
noma, which were treated with Au/Ag/Fe nanoparticles
as a corrective composition. The study was conducted in
accordance with the principles of the European Conven-
tion for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes. Colorectal
adenocarcinoma was reproduced by subcutaneous in-
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jection of DMH (Sigma-Aldrich Sp. z o0.0., Poland, series
D161608) at a dose of 7.2 mg/kg body weight each week
for 7 months [11]. At the end of the experiment, all ex-
perimental animals treated with DMG were histological-
ly examined for the presence of colon adenocarcinoma
in situ.

In order to correct pathological changes, Au/Ag/Fe
nanoparticles obtained by combining aqueous disper-
sions of gold, silver, and iron nanoparticles were used.
The nanoparticles had the following sizes: Ag — 30 nm,
Au — 30 nm, Fe — 40 nm. The metal content in 1 ml of
aqueous solution was as follows: Ag — 1.6 mg, Au — 3.1
ug, Fe — 0.1 mg. Before administration to the animals,
the aqueous solution of nanoparticles was diluted with
distilled water in a ratio of 1:10. For 21 days, the exper-
imental animals were intragastrically injected with an
aqueous solution of Ag/Au/Fe nanoparticles at a dosage
of 0.0526 mg Fe, 0.842 mg Ag, and 1.625 ug Au.

For the purpose of submicroscopic examination,
pieces of animal lungs were removed, fixed in 2.5% glu-
taraldehyde solution, and postfixed with 1% osmium
tetraoxide solution in phosphate buffer. Subsequently,
the material was processed in accordance with gener-
ally accepted methodological approaches [12]. To make
ultrathin sections, an ultramicrotome LKB4801 A (Brom-
ma, Sweden) was used, the sections were contrasted
with uranyl acetate, lead citrate according to the Reyn-
olds method and examined in a PEM-125 K electron mi-
croscope.

Research results and their discussion.

The electron microscopic examination of the lungs of
white laboratory rats of the control group showed that
the ultrastructure of the respiratory portion of the lung
had no species-specific features. The alveolar wall was
formed by respiratory alveolocytes (type | alveolocytes)
and secretory alveolocytes (type Il alveolocytes) locat-
ed on the basement membrane. The organ stroma was
formed by poorly developed loose connective tissue.
The connective tissue trabeculae contained numerous
hemocapillaries, which, adjacent to the alveolar walls,
formed a blood-air barrier. The capillaries were lined
with typical endothelial cells found on a continuous
basement membrane.

Respiratory alveolocytes lined the alveoli, occupied
almost the entire area of their wall, contained a nu-
clear part and a peripheral thin, cytoplasmic part. The
cells nuclei were round-oval with a predominance of
euchromatin in the karyoplasm, the nuclei were small,
osmiophilic. The membranes of the karyolemma were
clear, nuclear pores were numerous, well contoured. In
the paranuclear space, moderately developed tubules,
cisternae, vacuoles and microvesicles of the endoplas-
mic reticulum and Golgi complex were detected, as well
as small, rounded mitochondria with clear cristae. The
main feature of the cells was the subtle, cytoplasmic
processes containing many vesicles and micropinocytot-
ic vesicles that ensure the exchange of gases through the
alveolar wall.

There were secretory epithelial cells among the type
| alveolocytes. They were characterized by well-devel-
oped organelles of the synthetic apparatus — endoplas-
mic reticulum and Golgi complex, polysomes, as well as
the energy apparatus — mitochondria. Secretory lamellar
bodies, which were intensely osmiophilic, and a moder-
ate number of small, moderate electron density multive-

Figure 1 — Submicroscopic state of the respiratory lung of an intact
white rat. Magnification: x12000. Designations: 1 — nucleus of
respiratory epitheliocyte, 2 —cytoplasm of respiratory epitheliocyte,
3 - blood-air barrier, 4 — alveolar wall, 5 — alveolar lumen.

sicular bodies were detected throughout the cytoplasm.
The cell nuclei were rounded, large with predominant
euchromatin in the karyoplasm. The plasma membrane
of the apical part of the cells contained numerous, small
microvilli (fig. 1).

Alveolar macrophages were located freely in the
lumen of the alveoli or rarely fixed to the alveolar wall,
which were characterized by the formation of plasma-
lemma outgrowths, often quite voluminous and the
presence of a significant number of osmiophilic primary
and secondary phagosomes in the cytoplasm (fig. 2).

In the second group of animals modeling DMH-in-
duced oncogenesis in the respiratory portion of the
lungs, intense damage to the ultrastructure of the cap-
illary walls and alveolar walls was found. A significant
proportion of hemocapillaries were excessively hem-
orrhagic, their lumens were dilated, in which sludges,
stasis, and thrombi were detected. Less frequently,
capillaries with narrow slit-like, indistinct lumens were
detected. The endothelial cells had small, oval nuclei
with increased osmiophilia, which contained mainly het-
erochromatin, deep invaginations of karyolemma were
determined, their membranes were indistinctly con-
toured, nuclear pores were single and indistinct. Single
mitochondria with lysed cristae and low electron density
matrix were observed around the nucleus.

_\_R: -

Figure 2 — Ultrastructural state of the respiratory portion of the
lung of intact white rats. Magnification: x9000. Designations:
1 - macrophage nucleus, 2 — osmiophilic primary lysosomes, 3 —
phagosome, 4 — plasma membrane protrusion, 5 — alveolar lumen.
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Figure 3 — Ultrastructural changes in the alveolar wall of the
respiratory portion of the lung under conditions of experimental
oncogenesis. Maghnification: x12000. Designations: 1 — capillary
lumen with a sludge of red blood cells, 2 — alveolar lumen, 3 -
destructed air-blood barrier.

The integrity of the membranes of the Golgi com-
plex cisternae and endoplasmic reticulum tubules was
impaired, and they were locally dilated. In the thin pe-
ripheral, cytoplasmic zones of endothelial cells, swollen,
electron-lucent zones were determined, numerous mi-
cropinocytic vesicles and vesicles were observed. Intercel-
lular junctions in some areas were fuzzy or fragmented.

The basement membrane was swollen, homoge-
neous, and indistinct (fig. 3).

Ultrastructural changes were also observed in type
| alveolocytes. They were characterized by a violation
of the integrity of general-purpose membranous organ-
elles, which were mainly located paranuclear. They were
vacuolized, dilated, and fragmented. The cytoplasmic
zones, veils, contained a small number of vesicles and
micropinocytotic vesicles, and large, lucent, swollen loci
protruding into the alveolar lumen were formed (fig. 4).
The nuclei of epithelial cells were small, rounded, with
deep karyolemma pits. The nuclear pores were indis-
tinct, the karyolemma was not clearly contoured, the
nuclei were practically indistinguishable (fig. 5).

The cytoplasm of the secretory alveolocytes was al-
tered, destructured, and vacuolized. The membranes of
the organelles of the synthetic apparatus: endoplasmic

Figure 5 — Ultrastructural changes in the alveolar wall under
conditions of experimental oncogenesis. Magnification: x15000.
Designations: 1 — capillary lumen, 2 - sail-like protrusion of
respiratory alveolocyte cytoplasm into the alveolar lumen, 3 -
destructed blood-air barrier, 5 — alveolar lumen.

Figure 4 — Ultrastructural state of the alveolar wall of the respiratory
portion of the lung under conditions of experimental oncogenesis.
Maghnification: x12000. Designations: 1 — deformed nucleus of type
Il alveolocyte with nucleolus, 2 — blood-air barrier, 3 — alveolar wall,

4 - alveolar lumen.

reticulum and Golgi complex were fragmented. Mito-
chondria were small, with poorly expressed cristae and
electron-dense matrix. The secretory, lamellar bodies
were mostly vacuolated, emptied with a small amount
of homogeneous osmiophilic content. Multivesicular
bodies were rarely detected, they were destructured,
small, and of increased electron density. The cell nuclei
were rounded, with indistinct karyolemma, and margin-
al heterochromatin predominated in the karyoplasm.
The microvilli of the apical plasmalemma were low, sin-
gle, indistinct (fig. 6).

Alveolar macrophages were found freely in the lumen
of the alveoli and fixed to the wall, in the generation of
which destructively-degeneratively altered and actively
phagocytosing macrophages prevail. Macrophages were
characterized by a large, irregularly shaped nucleus of in-
creased osmiophilia, with invaginations of karyolemma.
Microgrowths were single or extend over large areas of
the alveolus. The cisternae, vacuoles of the Golgi com-
plex, tubules of the endoplasmic reticulum were dilated,
shortly vacuolized. The cytoplasm contained numerous
osmiophilic primary lysosomes and phagosomes with
osmiophilic phagocytized material (fig. 7).

.-

Figure 6 — Ultrastructural changes in type Il alveolocyte of the
respiratory portion of the lung under conditions of experimental
oncogenesis. Magnification: x15000. Designations: 1 — dilated
tubules of the endoplasmic reticulum, 2 — deformed lamellar
bodies, 3 —fragmented microvilli on the apical surface of the cell.
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Figure 7 — Ultrastructural state of the alveolar macrophage of the
respiratory portion of the lung under conditions of experimental
oncogenesis. Maghnification: x9000. Designations: 1 — plasma
membrane bulging, 2 — nucleus, 3 — mitochondria, 4 — lysosomes,
5 — phagosomes.

In the third group of animals, under the conditions of
application of the nanoparticle composition as a correc-
tion in the respiratory portion of the lungs, the course
of regenerative processes of the components of the
alveolar wall was determined electron microscopically.
Respiratory epithelial cells contained rounded nuclei,
in the karyoplasm of which euchromatin predominat-
ed, heterochromatin clumps were rarely detected. The
karyolemma was mostly well contoured, contained pro-
nounced nuclear pores, and the perinuclear space was
not expanded. In the perinuclear zone, the partially di-
lated tubules of endoplasmic reticulum and single cis-
ternae of the Golgi complex, multiple vesicles and mi-
crobubbles were detected, which were also numerically
represented in the peripheral cytoplasmic areas of the
cells. Mitochondria were small with partially destructed
cristae. The integrity of intercellular junctions was pre-
served (fig. 8).

Most of the hemocapillariesin the alveolar walls were
moderately full of blood, although there were vessels
with excessive blood filling and narrow, slit-like lumens.
The hemocapillary endothelial cells were rounded, irreg-
ular in shape with shallow invaginations of karyolemma.

i H da

Figure 9 — Submicroscopic organization of the alveolar wall of the
respiratory portion of the lung under conditions of experimental
oncogenesis and the use of Au/Ag/Fe nanoparticles. Magnification:
x15000. Designations: 1 — alveolar lumen, 2 — capillary lumen, 3 -
nucleus, 4 — endothelial cytoplasm, 5 — cytoplasmic area of type |
alveolocyte, 6 — basement membrane.

Figure 8 — Submicroscopic state of the respiratory alveolocyte of the
respiratory portion of the lung under conditions of experimental
oncogenesis and application of Au/Ag/Fe nanoparticles
composition. Magnification: x12000. Designations: 1 — alveolar
lumen, 2 —nucleus of alveolocyte type I, 3 — cytoplasm of
alveolocyte type I, 4 — hemocapillary lumen, 5 — endotheliocyte,

6 — blood-air barrier.

Their membranes were clear, the perinuclear space was
narrow, not dilated, the nuclear pores were clear, nuclei
were rarely detected. In the paranuclear zone, organ-
elles were moderately developed, some of them were
destructed. Peripheral areas were without pronounced
edema, many micropinocytotic vesicles and vesicles
were observed. The basement membrane was clear, uni-
form, homogeneous, swollen only in small areas (fig. 9).

The submicroscopic organization of type Il alveolo-
cytes was also characterized by the restoration of their
ultrastructure. This was primarily manifested by numer-
ous large lamellar secretory bodies in the hyaloplasm.
Membrane organelles such as the endoplasmic reticu-
lum and Golgi complex were moderately developed,
and the integrity of their membranes was restored.
Also, the presence of multivesicular bodies and small,
rounded mitochondria with partially destructed cristae
and a high electron density matrix in the cytoplasm of
cells confirmed regenerative processes. The cell nuclei
were large, rounded, of moderate electron density, the
karyolemma was relatively smooth, integral, without
deep invaginations. Numerous microvilli were found on

| e .

Figure 10 — Submicroscopic state of a type Il alveolocyte of the
respiratory lung under conditions of experimental oncogenesis and
application of Au/Ag/Fe nanoparticles composition. Magnification:

%x21000. Designations: 1 — nucleus, 2 — lamellar bodies, 3 —
mitochondria, 4 — single microvilli on the apical surface.

o
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the apical surface of the cells, indicating active processes
of exocytosis of the contents of the secretory bodies into
the lumen of the alveoli to form an integral surfactant
membrane (fig. 10).

In the lumen of the alveoli in this study group, an
increase in the number and heterogeneity of alveolar
macrophages was determined. Young, actively phago-
cytizing cells prevailed, characterized by the presence
of numerous osmiophilic primary lysosomes and single
secondary phagosomes in the cytoplasm. The plasma-
lemma formed large plasmalemma outgrowths to en-
sure phagocytosis. The cisternae of the Golgi complex
and tubules of the endoplasmic reticulum were moder-
ate, but their integrity was relatively preserved, vesicles
and microbubbles were present. Small mitochondria
with relatively clear membranes and a moderate elec-
tron density matrix were also detected in the cytoplasm.
Cell nuclei were bean-shaped or rounded, of moderate
electron density with the presence of marginal heter-
ochromatin. The membranes of the karyolemma were
clear without deep invaginations (fig. 11). Similar ultra-
structural changes in the alveolar walls have been stud-
ied in scientific works [13, 14].

Conclusions.

The electron microscopic studies of the alveoli of the
respiratory portion of the lung revealed that the mod-
eled carcinogenesis induced by DMH causes deep dam-
age to the submicroscopic organization of the compo-
nents of the blood-air barrier, respiratory and secretory
alveolocytes, and alveolar macrophages.

Figure 11 — Submicroscopic state of the alveolar macrophage of the
respiratory portion of the lung under conditions of experimental
oncogenesis and application of Au/Ag/Fe nanoparticles
composition. Magnification: x10000. Designations: 1 — nucleus,

2 — mitochondria, 3 — primary osmiophilic lysosomes,

4 - phagosome, 5 — plasma membrane outgrowths.

The use of nanoparticles in induced oncogenesis as
a corrective factor had a positive effect on regenerative
processes and contributed to the restoration of the ul-
trastructure of nuclei and cytoplasmic components of al-
veolar wall cells, which improved their functioning and,
consequently, the normal course of gas exchange.

Prospects for further research.

In further experimental studies, it is planned to study
the morphofunctional changes in the respiratory por-
tion of the lung under the conditions of other corrective
drugs in the induced carcinogenesis.
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OCOB/IUBOCTI YNbTPACTPYKTYPHUX 3MIH CTIHKW ANIbBEO/TIU PECMIPATOPHOIO
BIAAINY NETEHDb 3A YMOB XPOHIYHO!I EHAOTEHHOI HEONNACTU4HOI
IHTOKCUKALII TA KOPUTYIOHOTIO BN/IMBY KOMMNO3ULUII HAHOYACTUHOK Au/Ag/Fe

TepHONiINbCbKMIA HAaLiOHaNbHUA MeaANYHUA YHiBepcuTeT imeHi |.fl. TopbaueBcbKkoro MiHicTepcTBa
OXOPOHU 340p0B’a YKpaiHu (m. TepHoninb, YKpaiHa)
nebesna_zm@tdmu.edu.ua

Bidomo, w0 pak opeaHie WsyHKOBO-KUWKOB020 MPAKMY € OOHIED 3 OCHOBHUX MPUYUH CMepmHocmi gio
OHKonamonoeili y ecbomy ceimi. KonopekmanoHuli pak € Halibinbw po3rnosctodxceHuli ceped OHKO/02iYHUX
30X80pt08AHL | MAE MeHOeHUio 3 BUCOKUMU mMeMramu MowupeHHA. PecriipamopHi po3iadu 8Ka4arme
WUpOKUll Criekmp 3aX80pHBAHb, WO 8M/1UBAIOMb HA OpP2aHU OUXAHHA, 30Kpema sezeHi. Tomy 8aMa1uso
8UBYUMU B830EMO38’A30K MIXC UUMU MOPYUWEHHAMU | HeornaacmuyHUMU npouecamu 8 op2aHizmi. 3 po3eUMKOM
HaHomexHos02ili ma nidsuweHHAM ix 6e3nexku, HOHOYACMUHKU MOXCYMb CMamu 8aXUsuUM iHCMpPYyMeHmMom y
60pombbi 3 OHKO02iYHUMU 30X80PIOBAHHAMU. [lepcrneKmusHiCMb BUKOPUCMAHHA AKUX NOAA2AE Y IX MOXIu8ocmi
0o modudgpikayii mak, w06 8oHU 8UBIPKOBO HAYINKBAAUCA HA PAKOSI KAIMUHU.

Memoto pobomu 6yn0 0ocnidumu cybmikpockoniyHy nepebydosy asnbe8eos pecrnipamopHo20 8i00diny nezeHs npu
3mo0enbosaHili AMI-iHOyKoeaHoi a0eHOKapyUHOMU MOBCMOI KUWKU in situ, ouiHUMuU 3acmocy8aHHA KOMNo3uuyil
HaHoYyacmuHoK Au/Ag/Fe 0515 KOpeKyii yaempacmpykmypHUX NopyweHs aa68eos1 pecripamopHo2o 8iddiny nezeHsb
30 yMO8 p038UMKY iHOYKOBAHO20 KOHUEpOo2eHesy.

lMposedeHHs eneKmpoHHOMIKPOCKOMIYHUX 00C/iOMEHb A1bBEOSA PecripamopHo2o 8i00iny se2eHb 00380/Us0
ecmaHosumu Wo 3mMooenbosaHuli KaHuepozeHe3, [HOykosaHuli [MI, BUKAUKAE 2aUbOKi MOWKOOHEHHSA
cybMmIiKpOCKoniYHOI opaaHi3ayii KomnoHeHmis aepozemamu4yHo20 6aApepPy, pPecrnipamopHUX Ma CeKpemopHUX
a/a168€0710U4UMis, s168€0AAPHUX MAKPOazis .

3acmocy8aHHA HAQHOYACMUHOK Mpu iHOYKOBAHOMY OHKO2€eHe3i 8 AKOCMI Kopuayouo20 YUHHUKA MO3UMuBHO
8MAUHYMO HA pezeHepamopHi npoyecu ma Crpusano 8iOHOBAEHHIO ynbmpacmpykmypu Adep i KOMAoHeHmie
yuMonAAa3Mu KaimuH CMIHOK Qa/168€0/, WO MOKPAWYE iX YHKUYIOHYB8AHHA, a omxe i HopmaneHuli nepebiz
2030006MiHY.

Knrouoei cnoea: nezeri, aseonouyumu | i Il muny, makpogaau, ynempacmpykmypHi 3miHu, [AMI, oHKozeHes,
HAHOYACMUHKU.
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38’A30K ny6nikauii 3 NJ1aHOBUMU HAyKOBO-Z0CNIA-
HUMK poboTamu.

HaykoBa npaus € ¢parmeHTOM HayKOBO-ZOCAIAHOT
Temun «MopdonoriyHi Ta meTaboiuHi acneKkTn KaHuepo-
reHesy» (Homep AeprkaBHoi peectpauii 0123U100070).

Bcryn.

32 OCTaHHi POKM CTaTUCTUKA PaKOBMX 3aXBOPIOBAHb
[,EMOHCTPYE TPMBOXKHY TEHAEHLI0 A0 3POCTaHHA. 3rifHO
AaHux MiXXHapoLHOro areHTCTBa 3 AOC/IAKEHb pPaKy Ha
rnobanbHOMy piBHi 3apeecTpoBaHo noHag 20 MinbioHIB
HOBMX BWMNAKiB OHKO/OMNYHWX 3aXBOPIOBAHb, a CMepPT-
HicTb Bif, HUX Aocarna 6am3bko 10 minbiioHiB ocib. OaHUM
3 HAMNOLUMPEHILMM € KONOPEKTaIbHUI PaK, BCTaHOB/E-
HO 1,9 MinblioHIB HOBMX BUNaAKiB i 6aM3bko 900 TUCAY
cmepTent [1, 2]. [liarHOCTMKa paKy Ha paHHiX cTagisx €
OAHWM i3 HalBaXKNUBILUMX 3aBAAHb Cy4aCHOI OHKOAOTii.
Lle f03BONAE BUABNATU XBOPOOY A0 TOro, AK BOHa mMo-
WMPUTBLCA, WO 3HAYHO MiABMLLYE LWAHCKU HA YyCrilHe Ai-
KyBaHHs. OCHOBHI HanpAMKM poboTn BUEHUX Y Ll cdepi
BK/IOYAIOTb: PO3pOobKa YyTAMBUX AiarHOCTUYHWUX TEcTiB,
iHHOBaL,iiHi MeToAM Bidyani3aLii, pPO3BUTOK CKPUHIHIOBUX
nporpam, iHTerpaLis WTy4HOro iHTeneKkTty, npodinakTnka
yepes AiarHocTuKy [3]. Hessaxkaroum Ha YMCaeHHi gocni-
[OMKEHHSA B Ui ranysi, mano ysaru byno npuaineHo Bnamey
paKy TOBCTOI KUMKW Ha AUXalbHYy CUCTEMy, 30Kpema Ha
aNbBeOIN pecnipaTtopHoro BigAainy. PecnipatopHi posna-
AW OXOMNoKTb 6arato cTaHiB, AKi BN/AMBAOTL Ha /ereHi
Ta AMXanbHY CUCTEMY, TOMY aHai3 B3aEMO3B'A3KY CTaHy
nereHb 3 OHKONOTMYHUMM NATONOTIAMM OpPraHiB OpraHiamy
i € KNOYOBUM ANA LiNiCHOro aHani3y AaHoi natonorii [4].

BWMKOPUCTaHHA HAHOYACTMHOK 414 PaHHbOI Bidyasisa-
Lii pakoBWX KNiTUH € OAHIEI 3 iIHHOBALLIMHUX CTpaTeriil B
OHKonorii. HaHOYacTMHKKM maTepianu i3 yHikanbHUMK bi-
3MKO-XiMIYHMMW B/TACTUBOCTAMM, LLO A03BOSIAKOTL BUMKO-
PUCTOBYBATH X AN TOYHOTO BUABNIEHHA PAKOBUX KNITWUH
HaBiTb Ha Ay)Ke PaHHiX CTafdiax 3axBoptoBaHHA [5, 6, 7].
HaHOYaCTUHKN MOXYTb BYTU OCHaLLEHi MONEKyNaMM, AKi
BMOIPKOBO 3B’A3YIOTHCA 3 NEBHUMM MapKepaMu PakoBMX
KANITUH, WO A03BO/SAE HAaNPaBUTU HAHOYACTUHKM be3snoce-
penHbo A0 NYX/IMH. Lle 3HaYHO NigBULLYE TOYHICTb AiarHo-
CTUKM Ta 3HUXKYE MMOBIPHICTb MOMW/IOK Y BW3HAYEHHI
noKanisauji nyxavH [8, 9, 10]. MNepeBarn BUKOPUCTaHHSA
HAHOYaCTUHOK: NigBULLEHA YYTAMBICTb, MiHIManbHa iHBa-
3UBHICTb, MyNbTUYHKLOHaNbHICTb. OKpiM AiarHOCTUKMY,
HaHOYACTUHKM MOXKYTb OYyTWM BMKOPWCTAHI ANA [OCTaB-
NIEHHA NiKIB A0 MYX/INH, LLLO CTBOPIOE MOXKIMBOCTI 414 O4-
HOYACHOI Z4iarHOCTUKM Ta NiKyBaHHA.

MeTta gocnigyKeHHs.

3’AacyBaTM YNbLTPACTPYKTYPHUX 3MiH anbBeon pecni-
pPaTOpHOro BigAiNy nereHb B yMOBax 3MOZLENbOBAHOI
OMT-iHAyKOBaHOI af€HOKAapUMHOMM TOBCTOI KULLKK in
situ, Ta BMBUMTM edeKT BMKOPUCTAHHA KOMMJIEKCY Ha-
HoyacTMHOK Au/Ag/Fe ana KopekKuii cybmiKpocKoniyHmx
3MiH anbBeON PecnipaTopHOro BiAAiNy NereHb 3a ymoB
MOZe/1bOBAHOIO KaHLLeporeHesy.

06’eKT | meTOAM BOCNigKEHHA.

MNipgocniaHi TBapuHKM BynM po3dineHi Ha HacTynHi
rpynu: | — iHTaKTHi 6ini wypu (15 ocobuH); Il — TBAPUHYK
i3 3MOAEe/bOBAHOI0 AZEHOKAPLMHOMOK TOBCTOI KULLKK
in situ (70 ocobuH); Il — TBapUHM i3 iHAYKOBaHO ageHo-
KapLMHOMOI TOBCTOI KMLUKM, KOTPUM B AKOCTI KOPUTYHO-
YOI KOMMO3WLi BUKOPUCTOBYBaIM HaHo4YacTUHOK Au/Ag/
Fe. Mpwn nposeaeHHi JocnigxKeHb 4OTPUMYBANCL NPUH-
umMnis «EBPONENCbKOI KOHBEHLLT NMPO 3aXMUCT XpebeTHMX
TBapuWH, fAKi BMKOPUCTOBYHKOTbCA ANA €eKCnepuMeHTaNb-

HUX Ta iHWMX HAYKOBUX Uinen». AoeHoKapLuMHOMY TOB-
CTOI KULWWKKN BiATBOPHOBA/AM LASXOM NiAWKIPHOT iH’ekuji
AOMT (Sigma-Aldrich Sp. z 0.0., MonbLua, cepia D161608)
B 1031 7,2 MI/KI Macy Tifia KOXHOTO LOTUXHA TPMBANICTIO
7 micauis [11]. Mo 3aKiHYeHHi gocnigy y BCiX AOCAIAHUX
TBapWH, AKi ogepxyBann M ricTonoriMHO AOCAiAXKEHO
HAABHICTb aAeHOKapLMHOMA TOBCTOI KULLKMU in Situ.

3 MeTOIo KOpEeKLiii MaTONOrYHMX 3MiH 3aCTOCOBYBa/U-
€A HaHoyacTuHKM Au/Ag/Fe, WO ofep»KaHi B pe3y/brarTi
3’€lHaHHA BOAHMX AMCNepPCiit HAHOYACTMHOK 30/10Ta, CPi-
6na, Ta 3ani3a. HaHo4YacTUHKKM Mann po3mipu: Ag — 30 Hm,
Au — 30 HMm, Fe — 40 HM. BmicT meTaniB B 1 mn BogHoOro
pO34nHy ctaHoBmB: Ag — 1,6 mr, Au — 3,1 mkr, Fe — 0,1 mr.
Mepen BBEAEHHAM TBAapMHAM BOAHUIM PO3YMH HaHoOYac-
TMHOK PO3BOAMAWN AWCTW/IbOBAHOIO BOAOK Y Mponopuii
1:10. Bnpogos 21 gobu aocnigHMm TBapuvHaM iHTpa-
racTpasibHO BBOAW/IN BOAHWUIA PO3YMH HAHOYACTUHOK Ag/
Au/Fey no3ysaHHi 0,0526 mr Fe, 0,842 mr Ag Ta 1,625 MKr
Au.

3 MeTolo NpoBeAeHHA CyBMIKPOCKOMIYHOIO BMBYEH-
HA BWJIyYaNM LIMATOYKM NlereHb TBapuH, dikcyBanu ix y
2,5% po34nHi rntoTapanbaeriay, nocredikcysann 1% pos-
UMHOM TETpPaoKucy ocmito Ha ¢ocdaTHomy 6ydepi. B
noZanbLOMy MaTepian onpauboByBaan y BiANOBIAHOCTI
00 3araIbHONPUNHATUX MeToauYHMX nigxoais [12]. Onn
BMIOTOBNIEHHA Y/NIbTPATOHKMX 3pi3iB  BMKOPUCTOBYBaNU
ynsTpamikpotom LKB4801 A (Bromma, LUBeujs), 3pi3u
KOHTPACTYBa /1M yPaHiNaLEeTaTOM, LIUTPATOM CBUHLLO 3ria-
HO meToay PeliHonbAca i focniaKyBanv B €NeKTPOHHOMY
mikpockoni MEM-125 K.

Pe3ynbTatv AocnigxeHHa Ta ix 06roBopeHHs.

MpoBeseHe eNeKTPOHHOMIKPOCKOMIYHE JOCIAKEHHA
nereHb 6innx nabopaTopHUX LYPiB KOHTPOJIbHOI Fpynu
NOKasaso, WO yAbTPACTPYKTypa pecnipaTopHOro Bigainy
JlereHb He Mana BngoBux ocobamsocTeit. CTiHKa anbBeo-
N1 YTBOPEHA pecnipaTopHUMK afibBeosiouuTaMu (anbse-
onouutamu | TMNy) Ta CEKPETOPHUMM ANbBEOOLUTAMM
(anbBeonoumTamm Il TMNY), WO MICTATLCA Ha 6a3anbHil
MemMbpaHi. CTpoMmy opraHa yTBOpHE cnabo po3BUHEHa
nyxKa Cnosly4yHa TKaHWHa. B cnony4yHOTKaHMHHUX nepe-
ropoAKax MICTATbCA YMCENbHI remoKaninApu, aki npuna-
ralouM A0 CTiIHOK anbBeosl GOpPMYOTb aeporemaTUyHUi
bap’ep. Kaninapu BucteneHi TMNoBMMW eHAOTeNiaNb-
HUMW KNITUHAMM, LLLO MICTATbCA Ha CYLiNbHI 6asanbHin
MeMbpaHi.

PecnipaTopHi anbBeonoUMTN BUCTENAIOTb a/NbBEONN,
3aliMaloTb MaliKe BCHO MAOLLY iX CTiHKM, MICTATb agep-
HY YacTMHY Ta nepudepuyHy TOHKY, LUTONIa3MaTUYHY.
AQpPO KNITUH OKPYINO-OBaJibHE 3 MEepeBa*KaHHAM B Ka-
pionnasmi eyxpomaTtuHy, Aaepus HeBeluKi, ocmiodinb-
Hi. MembpaHu Kapiosiemu YiTKi, SAepHi NOpU YnCesbHI,
[06pe KOHTypoBaHi. B napaHykieapHomy npocTopi Bu-
3HAYaKTbCA MOMIPHO PO3BMHEHI KaHa/bL,j, LUCTEPHM, Ba-
KyOJli Ta MIKpONyXMpLyi eHA0N1a3MaTUYHOI CITKKU | Komn-
nekcy fonbaKi, HeBENMKi, OKPYIAi MITOXOHAPIT 3 Y4iTKMMHK
Kpuctamun. OCHOBHOK OCOBNUBICTIO KAITUH € BUTOHYEHI,
LMTONNA3MATUYHI BigPOCTKMY, LLLO MiCTATL 6araTo Be3unKyn
Ta MiKPOMIHOUMUTO3HMX MyXMpLiB, WO 6e3nevytoTb 06MiH
razamm yepes CTiHKY a/lbBEO/IN.

MooAMHOKO MOMIXK anbBeonouuTamm | TNy mictaTb-
CSl CEKPETOpHI enitenioynTn. [na HMUX XapaKTepHi aobpe
PO3BMHEHI OpraHenu CUHTETUYHOTO anapaTy — eHAaon as-
MaTMYHa CiTKa Ta KomnaeKc fonbaxKi, Monicomu, a Takox
eHepreTMYHoro — mitoxoHapii. Mo Bcik naow, uutTonnas-
MM KNITUH BM3HAYalOTbCA CEKPETOPHI NamensapHi Tinbusa,
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PucyHoK 1 — Cy6mikpocKoniuHuii cTaH pecnipaTopHoro Biaainy
nereHi 6inoro wypa iHTakTHOT rpynu. 36inbleHHs: x12000. Mo3Ha-
yeHHs: 1 — agpo pecnipatopHoro enitenioyuTa, 2 — yuToniasma
pecnipatopHoro eniteniouuta, 3 — aeporematuuyHuii 6ap’ep, 4 —CTiH-
Ka anbBeonu, 5 — npocsit anbseonu.

AKi 6YNU iHTEHCMBHO OCMiodiNbHI Ta MOMIpHA KiNbKicTb
HEeBe/IMKMX, MOMIPHOT €NeKTPOHHOI LLiZIbHOCTI My/1bTUBE-
3MKYNAPHI TiAbLA. A4pa KNITUH OKpYrAi, BENKI 3 nepeBa-
*KAHHAA eyxpomaTuHy B Kapionnasmi. MMnasmonema ani-
KaNbHOI YaCTUHU KAITUH MICTUANCA YMCENbHI, HEBENUKI
MiKPOBOPCUHKM (puc. 1).

BinbHO B npocBiTi anbBeon abo pigko ¢ikcoBaHi Ao
CTIHKW aNbBe0/IM BU3HAYAOTbCA a/IbBEONAPHI MaKpoda-
T, ON1A AKX XapaKTEPHOI 0COB/MBICTIO € YTBOPEHHA BU-
POCTiB N1a3MONEMM, HACTO AOCUTb 06’EMHUMX i HAABHICTb
B LMTOMNA3Mi 3HAYHOI KiIbKOCTi OCMiOdiNbHUX NepBUH-
HWX | BTOPUHHWMX darocom (puc. 2).

B gpyrili rpyni TBapuH skum mogentosanu AMI-iHay-
KOBaHWU OHKOreHe3s B pecnipaTopHOMY BiaAini nereHb
TBAPWH BCTAHOB/IEHO iIHTEHCMBHI NMOLUKOAMKEHHA YNbTPa-
CTPYKTYpPU CTIHOK KaninAapis Ta CTIHOK anbBeo. 3HayHa
YacTMHa remoKaninApis 6yna HaaMipHO NMOBHOKPOBHA, iX
NPOCBITM PO3LWMPEHIi, B HUX BUABNANUCA CNagxKi, CTasm,
Tpombu. Piglue BM3HAYaNMCA KaninAapu i3 BY3bKMMU LLji-
JIMHONOAIBHMMM, HEYITKMMM NPOCBiTaMK. EHAOTeNIaNbHI
KNITUHM Manu HeBeNMKi, OBajbHi Aapa 3 NiABMLLEHOO
ocmiodinieto, AKI MICTUAIM NEPEBAXKHO reTEPOXPOMATHH,
BM3HaYanucA rmMnboki iHBariHaui Kapionemu, ix membpa-
HW HEYITKO KOHTYpOBaHi, A4EepPHi NOpPM NOOAMHOKI Ta He-

PUCYHOK 3 — YNbTPaCTPYKTYPHi 3MiHK a/IbBEONAAPHOI CTIHKM pecnipa-
TOPHOTO BiAAiny NereHb 3a YMOB €KCNePUMEHTA/IbHOTO OHKOTeHesy.
36inblieHHn: x12000. Mo3HayeHHA: 1 — NpocBiT Kaninapa i3 cnaa-
}KEM epUTPOLUTIB, 2 — aNIbBEONAPHUIA NPOCTip, 3 — AECTPYKTYpU3O-
BaHMi1 aeporematuuHuii 6ap’ep.

PUCYHOK 2 — YNbTPacTPYKTYPHUIA CTaH pecnipaTopHoro Biaainy
nereHb 6iAnX Wypis iHTaKTHOT rpynu. 36inbleHHs: x9000. Mo3Ha-
yeHHs: 1 — aapo makpodara, 2 — ocmiodinbHi nepBUHHI Kisocomm, 3
— ¢arocoma, 4 — BUN'AYyBaAHHA N1a3monemu, 5 — NpocBiT anbseonu.
YiTKi. HaBKoNO Agpa cnocTepirannca NOOANHOKI MITOXOH-
Apii i3 Ni30BaHMMM KPUCTaMM Ta HU3bKOI eNeKTPOHHOI

LLiIbHOCTI MATPUKCOM.

UinicHictb membpaH umuctepH Komnnekcy [onbaxi i
KaHa/bLiB €eHAON/1a3MaTMYHOI CiTKM NOpyLleHa, BOHM
JIOKa/ZIbHO PO3LIMPEHi. B TOHKUX nepudepuyHmx, umTo-
NAasmMaTUYHUX 30HaX eHAOTeNnioumuTiB BM3HAYAKTbCA
HabpsAKNi, eNeKTPOHHOCBITII 30HWM, B crocTepiraaunca
HeYyncenbHi MIKPOMNIHOUMTO3HI MiXypLi Ta Be3MKyau.
MiXKNTUHHI KOHTaKTU Ha JeAKUX AiNsHKax HediTKi abo
dbparmeHTOBaHiI.

BbasanbHa membpaHa HabpsaK/aa, rOMOreHHa, HeuiTka
(puc. 3).

YNbTPACTPYKTYPHI 3MiHM CNOCTEpirannca TakoX i B
anbBeonoumTax | Tmny. [1na HUX xapaKTepHe NopyLleHHsA
uinicHocTi MmembpaHHUX OpraHen 3arajsbHoro MpusHa-
YeHHS, WO MICTUINCA NePeBaXKHO NapaHyKneapHo. BoHK
6y/M BaKyo/i30BaHi, po3WwnpeHi, dparmeHToBaHiI. LjuTo-
nAasmMaTUyHi 30HU, Byasi, MICTUAN HE3HAYHY KiNbKiCTb
BE3UKYN i MIKPOMNIHOLMTO3HMX MiXypL,iB, YTBOPHOOTbLCA
BEe/IVKI, NPOCBIT/NIeHi, HABPAKI IOKyCK, LLO BUCTYNaOThb B
npoceiT anbBeonu (puc. 4). Aapa eniteniounTis HEBENUKI,
OKpYMi, 3 NMOOKMMM BNAYYBAHHAMM Kapionemu. AgepHi
NOpPW HEeUITKi, Kapiosiema He4YiTKO KOHTypOBaHa, Agepusa
NPaKTUYHO He BU3HaYatoTbeA (puc. 5).

PucyHOK 4 — EneKTpOHHOMIKPOCKOMiYHi 3MiHM CTIHKM anbBeonu
pecnipaTopHoOro BiaAiNy nereHb 3a YMOB eKCNepUMEHTa/IbHOro
OoHKoreHesy. 36inbleHHaA: x12000. Mo3HaveHHsA: 1 — pepomoBaHe
aapo anbeeonouuta Il TMNY 3 agepuem, 2 —aeporemaTuuHuini 6ap’ep,
3 — cTiHKa anbBeonu, 4 — NPOCBIT a/IbBEON.
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PUCYHOK 5 — YNbTpacTpyKTYpHi 3MiHM CTIHKM a/IbBEO/IU 33 YMOB €KC-
NepUMEHTaIbHOro OHKoreHesy. 36inbleHHA: x15000. Mo3HayeHHs:
1 —-npocBiT Kaninapa, 2 — BitpunonogibHe BUNAYYBaHHA LUTONNA3-
MU pecnipaTopHOro a/JibBe0/I0UUTa B a/IbBEONAPHUIA NpocTip, 3 —ae-
CTPYKTYpPU30BaHUi1 aeporematuuHuii 6ap’ep, 4 — NpocsiT anbBeonu.

LlMTonnasma cekpeTopHMX anbBeosnouuTis byna 3mi-
HeHa, AeCTPYKTypu30BaHa, BaKyonizoBaHa. MembpaHu
opraHen CWUHTETMYHOrO anapaTty: eHAonAasMaTUYHOI
CiTKM Ta Komnnekcy lonbaxi 6ynu ¢pparmeHtosaHi. Mi-
TOXOHAPIi HEBE/MKI, 3 MOraHO BUPAXKEHUMM KPUCTAMM Ta
€/1eKTPOHHOLLINbHUM MaTpUKCOM. CeKpeTopHi, NAacTUH-
yacTi Tinbua 6y nepesBaXkHO BaKyoNi30BaHi, crycTolue-
Hi i3 HEBE/IMKOIO KiNIbKICTIO TOMOreHHOro 0CMiodinbHOro
BMICTY. MynbTMBE3UKYAAPHI TiNbLUA, BU3HAYANUCA PIAKO,
6y OeCTPYKTYpWU30BaHi, HEBelWKi, NiABULLEHOI eneK-
TPOHHOI WiNbHOCTI. 4pa KNITUH By/IM OKPYIi, HEYITKOO
Kapionemoto, B Kapionnasmi nepesaxkaB MapriHa/JbHUA
reTepoxpomaTtmH. MiKpOBOPCMHKM anikasibHOI Naa3mo-
JIEMW HEBMCOKI, MOOAMHOKI, HeviTKi (puc. 6).

BinbHO B MPOCBITi afibBeON Ta PiKCOBAHUMM A0 CTiH-
KM BM3HAYalOTbCA a/bBeONsipHi Makpodaru, B reHepalii
AKMX MPEBaNOTb AECTPYKTUBHO-AEreHepaTUBHO 3MiHe-
Hi Ta aKTMBHO darouuTytodi. na makpodaris xapaktepHe
Be/INKe, HenpaBuabHOI GopmM S4PO NigBULLLEHOT OCMiO-
oinii, 3 iHBariHauiamu Kapionemun. MiKpoBMpPOCTU Nooau-
HOKi ab0 cAraloTb Ha 3Ha4Hi naow,i anbeeonn. LincrepHn,
BaKyo/i KomnaeKkcy fonbai, KaHanbLi eHaonnasmaTmy-
HOTO PETUKYIYMY PO3LUMPEHI, HENPOTAXKHI BaKyONi30Ba-

o

L ; ;
PUCYHOK 7 — YNbTPacTPYKTYPHUIA CTaH anbBeONAPHOro makpodara
pecnipaTopHOro BiAAiNy NereHb 32 yMOB eKCNePUMEHTaNIbHOTO
oHKoreHesy. 36inbleHHs: x9000. Mo3HaveHHs: 1 — BUN'AYyBaHHA
yuronemum, 2 — a4po, 3 — MiToxoHapii, 4 —nisocomm, 5 — parocomm.

s P PR AR 1

PUCYHOK 6 — YNbTpacTpyKTYpHi 3MiHM anbBeonouwmta Il Tuny pecni-

paTopHoro Bi,q,qiny NnereHb 3a YMOB eKCNepuMeHTa/IbHOro oOHKore-

Hesy. 36inblweHHn: x15000. Mo3HauyeHHA: 1 — po3WwmMpeHi KaHanbLi

€HA0NIa3MaTUYHOI CiTKK, 2 — AepopMOBaHi NamenaApHi Tinbua, 3 —

MiKPOBOPCUHKM aniKaibHOT NOBEPXHi KNITUHU AeCTPYKTYPU3OBaHI.
Hi. B uMTON1a3Mi HasiBHi YMcenbHi 0oCMiodinbHi NepBUHHI
nisocomun, Ta ¢darocomm i3 ocmiodinbHUM daroumToBa-
HUM MaTepianom (puc. 7).

B TpeTili rpyni TBapMH 32 YMOB 3aCTOCYBaHHSA B AKOCTI
KOpEeKL,ii KoMNOo3uLii HaHOYAaCTMHOK B pecnipaTopHoOMy
BiAAiNI NereHb €NeKTPOHHOMIKPOCKOMIYHO BCTaHOB/e-
HO nepebir pereHepaTOPHMX NPOLLECIB CKAAAOBUX KOM-
NOHEHTIB CTiHKM anbBeon. PecnipatopHi eniteniounTn
MICTUAN OKPYMIi A4pa, B Kapionaasmi AKMX NepeBarkas
€yXpOMaTWH, OAHaK PiAKO BU3HAYa/UCh TPYAKKU reTepo-
XMaTUHy. Kapionema nepeBa)kHO Aob6pe KOHTYpOBaHa,
MICTUTb BUpPaXKeHi AfepHi Nopu, NepuHyKAeapHUA npo-
CTip Hepo3LWupeHnin. B HaBKoNOSAEpHild 30HI BU3Ha4a-
IOTbCA KaHa bl YaCTKOBO PO3LUMPEHi eHAonaa3maTny-
HOTO PETUKYYMY Ta MOOAMHOKI LIMCTEPHU KOMMAEKCY
fonbAKi, MHOXWHHI BE3UKYN | MIKPOMYXMpPL,, AKi TaKOXK
yncenbHO NpeacTaBneHi B nepnudepuyHmx LmTonaasma-
TUYHUX AiNAHKAX KNITUH. MiTOXOHAPIT HEBEMKI i3 YacTKo-
BO AECTPYKTYPU30BaHMMM KpucTamu. LLinicHICTb midKKAi-
TUHHUX KOHTaKTiB 36epekeHa (puc. 8).

BifbWicTb remoKaninApis B CKAaAj CTIHOK anbBeon
NOMIPHO MOBHOKPOBHI, X04a i 3yCTPiYatoTbCA CYyANHU HaL-
MIPHO KPOBOHAMOBHEHI, @ TAaKOX i3 BY3bKMMMU, LLIIMHO-

LMTa pecnipaTopHOro BiAAiNY NereHb 3a YMOB €KCNepuMeHTasIbHO-

ro OHKOreHe3sy Ta 3aCToCyBaHHi KOMNO3ULii HaHoYacTMHOK Au/Ag/

Fe. 36inbweHHs: x10000. No3HaueHHA: 1 — anbBeonApHUIA NpoCTip,

2 —appo pecnipaTopHOro anbBeosiouuTa, 3 — riasionnasma pecnipa-

TOpPHOro anbBeosoumTa, 4 — NPOCBIT reMoKaninApa, 5 — eHporenio-
LuT, 6 — aeporemaTtuuHuii 6ap’ep.
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PucyHoK 9 — Cy6mikpocKoniyHa opraHi3aLis a/ibBeoNsAPHOI CTIHKU
pecnipaTopHOro BigAiny nereHi 3a ymoB eKCnepumeHTanbHOro
OHKOreHesy Ta 3acToCyBaHHi KOMNO3uLii HaHoYacTUHOK Au/Ag/
Fe. 36inbweHHsA: x15000. Mo3HaueHHA: 1 —anbBeonApHUIA NpocTip,
2 — KaninapHuii npocsiT, 3 — aapo, 4 — rianonnasma eHgoTenioumTa,
5 — uMTONNa3MaTMYHA 30Ha pecnipaTopHOro aJbBeoAOLMTa, 6 —
6a3anbHa membpaHa.
noAibHMMm npoceitamun. EHgoTeniounT remokaninapis
OKpYr0i, HenpasuabHOT GopmK i3 HerMboKMMM iHBari-
Haujiamu kapionemu. Ii memBpaHm YiTKi, nepuHyKeapHUii
NpOCTip, BY3bKWI, HEPO3WMWPEHUI, AAEPHI MOpW YiTKi,
pigKo BM3Ha4valOTbCcA Adepua. B napaHykneapHin 30Hi
NOMIPHO PO3BMHEHI OpraHenn, AesAKi 3 HAX AeCTPYKTypu-
30BaHi. NepudepunyHi ginaHkn 6e3 BUpaxKeHoro HabpsKy,
crnocTepiraeTbca 6arato MiKPOMiHOUMTO3HUX MyXMPLLB Ta
Be3uKyn. basanbHa membpaHa Ha OCHOBHOMY MPOTA3i
YiTKa, pPiBHOMipHa, TiNbKN HEBENNKUX AiNAHKAX TOMOreH-
Ha, Habpsakna (puc. 9).

CybmikpocKoniyHa opraHisauin anbseonouuTis Il Tuny
TAKOX XapaKTepu3yBanacb BiAHOBNEHHAM IX YAbTpa-
CTPYKTYpW. MepLuoYeproso Lie NPoABAANOCA YACETBHUMMU
BE/IMKMMU NAaMENAPHUMU CEKPETOPHUMM TiNIbLAMM B Ti-
anonnasmi. MembpaHHi opraHenu Taki Ak eHAgonaasma-
TMYHA CiTKa Ta Komnaekc fonbaxKi 6yanm nomipHO po3su-
HeHi, LinicHicTb ix membpaH BigHOBMOBaNaca. TakoX Npo
pereHepaToOpHi NPOLLECK CBiAYMAA HAABHICTb B LLUTOMNA3-
Mi KNITUH MYNbTUBE3UKYNAPHUX TiNeub Ta HEBENUKUX,
OKPYFIMX MITOXOHAPIN i3 YaCTKOBO AECTPYKTYPU30BaHU-
MM KPUCTaMM | BUCOKOI eNEKTPOHHOI LLiIbHOCTI MaTpUK-
coMm. Alapa KNITUH BENIMKI, OKPYI/i, NOMIPHOI €N1eKTPOHHOT
LWiNbHOCTI, Kapiosiema BifAHOCHO piBHa, LinicHa, 6e3 rmu-
6OKMX iHBariHauii. Ha anikanbHiit NOBEpPXHi KAiTUH BU-
3HAYaKOTbCA YMCE/IbHI MIKPOBOPCUHKM, WO CBIAYUTb NPO
AKTMBHI NPOLLECH EK30LMUTO3Y BMICTY CEKPETOPHUX TiNeub
B MPOCBIT asbBeON A5t GOPMyBaHHSA LiNiCHOI memMbpaHmn
cypdakTaHTy (puc. 10).

B npocBiTi anbBeo B Ll rpyni cnocTepekeHHs BU3Ha-
YAETbCA 3POCTaHHA YNCENBbHOCTI Ta FeTePOreHHICTb abBe-
ONApPHUX MaKpodaris. lepeBaykann MoONOAj, aKTUBHO
daroumnTytodi KNiITUHU, ANA SKUX XapaKTepPHO HAABHICTb B
LMTOMNMIA3Mi YMCENbHUX OCMIODIIbHUX MEePBUHHUX Ni30-
COM Ta MOOAMHOKUX BTOPUHHUX darocom. Mnasmonema
bopmye 3HaYHI 3a NJoLLEH0 BUPOCTM NAA3MONEMM ANA 3a-
6e3neyeHHsa ¢aroumTosy. LinctepHn komnnekcy fonbaxi
i KaHanbui eHAoNNa3MaTUYHOrO PETUKYIYMY MOMIpHI,
OJHaK LiNicHICcTb iX BiAHOCHO 36epekeHa, HasBHI BE3UKY-
N Ta MiKponyxmpLi. BU3HayatoTbCcA B LMTONAA3MI TaKOXK
HeBeJIMKI MITOXOHAPIT i3 BIAHOCHO YiTKMMK membpaHamm
Ta NOMIPHOI €N1EeKTPOHHOI LWiIbHOCTI MaTpmKkcom. Aapa
KNiTnH 606onoaibHoi abo okpyrnoi dopmu, momipHoi
€NEeKTPOHHOI LWiNbHOCTI 3 HAABHICTIO MapriHa/IbHOrO reTe-

PucyHok 10 — Cy6mikpockoniyHui cTaH anbBeonouumra Il Tuny
pecnipaTopHOro BiaAiny fereHb 3a YMOB eKCNepuMeHTaIbHOro
OHKOreHesy Ta 3acToCyBaHHi KOMNO3uLii HaHoyacTUHOK Au/Ag/Fe.
36inbweHHs: x21000. No3HaueHHA: 1 — agpo, 2 — namenspHi Tinbus,
3 — miToxoHAPIi, 4 — NOOAUHOKI MIKPOBOPCUHKM Ha anikanbHiii
NOBEpPXHi.

PucyHok 11 — Cy6miKpoCcKoniYHUIA CTaH a/IbBEONAPHOro Makpoda-
ra pecnipaTopHoro Bia4iny nereHi 3a ymoB eKCnepuMeHTanbHOro
OHKOreHesy Ta 3acTOCyBaHHi KOMNO3uLii HaHoYacTUHOK Au/Ag/
Fe. 36inblweHHsA: x10000. Mo3HaueHHs: 1 — aapo, 2 — MITOXOHAPIT,
3 — nepBUHHI ocMiodinbHi nisocomu, 4 — parocoma, 5 — BUpocTn
nnasmonemu.

poxpomaTuHy. MembpaHu Kapionemmu YiTki 6e3 rmmnboknx
iHBariHauii (puc. 11). MoaibHi yNbTPACTPYKTYPHI 3MiHK
CTIHOK a/1bBEO/ AOC/IAKEHO Y HAayKOBUX Npauax [13, 14].

BucHoBKMU.

MpoBeneHHA  eNeKTPOHHOMIKPOCKOMIYHMX — A0CAi-
[O’KeHb anbBeOs pecnipaTopHoro BiAAiny nereHb [03BO-
NIMNO BCTQHOBUTM LLO 3MOZAENbOBAHUM KaHLEporeHes,
iHaykoBaHuli OMI, BUKAMKAE ITMOOKiI NOLLKOAMKEHHS Cy-
6MiKpOCKOMiYHOI OpraHisaL,ii KOMNOHEHTIB aeporemaTny-
Horo 6apepy, pecnipaTopHUX Ta CEKPETOPHMX aIbBEOO-
LMTiB, a/IbBEOIAPHUX MaKpodaris.

3acTocyBaHHA HAHOYACTMHOK MNpW  iHAYKOBAHOMY
OHKOreHesi B AKOCTi KOPUIYHHYOro YMHHWMKA NO3UTUBHO
BM/IMHY/IO Ha pereHepaTopHi npouecu Ta CNpuano Big-
HOB/IEHHIO YNLTPACTPYKTYPU AAEP | KOMMNOHEHTIB LMTON-
Ia3MM KNITUH CTIHOK anbBeoJl, L0 NMOKPaALLYE iX QyHKLio-
HYBaHHSA, @ OTXKe i HopMasibHUI nepebir rasoobmiHy.

MepcneKTMBM NOAANbLUNX AOCNIANKEHD.

Y noganbwnx ekcnepuMeHTasIbHUX LOCHAIOKEHHAX
NAAHYETbCA BUBYEHHA MOPGODYHKLIOHANBHMX 3MiH pec-
NipaTOPHOrO BiAAiNy NereHb 33 YMOB 3aCTOCYBaHHA iHLWINX
KOPUrytouMx Npenaparis 3a yMOB iHAYKOBaHOMoO KaHLEepo-
3eHesy.
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OCOBJINBOCTI YNBbTPACTPYKTYPHUX 3MIH CTIHKU A/IbBEOJ/IN PECMIPATOPHOIO BIAAINY NEFEHb 3A
YMOB XPOHIYHOI EHAOTEHHOT HEOMJIACTUYHOI IHTOKCUKALLIT TA KOPUTYIOYOTO BM/IMBY KOMMNO3MLIT
HAHOYACTUHOK Au/Ag/Fe

Pumap A. A., HebecHa 3. M.

Peslome. 3a HaykoBMmMUK nosigomneHHAMM BOO3 KoKHOro pokKy maixke 10 maH ocib cepen Bciei nonynauii
NtofAel 4iarHOCTYETbCA «PaK», OAHOYAaCHO OHKOYTBOPM TPaBHOI cUCTEMM NocigatoTb 3 micue. PecniipaTopHi po3naau
OXOMn/tot0Tb 6araTo CTaHiB, AKI BNAMBAOTb HA JIEereHi Ta ANXaabHY CUCTEMY, TOMY aHai3 B3AEMO3B’A3KY CTaHy IereHb
3 OHKONIOTIYHUMM NATONIOTIAMM OPraHiB iHLWMX CUCTEM MAE KAOYOBY PO/b A4 LiNICHOro aHanily AaHoi naTonorii. 3a-
CTOCYBaHHA HAHOYACTUHOK MeTaniB CbOroAHI PiI3HOMAHITHE, afi’Ke IPYHTYETbCA Ha TOMY, O HAHOYACTUHKM BONIOA,-
I0Tb cneunPivHMMM SKOCTAMM, LLLO € LWAAXOM A1 3aCTOCYBAHHSA NOJINWEHHS AiarHOCTUKK Ta Tepanii OHKoNaTo/oril.

Memoto docnionceHHa byno 3’acyBaTn ocobANBOCTI YNbTPACTPYKTYPHMX 3MiH abBEOS1 PeCnipaToOpHOro Bigainy
nereHb Npy 3moAenboBaHin AMI-iHAyKOBaHIN afeHOKapLLMHOMI TOBCTOT KULLIKM in Situ, OLiHWUTM 3aCTOCYBaHHA KOM-
no3uuii HaHo4YacTMHOK Au/Ag/Fe ansa Kopekuii cybMiKpOCKONIYHUX 3MiH a/IbBEO PecnipaTopHOro BiaAiny fereHs 3a
YMOB MOAE/NbOBaHOr0 KaHLeporeHesy.

06’ekm i Memoou docnioreHHA. NMiaaocniaHi TBapuHM Bynun posaineHi Ha HacTynHi rpynu: | — iHTakTHI 6ini wypu
(15 ocobuH); Il — TBapUHM i3 3MOAENbOBAHOID aeHOKaPLMHOMOK TOBCTOI KULWLKK in situ (70 ocobuH); Il — TBapuHK
i3 iIHAYKOBAHOI aAEeHOKAPLMHOMOK TOBCTOI KULIKM, KOTPMM B AKOCTI KOPUIYyHOYOi KOMMO3ULLT BUKOPMCTOBYBANMU
HaHouyacTMHOK Au/Ag/Fe. Mpun npoBeaeHHI eneKTPOHHOMIKPOCKOMIYHMX AOCNIAXKEHb AOTPMMYBAAUCh 3arajibHo-
NPUAHATUX METOAMK. BUBYANM yNbTPATOHKI 3pi3M 3 BUKOPUCTAHHAM e/1eKTPOHHOro Mikpockona NMEM-125K.

Pesynbmamu. B gpyrii rpyni TBApUH Skum mogentosanm AMIl-iHAyKOBaHMIA OHKOreHe3 B pecnipaTopHOMY Big-
AOini nereHb TBapWH BCTAHOB/IEHO iIHTEHCUBHI MOLWKOAMKEHHSA Y/IbTPACTPYKTYPU CTIHOK KaninApis Ta CTIHOK a/IbBEOJI.
3HayHa YacTMHa remoKaninAapis 6yna HagMipHO NOBHOKPOBHA, iX MPOCBITU PO3LIMPEHI, B HUX BUABAAAUCA CAALMKI,
CTasu, TpoMmbu. Pigwe BM3HAYANMUCA KaMinspu i3 By3bKMMMU LLIIMHOMNOAIOHMMM, HEYITKMMM NPOCBiTaMK. B eHgoTe-
NiaNbHUX KNITUH A4pa Manu NOMIpHI 3MiHW ynbTPacTPyKTypu. MpoTe B LMTONNA3MATUYHUX AiNAHKAX BUABAAAUCA
JIOKYCU HabpsKy Ta 3MEHLUEHHS Ki/IbKOCTi MiKpOMiHOLMTO3HUX MiXypuiB i Be3mKyn. basanbHa membpaHa B ckaagi
aeporemaTmMyHoro 6ap’epy 3Ha4YHO NOLUIKOAMKEHA AECTPYKTYPU30BaHa, Habpsakaa. MopyweHHA ynbTPacTPyKTypW BU-
3HAYAETbCA TAKOXK i A4EP | LMTONNA3MM PeCcnipaTOPHUX i CEKPETOPHUX eniTeNioumTiB, 3MEHLLYETLCA KiNIbKICTb MiK-
POMIHOUUTO3HMX MYXMPLiB i KaBeos, AedOPMYIOTbCA Ta CYCTOLYIOTbCA NamMenapHi Tibua. AKTUBHO darouuTytodi
Makpodarm MicTUAM 3HAYHY KiIbKIiCTb NEPBUHHUX | BTOPMHHUX N1i30COM Ta $parocom.

3a yMOB 3aCTOCYBaHHA B AKOCTI KOpEeKLii KOMNO3uML,ii HAHOYACTUHOK Nicna mogentoBaHHA Ml B KOMNOHEHTax
a/1bBE0J1 3HAYHO 3MEHLUNANCA O3HAKM AECTPYKLii B ybTPACTPYKTypi aeporemaTnyHoro 6ap’epy. AKTMBHO BifgbyBa-
I0TbCA BHYTPILIHbO pereHepaToOpHi NPoLLecK B A4pax Ta OpraHenax eHAo0TeNioLmTiB, pecnipaTtopHMX aibBEOIOLUTIB
l'ill TMniB, WO CBIAYMTb NPO BiAHOBMEHHSA i MOKPALLLEHHA NpoLecy ra300bmiHy B iereHsx.

KnwouoBsi cnoBa: nereHi, remoKkaninapu, aseosouuntn | i ll Tny, makpodaru, ynbTpacTpyKTypHi 3miHu, OMT, oH-
KOreHes, HaHOYaCTUHKW.
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FEATURES OF ULTRASTRUCTURAL CHANGES IN THE ALVEOLAR WALL OF THE RESPIRATORY PORTION OF THE
LUNGS UNDER CONDITIONS OF CHRONIC ENDOGENOUS NEOPLASTIC INTOXICATION AND CORRECTIVE EFFECT OF
Au/Ag/Fe NANOPARTICLES COMPOSITION

Rymar A. A., Nebesna Z. M.

Abstract. According to the WHO, about 10 million patients worldwide are diagnosed with cancer every year, with
gastrointestinal cancers taking the third place in this ranking. Respiratory disorders encompass many conditions that
affect the lungs and respiratory system, so analyzing the relationship between lung conditions and neoplastic lesions
of other organs is key to a holistic understanding of this pathology. Metal nanoparticles open up wide prospects for
application, due to the fact that nanoparticles have unique properties that can be used to improve the diagnosis
and treatment of cancer.

The aim of the study was to find out the peculiarities of ultrastructural changes in the alveoli of the respiratory
portion of the lung under conditions of modeled DMH-induced colon adenocarcinoma in situ, as well as to study
the effect of using a complex of Au/Ag/Fe nanoparticles to correct submicroscopic changes in the alveoli of the
respiratory portion of the lung under conditions of modeled carcinogenesis.

Object and methods of research. The animals were divided into three groups: | — 15 intact animals, Il — 70 animals
with DMH-induced carcinogenesis, Il — 20 animals with neoplastic lesions treated with Au/Ag/Fe NPs. Experimental
carcinogenesis was induced by N,N-dimethylhydrazine hydrochloride, which was administered once a week for 30
weeks. Animals of the third group were administered an aqueous dispersion of Au/Ag/Fe NPs intragastrically once a
day for 21 days. Generally accepted methods were used to prepare histological preparations. The preparations were
studied using an electron microscope PEM-125K.

Results. In the second group of animals modeling DMH-induced oncogenesis in the respiratory portion of
the lungs, intense damage to the ultrastructure of the capillary walls and alveolar walls was found. A significant
proportion of hemocapillaries were excessively full of blood, their lumens were dilated, sludge, stasis, and thrombi
were detected. Less frequently, capillaries with narrow slit-like, indistinct lumens were detected. The nuclei of
endothelial cells had moderate changes in ultrastructure. However, loci of edema and a decrease in the number
of micropinocytic vesicles and vesicles were detected in the cytoplasmic areas. The basement membrane as part
of the aerosol barrier was significantly damaged, destructed, and swollen. The ultrastructure of the nuclei and
cytoplasm of respiratory and secretory epithelial cells is also disturbed, the number of micropinocytic vesicles and
caveolae decreases, and lamellar bodies are deformed and emptied. Actively phagocytizing macrophages contained
a significant number of primary and secondary lysosomes and phagosomes.

The use of nanoparticle composition as a correction after modeling DMH in the components of alveoli significantly
reduced the signs of destruction in the ultrastructure of the aerogeal barrier. The internal regenerative processes in
the nuclei and organelles of endothelial cells, respiratory alveolocytes of types | and Il are actively occurring, which
indicates the restoration and improvement of the process of gas exchange in the lungs.

Key words: lungs, hemocapillaries, aveolocytes of type | and Il, macrophages, ultrastructural changes, DMH,
oncogenesis, nanoparticles.
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