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Summary/Pe3iome

The purpose of the study is to evaluate the dynamics of changes in the components of the
respiratory part of the lungs in streptozotocin-induced diabetes. The experiments were performed
on 68 white male Wistar rats weighing 180-220 g. The animals were divided into three groups: 1
— intact (n = 10); 2 — control (n = 30); 3 — experimental (n = 28) with a model of diabetes
mellitus, which was reproduced by streptozotocin i.p. injection (“Sigma” (USA), diluted in 0.1 M
citrate buffer (pH = 4.5) at a rate of 60 mg/kg body weight. The control group of animals received
an intraperitoneal injection with an equivalent dose of 0.1 M citrate buffer solution (pH = 4.5).
Pulmonary tissue collection for electron microscopic examination was performed under thiopen-
tal anesthesia 56, 70 and 84 days after streptozotocin injection. Pieces of lung tissue were fixed
in 2.5 % glutaraldehyde solution, followed by fixation in 1 % osmium tetroxide solution. After
dehydration, the material was poured into epon-araldite. Sections obtained on an ultramicrotome
“Tesla BS-490” were studied in an electron microscope «PEM-125K». All studies were performed
under sodium thiopental anesthesia at the rate of 60 mg/kg of body weight. Our research showed
that 56, 70 and 84 days after the modeling of streptozotocin-induced diabetes changes of a
dystrophic-destructive nature were noted in alveolocytes of types | and Il, and endotheliocytes of
hemocapillaries. At the same time, cells with increased functional activity were determined in the
components of the respiratory part of the lungs. Streptozotocin-induced diabetes leads to severe
violations of the ultrastructural organization of components of the respiratory part of the lungs.
The nature and severity of structural changes in type |, Il alveolocytes, and endotheliocytes of
hemocapillaries depend on the duration of diabetes.

Key words: streptozotocin-induced diabetes, lungs, respiratory part, pathophysiologic mecha-
nisms

MeTo OOoCNioXEeHHS € OUiHKa ANHAMIKM 3MiH KOMMOHEHTIB AMXallbHOI YaCTUHW iereHb npu
CTPEenTo30TOUMH-IHAYyKOBaHOMY AiabeTi. EkcnepuMmeHTu npoBoaunmn Ha 68 6inux camusx LypiB
NiHii Bictap Baroto 180-220 r. TBapuH po3ainunmn Ha Tpu rpynn: 1 — iHTakTHa (n = 10); 2 —
KOHTposnbHa (n = 30); 3 — ekcnepumeHTanbHa (N = 28) 3 MOAENI0 LLYKPOBOro aiabeTy, sKy BiATBO-
proBanu CTPENTO30TOLMHOM BHYTPILLIHbOOYEPEBUHHO. iH'ekuilo ( «Sigma» (CLUA), po3BeneHy B
0,1 M uutpaTtHomy 6ydepi (pH = 4,5) 3 po3paxyHky 60 mr/kr macu Tina. KoHTponbHa rpyna Tea-
PUH OTpMMyBasia BHYTPILLHbLOYEPEBHY iH EKLiI0 3 ekBiBaneHTHO Ao3ot 0,1 M uutpatHoro 6y-
depHoro posuunHy (pH = 4,5). 3a6ip TKaHUHW NereHb 415 enekTPOHHO-MIKPOCKOMNIYHOro AoCchia-
XEHHS MPOBOAUMM Nifl, TIONEHTaNOBMM HApKo30oM 4vepes3 56, 70 Ta 84 aHi nicng iH’ekuii cTpenTo-
30TOUMHY. LLIMaToukn TKaHMHKM nereHb dikcyBann y 2,5 % po3ymHi rmytapansgerigy, a noTim ¢ikcy-
Bann y 1 % pPO34YMHiI HOTUPMOKUCY OCMItD. [licns 3HEBOAHEHHS MaTepian 3anmeann B eNOH-apasib-

ACTUAL PROBLEMS OF TRANSPORT MEDICINE +# 4 (82), 2025



AKTYANbHI MPOBJIEMW TPAHCMOPTHOI MEAMNUMHN 4+ N2 4 (82), 2025 p.
DOI: https://zenodo.org/records/18063468

anT. 3pisn, oTpumaHi Ha ynbTpamikpoTomi «Tesla BS-490», pocnigxyBanu Ha e€nekTPOHHOMY
mMikpockoni «<PEM-125K». Bci gocnigXXeHHs npoBoAMNM Nig, TiIONeHTanoBUM HApkO30M 3 po3pa-
xyHKy 60 mr/kr macwu Tina. Hawi gocnigpxeHHs nokasanu, wo 4yepes 56, 70 ta 84 gHi nicnsa mope-
JNIOBAHHSA CTPENTO30TOLMH-IHAYKOBAHOro AiadbeTy Bias3Ha4Yanncs 3MiHM AMcTpodiyHO-AeCTPYKTUB-
HOro xapaktepy B anbBeosiountax | Ta Il Tmnie, a Takox eHpooTenioymMTax remokaninspis. BooHo-
yac y KOMMOHEHTax AMXalbHOI YaCTUHW fIereHb BU3Havanmcs KNiTUMHU 3 NigBULLEHOK YHKLIO-
HaNIbHOK aKTUBHICTIO. CTPenTo30TOUMH-iHAYKOBaHWI AiabeT Npu3BOanTb A0 TSXKKMX MOPYLUEHb
YNIbTPACTPYKTYPHOT OpraHisalii KOMMOHEHTIB AMXasibHOI YaCTUHU JiereHb. Xapaktep Ta TaXKiCTb
CTPYKTYPHUX 3MiH B anbBeonouuTtax |, Il TmniB Ta eHgoTeniounTax reMmokaningpie 3anexartb Bif,
TpuBanocTi fgiabeTy.

Kno4oBi cnoBa: cTpenTo30TOUNH-IHAYKOBaHW AiabeT, JereHi, anxajbHa 4yacTuHa, natoQisio-
JIOMYHI MexaHIi3MU.

lung tissue were fixed in 2.5 % glutaraldehyde
solution, followed by fixation in 1 % osmium
tetroxide solution. After dehydration, the mate-
rial was poured into epon-araldite. Sections

Nowadays, diabetes mellitus (DM) is one
of the major problems of modern medicine and
is among the most common endocrine diseas-

es. According to estimates from the International i . . ”
Diabetes Federation (IDF), nearly 425 milion ©Ptained on an ultramicrotome "Tesla BS-490

people had DM in 2017, and the number is ex- ere studied in an electron microscope «PEM-

pected to rise to 629 million by 2045 [6, 7, 9 125K». All studies were performed under sodi-
10] " 777 um thiopental anesthesia at the rate of 60 mg/

. . . o kg of body weight.
Diabetes mellitus is a metabolic disorder

with a debilitating impact on many organs [8,
14, 16]. Currently, an increasing number of re-

Animal husbandry and research were con-
ducted in accordance with the provisions of the
ports in the literature describe damage to the “European Cf)nventlon for the Pr.otectlon of
respiratory portion of the lungs in DM [1, 3, 5, Vertebrate Animals Used for Experimental and
13] Other Scientific Purposes” (Strasbourg, 1986),

. the Law of Ukraine on the “Protection of Ani-
The purpose of the study is to evaluate

the dynamics of changes in the components of
the respiratory part of the lungs in streptozoto-
cin-induced diabetes.

Materials and methods

mals from Cruelty” (2006) and the “General
Ethical Principles of Experiments on animals”
approved by the Fifth National Congress on
Bioethics (Kiev, 2013).

The experiments were performed on 68
white male Wistar rats weighing 180-
220 g. The animals were divided into
three groups: 1 — intact (n = 10); 2
— control (n = 30); 3 — experimen-
tal (n = 28) with a model of diabetes
mellitus, which was reproduced by
intraperitoneal injection of streptozo-
tocin company “Sigma” (USA), dilut-
ed in 0.1 M citrate buffer with pH 4.5,
at a rate of 60 mg/kg body weight.
The control group of animals re-
ceived an intraperitoneal injection
with an equivalent dose of 0.1 M ci-
trate buffer solution with a pH of 4.5.

Pulmonary tissue collection for

electron MmICroscopic examination Fig. 1. Ultrastructural organization of the respiratory part of the lungs 56 days after

was performed under thiopenta| an- the start of the experiment. Electronic microphotography x6400
. Marking: 1 — lumen of the hemocapillary; 2 — nucleus of endotheliocyte 3 —
esthesia 56, 70 and 84 days after peripheral part of endotheliocyte; 4 — basal membrane; 5 — leukocyte; 6 —
streptozotocin injection. Pieces of interstitial tissue; 7 — nucleus of alveolocyte type |; 8 — peripheral part of
alveolocyte type I; 9 — lumen of alveoli.
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Results and their discussion

The submicroscopic analysis showed that
56 days after the start of the experiment, the
nuclei of some type | alveolocytes (A-1), type Il
alveolocytes (A-1l), and hemocapillary endothe-
lial cells contained matrix with low electron-op-
tical density (Fig. 1).

Chromatin granules in many cases were
located along the inner surface of the nuclear
envelope or grouped into separate clusters. The
perinuclear space was expanded. Mitochondria
were enlarged in volume with only a few cris-
tae. The Golgi apparatus (GA) was represented
by dilated cisternae and vacuoles.

The tubules of the rough endoplasmic
reticulum (RER) were vacuolized with a reduced
number of ribosomes on their membranes. In
the lumens of hemocapillaries, adhesion and
aggregation of leukocytes and platelets were
observed, as well as erythrocyte sludging. The
basal membrane was thickened with indistinct
contours.

In addition, pronounced interstitial tissue
edema was noted. Severe disturbances in the
ultrastructural organization of the components
of the respiratory portion of the lungs were de-
tected 70-84 days into the experiment. In A-I,
A-1l, and hemocapillary endothelial cells, the
development of intracellular edema with disrup-
tion of organelle structure was observed.

The mitochondria of these cells had ma-
trix of low electron-optical density and disori-
ented, sparse cristae. In some cases, complete
lysis of the cristae was detected. The cisternae
of the GA and the RER tubules were dilated.
Fragmentation of RER membranes was also
observed. In A-ll cells, some lamellar bodies
were partially filled with phospholipid material
and fragmented lamellae. Thrombo-leukocytic
aggregates were present in hemocapillaries. In
certain microvessels, disruption of the integrity
of the luminal plasmalemma was observed.

Our findings indicate the presence of dys-
trophic and destructive changes in the compo-
nents of the respiratory portion of the lungs at
late stages of experimental diabetes mellitus.
Similar changes have also been reported by
other researchers studying the submicroscopic
structure of the respiratory portion of the lungs
under various endogenous factors [2, 4, 11, 12,
15].

Conclusion

Streptozotocin-induced diabetes leads to
severe violations of the ultrastructural organiza-
tion of components of the respiratory part of the
lungs. The nature and severity of structural
changes in type |, Il alveolocytes, and endothe-
liocytes of hemocapillaries depend on the du-
ration of diabetes.
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Summary/Pesiome

The purpose of the work is to investigate dose-dependent and organ-specific alterations in
the activity of a-KGDH and SDH and the content of adenine nucleotides (ATP, ADP, AMP) in the liver,
heart, and skeletal muscle of rat offspring born to parents irradiated with 3.0 and 5.82 Gy, and to
determine their pathophysiological significance in mitochondrial dysfunction. The study was per-
formed on the offspring of adult rats exposed to total r-irradiation at doses of 3.0 and 5.82 Gy.
Mitochondrial fractions of the liver, myocardium, and skeletal muscle were analyzed for the activity
of a-KGDH and SDH, as well as for adenylate nucleotide levels (ATP, ADP, AMP). Offspring of irra-
diated parents demonstrated a dose-dependent suppression of 6-KGDH and SDH, with the most
pronounced impairment observed in skeletal muscle. At 3.0 Gy, changes were moderate and partly
compensatory, while at 5.82 Gy, systemic and profound inhibition of both dehydrogenases was
detected, indicating mitochondrial bioenergetic collapse. In parallel, adenylate imbalance was ob-
served, with ATP depletion accompanied by ADP and AMP accumulation, reflecting a decline in
adenylate energy charge. Skeletal muscle exhibited the greatest vulnerability, showing combined
dehydrogenase deficiency and a sharp decrease in ATP content. Parental y--irradiation at doses of
3.0 and 5.82 Gy induces an energy-deficient phenotype in their offspring, characterized by dose-
dependent inhibition of a-KGDH and SDH and disturbances of the adenylate pool. These findings
highlight the central role of TCA cycle dehydrogenases in radiation-induced mitochondrial dysfunc-
tion and support their potential as early biomarkers of radiation-related metabolic impairment.

Key words: r-irradiation, irradiated animals descendents, mitochondrial dysfunction,
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