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Introduction. Diabetes mellitus (DM), characterized by hyperglycemia, has been extensively studied for its systemic
effects. Recent attention has focused on its impact on the respiratory system, specifically on type II alveolocytes (A-11)
in the alveoli. Diabetes-induced hyperglycemia has been linked to altered surfactant composition, oxidative stress,
inflammation, and impaired tissue repair in A-1I, potentially compromising pulmonary homeostasis.

Aim. To deepen our understanding of diabetes mellitus effects on the respiratory system by investigating pathological
changes in A-II in experimental diabetes mellitus.

Methods. We performed an experimental study, involving 88 male Wistar rats distributed across intact (Group
1), control (Group 2), and experimental (Group 3) categories. Experimental diabetes was induced by administering
streptozotocin (Sigma, USA) at 60 mg/kg of body weight, diluted in 0.1 M citrate buffer with a pH of 4.5. Tissue samples
were gathered at 14, 28, 42, and 70-day intervals. Lung tissue fragments underwent scrutiny through electron microscopy
analysis.

Results. Initially (14 days), electron microscopy showed baseline features in A-II cores with well-defined mitochondria.
By day 28, changes indicated the onset of structural modifications: increased nuclear volume, lightened matrices,
and expanded perinuclear spaces. Day 42 revealed pronounced hyperhydration in A-1I cores, reflecting responses to
prolonged hyperglycemia, including deformed Golgi apparatus and endoplasmic reticulum. The later stage (70 days)
showed diverse cellular responses: enlarged nuclei, significant mitochondrial changes, distorted Golgi apparatus, and
ongoing cellular stress.

Conclusion. Induction of diabetes mellitus with streptozotocin leads to pronounced alterations in A-1I ultrastructure,
highlighting disruptions in the pulmonary surfactant system and emphasizing the systemic impact of diabetes on lung
Sfunction. Understanding these changes provides insights into the progression of respiratory complications in diabetes
and suggests potential therapeutic targets for mitigating associated pulmonary issues. Further exploration of molecular
mechanisms underlying these structural changes is warranted for the development of targeted strategies.
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IOnis ®epopuenxo, Hazap Caran, Onbra Aarumuc. LlykpoBuii aialer i jereneBi yckiaqHeHHs:

BHMBYCHHS BILUIMBY Ha ajbBeojiouutu II Tumy

Bemyn. L[ykposuti diabem (L[[]), wo xapaxmepuszyemocs cinepenikemieio, 0y8 0emanbHO 8UGHEHUL V PAMKAX U020
cucmemHux egexmie na opeanizm. Ilpome ocmannim yacom yce binbuie ysazu 6yi1o 30CepedlceHo HA 1020 6NIUSL HA
ouxanvHy cucmemy, 30kpema Ha arveeoroyumu I muny (A-II) 6 anveeonax. Inoykosana L]/ cinepenikemisn nog’szana 3i
3MIHEHUM CKIA00M NOBEPXHEB0-AKMUBHOT PEUOBUHU, OKUCTIOBAILHUM CIMPECOM, 3ANALEHHSM | NOPYUIEHHSIM GIOHOGLEHHS
mxanun y A-1I, wo nomenyitino nopyuye nezeneguil 20Meocmas.

Mema. [oznubumu po3yminns 6naugy yyKkposozo oiabemy Ha OUXAnbHY CUCHEMY WIAXOM O0CTIONHCEH S NAMON02IYHUX
smin y A-1I npu excnepumenmanbHomy yyKposomy oiabemi.

Memoou. Mu nposenu excnepumenmanvhe 00ciiodxcents 3a yuacmio 88 camyie wypie Wistar, po3nooinenux 3a maxumu
xameezopiamu: inmaxmua (epyna 1), koumponvua (epyna 2) ma excnepumenmanvua (epyna 3). Excnepumenmanvhuti
diabem inoykysanu esedennsam cmpenmoszomoyury (Sigma, CILIA) y 0ozi 60 me/ke macu mina, poszsedenozo ¢ 0,1 M
yumpamuomy oygepi 3 pH 4, 5. 3pasku mxanun 36upanu uepes 14-, 28-, 42- i 70-0enni inmepsanu. @paemenmu nezenegol
MKAHUHU OOCTIONCYBANU 30 OONOMO20I0 eeKMPOHHOI MIKPOCKONIL.
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Pesynomamu. Cnouamxy (14 OHig) enexmporHa MIKpOCKONisi nokazana 36uyHi osHaku 6 sopax A-II ma uimko
supasiceri mimoxouopii. Ha 28-11 0env 3minu 6xazysanu Ha NOYAmMoK CIMPYKMYPHUX 3MIH. 3011bUeHHS I0ePHO20 00 €My,
0C8IMIEeHHSA MAMPUKCY Md pOWUPEHHS NepUHyKIeapHux npocmopie. Ha 42-1i 0env suseneno supasiceny zinepziopamayio
6 aopax A-II, wo eidobpadicac peaxyiro Ha mpusany zinepeiikemito, exuouaiouu oegopmosanuti anapam Ionvodxci
ma enoonnasmamuunui pemuxyaym. Ilizniwa cmaois (70 ouis) npodemoncmpysana pizHOMAHIMHI KITMUHHI peaxyii:
30inbUeHT 0PaA, 3HAYHL MIMOXOHOPIAIbHI 3MIHU, chnomeopeHuil anapam [ 0nb0ici ma nocmitiHull KImuHHUL cmpec.

Bucnosok. Inoykyis cmpenmo3zomoyunoso2o yykpogo2o diabemy npuzeoounms 00 GUPANCEHUX 3MIH YIbIMPACPYKMYpU
A-II, niokpecaroruu nopyuieHHs y CUCmeMi 1e2eHe8020 CypOaKmanmy ma cucmemMHull 6nue diabemy Ha YHKYII0 1e2eHb.
Posyminna yux 3min oae 3moey ananizyeamu npozpecyéanHs pechipamopHux YCKlaoHeHb npu Oiabemi ma nponouye
nomenyilini mepanesmuyni Yini 01 Nom SAKUEeHHs N08 A3aHuX i3 HUMuU gecenedux npoonem. Ilodarvuie docniodicenns
MONEKYNIAPHUX MEXAHI3MI8, WO N1excamb 8 OCHOBI YUX CIPYKMYPHUX 3MiH, € 8UNPABOAHUM Oisl PO3POONIEHHS YiNbOBUX
cmpamezii.

Knrouoei cnosa: yyxposuii oiabem, nezeni, excnepumenm, anvgeonoyumu I muny, namoghizionozis.

Introduction categorized into three groups: Group 1 (n=10) com-

Diabetes mellitus, a chronic metabolic disorder  prised intact rats; Group 2 (n=40) served as the
characterized by hyperglycemia, has been extensively ~ control group, and Group 3 (n=38) constituted the
studied for its systemic effects on various organ sys-  experimental group. The experimental diabetes was
tems [1]. In recent years, attention has turned towards  induced via intraperitoneal administration of strepto-
its impact on the respiratory system, particularly the = zotocin (Sigma, USA) diluted in 0.1 M citrate buffer
alveoli, where type II alveolocytes (A-II) play a cru-  with a pH of 4.5 at a dosage of 60 mg/kg of body
cial role in maintaining pulmonary homeostasis [2]. weight. The control group was administered an equal

Diabetes-induced hyperglycemia has been asso-  volume of 0.1 M citrate buffer solution, maintaining
ciated with alterations in surfactant composition and a pH of 4.5, through intraperitoneal injection. All
production by A-II. Changes in surfactant properties  procedures were conducted under sodium thiopental

may compromise the mechanical stability of the alve-  anesthesia at a dose of 60 mg/kg of body weight. Tis-

oli, leading to increased susceptibility to atelectasis  sue samples were gathered at time intervals of 14,

and impaired gas exchange [3]. 28, 42, and 70 days following the injection of strep-
Chronic hyperglycemia in diabetes contributes  tozotocin.

to oxidative stress and inflammation. A-II are not For electron microscopy analysis, lung tissue

immune to these effects, as elevated levels of reactive ~ fragments were fixed in a 2.5% glutaraldehyde solu-
oxygen species (ROS) may disrupt cellular function  tion, followed by immersion in a 1% osmium tetrox-
and induce inflammatory responses. This oxidative  ide solution for fixation. Following dehydration,
stress may compromise the structural integrity of  the specimens were embedded in Epon Araldite.
A-II, impairing their ability to produce surfactantand  Sections, obtained using a "Tesla VS-490" ultrami-

maintain alveolar homeostasis[4]. crotome, were examined using a "PEM-125K" elec-
Diabetes has been linked to impaired tissue repair ~ tron microscope.
and regeneration. A-II play a crucial role in the repair All procedures and the termination of animals

of damaged alveoli [5]. The compromised regener-  were conducted in compliance with the European
ative capacity of these cells in individuals with dia-  Convention for the Protection of Vertebrate Animals
betes may contribute to prolonged lung injury and  Used for Experimental and Other Scientific Purposes.
impaired recovery from respiratory insults [6]. Additionally, this study received approval from the

Thus, we can conclude that DM exerts multifac-  Bioethics Commission of Ivano-Frankivsk National
eted effects on A-II, potentially compromising their =~ Medical University, as documented in protocol No.

essential functions in maintaining pulmonary home-  106/19, dated February 7, 2019.
ostasis. The altered surfactant production, oxidative Results and Discussion
stress, impaired repair mechanisms, and increased Based on the histological analysis of lung tissue

susceptibility to infections collectively contribute  biopsies, the tissue samples from the control and
to respiratory complications observed in individuals  intact groups of laboratory animals were found to be

with diabetes. normal. In contrast, the experimental group exhibited
Hence, our objective was to investigate the patholog-  structural changes in A-II.

ical changes in A-II in experimental diabetes mellitus. At the 14-day mark from the initiation of the
Methods experiment, nuclei of A-II displayed a matrix charac-

In this experimental study, 88 male Wistar rats  terized by moderate electron density. The nucleolema
(weighing 170-210 g) were utilized. The rats were  exhibited minor depressions and protrusions, while
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the perinuclear space showed no significant expan-
sion. Within the cytoplasm, mitochondria with a rel-
atively electron-dense matrix were observable. The
Golgi apparatus (GA) was represented by flattened
tanks and small bubbles. The granulated endoplasmic
reticulum (GER) comprised tubules with well-de-
fined ribosomes. The lamellar bodies (LB) were evi-
dent, exhibiting various degrees of maturity, size, and
shape. Notably, the basal membrane exhibited no dis-
cernible structural changes.

On the 28th day of the study, certain A-II nuclei
exhibited an increase in nuclear volume accompa-
nied by a lightened matrix and the marginal place-
ment of chromatin granules. The nuclear envelope
displayed minor depressions and protrusions, and the
perinuclear space showed a slight expansion. Within
the cytoplasm, individual mitochondria of varying
sizes and shapes were observed, featuring a lightened
matrix with single disoriented cristae (Fig. 1). Simul-
taneously, other mitochondria displayed a matrix of
moderate electron-optical density. The Golgi appara-
tus (AG) manifested as moderately expanded cisterns
and small bubbles. Hydroelectric tubules exhibited
dilation with the fibrous content inside.

The number of ribosomes on the outer surface of
membranes was slightly reduced. In the cytoplasm of
separate A-II, LB were evident, characterized by the
presence of uneven light spaces between bimembrane

osmiophilic plates. Additionally, multivesicular bod-
ies were noted in the cytoplasm of certain cells. On
the apical surface of A-II, high mosaic microvilli
were observed.

After 42 days of the experiment, alterations of
A-II are characterized by pronounced phenomena
of hyperhydration. The nuclei of such cells have a
rounded shape. The nucleoplasm is filled with a fine-
grained matrix with an accumulation of chromatin
granules on the periphery. The perinuclear space is
significantly expanded in some areas. Mitochondria
are enlarged with shortened, disorganized cristae.
The constituent components of GA and GER are
expanded and deformed. Fragmentation of GER
membranes is also observed. The number of ribo-
somes on GER membranes is reduced. As a result of
edema, a violation of the ultrastructural organization
of the LB is also determined. At the same time, a sig-
nificant part of LB is partially filled with phospho-
lipid material with disoriented and fragmented mem-
branes. Sometimes in individual A-II giant LBs are
determined, which fill a significant part of the cyto-
plasm. Along with this, homogenous lipid-like inclu-
sions of moderate electron-optical density are found
in the cytoplasm of some A-II cells, which indicates
the transition of such cells to the synthesis of neu-
tral lipids. A decrease in the number of microvilli is
observed on the apical surface of A-11. The basement

Figure 1. Submicroscopic structure of type II alveolocyte 28 days after the start of the experiment.
Electron micrograph. Magnification: 12,000

Captions: 1 — alveolar lumen; 2 — mitochondria; 3 — granular endoplasmic reticulum,

4 — lamellar body; 5 — microvilli.
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membrane is swollen throughout, of uneven thick-
ness. The growing edema of A-II is accompanied by
the destruction of the cell and the release of cytoplas-
mic structures into the lumen of the alveolus.

In the advanced stages of the experiment (at 70
days), notable changes are observed in A-II. The cell
nuclei exhibit an enlargement in size with smooth
contours (Fig. 2). Nucleolema displays minor depres-
sions and protrusions, and the perinuclear space is
expanded. A substantial proportion of mitochondria
experiences an increase in volume, with crystals los-
ing their parallelism and a reduced overall number.
Some mitochondria exhibit complete lysis of cristae.
Within the perikaryon region, the GA is visualized,
represented by expanded cisterns and vacuoles of
various sizes. The GER channels are, in most cases,
expanded. Concurrently, there is evidence of frag-
mentation of GER membranes with a reduced num-
ber of ribosomes. The LBs are present but in low
numbers, and they are partially filled with phospho-
lipid material. Vacuoles with remnants of membranes
are occasionally observed at the site of LB. Moreo-
ver, a decrease in the number of microvilli is noted on
the plasmolemma of the apical area.

Captions: 1 — alveolar lumen; 2 — nucleus of type
IT alveolocyte; 3 — mitochondria; 4 — granular endo-
plasmic reticulum; 5 — lamellar body; 6 — microvilli.

While the lungs are not usually considered pri-
mary targets in diabetes mellitus (DM), research indi-
cates that this condition can adversely affect respira-
tory functions. A study by Chance et al. highlighted a

concurrent decline in lung carbon monoxide diffusion
capacity and pulmonary blood flow in DM patients,
evident both at rest and during near-maximal exercise
[7]. This reduction might be primarily due to changes
in two aspects: the efficiency of the alveolar-capil-
lary membrane and the blood volume in pulmonary
capillaries. Structural examinations have shown a
thickening in the basal plate of pulmonary capillaries
and the alveolar epithelium, leading to hindered gas
diffusion across the alveolar-capillary membrane [8].
The thickening of the alveolar-capillary barrier and
expansion of interstitial tissue results in diminished
alveolar space and a constricted pulmonary capillary
network. Such alterations can redistribute pulmonary
blood flow, potentially causing issues with ventila-
tion/perfusion balance and gas exchange [9].

Our study particularly examined the structural
integrity of type II alveolocytes within the aero-he-
matic barrier. This was motivated by existing liter-
ature that identifies the secretions of alveolocytes,
especially surfactant proteins, as key indicators of
lung dysfunction [10, 11].

Our experimental approach provides a detailed
characterization of the ultrastructural changes in
A-Il during experimental diabetes mellitus. The
observed structural alterations underscore the intri-
cate and dynamic responses of these cells to pro-
longed hyperglycemia. This study contributes to
the broader understanding of diabetes-induced pul-
monary complications and lays the foundation for
future investigations aiming at therapeutic interven-

Figure 2. Ultrastructural organization of type II alveolocytes 70 days after the start of the experiment.
Electron micrograph. Magnification: 8,000
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tions to preserve respiratory function in individuals
with diabetes.

At the early stages (14 days), electron micros-
copy revealed moderate electron density in A-II
nuclei, indicating a baseline state. Notable features
included well-defined mitochondria and a preserved
basal membrane. By day 28, changes emerged, with
increased nuclear volume, lightened matrices, and
expanded perinuclear spaces. Mitochondria dis-
played diverse morphologies, and Golgi apparatus
elements were observable. These early changes sig-
nify the onset of structural modifications in response
to diabetes induction.

By day 42, pronounced hyperhydration phenom-
ena were evident in A-II nuclei. Nuclear rounding,
expanded perinuclear spaces, and altered mitochon-
drial structures highlighted cellular responses to pro-
longed hyperglycemia. Notably, Golgi apparatus and
granulated endoplasmic reticulum components were
deformed, and lipid-like inclusions suggested a shift
towards neutral lipid synthesis. The deteriorating
microvilli and swollen basement membrane reflected
the growing cellular edema, ultimately leading to
cellular destruction and cytoplasmic release into the
alveolar lumen.

At the later stages (70 days), A-II nuclei exhib-
ited substantial polymorphism, indicating diverse
cellular responses to prolonged diabetes. Nuclei
showed enlargement, mitochondria displayed signif-
icant volumetric changes, and the Golgi apparatus

appeared distorted. Notably, the fragmented mem-
branes of heterogeneous endoplasmic reticulum
and partially filled lamellar bodies suggested ongo-
ing cellular stress. The decreased microvilli and
expanded perinuclear space indicated progressive
cellular alterations.

Altered surfactant production, oxidative stress,
impaired repair mechanisms, and increased sus-
ceptibility to infections collectively might contrib-
ute to the observed changes in A-II. The interplay
between hyperglycemia and cellular structures,
such as the GA, GER and LB of A-II, emphasizes
the systemic impact of diabetes on pulmonary
homeostasis.

Understanding the ultrastructural changes in A-II
provides insights into the progression of respira-
tory complications in diabetes. The observed lipid-
like inclusions and altered lamellar bodies suggest
potential targets for therapeutic interventions. Fur-
ther studies are warranted to explore the molecular
mechanisms underlying these structural changes and
to develop targeted strategies for mitigating diabe-
tes-associated pulmonary complications.

Conclusion

The induction of diabetes mellitus using strep-
tozotocin is associated with pronounced alterations
in the ultrastructure of type II alveolocytes. These
changes underscore disruptions in the pulmonary
surfactant system, emphasizing the systemic impact
of diabetes on lung function.
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