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DYNAMIC PORTRAIT OF ALVEOLAR MACROPHAGES IN EXPERIMENTAL DIABETES MELLITUS
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Ivano-Frankivsk National Medical University

SUMMARY. Diabetes mellitus (DM) is a globally prevalent metabolic disorder with profound implications for sys-
temic organs, yet its intricate relationship with the respiratory system, particularly the alveolar macrophages (AM), re-
mains underexplored.

The aim - to comprehensively investigate the pathological alterations in AM during the progression of experimen-
tal diabetes mellitus.

Material and Methods. An experimental investigation was conducted involving 88 male Wistar rats, categorized
into intact (Group 1), control (Group 2), and experimental (Group 3) groups. Experimental diabetes was induced using
streptozotocin (Sigma, USA), diluted in 0.1 M citrate buffer with a pH of 4.5, at a dose of 60 mg/kg of body weight. Tissue
samples were collected at intervals of 14, 28, 42, and 70 days. Electron microscopy analysis was employed to examine
lung tissue fragments.

Results. On the 14th day, increased functional activity of AMs was observed, marked by distinct nuclear contours
and shallow nucleolemic intussusceptions. Subsequent days revealed alterations in mitochondrial morphology, Golgi
apparatus, and endoplasmic reticulum, culminating in dystrophic changes by the 70th day. The study period exhibited a
dynamic temporal progression, showcasing the multifaceted responses of AMs to diabetic conditions. These responses
include heightened functional activity, structural modifications in organelles, and a subsequent shift towards dystrophic
changes, providing a comprehensive view of the evolving dynamics of AMs during the course of experimental diabetes
mellitus.

Conclusions. The study reveals a dynamic temporal progression in alveolar macrophages during the course of ex-
perimental diabetes mellitus. Early heightened functional activity transitions into dystrophic changes, providing insights
into the evolving functional deficiency of macrophages as diabetes advances, contributing to the understanding of dia-

betes-related respiratory pathology.
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Introduction. Diabetes mellitus (DM) stands as
a pervasive and complex metabolic disorder charac-
terized by aberrations in glucose homeostasis, af-
fecting millions worldwide [1]. Its impact extends
beyond its recognized influence on systemic organs,
delving into intricate interactions with specific cel-
lular elements of diverse physiological systems.
While the well-documented consequences of diabe-
tes on cardiovascular, renal, and nervous systems
have garnered considerable attention, the intricate
relationship between diabetes and the respiratory
system remains a subject of burgeoning interest [2].

The respiratory system, tasked with vital func-
tions of gas exchange and maintenance of physiologi-
cal equilibrium, becomes a focal point for investigation
in the context of diabetes mellitus. Mounting evidence
suggests that diabetes-induced systemic alterations
may extend their influence to the respiratory appara-
tus, potentially disrupting its delicate balance [3]. The
intricate cellular milieu of the respiratory system, par-
ticularly the alveolar macrophages (AM), emerges as a
key player in deciphering the nuanced interplay be-
tween diabetes and pulmonary function.

Alveolar macrophages, strategically positioned
within the alveoli of the lungs, serve as guardians of
pulmonary homeostasis, participating in immune
surveillance and maintaining tissue integrity [4].
Their role in defending against inhaled pathogens

and regulating inflammatory responses underscores
their significance in respiratory health. However, the
impact of diabetes mellitus on these sentinel cells
remains inadequately explored, necessitating a com-
prehensive investigation into the potential patho-
logical alterations that may compromise pulmonary
well-being.

The aim of the study - to enhance our compre-
hension of how diabetes mellitus impacts the respi-
ratory system by examining the pathological altera-
tions in alveolar macrophages in an experimental di-
abetes mellitus setting.

Material and Methods. In this experimental in-
vestigation, 88 male Wistar rats with a weight range
of 170-210 g were involved. The rats were divided
into three groups: Group 1 (n=10) consisted of intact
rats; Group 2 (n=40) served as the control group, and
Group 3 (n=38) constituted the experimental group.
Experimental diabetes was induced by intraperitone-
ally administering streptozotocin (Sigma, USA), dilut-
edin 0.1 M citrate buffer with a pH of 4.5, at a dose of
60 mg/kg of body weight. The control group received
an equivalent volume of 0.1 M citrate buffer solution
with a pH of 4.5 through intraperitoneal injection. All
procedures were performed under sodium thiopental
anesthesia at a dose of 60 mg/kg of body weight. Tis-
sue samples were collected at time intervals of 14, 28,
4?2, and 70 days post streptozotocin injection.
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For electron microscopy analysis, lung tissue
fragments were fixed in a 2.5 % glutaraldehyde solu-
tion, followed by immersion in a 1 % osmium tetrox-
ide solution for further fixation. After dehydration,
the specimens were embedded in Epon Araldite.
Sections, obtained using a "Tesla VS-490" ultrami-
crotome, were scrutinized with a "PEM-125K" elec-
tron microscope.

Results and Discussion. On the 14th day of the
study, a notable increase in the functional activity of
alveolar macrophages (AM) was identified within the
alveoli. The nuclei of these macrophage elements ex-
hibited distinct contours and shallow nucleolemic in-
tussusceptions. A prominent feature in their submi-
croscopic structure was the presence of a well-de-
fined lysosomal apparatus. The cytoplasm revealed
small-sized mitochondria, slightly expanded cisterns
and tubules of the Golgi apparatus (GA), and granular
endoplasmic reticulum (GER). Ribosomes were clearly
visible on the outer surface of the latter. Phagosomes
containing surfactant fragments and destroyed cells
were also observed in the middle of the cell.

Submicroscopic examinations of the alveoli in
the respiratory department of the lungs 28 days into
the experiment revealed nuclei of individual AMs with
a matrix of low electron-optical density (Fig. 1). Chro-
matin granules were often positioned along the inner
surface of the nucleolem. Some mitochondria dis-
played an increased volume with a lightened matrix
and occasional reduced cristae. The GA consisted of
moderately expanded cisterns and small bubbles,
while GER tubules were hypertrophied with areduced
number of ribosomes on their membranes. Lyso-
somes and phagosomes with polymorphic osmiophil-
ic material were evident in the AM cytoplasm. At this
stage, certain macrophage elements exhibited signs
of heightened functional activity. The nuclei of such

AMs had a nucleoplasm of moderate electron-optical
density, with chromatin granules evenly distributed
throughout the nucleus. Mitochondria varied in size
and shape. GA showed no significant structural chan-
ges. GER featured moderately expanded tubules with
well-defined ribosomes on their outer surface. The
cytoplasm contained numerous lysosomes and pha-
gosomes.

By the 42nd day of the study, AMs with dystro-
phic-destructive changes were observed in the al-
veolar lumen. The nuclei of these cells had fine-
grained nucleoplasm of low electron-optical density,
with granular components concentrated along the
inner surface of the nuclear membrane or grouped
into separate clumps. The perinuclear space was ex-
panded. Mitochondria exhibited a lightened matrix,
shortened and disoriented cristae. GA and GER cis-
terns and tubules were hypertrophied and disorga-
nized, with fine granular content. The number of ri-
bosomes on the outer membrane of GER was re-
duced. Lysosomes were represented by individual
granules, and isolated phagosomes with polymor-
phic osmiophilic material were identified in the cyto-
plasm. The progression of organelle changes coin-
cided with a decrease in the electron-optical density
of the cytoplasmic matrix.

The analysis conducted on the 70th day after
the start of the experiment revealed nuclei of many
AMs with an enlightened matrix (Fig. 2). Chromatin
granules were positioned along the inner surface of
the nucleolem, and the perinuclear space was ex-
panded. Mitochondria displayed an enlightened ma-
trix and disoriented cristae, with some undergoing
vacuolar transformation. In the perinuclear area, a
GA consisting of vesicularly expanded cisterns and a
small number of vesicles was observed. GER tubules
were vacuolated and fragmented, with a reduced

Figure 1. Submicroscopic canges of the alveolar mac-
rophage 28 days after the start of the experiment. Electron
micrograph. Magnification: 6400.

Description: 1 — alveolar lumen; 2 — core; 3 — mitochondria; 4 -
granular endoplasmic reticulum; 5 - lysosome; 6 — phagosome.

Figure 2. Submicroscopic changes in the alveolar mac-
rophage 70 days after the start of the experiment. Electron
micrograph. Magnification: 4800.

Description: 1 —alveolar lumen; 2 - core; 3 - nucleolus; 4 — mitochon-
dria; 5 — granular endoplasmic reticulum; 6 — lysosome; 7 — phago-
some.
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number of ribosomes. The fragmentation of GER
membranes was noted in individual AMs. Macro-
phage elements included cells with a small number
of lysosomes and phagosomes.

The study's results indicated that during the
early stages of diabetes mellitus development (14—
28 days), thereis anincrease in the number and func-
tional activity of AMs, representing the primary re-
sponse of macrophage elements to lung tissue da-
mage [5, 6]. As the study duration extended (42—
70 days), a progressive disruption of the structural
organization of the respiratory department of the
lungs was observed. Among macrophage elements,
cells with a low number of lysosomes but a high
number of phagosomes, containing polymorphic os-
miophilic material, were identified, indicating a func-
tional deficiency of macrophages [7].

Conclusions. Through a meticulous examina-
tion conducted over 70 days, we observed a tempo-
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OWHAMIYHUN NOPTPET AJIbBEOJIAPHNX MAKPO®ATIB
NMPU EKCMEPUMEHTAJIbHOMY LLYKPOBOMY LAIABETI

©10. B. depopueHko, H. T. CaraHn, O. B. AHTUMMUC
IBaHo-®paHkiscbKull HayioHanbHUl MeduyHul yHisepcumem

PE3KOME. LlykpoBuii giabet (L) € rnob6anbHO nowmpeHmMm MeTaboniyHMM po3/1aioM i3 CepMO3HMMM HacNiAKaMu
019 CUCTEMHWX OPraHiB, NPOTe MOro CKJaZAHNN 3B'A30K i3 ANXaNIbHOK CMCTEMOID, 30KPEMA a/IbBEOJIAPHUMN MAKpoda-
ramu (AM), 3a/1MLLIAETLCA BUBYEHUM HELOCTATHbLO.

MeTor JaHOro AOCAIAXKEHHS € BCcebiyHe AO0CNiAXKEHHS NaToM0rYHMX 3MiH AM Mg Yac nporpecyBaHHA eKkcrnepu-
MEHTaIbHOTO LlyKPOBOro AiabeTy.

MarTepian i meToaun. Hamm 6yno NnpoBeAeHO eKCnepuMeHTasibHe AOC/IAKEHHA 33 y4acTio 88 caMuiB WypiB AiHil
BicTap, noaineHunx Ha iHTakTHY (rpyna 1), KOHTPOJIbHY (Fpyna 2) Ta eKcrneprvMeHTanbHy (rpyna 3) rpynu. EkcneprvMeHTanb-
HWI LyKpOBWi AiabeT iHayKyBaan cTpenTo3oToumHoMm (Sigma, CLLA), po3segeHmumMy 0,1 M untpatHomy bydepi 3 pH 4,5,
y A03i 60 Mr/Kr Macu Tina. 3pa3ku TKaHWH 36upanu 3 iHTepBanamu B 14, 28, 42 i 70 aHiB. Ans gocnigXeHHsa dparmeHTiB
NlereHeBoi TKaHMHM BUKOPMCTOBYBAJIM €/1€KTPOHHY MiKPOCKOMItO.

Pe3ynbTtaTtu. Ha 14-Ty o6y cnoctepirasv niasmweHHs GYHKLiOHaIbHOI aKTUBHOCTI AM 3 YiTKMMU AAE€PHUMM KOH-
TYPaMu Ta HErMMBOKNUMM HYKJTEOMIYHMMM iHBAriHaLiaAMW. HAacTynHi AHI BUABMAM 3MiHM B MopdbOIOTii MiTOXOHAPIN, ana-
paTi loNbAXi Ta eHA0N1a3MaTMYHOMY PETUKYYMI, WO 3aBepLInMIMca ANcTpodiyHMMK 3miHamm ao 70-ro aHA. Mepioa
[OC/iAXKEeHHS MPOAEMOHCTPYBAB AMHAMIYHMIA MPOrpec y Yaci, 4eMOHCTPYoUM 6araTorpaHHy peakuito AM Ha aiabeTnyHi
cTaHu. Lli peakuii BKAOYaOTb NigBuLieHy GYHKLiIOHAbHY aKTUBHICTb, CTPYKTYPHI Moaundikal,ii B opraHenax i nofanb-
LMY 3cyB A0 ANCTPOdIYHMX 3MiH, Lo 3abe3nevye KOMMJIeKCHe YABAEHHS Npo AMHaMiKy po3BuTKY AM nia yac ekcnepw-
MEHTaIbHOTO LlyKPOBOro AiabeTy.

BUCHOBKM. Y AOCNIAXKEHHI BUAB/IEHO AMHAMiYHe NporpecyBaHHSA 3MiH B a/ibBeOISPHUX Makpodarax npv nepebiry
eKCNepuMEHTaIbHOro LlyKpoBOro Aiabety. PaHHA nmigBuuieHa ¢YHKLiOHA/IbHA aKTUBHICTb NepexoanTb Y ANCTPOdiYHi
3MiHW, WO AAE 3MOTY 3pO3YMiTN PO3BMTOK GYHKLIIOHA/IbHOT HEJOCTAaTHOCTI MakpodariB y Mipy po3BuTKY Aiabety, cnpusa-
HO4YM PO3YMIHHIO PecnipaTOpHOT NaToJ10rii, NOB'A33HOI 3 AiabeToMm.

KJ1KFOYOBI CJIOBA: LyKpoBuWiA AiabeT; fereHi; ekcnepuMeHT; anbBeonapHi Makpodaru; natodisionoria.
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