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The purpose of the study was to determine morphological changes in the brains and adrenal glands of rats under chronic
immobilization stress and to evaluate these changes under melatonin administration. Fifteen sexually mature male Wistar rats were
divided into three groups (n=5): control, chronic immobilization stress, and chronic immobilization stress with melatonin (5 mg/kg
orally for 21 days). Serum cortisol concentration was measured by immunochemiluminescence; brain and adrenal samples were
examined after hematoxylin and eosin staining. Immobilization stress was accompanied by an increase in cortisol levels from
1.66+0.20 to 13.80+0.33 nmol/L (p<0.05), vascular engorgement, erythrocyte stasis or aggregation, and expansion of perivascular
and pericellular spaces in the brain. In the melatonin group, cortisol levels were 11.04+0.28 nmol/L, 20% lower than in the
uncorrected stress group (p<0.05); the microcirculatory and tissue changes described were less pronounced. The adrenal
architecture remained intact; however, vascular and cytoplasmic changes differed between groups. The data indicate a partial
protective effect of melatonin under chronic immobilization stress; confirmation requires quantitative morphometry, corticosterone
measurement, and molecular markers of neuroinflammation and autophagy.
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MOP®OJOI'TYHI 3MIHA I'OJIOBHOI'O MO3KY TA HAJTHUPKOBHX 3AJ103 3A YMOB
XPOHIYHOI'O IMMOBUIIIBAHIMHOI'O CTPECY TA IX KOPEKIISA MEJJATOHIHOM

Mertoro mociikeHHS Oya0 oxapakTepr3yBaTH MOPQOIOTiUHI 3MiHH TOJIOBHOTO MO3KY Ta HaJHHPKOBHX 3aJI03 IIypiB 3a
YMOB XPOHIYHOTO iIMMOOLITI3aliHOTO CTPEeCy Ta OLIHUTH 1X 3MIHHM I1iJ] BIUTHBOM MeNaToHiHy. [’ sITHaqUsATh CTaTeBO3PIIMX 1Ly PiB-
camuiB JiHii Wistar posmopimmid Ha Tpu rpynH (n=5): KOHTpPOJIb, XPOHIYHMII IMMOOULTI3aWiHHMI CTpeC Ta XPOHIYHWUIA
iIMMOO1TI3aIiifHUH cTpec 3 MeTaToHiHOM (5 MI/KT mepopansHo npotsaroMm 21 nobu). KoHneHTpariro KopTu3oidy B CHPOBATII KPOBi
BU3HAYQJIM METOJIOM IMYHOXEMUNIOMIHECUEHIT; 3pa3ky MO3Ky Ta HaJHHUPKOBHX 3ajJ03 JOCIHIJDKYBalM Hicis 3a0apBICHHS
TFeMaTOKCHJIIHOM Ta €03WHOM. IMMOOLTI3alliiiHuil cTpec CyHpOBOKYBABCS 3pPOCTaHHSAM piBHA KopTtusomy 3 1,66+£0,20 mo
13,80+0,33 amomns/n (p<0,05), MOBHOKPIB’sIM CyInH, CTa30M ab0 arperamieio epUTPOLUTIB 1 PO3UIMPEHHSIM IIEPUBACKYIISIPHUX Ta
MEPHULIETIOSIPHAX TPOCTOPIB Y TOJIOBHOMY MO3KY. Y IpyIi MelaTtoHiHy piBeHb KopTu3oiy craHoBuB 11,04+0,28 Hmomb/1, 1110 Ha
20% HwK4e, HDX y rpyi cTpecy 6e3 kopekuii (p<0,05); onucaHi MiKpOLMPKY/ISTOPHI Ta TKAHUHHI 3MiHU OyJIM MEHII BUPA>KSHUMU.
ADpXITEKTOHIKAa HAJHUPKOBUX 3aJI03 3ajHIIajiacs 30€peKEeHOI0, OJHAK CYIMHHI Ta OUTOILIa3MATW4HI 3MIiHH BiOPI3HSUIACS MiX
rpynamu. OTpuMaHi JaHi CBiAYaTh OPO YaCTKOBHH MPOTEKTOPHUIT e(eKT MENATOHIHy 32 YMOB XPOHIYHOTO iMMoOimi3auiitHoro
CTpecy; AJIsl IiATBEPIPKCHHs MNOTPIOHI KijgbKicHa MOp(hOMETpis, BH3HAYEHHS KOPTUKOCTEPOHY Ta MOJEKYJIIpHI MapKepu
Helpo3anaieHHs i ayTodartii.

KurouoBi ciioBa: XpoHiuHMI iIMMOOITI3aLiifHIN CTpEC, MEJIAaTOHIH, TOJIOBHUI MO30K, HaJHUPKOBI 3a11031, MOPdOJIOris,
HEWPOINPOTEKIIis.

The work is a fragment of the research project “Features of pathomorphological changes in internal organs under the
influence of poisonous and toxic substances”, state registration No. 0125U001927.

Chronic stress is accompanied by long-term
neuroendocrine and metabolic shifts that can
contribute to damage to the nervous and endocrine
systems [1, 11]. A key link in the stress response is

neuroplasticity. At the same time, chronic
immobilization is a model of stress, not a full
experimental equivalent of clinical post-traumatic
stress disorder, which requires verification of a

activation of the hypothalamic-pituitary-adrenal axis,
which increases glucocorticoid secretion and
modulates the immune response [4]. In rats, the main
glucocorticoid is corticosterone; in humans, it is
cortisol. This interspecies difference must be
considered when interpreting experimental data.

In the central nervous system, a prolonged stress
response is associated with microcirculatory and
vasomotor dysregulation [8], oxidative stress,
neuroinflammatory responses, and changes in
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complex of behavioral and neurobiological signs
[12].

Melatonin regulates circadian rhythms and also
exhibits antioxidant and anti-inflammatory properties
[3, 7, 10, 13, 14]. In experimental models of chronic
immobilization stress, it reduced the severity of the
inflammatory response, apoptosis, and pyroptosis of
microglia in the hippocampus [6, 15]. However, the
morphological changes in the brain and adrenal
glands under these conditions and the possibility of
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their correction by melatonin require further
comparison.

The purpose of the study was to determine
morphological changes in the brains and adrenal
glands of rats under chronic immobilization stress and
to evaluate these changes under melatonin
administration.

Materials and methods. The study was
conducted on 15 sexually mature white male Wistar
rats weighing 200-250 g. Animals had free access to
water and food except during periods of
immobilization. The room temperature was 19-23
°C, and the relative humidity was 50—75%.

Rats were randomly divided into three groups
(n=5). Animals in Group 1 (control) were not
immobilized and received an equal volume of 1%
starch gel. In group 2, chronic stress was simulated by
daily 12-hour immobilization (21:00-09:00) with a
12-hour recovery period for 21 days [5]. Animals in
group 3 were similarly exposed and received daily
oral melatonin at a dose of 5 mg/kg in 1% starch gel.
Immobilization was performed using a splint with
individual compartments.

Serum cortisol concentration was determined
by the Chemiluminescence immunoassay method
on an ACCESS 2 analyzer (Beckman Coulter,
USA). Blood was obtained after euthanasia of the
animals by sevoflurane overdose followed by
decapitation. Serum was obtained by centrifugation
at 1200 g for 15 min at 19-23 °C; aliquots were
stored at —20 °C.

For morphological examination, brain and
adrenal gland samples were fixed in 10% neutral
buffered formalin (pH 7.0) for 48 h. Paraffin sections
were stained with hematoxylin and eosin [2] and
examined using an Olympus CX23 microscope with
a digital camera.

Results are presented as mean =+ standard error

Fig. 1. Brain of a rat of group 2: 1 —aggregation oferythrocytes
in the lumen of the vessel; 2 — expansion of the perivascular space.
Hematoxylin and eosin staining. x400.

The cortex's cytoarchitecture was preserved,
with six layers clearly defined. Most neurons were
oval or triangular, with distinct nuclei and nucleoli.
No pronounced cellular inflammatory infiltration or
sclerotic changes were detected in the examined
sections.

of the mean (M+m). Intergroup differences were
assessed using Student's t-test in Statistica 6.0
(StatSoft Inc., USA); differences were considered
statistically significant at p<0.05.

Animal procedures were performed in
accordance with the European Convention for the
Protection of Vertebrate Animals used for Research
and Other Scientific Purposes (Strasbourg, 1986) and
Directive 2010/63/EU. Minutes of the local bioethics
commission: No. 9 dated 03/19/2025.

Results of the study. The concentration of
cortisol in the serum of control animals was
1.66+0.20 nmol/L. In the chronic immobilization
stress group, it increased to 13.80+0.33 nmol/L
(p<0.05 compared to control). Under melatonin use,
the indicator was 11.04+0.28 nmol/L, 20% lower than
in the stress group without correction (p<0.05).

In rats in group 2, the pia mater had normal
thickness; no cellular inflammatory infiltration was
detected. The vessels of the membranes and brain
substance were engorged with blood; stasis and
erythrocyte aggregation were observed in some
vessels. The perivascular and pericellular spaces were
dilated (Fig. 1).

The cytoarchitecture of the cortex remained
preserved. In some fields of view, neurons had clear
contours, normochromic nuclei, and nucleoli; in
others, neurons with basophilic cytoplasm and
altered shape were detected. No signs of sclerosis
were detected. Hematoxylin and eosin staining
cannot reliably determine astrocyte or microglial
activation.

In group 3, the pia mater had normal thickness
without cellular infiltration. Blood filling was
moderate in most vessels; in some areas, vessels with
narrow lumens were identified. The perivascular and
pericellular spaces remained somewhat dilated

(Fig. 2).

Fig. 2. Brain of a rat of group 3: 1 — pia mater; 2 — vessel with
a narrow lumen. Hematoxylin and eosin staining. x400.

In the adrenal glands of group 2 animals, the
cortical and medullary substances were clearly
demarcated. Glomerular, fascicular, and reticular
zones were identified in the cortex; endocrinocytes
had clear contours and stained nuclei. Most
capillaries were full-blooded. In the vessels of the
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capsule and medulla, stasis or separation of plasma
from the formed elements was detected in some areas
(Fig. 3).

In group 3, the structure and ratio of the adrenal
gland layers were preserved. Endocrinocytes and

Fig. 3. Adrenal gland capsule vessel of group 2 rats: 1 — wall
delamination; 2 — separation of plasma and formed elements; 3 —
leukocytes in the lumen. Hematoxylin and eosin staining. x400.

Discussion. Chronic immobilization was
accompanied by a marked increase in measured
cortisol concentrations, consistent with activation of
the hypothalamic-pituitary-adrenal axis under
conditions of prolonged stress [1, 11]. Melatonin
reduced this indicator, but did not normalize it. At the
same time, in rats, the main circulating glucocorticoid
is corticosterone, so cortisol should be considered an
additional marker. Validating the test system for rat
serum and determining corticosterone in parallel
would strengthen the evidence base for the results.

Vascular congestion, erythrocyte stasis or
aggregation, and expansion of perivascular and
pericellular spaces in the brain indicate impaired
microcirculation and water metabolism. The lower
severity of these changes under melatonin
administration is consistent with experimental data
showing its ability to attenuate the inflammatory
response, apoptosis, and pyroptosis in microglia in
models of chronic immobilization stress [6, 15].
However, our study did not detect GFAP, Ibal,
NLRP3, or other markers, so we cannot directly prove

Conclusions

their nuclei had clear contours. Intracytoplasmic
pigment inclusions were detected in some cells of the
fascicular zone (Fig. 4). Hematoxylin and eosin
staining cannot reliably identify them as lipofuscin or
as a marker of autophagy.

inclusions.

indicate
Hematoxylin and eosin staining. x400.

rat;  arrows intracytoplasmic  pigment
an anti-inflammatory mechanism based on
hematoxylin and eosin staining data.

Preservation of overall adrenal architecture with
concomitant vascular changes may reflect the organ's
functional adaptation to prolonged stress; melatonin's
protective effects on the adrenal glands have been
described in other experimental models [9]. Pigment
inclusions in the zona fasciculata require
confirmation by special histochemical methods or
autofluorescence. To assess autophagy, it is advisable
to measure LC3B, p62, and other validated markers;
hematoxylin and eosin staining alone does not
provide sufficient evidence to conclude that this
process is activated.

The main limitations of the work are the small
number of groups (n=5), the lack of quantitative
morphometry and blinded drug assessment, the
measurement of only cortisol rather than
corticosterone, and the lack of immunohistochemical
or molecular verification of the described processes.
These limitations do not provide grounds for direct
extrapolation of the obtained data to clinical PTSD.

1. Chronic immobilization of rats was accompanied by an increase in serum cortisol concentration to
13.8040.33 nmol/L compared to 1.66+0.20 nmol/L in the control (p<0.05).

2. In the brains of animals in the stress group, vascular congestion, stasis or aggregation of erythrocytes,
and expansion of perivascular and pericellular spaces were detected. At the same time, the cortex's general

cytoarchitecture was preserved.

3. The use of melatonin reduced the cortisol concentration to 11.04+0.28 nmol/L, which is 20% lower
than the indicator in the stress group without correction (p<0.05). This was accompanied by less severe

microcirculatory and tissue changes.

4. The obtained data support the hypothesis of a partial protective effect of melatonin under conditions
of chronic immobilization stress, but require confirmation by quantitative morphometry, determination of

corticosterone, and specific molecular markers.
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