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Annotation. The adrenal glands play a crucial role in the regulation of stress responses and
maintenance of homeostasis. In forensic medical practice, the evaluation of adrenal morphology
is of particular importance in cases of nonviolent death, especially when external signs of injury
are absent. The present study aims to assess morphological changes in the cells of the adrenal
cortex and medulla in cases of nonviolent death and to determine their forensic significance. The
material of the study included adrenal gland tissue samples obtained during medico-legal
autopsies of individuals who died from nonviolent causes. Standard histological staining
techniques and light microscopic examination were applied. The results revealed characteristic
morphological changes, including dystrophic alterations, redistribution of lipid inclusions,
vascular disturbances, and signs of functional exhaustion of the adrenal cortex, as well as stress-
related changes in medullary cells during the terminal period. These findings indicate that
morphological assessment of the adrenal glands may serve as an additional objective criterion in
the forensic evaluation of nonviolent death when interpreted in conjunction with clinical and
pathological data.
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HO3YPAKH VJIUM XOJIATJIAPHJA BYHPAK YCTH BE3UHUHT MOP®OJIOTUK
V3rAPUIIJIAPUHU BAXOJIAILL

AHHoTauus. bylipak yctu 6e3/apu 3HJIOKPUH TU3MMHUHI MyXHMM ab3ojapujaaH Oupu 0yiuo,
OpPraHM3MHUHI MOCJAIIYB Ba CTpeccra >kaBoO peakmusuiapuHu TabMuHmaian. Cya-THOOHET
aMaIMETUAa HO3YpaKu YJIMM XOJaTJIApUHM TaxJIMJ KWIIUILJIA, allHMKCA TAallKW IIMKACTIAHWIL
Oenruiapu aHUKIAHMaraH xojuiapnaa, Oyidpak ycTu Oesnapuaaru MOp(HOJIOTHK Y3rapHILIapHH
ypraHum Karra axamusTra sra. Yoy TaJKMKOTHUHI MaKcaau HO3Ypaku YIuM Xojariapujaa
Oyiipak ycTu O€3MHUHT KYPKYBYHM Ba MUSI KHCMH XY)Kalpajapuaa Ky3aTHIagurad MOp(hoJIoTuK
y3rapunuiapHu 0axonam xamJa yJapHUHI CyA-THOOMET aXaMUSATHHU aHUKJIAIAaH HOopart.
TankukoT Matepuanu cudaruga HO3Ypaku cababiap HaTIKacuaa BagoOT ITraH MIAXCIAPHUHT
CyA-TUOOMET BCKpPBITHETIApU JaBOMHUJAA OJIMHIAaH OyHpak ycTu 0e3u TYKMManapu YpraHwiiu.
Cra"mapT TUCTOJIOTHK OYSIl YCyJUIapu Ba MHKPOCKONHUK TaxXJIMI KYJJIAHWIAH. TaaKuKoT
HaTWXkanapura kypa, Oyipak yctu 0e3u KYpKyBUM KHCMUIA TUCTPO(UK Y3rapuiuiap, JUIHI
KYIIMMYaTapUHUHT KaliTa TAaKCUMIIAHUIIN, KOH TOMUpP Oy3wiIHIuIapu Ba (DYHKIIMOHAI XOJIaH
TOWMII Oenrwinapu aHUKIaHAM. Mus KUCMM XyKalpajapujaa 3ca TEpMHUHAN JaBpja ro3ara
KeJTaJuraH CTPECC PEaKIMSICHMHM aKC JTTUPYBYHM Y3rapHuuiap Ky3aTHIAu. Xyjnoca KHiuO
aiftranna, Oyiipak ycTH Oe31apMHMHI MOP(OJIOTUK OAXOJaHMIIM HO3YpaKd YIUM XOJIATJIapUHU
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Cyn-THOOMET kmMxaTAaH Oaxomamijga Kylmumua OOBEKTHB MeE30H cudaruia Xu3MarT KUJIUIIN
MYMKHH.

Kanum cyznap: O6yiipak yctu 6e3u; MOPQOIOrUK Y3rapuuuiap; HO3ypaku YiIuM; Cya-THOOUET;
TUCTOJIOTHK TEKIIMPYB; CTPECC PEaKIUICH; TEPMHUHAI 1aBP; YHIOKPUH TH3HM.

OILIEHKA MOP®OJIOTMYECKUX U3SMEHEHUI HAIIIOYEYHHUKOB ITPH
HEHACHJIBCTBEHHOI CMEPTH.

AHHoTanusi. HagnoueyHMku SBISIOTCA KIIOYEBHIMU OpraHaMH JHAOKPUHHOW CHCTEMBI,
o0ecreunBaroIUMHI PETYIISALUI0 aAaNTallMOHHBIX U CTpecc-peakiuil opranuzma. B cyneOHo-
MEIMIIUHCKON MPAaKTHKE HCCIeNTOBaHHE MOP(OIOTHYECKHX W3MEHEHHH HaJlIOYEUHUKOB UMEET
Ba)XKHOE 3HAUEHHE MPHU aHAJIU3E CIIy4yaeB HEHACUIbCTBEHHOW CMEPTH, 0COOEHHO P OTCYTCTBUU
BBIPQKEHHBIX BHEIIHUX IPU3HAKOB TpaBMbl. llenbro Hacrosimieil paOOThl SBISETCS OLICHKA
MOP(OJIOrHUECKUX U3MEHEHUH KJIETOK KOPKOBOI'O M MO3TOBOTO BEIECTBA HAJINOYEYHUKOB MPU
HEHAaCWJIbCTBEHHOM CMEpTM U ONpENeNIeHHe UX CyIAeOHO-MEIULUMUHCKON 3HAYUMOCTH.
MarepuanoM Hcciel0BaHUsS HOCTY)XKUIM 00pa3lbl TKaHU HaANOYCUYHUKOB, MOJYUYEHHBIE IPU
CyneOHO-MEIMIMHCKUX  BCKPBITHSX JIMI, YMEpPUIMX OT HEHACWJIBCTBEHHBIX IPHYHUH.
[IpumensunCh cTaHAAPTHBIE THCTOJIOTMYECKUE METOIbI OKPACKHA M MUKPOCKOITNMYECKOTO aHAIU3A.
B pesynbrare BBISIBIEHBI XapaKTepHbIE W3MEHEHHUs B BHUAE AUCTPOPUUECKUX MPOIECCOB,
[epepaclpeesIeHuss JIMIMIHBIX BKIIOUEHUH, COCYIOUCTBIX pAcCTPOMCTB M  IPU3HAKOB
(YHKIMOHATIHLHOTO HUCTOLICHHUS KOPKOBOTO CJIOSl HAAIIOYEYHHKOB, a TaKXKE€ U3MEHEHHS KJIETOK
MO3TrOBOTO BELIECTBA, OTPAYKAIOLIUE CTPECCOBYIO PEAKLMIO B TEPMUHAIBHOM Iepuone. Cuenan
BBIBOA O TOM, 4YTO MOpQoiorudeckass OICHKa HAAMOYEYHHKOB MOXKET  CIY)KHUTh
JIONIOJTHUTENbHBIM OOBEKTUBHBIM KPUTEpUEM MpH CyIeOHO-MEIUIMHCKON HHTepIpeTanuu
HEHACUJIBCTBEHHON CMEPTH B KOMIUIEKCE C KITMHMYECKIMH U TTAaTOMOP(OIOTUYECKIMHU JaHHBIMU.
Knrwueswie cnoea: HaanoyedyHuky; Mopdosiornyeckue M3MEeHEHMsl; HEHACUJIbCTBEHHAs! CMEPTh;
cyneOHasi MeUIIMHA; THCTOJIOTHYECKOE UCCIIEIOBAHIE; CTPECC-PEaKIisl; TEPMUHAIBHBIN EPUOT;
KOPKOBOE ¥ MO3IOBO€ BEILLECTBO HAAIIOYEYHUKOB.

Introduction. Nonviolent death constitutes a significant proportion of cases encountered in
forensic medical practice and often presents considerable diagnostic challenges, particularly
when external signs of trauma are absent. In such situations, the forensic expert relies primarily
on internal organ examination and histopathological analysis to reconstruct the terminal
processes and determine the mechanism of death [1,2,4]. The adrenal glands play a central role
in the regulation of physiological stress responses through the secretion of glucocorticoids,
mineralocorticoids, and catecholamines. Due to their high functional activity and rich vascular
supply, adrenal tissues are especially sensitive to hypoxia, circulatory disturbances, and
metabolic imbalance occurring during the agonal and terminal periods [1,2,8,10]. Morphological
alterations in adrenal cortical and medullary cells may therefore reflect the intensity and duration
of stress preceding death [12,15,16]. Previous pathological and forensic studies have
demonstrated that both acute and prolonged stress conditions can lead to characteristic changes
in the adrenal cortex, particularly in the zona fasciculata, including lipid depletion, cellular
dystrophy, and vascular congestion [9,13,14]. Changes in the adrenal medulla, such as
chromaffin cell degeneration and vascular disturbances, are associated with excessive
catecholamine release during terminal states [3,5,6]. Despite the absence of pathognomonic
features, the assessment of adrenal gland morphology may provide valuable supplementary
information in the forensic evaluation of nonviolent death. When interpreted in conjunction with
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clinical history, autopsy findings, and histological changes in other organs, adrenal
morphological changes can assist in estimating the agonal period and identifying stress-related
mechanisms of death [2,5,6,16]. The aim of the present study is to assess morphological changes
in the adrenal cells in cases of nonviolent death and to evaluate their forensic and diagnostic
significance.

Objective. The objective of the present study is to perform a comprehensive morphological
assessment of the adrenal cortex and medulla in cases of nonviolent death, focusing on
histological changes associated with stress response, hypoxia, and terminal circulatory
disturbances [2,6,7,16]. Particular attention is given to identifying dystrophic, degenerative, and
vascular alterations in different adrenal zones, especially the zona fasciculata, which is known to
be highly sensitive to acute and chronic stress conditions [11,16]. Another objective of this
study is to analyze the relationship between adrenal morphological changes and the presumed
duration and intensity of the agonal period, as reflected by lipid depletion, cellular exhaustion,
and microcirculatory disorders within adrenal tissue [2,6,7,16]. The study also aims to evaluate
whether these morphological features can be interpreted as indicators of systemic stress and
endocrine imbalance preceding death. In addition, this research seeks to determine the forensic
significance of adrenal gland morphology as a supplementary diagnostic criterion in the medico-
legal evaluation of nonviolent death. The objective includes assessing the usefulness and
limitations of adrenal histopathological findings when interpreted in combination with clinical
history, autopsy results, and morphological changes in other organs, in order to enhance the
objectivity and reliability of forensic conclusions [7,16].

Materials and Methods. The study material consisted of adrenal gland tissue samples obtained
during routine medico-legal autopsies of individuals who died from nonviolent causes. The
causes of death included acute cardiovascular failure, sudden cardiac death, respiratory
insufficiency, and metabolic disorders. Cases involving mechanical trauma, poisoning, thermal
injury, violent asphyxia, or advanced putrefaction were excluded from the study to avoid
confounding morphological changes [2,16]. All autopsies were performed in accordance with
national medico-legal regulations and standard forensic protocols. Demographic data, medical
history, and available clinical information were reviewed for each case. Both adrenal glands
were examined macroscopically, with attention paid to size, consistency, color, and the presence
of hemorrhages or focal lesions. Representative tissue samples were taken from the cortical and
medullary regions of each adrenal gland to ensure evaluation of all anatomical zones, including
the zona glomerulosa, zona fasciculata, zona reticularis, and medulla [2,6,7,16]. Histological
Processing. Tissue samples were fixed in 10% neutral buffered formalin for 24-48 hours,
processed using standard paraffin-embedding techniques, and sectioned at a thickness of 4-5 pm.
Histological sections were stained with hematoxylin and eosin (H&E) for general morphological
assessment. Additional staining methods, including Periodic acid—Schiff (PAS) reaction and
lipid-specific stains when applicable, were used to evaluate intracellular changes and vascular
alterations [7,16]. (Kumar et al., 2020). Microscopic Evaluation. Histological examination was
performed using light microscopy. The following parameters were assessed: cellular morphology,
degree of cytoplasmic vacuolization, lipid distribution, nuclear changes, vascular congestion,
hemorrhage, and interstitial edema. Morphological changes were evaluated semi-quantitatively
and documented through photomicrography. Statistical and Analytical Approach. The findings
were analyzed descriptively, with morphological changes correlated with the presumed
mechanism of death and available clinical data. Due to the qualitative nature of the
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histopathological assessment, statistical analysis was limited to frequency distribution of
observed changes [2,8,9].

Conclusion. The morphological assessment of the adrenal glands in cases of nonviolent death
reveals a spectrum of stress-related and degenerative changes involving both the cortical and
medullary components. The most prominent alterations are observed in the adrenal cortex,
particularly in the zona fasciculata, and include lipid depletion, cytoplasmic dystrophy, vascular
congestion, and signs of functional exhaustion. Changes in the adrenal medulla reflect
catecholamine-mediated responses to hypoxia and circulatory disturbances during the terminal
period. Although these morphological findings are not pathognomonic for a specific cause of
death, they provide valuable supplementary information regarding the intensity and duration of
the agonal process. When interpreted in conjunction with clinical history, autopsy findings, and
histopathological changes in other organs, adrenal gland morphology contributes to a more
objective and comprehensive medico-legal evaluation of nonviolent death. Further research
integrating immunohistochemical and molecular approaches is warranted to enhance the
diagnostic and forensic significance of adrenal gland examination and to establish standardized
criteria for the interpretation of stress-related morphological changes in forensic practice.
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