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Abstract

The study describes morphometric changes in the adenohypophysis during sudden cardiac death. The study investigated the
morphometric parameters of pituitary gland tissues obtained from 75 individuals who died of sudden cardiac death, categorized
according to the WHO age classification into cohorts of 18-44, 45-59, 60-74, and 75-90 years and older. The specimens were
examined at the Andijan branch of the Republican Scientific and Practical Center for Forensic Medical Examination during the
period of 2015-2024. In acute cardiac death associated with ischemic heart disease (IHD), age-specific features revealed that in
the 18-44 and 45-59 age groups, the diameters of acidophilic cells, thyrotroph cells, corticotroph cells, and gonadotroph cells
significantly increased; these indicators explained the enhancement of metabolic processes and morphofunctional activity in
them. In the 60-74 and 75-90 age groups, a statistically significant decrease in the diameters of acidophilic cells, thyrotroph
cells, corticotroph cells, and gonadotroph cells was observed, which manifested a decline in cellular metabolic processes. A
decrease in the area occupied by the adenohypophyseal parenchyma accompanied by an increase in the stromal area occurred in
parallel with advancing age, demonstrating a decline in the gland's morphofunctional activity. These changes were explained by
the fact that age-related atrophic and sclerotic alterations of the pituitary gland in these individuals were accelerated against the
background of IHD, and atrophic changes accelerated the aging processes.
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1. Introduction

Relevance: Studying the structure, underlying causes, and Ventricular fibrillation stands as the dominant mechanism
pathomorphological criteria of sudden cardiac death (SCD) of SCD, driven and maintained by various electrophysiologi-
remains one of the most complex tasks in pathological anat-  cal mechanisms during tachycardia and fibrillation events [3,
omy and forensic medicine. Statistical indices of SCD serve  4]. Among extracardiac factors, a leading regulatory role be-
as critical metrics reflecting a nation's demographic, economic,  longs to dysfunctions within the hypothalamus-pituitary-ad-
social, and political development [1, 2]. renal axis (HPAA), which exerts the highest level of control
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over internal organ operations [5, 6].

The accurate analysis of morphological alterations during
diseases and pathological processes requires a systematic ap-
proach, combining qualitative descriptive assessments with
objective quantitative evaluations.

Study Objectives and Tasks: To investigate the age-related
morphometric changes and morphofunctional status of the pi-
tuitary gland in individuals of various age cohorts who suc-
cumbed to sudden cardiac death.

2. Materials and Methods

The study objects comprised pituitary gland tissues collected
from 75 individuals who died of sudden cardiac death, classi-
fied into age groups based on the WHO guidelines: 18-44, 45—
59, 60-74, and 75-90 years and older. Autopsy materials were
registered and processed at the Andijan branch of the Republi-
can Scientific and Practical Center for Forensic Medical Exam-
ination during the period of 2015-2024. For morphometric
evaluations, tissue sections measuring 5-7 pm in thickness
were scanned using a NanoZoomer digital slide scanner at 20>
magnification. Digital micro-images were processed to quantify
cellular structures in micrometers (jum) and area percentages
(%). An increase in the average thickness of the pituitary gland
capsule and disorganization of fibrous structures were noted.

Data regarding the designated microscopic fields, their occu-
pied volume share within a specific grid area of pm?, and cellu-
lar dimensions were extracted and evaluated using the special-
ized QuPath-0.5.0 (console) + ImageJ software platforms. This
process was carried out under automated artificial intelligence
control without human investigator bias.

Statistical data management and arithmetic mean calcula-
tions were performed on a Pentium-4 personal computer using
the Microsoft Excel-2019 software suite.

Morphometric data capturing the alterations occurring within
the parenchymal and mesenchymal tissue components of the
anterior adenohypophysis were analyzed in arithmetic means
and presented in tables (Tables 1-2). Cellular volume alterations,
total occupied surface area, parenchyma-to-stroma ratios, blood
vessel density, and other criteria were extracted, taking into ac-
count the direct age-specific shifts in the pituitary gland under
acute ischemic heart disease (IHD) and physiological aging tra-
jectories.

3. Results and Discussion

In the analysis of the data presented in Table 1, under acute
cardiac death associated with IHD, age-specific features re-
vealed that in the 18-44 age group, the diameter of acidophilic
cells reached 12.59 +0.22 pm compared to 11.2 £0.31 pm in
the control group. This represents a statistically significant in-
crease of 12.5% relative to the control group. Regarding thyro-
troph cell dimensions, they measured 26.14 £2.09 pm within

87

the 18-44 cohort, rising by 25% over the control baseline, indi-
cating a hyper-metabolic response [7]. Morphologically, this re-
flects an accelerated synthesis of thyroid hormones under acute
coronary syndromes [8]. Corticotroph cell sizes in the pituitary
gland of the 18-44 cohort reached 29.91 £1.11 pm compared
to 24.97 £1.11 pm in the control group, establishing a statisti-
cally significant increase of 20%.

Specifically, this volumetric expansion of corticotroph cells
serves as a distinct morphological substrate reflecting hyperpro-
ductive morphofunctional activity [12]. Gonadotroph cells av-
eraged 26.51 £1.22 pum compared to 21.94 £1.41 pm in con-
trols, representing a 21% inflation, which matches an upregu-
lated testosterone synthesis and cholesterol-driven steroidogen-
esis within acute cardiac stress states [14].

Figure 1. The average thickness of the pituitary gland capsule is pre-
sented. This micro-image was scanned using a NanoZoomer digital
slide scanner. Digital values were extracted via NDP. view 2 soft-
ware. H&E staining. Magnification: 10>10.
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Figure 2. The area of acidophilic cell clusters within the pituitary
gland structure is presented. This micro-image was scanned using a
NanoZoomer digital slide scanner. Digital values were extracted via

NDP.view 2 software. H&E staining. Magnification: 10x10.
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Figure 3. The cellular composition, total occupied area, and nucle-
ocytoplasmic ratio within the pituitary gland parenchyma are pre-
sented. This micro-image was scanned using a NanoZoomer digital
slide scanner. Digital values were extracted via QuPath-0.5.0 +
NDP.view 2 software applications. H&E staining. Magnification:
10x10.

In the 45-59 age bracket, the diameter of acidophilic cells
reached 14.32 £0.23 jum compared to 13.41 +0.12 pmin con-
trols. Comparative analysis revealed a minor 7% increase,
which lacked definitive statistical significance, pointing to-
ward relative physiological adaptations that were morpholog-
ically mirrored across examinations [11]. Thyrotroph cell
sizes within the 45-59 cohort measured 28.76 +2.61 pm, re-
flecting an increase of 25% over controls and confirming a
persistent hyperproductive functional curve [16].

Corticotroph cell diameters among the 45-59 cohort dying
of IHD reached 34.36 £1.62 pm against 27.71 £1.31 pm in
age-matched controls. This indicates a 24% volumetric cellu-
lar inflation, predominantly driven by the dense accumulation
of granular inclusions within the cellular cytoplasm. Gonado-
troph diameters within this cohort averaged 26.51 +1.09 pm
versus 23.05 £1.63 pm in controls. Comparative data showed
a 15% increase, indicating relative gonadal activity ad-
vantages matching prolonged hypercholesterolemia trends
during chronic coronary pathology courses.

In the third investigated group (60-74 years), the average
diameter of acidophilic cells fell to 12.66 £0.49 pm against
11.62 +0.14 pm in controls. This reduction signals cellular
hypofunction regarding local growth hormone processing, and
with a localized 8% variance line, it lacked strong statistical
significance.

Thyrotroph cell diameters within the 60—74 age bracket dy-
ing of IHD averaged 16.05 +1.59 pm compared to 18.88 +
1.88 m in controls. Chronic IHD backgrounds noticeably ac-
celerated senescent atrophic and sclerotic transformations
within the pituitary, generating an average cellular shrinkage
of 15%. Such structural atrophic shifts are tightly associated
with an accelerated systemic aging cascade [9].
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Corticotroph cell dimensions within the 60—74 cohort fell
t0 19.09 £0.84 pm versus 22.47 £0.99 pm in controls. Com-
parative data analysis established a 15% cell boundaries con-
traction, validating that basophilic cells maintain steady invo-
lutionary rates during ischemic cardiac pathways. These spe-
cific parameters of cellular shrinkage confirmed parallel
hypofunctional rates unfolding within synchronous organs of
the systemic sympathoadrenal cascade [10].

Gonadotroph cell boundaries within the 60-74 cohort aver-
aged 16.78 +1.08 um against 19.75 £1.27 jm in control seg-
ments, certifying a statistically visible 15-17% cellular
shrinkage. In the 60-74 age bracket, this structural decline
mirrors a sharp reduction in sexual function and a pronounced
progression of systemic atherosclerosis dynamics under an
IHD background, where vascular lipidosis processes accumu-
late vital precursor metabolic resources [15].

In the final investigated group (75-90 years), biological se-
nescence across all visceral and endocrine frameworks com-
bined with advanced coronary pathology. Age-dependent
morphologic shifts within the pituitary gland under IHD pat-
terns revealed that acidophilic cells averaged 10.01 +0.12 pm
compared to 11.06 £0.31 pm in controls, accelerating senes-
cent involution via a 10-12% cellular contraction [13].

Thyrotroph cellular dimensions in those dying of IHD in the
75-90 age bracket reached 15.02 £1.21 pm, while the control
lines registered 12.76 £1.02 . These parameters confirmed
that structural atrophic and sclerotic pituitary renovations are
significantly accelerated by ischemic artery backgrounds, re-
sulting in a 15% cellular boundary reduction that speeds up
involutionary mechanisms [17].

Corticotroph cells dropped to an average diameter of 18.07
+0.41 pm versus 15.36 £0.71 pm in controls. This 12—-15%
cellular shrinkage directly represents advanced functional
downregulation, confirmed by parallel atrophic and sclerotic
changes documented in the adrenal glands of the same dece-
dents.

Gonadotroph cellular dimensions within the 75-90 cohort
demonstrated a critical volumetric collapse, falling to 9.67 +
1.34 pm against an average of 12.91 +£1.69 m in control sub-
jects, confirming a 33% statistical reduction. In the 75-90 age
bracket, this decline reflects a profound loss of reproductive
axis activity, coinciding with extensive fibro-sclerotic altera-
tions across the testes and prostate gland, pushing atrophic pi-
tuitary indices to critical senescent limits [18].

During the assessment of the area allocated to individual
structural tissue parameters within the adenohypophysis pa-
renchyma (% per 64,000pm?, Table 2), the 45-59, 60-74, and
75-90 age cohorts demonstrated a progressive increase in ca-
pillary blood vessel diameters and connective tissue stroma
surfaces, while the functional areas occupied by basophilic
and eosinophilic cells significantly decreased.
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Table 1. Morphometric dimensions of parenchymal cells in the pituitary gland (diameter, pm).

No. Group Profile Acidophilic Cells Thyrotroph Cells g:lrltsicom’ph gzl‘l':d"tmph Eg:gf /
1 Control Group 18-44 years (n=8) 11.2+0.31 20.91 £2.09 2497 +1.11 21.94 +1.41 0.05
2 Group 2: 18-44 years (n=58) 12.59£0.22 26.14 +2.09 2091 +£1.11  2651+1.22 0.01
3 Control Group 45-59 years (n=7) 13.41+£0.12 23.01 £1.79 27.71 £1.31 23.05+1.63 0.01
4 Group 3: 45-59 years (n=30) 1432 +0.23 28.76 £2.61 3436+1.62 26.51+£1.09 0.01
5 Control Group 60-74 years (n=8)  11.62+0.14 18.88 + 1.88 22474099  19.75+1.27 0.01
6 Group 4: 6074 years (n=7) 12.66 +0.49 16.05+1.59 19.09 £ 0.84 16.78 £1.08 0.05
7 Control Group 75-90 years (n=7) 11.06 = 0.31 15.02 +£1.21 18.07 £ 0.41 1291 £1.69 0.05
8 Group 5: 75-90 years (n=11) 10.01 £0.12 12.76 £1.02 1536 £0.71 9.67+1.34 0.05
Table 2. Area occupied by structural components in the adenohypophysis parenchyma (%per 64,000m?area).

No. Group Profile Blood Capillaries sCll(lnnective Tis- EZISIZP hilic 22;;1 ophilic iiggi /
1 Control Group 18-44 years (n=8) 33920.22 +£5.95 7040.31 £1.79 1343821 £1.26  9598.35+1.49 0.05

2 Group 2: 1844 years (n=58) 36480.12 +4.17 8317.13 £2.01 1471539 +1.19 4480.11 £1.13 0.01

3 Control Group 45-59 years (n=7) 39008.25 +4.14 8096.23 £ 1.13 14453.94+1.41 11038.12+1.91 0.01

4 Group 3: 45-59 years (n=30) 30069.31 £3.71 14715.12 +1.89 14055.16 £2.59 512023 £1.65 0.01

5 Control Group 60—74 years (n=8) 30528.19 +4.14 6336.27 £1.79 1209434+ 1.09 8638.5+1.13 0.01

6 Group 4: 60-74 years (n=7) 26861.16 +2.39 2237531+ 1.19 10045.55 £2.54 4672.11 £1.33 0.05

7 Control Group 75-90 years (n=7) 27136.17 +2.61 5632.11 £1.09 10750.56 £1.02  7678.68 £1.08 0.05

8 Group 5: 75-90 years (n=11) 24312.16 £ 3.01 28781.16 £ 1.66 747829 £ 1.11 3392.12 £ 1.65 0.05

4. Conclusions

In acute cardiac death linked to ischemic heart disease, age-
specific pituitary assessment reveals distinct pathomorpholog-
ical criteria. In the 18-44 and 45-59 age segments, a statisti-
cally significant increase in the diameters of acidophilic cells,
thyrotroph cells, corticotroph cells, and gonadotroph cells rep-
resents a reactive hyperproductive state; these indicators serve
as the morphofunctional substrate establishing elevated cellu-
lar metabolic output during terminal crises.

Conversely, in the 60—74 and 75-90 age cohorts, a uniform
contraction in the diameters of acidophilic cells, thyrotroph
cells, corticotroph cells, and gonadotroph cells manifests pro-
nounced metabolic downregulation. The age-parallel contrac-
tion of the total area occupied by functional adenohypophys-
eal parenchyma and the widening of the fibrous stromal
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framework confirm that localized atrophic and sclerotic trans-
formations are prominently accelerated by underlying coro-
nary artery pathology, noticeably precipitating senescent deg-
radation paths via central endocrine mechanisms.

Abbreviations

SCD Sudden Cardiac Death

IHD Ischemic Heart Disease

HPAA Hypothalamus-Pituitary-Adrenal Axis
WHO  World Health Organization
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