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Abstract: This study investigates the pathomorphological and morphofunctional changes in
the adrenal glands under the influence of Leontoside in a model of experimental
atherosclerosis. Atherosclerosis, a major cardiovascular condition, has widespread systemic
effects, including on the adrenal glands, which are critical in regulating the body's stress
response and metabolic functions. Leontoside, a glycoside compound, has been proposed to
have therapeutic properties in cardiovascular diseases, but its specific effects on adrenal
morphology and function have not been extensively studied. In this experimental study, we
explore the alterations in adrenal tissue structure, function, and biochemical composition in
atherosclerotic rats treated with Leontoside. The results provide insights into the potential
effects of Leontoside on adrenal health and its broader implications in managing
atherosclerosis-related changes in the endocrine system.
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Introduction: Atherosclerosis, a chronic inflammatory disease characterized by the
accumulation of lipids and fibrous elements within the arterial walls, is a major risk factor
for cardiovascular diseases, such as coronary artery disease, stroke, and peripheral artery
disease. The condition results in the thickening and hardening of arteries, which leads to the
disruption of blood flow and the impairment of organ function. While the effects of
atherosclerosis on the heart and blood vessels are well-established, its systemic
consequences, particularly on endocrine function, are less frequently studied. Among the
endocrine organs, the adrenal glands, which are located atop the kidneys and are responsible
for producing vital hormones such as cortisol, aldosterone, and catecholamines, are
significantly impacted by the disease. The adrenal glands play a crucial role in regulating the
body’s stress response, fluid balance, and metabolism. Therefore, alterations in adrenal
function during atherosclerosis may have profound implications for an individual's overall
health and disease progression. The pathophysiology of atherosclerosis involves oxidative
stress, inflammation, and endothelial dysfunction, which contribute not only to vascular
injury but also to disturbances in the function of other organ systems. For instance, previous
research has demonstrated that atherosclerosis can lead to abnormal hormone secretion from
the adrenal glands, with alterations in cortisol and aldosterone production. These hormonal
changes can further exacerbate cardiovascular damage, enhance fluid retention, and promote
systemic inflammation. The exact mechanisms by which atherosclerosis induces these
alterations in adrenal function remain a subject of ongoing research, but it is clear that the
adrenal glands are integral in the body’s response to cardiovascular stress.
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In recent years, there has been growing interest in the therapeutic potential of plant-derived
compounds to mitigate the effects of atherosclerosis. One such compound, Leontoside, a
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glycoside isolated from certain medicinal plants, has shown promise in improving lipid
metabolism, reducing oxidative stress, and exhibiting anti-inflammatory properties. Previous
studies have suggested that Leontoside may have cardiovascular protective effects, such as
reducing atherosclerotic plaque formation and improving endothelial function. However,
despite its potential, the effects of Leontoside on the adrenal glands in the context of
atherosclerosis remain poorly understood. This study aims to fill this gap by examining the
pathomorphological and morphofunctional changes in the adrenal glands of rats with
experimentally induced atherosclerosis and evaluating how Leontoside treatment impacts
these alterations. We hypothesize that Leontoside may not only mitigate atherosclerotic
changes in the cardiovascular system but also restore adrenal gland structure and function,
thereby offering a dual benefit in managing atherosclerosis and its endocrine consequences.
By exploring the influence of Leontoside on adrenal morphology and function, this study
seeks to provide a deeper understanding of the interaction between atherosclerosis and
endocrine health. Additionally, the findings could open new therapeutic avenues for treating
atherosclerosis-related adrenal dysfunction and enhancing overall disease management.

Literature review

Atherosclerosis is a multifactorial disease involving lipid accumulation, chronic
inflammation, and endothelial dysfunction, which leads to progressive narrowing and
hardening of the arteries. This condition not only affects the cardiovascular system but also
induces alterations in various organ systems, including the endocrine system. The adrenal
glands, responsible for secreting critical hormones such as cortisol, aldosterone, and
catecholamines, are sensitive to these systemic changes. Several studies have suggested that
atherosclerosis can induce hormonal imbalances, particularly in the secretion of cortisol and
aldosterone, which can contribute to the exacerbation of cardiovascular damage and
systemic inflammation.
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For instance, a study by Chrysafides et al. (2016) discussed how the increased levels of
cortisol, a key stress hormone, are often observed in patients with atherosclerosis. The
adrenal glands respond to chronic stress and inflammation by secreting excess cortisol,
which in turn may have detrimental effects on endothelial function and vascular health [1].
Furthermore, Benatti et al. (2015) emphasized that the dysregulation of the renin-
angiotensin-aldosterone system, which is closely linked to adrenal function, also plays a
crucial role in the progression of atherosclerosis. Aldosterone, in particular, promotes
sodium retention, fluid imbalance, and hypertension, all of which contribute to the
worsening of atherosclerotic damage [2]. Additionally, Simmons et al. (2018) demonstrated
that atherosclerosis-induced changes in the adrenal glands include structural alterations such
as adrenal cortex hypertrophy and lipid accumulation. These morphological changes are
believed to be driven by altered endocrine signaling and the impact of chronic inflammatory
mediators. Such findings indicate that atherosclerosis may directly affect the function and
structure of the adrenal glands, contributing to systemic dysfunction beyond the
cardiovascular system [3].

Leontoside, a naturally occurring glycoside, has gained attention for its potential
cardiovascular benefits due to its antioxidant, anti-inflammatory, and lipid-lowering
properties. Early studies have highlighted its ability to influence lipid metabolism and
reduce oxidative stress, two key factors in the pathogenesis of atherosclerosis. Zhang et al.
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(2017) conducted a study on the anti-atherosclerotic effects of Leontoside, noting that it
could significantly reduce the formation of atherosclerotic plaques by inhibiting oxidative
stress and inflammation in animal models. Furthermore, they found that Leontoside
exhibited beneficial effects on lipid profiles, lowering total cholesterol and LDL levels,
which are typically elevated in atherosclerosis [4]. Zhou et al. (2019) also examined the
effects of Leontoside on the cardiovascular system, particularly its role in reducing
endothelial dysfunction. Their research concluded that Leontoside's antioxidant properties
help to prevent endothelial injury, which is an early step in the development of
atherosclerosis. These properties suggest that Leontoside may help to stabilize the vascular
environment, ultimately reducing the progression of atherosclerotic lesions [5].

While much of the existing research on Leontoside has focused on its cardiovascular effects,
few studies have explored its impact on the endocrine system, particularly the adrenal glands.
Given the important role of the adrenal glands in responding to stress and regulating
vascular tone, understanding how Leontoside interacts with adrenal function under
conditions of atherosclerosis could provide valuable insights into its broader therapeutic
potential. The pathophysiological effects of atherosclerosis on the adrenal glands have been
documented in various studies, but the exact mechanisms remain complex. Simmons et al.
(2018) highlighted that in animal models of atherosclerosis, the adrenal cortex undergoes
hypertrophy, and lipid accumulation is commonly observed within the gland. This change is
thought to result from the long-term elevation of corticosteroids like cortisol, which are
released in response to chronic stress and inflammation associated with atherosclerosis [3].
Moreover, the adrenal medulla, responsible for the synthesis of catecholamines (e.g.,
adrenaline and noradrenaline), can show signs of altered cellular architecture in
atherosclerosis, potentially contributing to the dysregulation of the body's stress response
and further compounding cardiovascular risk [6].

Analysis and Results
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Experimental Setup:

To assess the pathomorphological and morphofunctional changes in the adrenal glands
under the influence of Leontoside in experimental atherosclerosis, 30 male Wistar rats were
used. The animals were divided into three groups:

. Group I: Control group (no treatment), fed a standard chow diet for 8 weeks.

. Group II: Atherosclerosis-induced group (fed a high-fat diet for 8 weeks), resulting
in the formation of atherosclerotic lesions.

. Group III: Atherosclerosis-induced group treated with Leontoside (20 mg/kg body

weight daily for 4 weeks), after the induction of atherosclerosis.

The treatment regimen for Group III aimed to evaluate the effects of Leontoside on the
adrenal glands after the induction of atherosclerosis. The study followed a standard protocol
to induce atherosclerosis, involving the administration of a high-fat diet, and the effects of
Leontoside were compared against the atherosclerosis group and the control group.

After the experimental period, the rats were euthanized, and their adrenal glands were
harvested for histological, biochemical, and hormonal assessments.
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Pathomorphological Changes:

Adrenal glands from all three groups were subjected to histological examination to evaluate
structural changes. Tissues were fixed in formalin, processed for paraffin embedding, and
sectioned for staining with Hematoxylin and Eosin (H&E) for general morphology and Oil
Red O for lipid accumulation.

. Control Group (Group I):

o The adrenal glands showed normal morphology, with distinct cortical and
medullary regions. The adrenal cortex consisted of well-organized layers: the zona
glomerulosa, zona fasciculata, and zona reticularis. The medullary region exhibited typical
arrangements of chromaffin cells, with no signs of lipid accumulation or structural

disruptions.
. Atherosclerosis Group (Group II):
o The adrenal glands of the atherosclerosis-induced rats exhibited significant

pathomorphological changes. There was marked hypertrophy of the adrenal cortex,
particularly in the zona fasciculata. In addition to hypertrophy, areas of lipid accumulation
were observed within the adrenal cortex. These lipid deposits were confirmed by Oil Red O
staining, which highlighted the excessive lipid content within the cortical cells. Vascular
congestion was also evident, suggesting disrupted blood flow to the adrenal gland. The
adrenal medulla displayed altered cellular architecture, with signs of cellular hypertrophy
and an increase in chromaffin cells, which may reflect an elevated stress response.

. Leontoside-treated Atherosclerosis Group (Group III):

o Treatment with Leontoside led to a partial restoration of normal adrenal
morphology. The hypertrophy observed in the adrenal cortex was significantly reduced
compared to the atherosclerosis group. Lipid accumulation in the cortex was also markedly
diminished, as shown by reduced Oil Red O staining. The adrenal medulla appeared more
organized, with a reduction in cellular hypertrophy and chromaffin cell density. Vascular
congestion was less prominent, indicating improved blood flow to the adrenal glands. These
findings suggest that Leontoside has a protective effect on adrenal gland structure by
preventing the pathological changes associated with atherosclerosis.
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Morphofunctional Changes:

Biochemical and hormonal assays were conducted to assess the functional alterations in the
adrenal glands. Plasma cortisol and aldosterone levels were measured as indicators of
adrenal function, while histochemical analyses provided further insights into oxidative stress
and lipid content.

. Control Group (Group I):

o Plasma cortisol and aldosterone levels were within normal reference ranges.
Histochemical analysis revealed low levels of oxidative stress markers in the adrenal tissue,
suggesting normal adrenal function and metabolism.

. Atherosclerosis Group (Group II):

o Cortisol levels in the atherosclerosis group were significantly elevated
compared to the control group (p < 0.01). This increase is consistent with the known
hyperactivity of the hypothalamic-pituitary-adrenal (HPA) axis in response to chronic stress
and inflammation associated with atherosclerosis. Aldosterone levels were also significantly
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higher (p < 0.05), possibly due to the activation of the renin-angiotensin-aldosterone system
(RAAS), which is often dysregulated in atherosclerosis. Histochemical analysis revealed
elevated oxidative stress markers, such as increased production of malondialdehyde (MDA),
indicating heightened lipid peroxidation and cellular damage in the adrenal glands.

. Leontoside-treated Atherosclerosis Group (Group III):

o Plasma cortisol levels in the Leontoside-treated group were significantly
reduced compared to the atherosclerosis group (p < 0.01), approaching normal levels
observed in the control group. Aldosterone levels were also significantly lower in the
Leontoside-treated group compared to the atherosclerosis group (p < 0.05), suggesting that
Leontoside may help normalize RAAS function and reduce the excessive adrenal
stimulation seen in atherosclerosis. Histochemical analysis showed a reduction in oxidative
stress markers in the adrenal tissue, with decreased levels of MDA and improved antioxidant
enzyme activity (such as superoxide dismutase and catalase), indicating that Leontoside has
antioxidant properties that protect the adrenal glands from oxidative damage.

Statistical Analysis:

Data were analyzed using one-way analysis of variance (ANOVA) followed by post-hoc
Tukey’s test to compare means between groups. The results were expressed as mean =+
standard deviation (SD). Statistical significance was set at p < 0.05.

. Cortisol levels: Group II (Atherosclerosis) had significantly higher cortisol levels (p
< 0.01) compared to the control group (Group I). The Leontoside-treated group (Group III)
showed a significant reduction in cortisol levels (p < 0.01) compared to the atherosclerosis
group.

. Aldosterone levels: Group II had significantly higher aldosterone levels (p < 0.05)
compared to Group I, while Group III exhibited significantly lower aldosterone levels (p <
0.05) compared to Group II.

. Ocxidative stress markers: MDA levels were significantly higher in Group II (p <
0.05) compared to Group I, while Group III showed a significant reduction in MDA levels
(p <0.01) compared to Group II.
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Discussion of Results:

The histological and biochemical findings of this study indicate that Leontoside treatment
can significantly reduce the pathomorphological and morphofunctional abnormalities
observed in the adrenal glands of rats with atherosclerosis. The hypertrophy of the adrenal
cortex, lipid accumulation, and increased oxidative stress in the atherosclerosis group were
all attenuated by Leontoside, suggesting its protective role in maintaining adrenal function.
The normalization of cortisol and aldosterone levels in the Leontoside-treated group further
supports the hypothesis that Leontoside may help restore hormonal balance disrupted by
atherosclerosis.

These results highlight the potential of Leontoside not only as an anti-atherosclerotic agent
but also as a compound that can protect the adrenal glands from the endocrine disturbances
commonly observed in cardiovascular disease. By reducing oxidative stress and improving
adrenal structure and function, Leontoside may provide a novel therapeutic approach to
managing both the cardiovascular and endocrine aspects of atherosclerosis.
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Conclusion

This experimental study has demonstrated that Leontoside, a naturally derived glycoside,
has a significant protective effect on the adrenal glands in the context of experimental
atherosclerosis. The pathomorphological analysis revealed that atherosclerosis-induced rats
exhibited marked structural changes in their adrenal glands, including hypertrophy of the
adrenal cortex, lipid accumulation, and signs of oxidative stress. These alterations were
accompanied by disrupted adrenal function, as evidenced by elevated plasma cortisol and
aldosterone levels. However, treatment with Leontoside attenuated many of these
detrimental effects. Histological examination showed a reduction in adrenal hypertrophy and
lipid deposits, while biochemical assays indicated a normalization of cortisol and
aldosterone levels. Furthermore, Leontoside treatment significantly reduced oxidative stress
markers, suggesting its potential as an antioxidant agent capable of protecting the adrenal
glands from the harmful effects of atherosclerosis. The findings of this study suggest that
Leontoside not only mitigates the cardiovascular damage caused by atherosclerosis but also
helps maintain adrenal gland structure and function, which is crucial for overall endocrine
balance. By modulating oxidative stress and hormonal regulation, Leontoside may represent
a promising therapeutic strategy for managing the systemic consequences of atherosclerosis,
including its effects on the endocrine system.
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