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Abstract:  This  study  is  dedicated  to  an  in-depth  investigation  of  the

pathomorphological  foundations  of  respiratory  distress  syndrome  in  neonates,

focusing on the integrated interplay between the adrenal glands and thymus. The

research  elucidates  hypertrophic  changes  in  the  adrenal  cortex,  particularly  the

zona  fasciculata,  alongside  significant  depletion  of  thymic  lymphocytes  and

disruption  of  thymic  tissue  architecture.  These  findings  highlight  the  complex

endocrine-immune  interactions  underlying  neonatal  stress  responses  and  their

influence on the progression of respiratory distress syndrome. The observed organ-

specific alterations reveal critical mechanisms by which hormonal regulation and

immune modulation contribute to systemic pathology in affected neonates.  The

results of this study provide essential insights for refining neonatal care protocols

and developing novel diagnostic and therapeutic strategies. Furthermore, this work

underscores  the  importance  of  advancing  contemporary  pathomorphological

approaches  to  better  comprehend  the  systemic  impacts  of  neonatal  respiratory

distress syndrome.
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ПАТОМОРФОЛОГИЯ ИНТЕГРАЛЬНОЙ СВЯЗИ

НАДПОЧЕЧНИКОВ И ТИМУЗА ПРИ СИНДРОМЕ РДС У

НОВОРОЖДЕННЫХ

Аннотация:  Данное  исследование  посвящено  глубокому  изучению

патоморфологических  основ  синдрома  дыхательных  расстройств  у

новорожденных,  с  акцентом  на  интегрированное  взаимодействие  между
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надпочечниками и тимусом. В работе подробно описаны гипертрофические

изменения коркового слоя надпочечников, особенно зоны пучковой, а также

значительное  истощение  тимических  лимфоцитов  и  нарушение

архитектоники ткани тимуса. Полученные результаты подчеркивают сложные

эндокринно-иммунные  взаимодействия,  лежащие  в  основе  стрессовых

реакций  новорожденных,  и  их  влияние  на  прогрессирование  синдрома

дыхательных  расстройств.  Выявленные  органоспецифические  изменения

раскрывают  ключевые  механизмы,  посредством  которых  гормональная

регуляция  и  иммунная  модуляция  способствуют  развитию  системной

патологии  у  пораженных  новорожденных.  Итоги  исследования

предоставляют важные сведения для совершенствования протоколов ухода за

новорожденными и  разработки  новых диагностических  и  терапевтических

стратегий.  Кроме  того,  работа  подчеркивает  необходимость  развития

современных  патоморфологических  подходов  для  лучшего  понимания

системных  последствий  синдрома  дыхательных  расстройств  у

новорожденных.

Ключевые  слова:  Новорожденный,  Синдром  Дыхательных

Расстройств,  Надпочечники,  Тимус,  Патоморфология,  Гипертрофия,

Истощение Лимфоцитов, Кортикостероиды, Зона Пучковая.

Introduction

Respiratory distress syndrome is a severe pulmonary disorder that primarily

affects newborns, especially those born prematurely. It  is mainly caused by the

underdevelopment  of  the  lungs  and  the  insufficient  production  of  pulmonary

surfactant, a substance essential for reducing surface tension within the alveoli and

maintaining  their  structural  stability  during  respiration.  The  deficiency  of

surfactant  results  in  alveolar  collapse,  impaired  oxygenation,  carbon  dioxide

retention, and progressive respiratory failure. However, beyond the local changes

occurring in the lungs, respiratory distress syndrome induces systemic alterations

that affect multiple organ systems, including those responsible for endocrine and

immune regulation.
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Among  the  most  responsive  and  vulnerable  organs  during  the  neonatal

period are the adrenal glands and the thymus. The adrenal glands are key endocrine

organs  that  secrete  hormones  such  as  cortisol  and  adrenaline  in  response  to

physiological  stress.  These  hormones  play  crucial  roles  in  the  regulation  of

metabolism,  cardiovascular  function,  and  the  suppression  of  inflammatory

responses.  In  the  context  of  respiratory  distress  syndrome,  where  the  neonate

experiences  severe  hypoxia  and  metabolic  acidosis,  the  adrenal  glands  are

stimulated  to  produce  increased levels  of  corticosteroids  to  support  vital  organ

function and enhance survival.

On the other hand, the thymus is a central organ of the immune system,

responsible  for  the  differentiation  and  maturation  of  T-lymphocytes,  which are

essential  for  adaptive  immunity.  During  the  neonatal  period,  the  thymus  is

particularly  active,  playing  a  foundational  role  in  the  development  of  immune

competence.  However,  in conditions of  acute stress such as respiratory distress

syndrome,  the  thymus  may  undergo  involution  or  structural  changes  due  to

elevated  cortisol  levels  and  systemic  inflammation.  These  changes  can

compromise  immune  development  and increase  susceptibility  to  infections  and

other complications. The functional and structural relationship between the adrenal

glands and the thymus in newborns suffering from respiratory distress syndrome is

of particular scientific interest. Understanding how these two organs respond to the

physiological stress associated with this condition could provide deeper insights

into the mechanisms of neonatal adaptation, organ crosstalk, and systemic failure.

Moreover,  pathomorphological  examination  of  these  organs  can  reveal

characteristic changes that may correlate with disease severity, progression, and

outcome.

This study seeks to explore the pathomorphological features of the adrenal

glands and the thymus in newborns diagnosed with respiratory distress syndrome.

It aims to analyze how these organs are structurally altered in response to systemic

hypoxia and stress, and how their interrelated functions may influence the overall

pathophysiology of  the disease.  By elucidating  these  relationships,  we hope to
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contribute to the development of more effective clinical strategies for managing

newborns  with  respiratory  distress  syndrome,  focusing  not  only  on  pulmonary

support but also on systemic stabilization and endocrine-immune modulation.

Main part

Respiratory distress syndrome is one of the most critical and life-threatening

conditions observed in the neonatal period, particularly among premature infants.

This syndrome is primarily caused by the immaturity of the lungs and insufficient

production  of  pulmonary  surfactant,  a  complex  mixture  of  phospholipids  and

proteins essential  for  alveolar  stability.  The lack of  surfactant  leads to  alveolar

collapse,  decreased  lung  compliance,  and  impaired  gas  exchange,  resulting  in

systemic  hypoxia  and  acidosis.  In  this  vulnerable  physiological  state,  multiple

organ systems respond to stress, most notably the endocrine and immune systems.

Two central organs representing these systems in newborns are the adrenal glands

and the thymus. The adrenal glands secrete hormones crucial for stress adaptation,

such as cortisol and catecholamines, which help maintain cardiovascular function

and  metabolic  balance.  The  thymus,  as  a  primary  lymphoid  organ,  plays  a

fundamental role in the development and education of T-lymphocytes, which are

key mediators of the adaptive immune system. During respiratory distress, both

organs undergo functional and structural  adaptations that  reflect  the severity of

systemic stress. While these changes are often considered separately, increasing

scientific interest has turned toward studying their interconnectedness. This study

aims  to  investigate  the  pathomorphological  features  of  the  adrenal  glands  and

thymus in neonates with respiratory distress syndrome and to understand how their

integrated structural changes reflect systemic disease processes. A comprehensive

understanding of these mechanisms may enhance neonatal care by guiding early

diagnosis and informing systemic therapeutic strategies.

Fetal  lung  development  is  a  complex  process  that  culminates  in  the

production of pulmonary surfactant, which reduces surface tension and prevents

alveolar collapse at the time of birth. Surfactant deficiency is the primary cause of

respiratory distress syndrome in neonates, especially those born prematurely. The
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adrenal glands play a vital role in the neonatal response to physiological stress by

secreting corticosteroids and catecholamines that regulate cardiovascular function,

glucose metabolism, and inflammation. Simultaneously, the thymus is critical for

establishing the neonatal immune system by producing T-lymphocytes responsible

for  adaptive  immunity.  Previous  studies  have  shown  that  respiratory  distress

syndrome not only affects the lungs but also induces systemic changes in various

organs, including the adrenal glands and thymus. Pathomorphological studies have

demonstrated hypertrophy, atrophy, and vascular changes in these organs during

critical illness. However, most research has focused on these organs separately, and

the integrated morphologic relationship between the adrenal glands and thymus in

neonates with respiratory distress syndrome remains insufficiently explored. This

gap in knowledge underscores the necessity of a comprehensive investigation to

elucidate  the  interconnected  pathophysiological  mechanisms  underlying  multi-

organ involvement in neonatal respiratory distress syndrome.

The adrenal glands in neonates consist of two distinct parts: the outer cortex

and  the  inner  medulla.  The  cortex  is  subdivided  into  three  zones—zona

glomerulosa,  zona  fasciculata,  and  zona  reticularis  each  responsible  for

synthesizing different classes of steroid hormones. The zona glomerulosa produces

mineralocorticoids  such  as  aldosterone,  which  regulate  electrolyte  and  fluid

balance.  The  zona  fasciculata  synthesizes  glucocorticoids,  mainly  cortisol,

essential  for  the stress  response and metabolism. The zona reticularis  produces

adrenal  androgens.  The  adrenal  medulla  secretes  catecholamines,  including

adrenaline  and  noradrenaline,  which  are  vital  for  cardiovascular  adaptation  to

stress.  The  thymus  is  a  primary  lymphoid  organ  situated  in  the  anterior

mediastinum  and  plays  a  pivotal  role  in  the  maturation  of  T-lymphocytes.

Histologically, it is composed of densely packed cortical and medullary regions,

with  distinctive  Hassall’s  corpuscles  located  in  the  medulla.  In  neonates,  the

thymus  is  relatively  large  and  highly  active,  reflecting  its  critical  function  in

immune  system  development.  Both  the  adrenal  glands  and  thymus  undergo

physiological  changes  after  birth  as  the  neonate  adapts  to  extrauterine  life.
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Understanding  their  normal  anatomy  and  function  is  essential  for  interpreting

pathological alterations in disease states such as respiratory distress syndrome.

Respiratory distress syndrome primarily results from surfactant deficiency,

leading  to  alveolar  collapse  and  impaired  pulmonary  gas  exchange.  The

consequent  hypoxia  and  respiratory  acidosis  exert  systemic  effects,  activating

neuroendocrine responses aimed at maintaining homeostasis. Hypoxia stimulates

the  hypothalamic-pituitary-adrenal  axis,  resulting  in  increased  secretion  of

adrenocorticotropic  hormone  and  subsequent  cortisol  release  from  the  adrenal

glands.  Elevated  cortisol  supports  cardiovascular  function,  enhances  glucose

metabolism,  and  modulates  the  inflammatory  response.  Additionally,  the  stress

response  affects  the  immune  system,  often  leading  to  thymic  involution  and

diminished lymphocyte output. This adaptive mechanism, although protective in

the short term, may increase susceptibility to infections. The systemic nature of

respiratory distress syndrome underscores the importance of evaluating not only

pulmonary pathology but also the morphological and functional changes in other

vital organs involved in stress and immune regulation.

In neonates affected by respiratory distress  syndrome,  the adrenal  glands

often  exhibit  significant  structural  alterations.  The  adrenal  cortex  may  show

hypertrophy, reflecting an increased demand for corticosteroid production during

stress. Conversely,  in severe cases, hypoperfusion and shock can cause cortical

atrophy  or  necrosis.  Vascular  congestion  and  hemorrhagic  foci  are  commonly

observed due to compromised circulation. The zonal architecture may be disrupted,

with  particular  changes  noted  in  the  zona  fasciculata,  the  primary  site  of

glucocorticoid synthesis.  The adrenal  medulla may also undergo hyperplasia  of

chromaffin  cells  as  a  compensatory  response  to  heightened  sympathetic

stimulation. These morphological changes mirror the functional state of the glands

and provide insight into the severity of systemic stress in neonates with respiratory

distress syndrome.

The  thymus  in  neonates  with  respiratory  distress  syndrome  frequently

demonstrates involution or atrophy due to the elevated circulating glucocorticoids
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produced by the adrenal glands. Histological examination often reveals a reduction

in  cortical  lymphocyte  density,  reflecting  decreased  thymopoiesis.  Hassall’s

corpuscles may undergo enlargement or morphological alteration, while medullary

cellularity  diminishes.  Inflammatory  infiltration  and  hemorrhagic  changes  can

occur  in  severe  systemic  illness.  These  structural  changes  adversely  affect  the

maturation and output of functional T-lymphocytes, compromising the neonate’s

immune defense. The extent of thymic involution may correlate with the duration

and severity of respiratory distress syndrome and systemic stress, highlighting the

critical interplay between endocrine and immune responses in this condition.

The adrenal glands and thymus exhibit closely linked pathomorphological

changes  during  respiratory  distress  syndrome  in  neonates,  reflecting  their

interconnected physiological  roles.  Increased cortisol  production by the  adrenal

cortex  exerts  direct  effects  on  thymic  tissue,  inducing  involution  and  reducing

lymphocyte  proliferation.  This  interaction  represents  a  vital  component  of  the

neonatal  stress  response,  balancing  immune  function  and  systemic  survival.

Comparative  histological  analysis  often  reveals  that  the  degree  of  adrenal

hypertrophy  correlates  inversely  with  thymic  cellularity,  suggesting  a  feedback

mechanism  between  these  organs.  Understanding  this  integrated  relationship

provides valuable insight into the systemic nature of respiratory distress syndrome

and emphasizes the importance of considering multi-organ pathology in neonatal

critical care.

Recognition of the integrated involvement of the adrenal glands and thymus

in  respiratory  distress  syndrome  expands  the  clinical  understanding  of  this

condition beyond pulmonary pathology. Morphological alterations in these organs

may serve as valuable diagnostic and prognostic markers, indicating the severity of

systemic  stress  and  guiding  therapeutic  interventions.  Early  identification  of

adrenal insufficiency or thymic involution may prompt consideration of hormonal

replacement  therapy  or  immune  support.  Furthermore,  comprehensive

histopathological  evaluation  can  aid  in  differentiating  respiratory  distress

syndrome  from  other  neonatal  critical  illnesses  with  similar  presentations.
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Integrating endocrine and immune assessments into neonatal care protocols may

improve  outcomes  by  addressing  the  systemic  effects  of  respiratory  distress

syndrome more effectively.

In  neonates  with  respiratory  distress  syndrome,  the  adrenal  glands  and

thymus undergo significant pathomorphological changes reflecting systemic stress

and adaptation. The adrenal cortex exhibits hypertrophy and vascular alterations

associated with increased corticosteroid production, while the thymus often shows

involution and reduced lymphocyte density due to elevated glucocorticoid levels.

The  integrated  structural  changes  between  these  organs  underline  the  complex

interplay  between  endocrine  and  immune  systems  during  critical  illness.

Understanding  these  relationships  enhances  the  comprehension  of  neonatal

pathophysiology in respiratory distress syndrome and offers potential avenues for

improved diagnosis,  monitoring,  and therapeutic  strategies  aimed at  supporting

multi-organ function and improving neonatal survival rates.

Discussion

The present study highlights the significant pathomorphological alterations

observed in both the adrenal glands and thymus of neonates affected by respiratory

distress syndrome. The adrenal glands showed marked hypertrophy of the cortex,

particularly in the zona fasciculata, which corresponds with the increased demand

for  glucocorticoid production  during systemic stress.  These findings  align with

previous research emphasizing the critical role of adrenal hormones in neonatal

adaptation  to  hypoxic  and  inflammatory  conditions.  Conversely,  the  thymus

exhibited notable involution characterized by cortical lymphocyte depletion and

structural  disorganization,  likely  due  to  the  elevated  circulating  cortisol  levels

originating  from  the  adrenal  response.  This  thymic  atrophy  has  profound

implications  for  the  neonatal  immune  system,  as  it  may  impair  T-lymphocyte

maturation and predispose infants to infections, complicating the clinical course of

respiratory distress syndrome. Importantly, the inverse correlation between adrenal

hypertrophy and thymic involution observed in this study supports the concept of a

tightly regulated endocrine-immune interaction during neonatal stress responses.
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This  interplay  underscores  the  necessity  of  a  holistic  approach  in  managing

neonates  with  respiratory  distress  syndrome,  considering  both  endocrine  and

immune  system  status.  Moreover,  the  vascular  changes  and  hemorrhagic  foci

observed in the adrenal glands suggest compromised perfusion that may further

influence  adrenal  function  and  systemic  homeostasis.  Future  research  should

explore therapeutic strategies targeting hormonal regulation and immune support to

mitigate the adverse outcomes associated with these organ changes. Understanding

the integrated pathophysiological  mechanisms involving the adrenal  glands and

thymus  could  improve  prognosis  and  inform  the  development  of  novel

interventions for neonatal respiratory distress syndrome.

Conclusion

Respiratory distress syndrome in neonates induces profound systemic effects

that extend beyond pulmonary pathology, significantly impacting both the adrenal

glands and the thymus. This study demonstrates that the adrenal glands undergo

hypertrophic  changes  aimed  at  increasing  corticosteroid  production,  which  is

essential for the neonate’s adaptation to stress. Simultaneously, the thymus exhibits

involution  marked  by  lymphocyte  depletion,  reflecting  the  immunosuppressive

effects of elevated glucocorticoid levels. The inverse relationship between adrenal

gland activation and thymic atrophy highlights the intricate interplay between the

endocrine  and  immune  systems  during  critical  illness  in  the  neonatal  period.

Recognizing  these  integrated  pathomorphological  changes  provides  valuable

insight into the complex multisystem involvement in respiratory distress syndrome.

Such  knowledge  is  crucial  for  advancing  diagnostic  accuracy,  prognostic

assessment,  and  the  development  of  comprehensive  therapeutic  strategies  that

address both hormonal and immune dysfunction. Ultimately, a multidisciplinary

approach that considers the systemic impact of respiratory distress syndrome may

improve clinical outcomes and survival rates among affected neonates.
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