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Annotation: This scientific paper explores the general pathophysiological mechanisms of 

inflammation, a fundamental biological response to harmful stimuli such as infection, injury, or 

immune dysregulation. The study provides a comprehensive overview of the key stages of 

inflammation, including initiation, amplification, and resolution, as well as the complex cellular 

and molecular components involved. Special emphasis is placed on immune cells such as 

macrophages, neutrophils, and lymphocytes, along with inflammatory mediators including 

cytokines, chemokines, prostaglandins, and nitric oxide. The work distinguishes between acute 

and chronic inflammation, explaining their unique features, triggers, and pathological 

consequences. Disruption in this process is highlighted as a major contributor to long-term 

inflammatory conditions such as autoimmune disorders, cardiovascular disease, and cancer. 

Clinical implications, diagnostic markers, and therapeutic strategies targeting specific pathways 

of inflammation are also addressed. This research is intended to serve as a valuable resource for 

students of medical and biological sciences, healthcare professionals, and researchers interested 

in immunology and disease mechanisms. 
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ОБЩИЕ ПАТОФИЗИОЛОГИЧЕСКИЕ МЕХАНИЗМЫ ВОСПАЛЕНИЯ 

Аннотация: В этой научной статье изучаются общие патофизиологические 

механизмы воспаления, фундаментальный биологический ответ на вредные стимулы, 

такие как инфекция, травма или иммунная дисрегуляция. Исследование дает 

всесторонний обзор ключевых стадий воспаления, включая инициацию, усиление и 

разрешение, а также сложные клеточные и молекулярные компоненты, вовлеченные в 

процесс. Особое внимание уделяется иммунным клеткам, таким как макрофаги, 

нейтрофилы и лимфоциты, а также воспалительным медиаторам, включая цитокины, 

хемокины, простагландины и оксид азота. Работа различает острое и хроническое 

воспаление, объясняя их уникальные особенности, триггеры и патологические 

последствия. Нарушение этого процесса выделяется как основной фактор, 

способствующий долгосрочным воспалительным состояниям, таким как аутоиммунные 

расстройства, сердечно-сосудистые заболевания и рак. Также рассматриваются 

клинические последствия, диагностические маркеры и терапевтические стратегии, 

нацеленные на определенные пути воспаления. Это исследование призвано стать ценным 

ресурсом для студентов медицинских и биологических наук, специалистов 
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здравоохранения и исследователей, интересующихся иммунологией и механизмами 

заболеваний.  

Ключевые слова: Воспаление, Острое воспаление, Хроническое воспаление, 

Цитокины, Хемокины, Макрофаги, Нейтрофилы, Простагландины, Гистамин, 

Вазодилатация. 

 

Introduction 

Inflammation is a complex biological response of vascularized tissues to harmful stimuli, 

such as pathogens, damaged cells, or irritants. It represents a protective attempt by the organism 

to remove injurious stimuli and to initiate the healing process. Although it is fundamentally a 

defense mechanism aimed at restoring tissue homeostasis, the dysregulation or chronic 

persistence of inflammation can contribute to the pathogenesis of various diseases, including 

autoimmune disorders, metabolic syndromes, cardiovascular diseases, and cancers. From a 

pathophysiological perspective, inflammation is characterized by a sequence of highly 

coordinated events involving molecular and cellular processes. These include the activation of 

resident immune cells (such as macrophages and mast cells), the release of inflammatory 

mediators (cytokines, prostaglandins, histamine, etc.), changes in vascular permeability, 

leukocyte recruitment and migration, and finally, phagocytosis and clearance of the offending 

agents. Each of these stages is regulated by intricate signaling pathways and feedback 

mechanisms that ensure an effective but balanced immune response. 

The general pathophysiological mechanisms of inflammation can be divided into several 

key phases: initiation, amplification, and resolution. During initiation, pattern recognition 

receptors (PRRs) on innate immune cells detect pathogen-associated molecular patterns 

(PAMPs) or damage-associated molecular patterns (DAMPs), triggering intracellular signaling 

cascades that lead to the production of pro-inflammatory cytokines. The amplification phase 

involves the recruitment of circulating leukocytes, primarily neutrophils and monocytes, to the 

site of injury, where they further propagate the inflammatory response through mediator 

secretion and direct interaction with pathogens or damaged cells. An essential aspect of 

inflammation is its resolution, which is an active, highly regulated process involving the 

clearance of immune cells, restoration of vascular integrity, and tissue repair. Failure of 

resolution leads to chronic inflammation, which underlies numerous pathological conditions. 

Understanding these general mechanisms is vital not only for grasping the body’s innate defense 

strategies but also for identifying therapeutic targets in diseases where inflammation plays a 

central role. This paper aims to explore in depth the fundamental pathophysiological mechanisms 

of inflammation, examining the roles of immune cells, mediators, signal transduction pathways, 

and regulatory feedback loops involved in both acute and chronic inflammatory responses. 

Main part 

Inflammation is a complex and essential defense mechanism that is triggered in response 

to tissue injury or infection. It serves to eliminate the initial cause of cell damage, clear out 

necrotic cells and tissues, and establish conditions for tissue regeneration and repair. Although 

the inflammatory process is protective by nature, if unregulated, it can become destructive and 

contribute to a wide range of pathological conditions. Inflammation is not a single event but a 
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dynamic sequence of biological activities involving immune cells, blood vessels, and molecular 

mediators. These activities are tightly coordinated and occur locally at the site of damage or 

infection. The process begins with the recognition of harmful stimuli and progresses through a 

cascade of cellular and molecular events. Inflammation can be classified into acute and chronic 

types, each with distinct characteristics and implications. Acute inflammation is typically 

beneficial and self-limiting, while chronic inflammation may lead to long-term tissue damage. 

Understanding the biological role of inflammation is vital in comprehending disease mechanisms 

and guiding appropriate therapeutic interventions in clinical practice. 

The inflammatory response unfolds through a series of well-orchestrated stages: 

initiation, amplification, and resolution. The initial stage is triggered by the recognition of 

harmful stimuli through pattern recognition receptors (PRRs) on sentinel immune cells such as 

macrophages and dendritic cells. These receptors detect pathogen-associated molecular patterns 

(PAMPs) or damage-associated molecular patterns (DAMPs), leading to the release of pro-

inflammatory mediators. The amplification phase is characterized by increased vascular 

permeability, recruitment of circulating leukocytes, and further mediator release. Neutrophils are 

usually the first to arrive at the site of inflammation, followed by monocytes and other immune 

cells. These cells work collectively to eliminate pathogens and damaged tissue components. The 

resolution phase is not merely the cessation of inflammation but an active process regulated by 

anti-inflammatory cytokines and specialized lipid mediators. It involves the clearance of immune 

cells, the termination of inflammatory signaling, and initiation of tissue healing. The efficiency 

and regulation of each stage determine whether the inflammatory response resolves successfully 

or progresses to chronicity. 

Numerous cell types contribute to the initiation, progression, and resolution of 

inflammation. Resident tissue macrophages are among the first responders; they recognize 

danger signals and secrete pro-inflammatory cytokines. Mast cells release histamine and other 

vasoactive amines that increase vascular permeability. Neutrophils dominate the early acute 

response, engaging in phagocytosis and producing reactive oxygen species to kill pathogens. 

Monocytes, upon migration to the inflamed site, differentiate into macrophages and contribute to 

the resolution process. Dendritic cells capture antigens and initiate adaptive immunity by 

activating T cells. Lymphocytes, including both T and B cells, are central to chronic 

inflammation and immune memory. Endothelial cells play a regulatory role by expressing 

adhesion molecules that facilitate leukocyte trafficking. Fibroblasts contribute to tissue repair 

during the later stages. Each cell type operates within a complex signaling network, ensuring that 

inflammation is timely, targeted, and self-limited. Dysregulation of these cellular activities can 

lead to inappropriate immune activation and tissue destruction, highlighting the importance of 

cellular coordination. 

Molecular mediators are chemical substances that orchestrate the inflammatory response. 

They include cytokines (like IL-1β, TNF-α, and IL-6), chemokines (such as IL-8 and MCP-1), 

eicosanoids (prostaglandins and leukotrienes), vasoactive amines (like histamine), nitric oxide, 

and complement proteins. These mediators are produced by activated immune cells, endothelial 

cells, and platelets in response to inflammatory stimuli. They regulate vascular changes, 

leukocyte recruitment, fever, pain perception, and cellular communication. Cytokines act as 
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signaling molecules that influence the behavior of nearby cells, while eicosanoids modulate 

inflammation and vascular tone. Histamine increases capillary permeability, leading to edema. 

The release of these mediators is tightly controlled to prevent excessive damage. Anti-

inflammatory mediators such as IL-10, TGF-β, and lipoxins are involved in dampening the 

inflammatory response and promoting resolution. An imbalance in pro- and anti-inflammatory 

mediators is a hallmark of chronic inflammatory diseases. Targeting these mediators is a key 

strategy in anti-inflammatory drug development and treatment of immune-related disorders. 

Vascular alterations are among the earliest events in the inflammatory process. These 

changes are critical for allowing immune cells and plasma proteins to reach the site of injury or 

infection. Vasodilation increases blood flow, causing redness and heat (rubor and calor). This is 

followed by increased vascular permeability, leading to the leakage of plasma proteins into the 

interstitial tissue, which causes swelling (tumor). Endothelial cells lining the blood vessels 

become activated and express selectins and integrins, which mediate leukocyte adhesion and 

transmigration. These interactions allow neutrophils and other leukocytes to exit the bloodstream 

and enter the inflamed tissue. Hemodynamic changes also include stasis of blood flow, which 

facilitates the accumulation of inflammatory cells. Platelets adhere to damaged endothelium and 

contribute to clot formation and release of inflammatory mediators. Although these changes are 

vital for immune defense and healing, excessive or prolonged vascular responses may result in 

tissue hypoxia, edema, and further injury. Therefore, tight regulation of vascular dynamics is 

essential in inflammation. 

Acute and chronic inflammation differ in their onset, duration, cellular components, and 

biological outcomes. Acute inflammation develops rapidly in response to an injury or infection 

and is usually short-lived. It is primarily mediated by neutrophils and characterized by classic 

signs such as redness, heat, swelling, pain, and loss of function. Its main goal is to eliminate the 

source of damage and initiate tissue repair. Chronic inflammation, on the other hand, persists for 

weeks, months, or even years and is marked by the presence of macrophages, lymphocytes, and 

plasma cells. It often results from unresolved acute inflammation, persistent infections, 

autoimmune responses, or exposure to toxic substances. Chronic inflammation is associated with 

ongoing tissue destruction, fibrosis, and the formation of granulomas. Unlike acute 

inflammation, it can lead to permanent structural damage and loss of organ function. 

Understanding the transition from acute to chronic inflammation is crucial for preventing long-

term complications and for developing appropriate therapeutic interventions that target specific 

inflammatory pathways. 

The resolution of inflammation is an active and highly regulated process that restores 

tissue homeostasis. Contrary to earlier beliefs, resolution does not occur passively but involves 

specific signaling molecules and cellular processes. Specialized pro-resolving mediators (SPMs) 

such as lipoxins, resolvins, protectins, and maresins are produced by immune cells to suppress 

inflammation and promote healing. These mediators facilitate the apoptosis of neutrophils, 

promote the clearance of apoptotic cells by macrophages (a process known as efferocytosis), and 

inhibit further leukocyte recruitment. Anti-inflammatory cytokines such as IL-10 and TGF-β also 

play essential roles in dampening immune responses. Fibroblasts and endothelial cells are 

activated to repair tissue through extracellular matrix production and angiogenesis. The 
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efficiency of resolution determines whether inflammation resolves completely or progresses to 

chronicity. Impaired resolution can result in prolonged inflammation, fibrosis, or autoimmune 

reactions. Therefore, enhancing the resolution phase is a promising therapeutic strategy for 

inflammatory and degenerative diseases. 

When inflammation becomes dysregulated either exaggerated or prolonged it contributes 

to the pathogenesis of many chronic diseases. Persistent inflammation plays a key role in 

autoimmune diseases such as rheumatoid arthritis, lupus, and inflammatory bowel disease. It is 

also a major component of atherosclerosis, metabolic syndrome, and neurodegenerative 

disorders like Alzheimer's and Parkinson's diseases. Chronic inflammation creates a pro-

tumorigenic environment, promoting DNA damage, angiogenesis, and metastasis in cancers. 

Clinically, markers such as C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and 

elevated cytokine levels are used to monitor inflammation. Therapeutic strategies include non-

steroidal anti-inflammatory drugs (NSAIDs), corticosteroids, biologics targeting cytokines, and 

small-molecule inhibitors. However, complete suppression of inflammation can compromise 

host defense against infections. Therefore, a nuanced approach that modulates rather than 

eliminates inflammation is essential. Understanding the pathological consequences of 

inflammation helps clinicians diagnose diseases accurately and choose effective, targeted 

treatments for patients with chronic inflammatory conditions. 

Discussion 

The study of the general pathophysiological mechanisms of inflammation reveals that this 

biological process, while fundamentally protective, is highly complex and can lead to 

detrimental outcomes when dysregulated. Through the sequential stages of initiation, 

amplification, and resolution, the body attempts to restore homeostasis in response to injury or 

infection. However, the efficiency and balance of these stages are crucial. The early recognition 

of harmful stimuli by innate immune receptors sets off a cascade of cellular and molecular 

events, involving a diverse array of cells such as macrophages, neutrophils, mast cells, and 

lymphocytes, each playing a distinct role. The molecular mediators involved in inflammation act 

as both pro-inflammatory and anti-inflammatory agents, indicating that inflammation is not a 

simple binary reaction but a dynamic balance of opposing forces. The roles of cytokines, 

chemokines, and eicosanoids demonstrate how tightly regulated signaling networks influence 

vascular tone, leukocyte migration, and tissue repair. Vascular and hemodynamic changes, 

including increased permeability and leukocyte extravasation, are essential for immune cell 

access but can become pathological if uncontrolled. 

A key distinction between acute and chronic inflammation lies in their duration, cellular 

profiles, and outcomes. Acute inflammation tends to resolve with tissue regeneration, while 

chronic inflammation may result in fibrosis, tissue destruction, or granuloma formation. The 

failure of inflammation resolution is now recognized as a central factor in the pathogenesis of a 

broad spectrum of chronic diseases, including cardiovascular, autoimmune, neurodegenerative, 

and neoplastic disorders. The resolution phase, driven by specialized pro-resolving mediators 

and anti-inflammatory cytokines, represents a promising area for therapeutic innovation. 

Furthermore, the clinical implications of inflammation extend beyond its localized effects. 

Systemic inflammatory responses, as observed in sepsis or systemic autoimmune diseases, 
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illustrate how local inflammation can escalate into life-threatening conditions. Biomarkers such 

as CRP and elevated pro-inflammatory cytokines are used in clinical diagnostics to monitor 

disease progression and treatment response. 

Conclusion 

Inflammation is a vital physiological process designed to protect the body from harmful 

stimuli and initiate healing. However, the effectiveness of the inflammatory response depends on 

the precise regulation of its phases  initiation, progression, and resolution. The involvement of 

various immune cells and a wide range of molecular mediators reflects the complexity of this 

defense mechanism. While acute inflammation serves a protective and restorative purpose, 

chronic inflammation can result in persistent tissue damage, fibrosis, and the progression of 

numerous pathological conditions. A detailed understanding of the pathophysiological 

mechanisms underlying inflammation allows for improved clinical diagnosis, monitoring, and 

treatment of inflammatory diseases. Modern therapeutic strategies increasingly focus not only on 

suppressing inflammation but also on enhancing its resolution and promoting tissue repair. 

Targeting specific cytokines, inflammatory mediators, and resolution pathways has become a 

key direction in managing chronic inflammatory disorders. In summary, inflammation is a 

double-edged sword  essential for survival, yet potentially harmful if uncontrolled. Recognizing 

the balance between its beneficial and pathological effects is fundamental to advancing medical 

approaches and improving patient outcomes in a wide spectrum of diseases. 
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