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Varied Profiles of Ricin-cell Interactions in the Pulmonary Sys-
tem after Intranasal Ricin Exposure

Abstract
Intranasal exposure to ricin, a potent plant-derived toxin, leads to diverse interactions between ricin and pulmonary cells, impacting respiratory 
health and systemic toxicity. This review explores the multifaceted interactions of ricin with cells in the pulmonary system, encompassing 
mechanisms of uptake, intracellular trafficking, cytotoxic effects and immune responses. Understanding these interactions is crucial for developing 
effective therapeutic strategies and mitigating the harmful effects of ricin exposure on respiratory function and overall health.
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Introduction
Ricin, derived from the castor bean plant (Ricinus communis), is 

recognized as one of the most potent naturally occurring toxins. It’s potential 
as a bioterrorism agent and the risk of accidental exposure underscore the 
importance of understanding how ricin interacts with cells in the pulmonary 
system following intranasal exposure. Inhalation of ricin aerosols can 
lead to severe respiratory distress, acute lung injury and systemic toxicity, 
making it a significant public health concern. Upon intranasal exposure, ricin 
interacts with various cells in the pulmonary system, including epithelial cells, 
macrophages and endothelial cells. These interactions involve ricin binding 
to cell surface receptors, internalization via endocytosis, trafficking through 
intracellular compartments and induction of cytotoxic effects such as inhibition 
of protein synthesis and cell death. Additionally, ricin exposure triggers 
inflammatory responses and immune activation in the lungs, contributing to 
tissue damage and respiratory dysfunction. This review aims to provide a 
comprehensive overview of the current understanding of ricin-cell interactions 
in the pulmonary system following intranasal exposure. It will discuss key 
mechanisms of ricin uptake and toxicity, immune responses elicited by ricin 
exposure, therapeutic interventions and future research directions aimed at 
mitigating ricin-induced respiratory toxicity [1].

Literature Review
Following intranasal exposure, ricin enters the pulmonary system and 

interacts with respiratory epithelial cells, macrophages and other cell types 
through specific binding to cell surface receptors. The primary receptor for ricin 
on mammalian cells is the glycosylated membrane protein known as the low-
density Lipoprotein Receptor-Related Protein 1 (LRP1) or CD91. Binding of 
ricin to LRP1 facilitates its internalization via receptor-mediated endocytosis, 
leading to transport into early endosomes and subsequent trafficking to 

the trans-Golgi network and Endoplasmic Reticulum (ER). In the ER, ricin 
undergoes retrograde transport to the cytosol, mediated by the ER-Associated 
Degradation (ERAD) pathway. Once in the cytosol, ricin enzymatically 
cleaves a specific adenine residue from the 28S ribosomal RNA, inhibiting 
protein synthesis and inducing cell death by apoptosis or necrosis [2]. The 
intracellular trafficking of ricin is tightly regulated and involves interactions 
with chaperone proteins and molecular sorting machinery to ensure efficient 
transport from endosomes to the cytosol. Ricin exerts potent cytotoxic effects 
on pulmonary cells by disrupting protein synthesis and inducing cellular stress 
responses. The inhibition of protein synthesis results in the accumulation of 
misfolded proteins and activation of the Unfolded Protein Response (UPR), 
leading to ER stress and apoptotic signaling pathways. Additionally, ricin-
induced oxidative stress and mitochondrial dysfunction contribute to cellular 
damage and inflammation in the lungs. 

Pulmonary cells respond to ricin exposure by initiating innate immune 
responses, including the release of pro-inflammatory cytokines (e.g., TNF-α, 
IL-6) and chemokines (e.g., IL-8). These inflammatory mediators recruit 
immune cells such as neutrophils, macrophages and lymphocytes to the site 
of ricin exposure, amplifying the local immune response and contributing to 
tissue injury and repair processes [3]. The balance between pro-inflammatory 
and anti-inflammatory signals in the lung microenvironment determines the 
severity of ricin-induced pulmonary toxicity and the progression of respiratory 
dysfunction. Current therapeutic strategies for ricin poisoning primarily 
focus on supportive care, including respiratory support, fluid management 
and symptomatic treatment. However, there is a critical need for targeted 
therapies that can mitigate ricin-induced pulmonary toxicity and improve 
clinical outcomes following exposure. Potential therapeutic approaches 
include the development of monoclonal antibodies that neutralize ricin binding 
to cell surface receptors or inhibit ricin enzymatic activity. Nanoparticle-
based delivery systems have also been explored for targeted delivery of 
antidotes or small molecule inhibitors to pulmonary cells affected by ricin 
toxicity. Additionally, advances in understanding host-pathogen interactions 
and immune modulation may inform the development of immunomodulatory 
therapies to attenuate ricin-induced inflammation and tissue damage in the 
lungs [4].

Discussion 
The diverse profiles of ricin-cell interactions in the pulmonary system 

following intranasal exposure highlight the complex pathophysiology of ricin 
toxicity and the challenges in developing effective therapeutic interventions. 
Mechanistic insights into ricin uptake, intracellular trafficking and cytotoxic 
effects underscore the importance of targeting specific steps in the ricin 
intoxication pathway for therapeutic intervention [5]. Future research 
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directions should focus on elucidating the molecular mechanisms underlying 
ricin-induced pulmonary toxicity, identifying novel therapeutic targets and 
evaluating the efficacy of emerging antidotes or immunomodulatory strategies 
in preclinical and clinical studies. Additionally, efforts to enhance preparedness 
and response capabilities for ricin exposure incidents are crucial for public 
health preparedness and biodefense initiatives [6].

Conclusion
Intranasal exposure to ricin results in varied profiles of interactions 

with pulmonary cells, encompassing receptor-mediated uptake, intracellular 
trafficking, cytotoxic effects and immune responses. These interactions 
contribute to ricin-induced respiratory toxicity, characterized by acute lung 
injury, inflammatory responses and systemic effects. Understanding the 
mechanisms of ricin-cell interactions in the pulmonary system is essential 
for developing targeted therapies and mitigating the harmful effects of ricin 
exposure on respiratory health. Continued research efforts are needed to 
advance our understanding of ricin pathophysiology, identify biomarkers 
of exposure and toxicity and develop effective medical countermeasures 
against ricin poisoning. By integrating multidisciplinary approaches, including 
molecular biology, immunology and nanomedicine, we can advance towards 
improved strategies for managing ricin-induced pulmonary toxicity and 
enhancing public health preparedness against bioterrorism threats involving 
ricin.
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