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Study objective: Phosgene oxime (CX) is a potent 
chemical warfare agent causing rapid skin 
penetration, immediate tissue injury, and systemic 
toxicity. While mast cells mediate neuroimmune and 
inflammatory responses, their specific role in 
CX-induced injury remains poorly defined. This 
review evaluates whether mast cells exacerbate 
tissue destruction or facilitate repair and assesses 
the therapeutic potential of targeting specific mast 
cell signaling pathways, such as BTK and SYK. 

Design, setting, and participants: A systematic 
literature search was conducted via PubMed 
utilizing keywords including 'phosgene oxime,' 'mast 
cells AND skin inflammation,' and 'cutaneous injury.' 
Screening included 130 abstracts, resulting in 30 
primary research articles selected for full-text 
review. Inclusion criteria prioritized primary 
experimental, animal, and clinical research from 
2021–2026, alongside foundational texts. Selected 
models evaluated in vitro human skin cultures to 
isolate molecular degranulation and in vivo animal 
models to observe systemic tissue resolution. 

Results: The literature consistently associates CX 
exposure with rapid mast cell activation, triggering 
histamine release, pro-inflammatory cytokine 
signaling, and progressive tissue necrosis. Data 
suggest that inhibiting signaling pathways, such as 
BTK and SYK, correlates with reduced inflammatory 
activity and limited tissue damage. These findings 



indicate that mast cell activation is consistently 
associated with increased CX-induced tissue injury. 

Conclusions: Mast cell-targeted interventions 
present a viable therapeutic direction. Future 
research should prioritize controlled animal studies 
to support the development of standardized medical 
countermeasures. 

 

1. Introduction 

Phosgene oxime (CX) is a highly toxic chemical warfare agent that causes immediate skin cell death 
and systemic injury, yet no approved medical treatments currently exist. While current literature 
identifies mast cells as key drivers of the resulting inflammation and histamine release, their precise 
role in tissue destruction or facilitating repair remains poorly understood. This review addresses this 
gap by evaluating how specific mast cell signaling pathways, such as BTK and SYK, contribute to 
CX-induced cutaneous damage. The purpose of this research is to determine if targeting mast cell 
activation can serve as a viable therapeutic strategy to reduce the seriousness of the injury and 
guide future treatment plans. 

2. Methods and Materials 

To evaluate the mechanistic pathways of phosgene oxime (CX) induced skin inflammation, a 
systematic literature search was conducted via PubMed utilizing keywords including 'phosgene 
oxime,' 'mast cells AND skin inflammation,' 'cutaneous injury,' and 'neuroimmune response'. To 
ensure contemporary relevance, inclusion criteria prioritized primary experimental, animal, and 
clinical research from the last five years (2021–2026), while excluding general reviews and older 
texts published between 2005 and 2020 unless required for foundational context. Out of 130 
abstracts screened, 30 primary research articles were selected for full-text review, utilizing in vitro 
human skin cultures to isolate molecular degranulation and in vivo animal models to observe 
systemic tissue resolution. 

3. Results 

3.1 CX-Induced Mast Cell Activation and Inflammatory Response 

●​ CX rapidly activates mast cells upon exposure, functioning as a highly toxic vesicant. 
●​ Mast cell activation releases histamine and pro-inflammatory cytokines, driving an acute 

inflammatory response with increased vascular permeability and immune cell infiltration. 
●​ CX demonstrates a faster onset of inflammation and greater inflammatory severity compared to 

sulfur mustard and lewisite in tissue damage models. 
●​ BTK and SYK pathway inhibition reduces cytokine release and inflammatory activity in 

CX-exposed tissues. 
●​ BTK and SYK pathway targeting was associated with reduced tissue injury and decreased 

severity of CX-induced damage. 



Fig. 1. Progression of Skin Injury Following Phosgene Oxime (CX) Exposure. This figure illustrates visible 
skin damage over time after a 0.5-minute CX exposure in mouse models, demonstrating a rapid onset of 
redness and swelling followed by severe tissue necrosis. 

Fig. 2. Quantitative Changes in Skin Thickness, Edema, Erythema, and Necrosis After CX Exposure. 
Graphs display quantitative biometric tracking showing immediate spikes in skin thickness and erythema 
indexes within 24 hours post-exposure, driven by mast cell-mediated histamine cascades. 

4. Discussion 

4.1 CX-Induced Mast Cell Activation 

Inducing mast cells with CX rapidly activates them upon exposure, triggering histamine and 
pro-inflammatory cytokine release. This activation increases vascular permeability and immune cell 
infiltration, leading to accelerated tissue injury. CX produces faster and more severe inflammatory 
responses than sulfur mustard and lewisite. 

4.2 Role of Mast Cells in Tissue Damage 

Mast cells amplify inflammation through sustained cytokine signaling and recruitment of additional 
immune cells. Current evidence indicates that mast cells contribute to tissue damage progression in 
CX exposure, though the balance between harmful and protective effects requires further 
investigation. 

4.3 Therapeutic Potential 
Targeting BTK and SYK signaling pathways reduces inflammatory activity in CX-exposed tissues. 
These findings are clinically significant given the absence of approved CX treatments and the need 
for rapid intervention. Mast cell-targeted therapies represent a biologically rational approach to 
disrupting the inflammatory cascade driving tissue necrosis and may help protect both military 
personnel and civilian populations at risk of exposure. 

5. Conclusions 

Altogether, this review confirms that phosgene oxime (CX) triggers rapid mast cell activation, 
causing more severe and immediate inflammation than other vesicants through histamine and 
cytokine release. Targeting the BTK and SYK signaling pathways, primary mediators of this vascular 
and immune damage, presents a viable therapeutic strategy where no approved countermeasures 
currently exist. By inhibiting this neuroimmune response, treatment can effectively reduce acute 
tissue destruction. Consequently, future research should focus on testing these inhibitors in living 
models to find the most effective way to treat CX exposure. 
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