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Anaphylaxis is the most severe type of allergic reaction that can happen minutes after 

being exposed to an allergen, usually from food, medicine, or insect bites. It can be fatal 

and is nearly invariably unplanned. Airway blockage or cardiovascular collapse can be 

deadly outcomes of delayed clinical diagnosis and treatment. Anaphylactic reactions 

were defined as IgE-mediated responses. Anaphylaxis can manifest physically as 

moderate skin flushing and pruritus or as severe respiratory symptoms. The only first-

line drug available for treating anaphylaxis is epinephrine, which can save lives. It 

quickly reverses almost all anaphylactic symptoms at therapeutic levels and stabilizes 

mast cells. After various studies and clinical trials, FDA approved the first epinephrine 

product for the treatment of anaphylaxis that is not administered by injection. The FDA 

approved the first nasal epinephrine for the emergency treatment of type I allergic 

reactions, including those that are life-threatening, like anaphylactic shock. This nasal 

epinephrine represents an innovative approach to the treatment of anaphylaxis, a severe 

and potentially life-threatening allergic reaction. Traditionally, the administration of 

epinephrine, the first-line treatment for anaphylaxis, has been through intramuscular 

injection, usually with an auto-injector like the EpiPen. However, the development of 

nasal epinephrine formulations offers a potentially easier and quicker method of 

administration, which could be particularly beneficial in emergency situations where 

rapid treatment is critical. This review explores novel nasal epinephrine sprays for 

anaphylaxis emergency care. 
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INTRODUCTION 

The body naturally produces epinephrine, which 

accounts for almost 80% of the catecholamines 

produced in the adrenal medulla.[1] In situations 

of sudden fear or life-threatening danger, this 
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endogenous epinephrine is released and impacts 

various organs throughout the body that are 

influenced by the sympathetic nervous system. It 

causes an increase in heart rate and strengthens the 

force of heart contractions, leading to a rise in 

blood pressure.[2-3] Blood flow is redirected from 

the skin and subcutaneous tissues to the skeletal 

muscles, the splanchnic circulation, and the brain. 

The bronchi and pupils expand, oxygen levels in 

the blood increase, and blood glucose levels rise, 

preparing the body for a "fight or flight" 

response.[4] The onset of anaphylaxis can happen 

suddenly and without warning, and it frequently 

happens outside of a medical environment, such as 

upon food consumption or an insect bite. Even 

with the same stimulus in the same subject, the 

severity changes from episode to episode.[5] 

Healthcare providers and non-medical individuals 

may encounter challenges in identifying and 

diagnosing anaphylaxis. Epinephrine has been 

recognized as a necessary drug for the treatment of 

anaphylaxis by the World Health Organization and 

the World Allergy Organization.[6] The most 

widely utilized product for out-of-hospital care is 

an epinephrine autoinjector; yet, injectable product 

use is unpopular with patients and caregivers. 

Even if they are aware that they are experiencing a 

severe allergic reaction, up to 83% of patients and 

caregivers have reported forgetting to use or 

postponing using an epidural epinephrine 

autoinjector.[7] Delays in receiving treatment may 

raise the risk of death from vascular collapse or 

airway blockage. A nasal spray containing 

epinephrine is being developed as a potential 

alternative to intramuscular injections.[8] 

Intranasal (IN) administration is becoming more 

popular for delivering a range of treatments, 

especially for use outside of hospitals. In addition 

to being far less intrusive, IN administration has 

other benefits over other delivery methods, such as 

simplicity of usage, quick absorption, and 

avoidance of the discomfort commonly associated 

with intravenous (IV) or intramuscular (IM) 

injection.[9] Children, who are more likely to be 

"needle-phobic," benefit greatly from needle-free 

delivery choices.[10] A range of medications, 

including midazolam, diazepam, fentanyl, 

naloxone, ketamine, and dexmedetomidine are 

commonly administered intranasally for various 

medical purposes.[11] Antihistamines and 

corticosteroids are considered secondary 

treatments for anaphylaxis because they act 

slowly, cannot stabilize or prevent mast cell 

degranulation, and cannot target other mediators 

of anaphylaxis.[12] 

Epinephrine 

Epinephrine has been utilized for treating allergic 

reactions for over a century and remains the only 

universally recommended first-line therapy for 

Type I allergic reactions. The use of epinephrine 

to treat anaphylaxis was first documented in the 

1960s.[13] There is global consensus that 

epinephrine is the most effective treatment for 

anaphylaxis, supported by extensive clinical 

experience, case reports, and a limited number of 

clinical trials.[14] 

Pharmacology of Epinephrine 

The mechanism of action (MOA) of epinephrine 

in treating Type I allergic reactions, such as 

anaphylaxis, is widely known. It is based on the 

direct systemic agonism of α- and β-adrenergic 

receptors, which reverses the pathological 

response caused by exposure to an antigen and a 

stabilized mast cell to stop allergic reactions from 

proceeding.[15]  Epinephrine functions as a 

nonselective agonist at G-protein-coupled α- and 

β-adrenergic receptors. By directly blocking 

almost all end-organ effects of immune mediators 

of anaphylaxis and stabilizing mast cells, 

epinephrine stops additional degranulation and the 

release of allergy mediators in a matter of 

minutes.[16] The primary therapeutic impact of 

epinephrine stems from its direct agonism of β2-

adrenergic receptors, which causes an increase in 
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intracellular cyclic AMP synthesis and the 

activation of adenylyl cyclase. α-adrenergic 

receptors enhance vascular permeability and 

decrease vasodilation, whereas anaphylaxis causes 

hypotension and a loss of intravascular fluid 

volume.[17] The relaxation of bronchial smooth 

muscle by β-adrenergic receptors helps relieve 

dyspnea, wheezing, and bronchospasm that can 

happen during anaphylaxis.[18] To maintain blood 

pressure (BP), β-adrenergic receptors cause an 

increase in heart rate and contractility. Heart rate 

and contractility are enhanced through β-

adrenergic receptors to help regulate blood 

pressure.[19] Epinephrine, known for its capacity 

to relax smooth muscles in the stomach, intestines, 

uterus, and bladder, can alleviate symptoms like 

itching, hives, and swelling, and may also ease 

gastrointestinal and genitourinary symptoms 

related to anaphylaxis.[20] Anaphylaxis is most 

commonly triggered by food, insect stings, and 

medications, but it can also result from exercise or 

occur without a known cause. Since anaphylaxis 

can happen outside the home, it's crucial for 

patients to be educated on avoiding allergens and 

the necessity of having epinephrine on hand.[21] 

The prompt administration of epinephrine by 

either the patient or a caregiver is key to effectively 

resolving symptoms. Although the risk of 

overdose and severe cardiac side effects is present 

with any injection method, it is lower with 

intramuscular (IM) administration compared to 

intravenous (IV) administration.[22] 

 
Fig 1: Adrenergic effects of epinephrine. Adapted from Simons6 

Beneficial aspects 

In patients experiencing anaphylaxis, epinephrine 

plays a critical role in saving lives through its 

powerful alpha-1 adrenergic vasoconstrictor 

effects on small arterioles and precapillary 

sphincters across various body organ systems. 

This vasoconstriction reduces mucosal oedema, 

helping to prevent and alleviate upper airway 

obstruction, and raises blood pressure, thereby 

preventing and treating shock.[23] Its beta-1 

adrenergic effects result in an increased heart rate 

and stronger cardiac contractions. Additionally, its 

beta-2 effects promote bronchodilation and reduce 

the release of histamine, tryptase, and other 

inflammatory mediators from mast cells and 

basophils.[24] 

Advantages of Nasal Administration 

• Ease of Use:  

Nasal sprays are generally easier to use than 

injections, especially for individuals who are not 

trained in administering injections or are in a 

panicked state during an anaphylactic reaction. 

• Rapid Absorption:  

The nasal mucosa is highly vascular, allowing for 

rapid absorption of the drug directly into the 

bloodstream. 

• Non-invasive:  

This method avoids the pain and potential 

complications associated with needle use, making 

it more acceptable to some patients, particularly 

children and needle-phobic individuals. 

• Potential for Wider Availability:  
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Nasal epinephrine could be more easily integrated 

into public spaces, such as schools and airports, 

where trained personnel might not always be 

available.[25-28] 

Clinical Efficacy and Safety 

Preliminary studies and clinical trials suggest that 

nasal epinephrine is effective in reversing the 

symptoms of anaphylaxis, with a similar 

pharmacokinetic profile to intramuscular 

injections.[29] However, ongoing research is 

necessary to establish its efficacy fully and to 

determine the optimal dosing and delivery 

mechanisms. These trials often measure outcomes 

such as the time it takes for symptoms to begin 

resolving, improvements in vital signs (e.g., blood 

pressure, heart rate), and the overall survival 

rate.[30] The effectiveness of nasal epinephrine 

has been found to be comparable to that of 

intramuscular (IM) epinephrine, which was the 

gold standard for anaphylaxis treatment. This 

similarity is crucial because IM epinephrine has a 

well-established track record for rapidly resolving 

life-threatening allergic reactions.[31] FDA 

recently approved the first nasal epinephrine for 

anaphylaxis. Approval was based on four studies 

conducted in 175 healthy adults, without 

anaphylaxis, that measured the epinephrine 

concentrations in the blood following 

administration of nasal epinephrine or approved 

epinephrine injection products. Results from these 

studies showed comparable epinephrine blood 

concentrations between nasal epinephrine and 

approved epinephrine injection products.[32] 

Safety Profile: 

Adverse Events:  

The most frequently reported side effects of nasal 

epinephrine include throat irritation, tingling in the 

nose (intranasal paresthesia), headache, nasal 

discomfort, feelings of jitteriness, tingling 

sensations (paresthesia), fatigue, tremors, runny 

nose (rhinorrhea), itching inside the nose (nasal 

pruritus), sneezing, abdominal pain, gum pain 

(gingival pain), mouth numbness (oral 

hypoesthesia), nasal congestion, dizziness, nausea, 

and vomiting.[33] 

Local Effects:  

Special attention is given to any local side effects 

related to nasal administration, such as nasal 

irritation or congestion. Clinical trials typically 

report that these local effects are mild and 

transient.[34] 

Challenges and Considerations 

Dosing Consistency:  

Ensuring a consistent and effective dose with each 

spray is a challenge, particularly given the 

variability in nasal anatomy and the presence of 

nasal congestion or other conditions. 

Regulatory Approval:  

As with any new drug formulation, nasal 

epinephrine must undergo rigorous testing and 

regulatory review to ensure it meets safety and 

efficacy standards. 

Public and Medical Acceptance:  

The adoption of nasal epinephrine will depend on 

its acceptance by both the medical community and 

the general public. Education and training will be 

essential in ensuring that patients and caregivers 

understand how and when to use it.[35]  

The future role of nasal epinephrine in 

anaphylaxis 

The development of nasal epinephrine is a 

promising step forward in the treatment of 

anaphylaxis. Future research should focus on 

optimizing the formulation, improving delivery 

mechanisms, and conducting large-scale studies to 

confirm its safety and effectiveness. If successful, 

nasal epinephrine could become a valuable tool in 

managing anaphylaxis, offering a faster, easier, 

and more accessible option for patients in 

need.[36-37] 

CONCLUSION 

The introduction of a new, convenient option that 

eliminates the need for a needle in the self-

administration of epinephrine during acute 
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anaphylaxis is a promising development. 

Intranasal administration, as a delivery method, 

has consistently proven to be both user-friendly 

and effective in delivering medications. Nasal 

epinephrine represents a significant innovation in 

the treatment of anaphylaxis. Its ease of use, rapid 

absorption, and non-invasive nature make it a 

compelling alternative to traditional intramuscular 

injections. With further research and development, 

nasal epinephrine could potentially revolutionize 

the management of anaphylaxis, making life-

saving treatment more accessible and effective for 

individuals at risk of severe allergic reactions. 
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