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Anaphylaxis is an acute, life-threatening, multisystem condition caused by the abrupt 

release of  mediators by mast cells and basophils. Epinephrine Autoinjectors (EAIs) are 

used for treating anaphylaxis. Low prescription fulfillment rates, non-carrying behavior 

and needle-phobia prevent them from being as useful as they could be. Growing interest 

has been seen in creating simple-to-use, needle-free delivery systems. Recently, a new 

therapeutic option for anaphylaxis has emerged: Neffy,  an epinephrine nasal spray. The 

FDA has approved neffy, a needle-free, easy-to-carry epinephrine delivery method for 

severe allergies. This has the potential to reduce time of administration, leading to better 

clinical outcomes and improved quality of life for patients.  An overview of Neffy, 

including its development approach and review of available clinical data is given in this 

review. 
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INTRODUCTION 

Anaphylaxis is a severe allergic reaction that can 

cause breathing and circulation complications, 

potentially leading to death[1]. Anaphylaxis is 

characterised by symptoms such as erythema, 

pruritus, urticaria, angioedema, bronchospasm, 

laryngeal oedema, hypotension, cardiac 

arrhythmias, a sense of impending doom, 

unconsciousness and shock. Anaphylaxis can be 

triggered by an immunological response through 

either an IgE -mediated or immune complex-

dependent pathway. Non-immunologic 

anaphylaxis involves direct activation of mast cells 

and basophils[2,3]. Basophil activation, the 

synthesis of vasoactive mediators, mast cell 

stimulation, and the initiation of further 

inflammatory cascades are all components of the 

anaphylactic pathway[4]. The mediators induce 

urticaria, vasodilatation, an increase in vascular 

permeability and vascular leakage, oedema, and 

bronchoconstriction. The mediators include 

histamine, leukotrienes, and prostaglandins. 

https://www.ijpsjournal.com/
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Intranasal (IN) administration is becoming more 

and more popular for delivering a range of 

treatments, especially for use outside of hospitals. 

Aside from being significantly less intrusive, IN 

administration has several benefits over other 

delivery methods, including as simplicity of usage, 

quick absorption, and avoidance of the discomfort 

usually connected with intravenous (IV) or 

intramuscular (IM) injection. A number of 

medications, including midazolam, diazepam, 

fentanyl, naloxone, ketamine, and 

dexmedetomidine, among others, are routinely 

administered intranasally for a variety of 

indications. Needle-free delivery options are 

especially advantageous for children, who are 

more likely to be “needle-phobic”[5,6]. 

Etiology of Anaphylaxis  

Foods, medicines, and insect bites are examples of 

common initiating sources. Injections used in 

immunotherapy to enhance the overall allergic 

response may cause a hyperacute reaction. 

Anaphylaxis is a risk that comes with any 

hypersensitivity, and latex hypersensitivity is 

becoming more common. Idiopathic anaphylaxis 

occurs when the causative cause is occasionally 

unknown[7,8,9]. The most frequent causes are 

foods (peanuts, tree nuts, fish, shellfish, milk, 

eggs, wheat, rye, barley, soy, red meat, and 

sesame), fire ant bites and bee stings. Anaphylaxis 

caused by alpha-gal: This is related to the 

mammalian galactose alpha-1,3-galactose-

induced IgE antibody response. 

Symptoms of anaphylaxis may include: 

• Breathing difficulties  

• Wheezing 

• Hoarseness (changes in the way your voice 

Sounds) 

• Hives (raised reddened rash that may itch) 

• Severe itching 

• Swelling of your face, lips, mouth, or tongue 

• Skin rash, redness, or swelling 

• Fast heartbeat  

• Weak pulse 

• Feeling very anxious 

• Confusion 

• Stomach pain 

• Losing control of urine or bowel movements 

(incontinence) 

• Diarrhoea or stomach cramps 

• Dizziness, fainting, or “passing out” 

(unconsciousness) 

Several dietary products, latex exposure, insect 

venom, and pharmaceuticals are known to cause 

anaphylaxis. Anaphylaxis is more frequently 

reported in people with a history of severe allergic 

reactions, pre-existing respiratory or 

cardiovascular disease, uncontrolled severe 

asthma, delayed adrenaline administration, history 

of biphasic anaphylactic reactions, mast cell 

disease, and advanced age. 

Pathophysiology of Anaphylaxis  

When basophils and mast cells degranulate in 

response to re-exposure to a particular antigen, a 

variety of chemical mediators are released, 

resulting in anaphylaxis, which is usually an IgE-

mediated (type 1) hypersensitivity reaction. The 

aggregation of high-affinity receptors caused by 

IgE crosslinking causes the quick release of 

chemical mediators that had been accumulated. 

Proteoglycans, histamine, tryptase, and 

carboxypeptidase A are some examples of these 

chemical mediators. Phospholipase A, 

cyclooxygenases, and lipoxygenases are then 

activated to produce arachidonic acid metabolites, 

such as prostaglandins, leukotrienes, and factors 

that activate platelets[10,11]. Then, as a 

preformed, late-phase reactant, tumour necrosis 

factor (TNF-alpha) mediates the inflammatory 

response.  
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Fig. 1: Pathophysiology of Anaphylaxis 

These chemical mediators have the following 

specific physiology: 

• Tissue hypoperfusion results from histamine's 

increased vasodilation and vascular permeability. 

The body increases cardiac contraction and heart 

rate in response to these alterations. 

• As a bronchoconstrictor, prostaglandin D 

constricts the pulmonary and heart arteries at the 

same time. Moreover, it increases peripheral 

vasodilation, which exacerbates the hypoperfusion 

of critical organs. 

• Leukotrienes cause airway remodelling and 

increase vascular permeability and 

bronchoconstriction. 

• In addition to increasing vascular permeability, 

platelet activation factor also has 

bronchoconstrictor properties. 

• TNF-alpha promotes the synthesis of 

chemokines and activates neutrophils as a 

component of the stress response leukocytosis. 

FDA Approved EAI Products 

Table 1: History of FDA approved community use products 

Device 

(Approved) 

Basis of Approval Pharmacokinetics (literature and other data) 

EpiPen (1987) No clinical or PK data Significant differences (EpiPen vs. IM) only known in past 

10 years 

Significant blood vessel injection risk (IV bolus)only 

known in past 5 years 

Twinject (2003) No clinical or PK data No PK data is currently available 

Adrenaclick (2003) No clinical or PK data No PK data is currently available 

Auvi-Q (2012) Single PK study vs. 

EpiPen 

Slower PK compared to EpiPen, but faster PK compared to 

IM 

Symjepi (2017) No clinical or PK data Slower PK in comparison to other autoinjectors or Neffy 

Teva Generic 

EpiPen (2018) 

No clinical or PK data No PK data is currently available 
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The majority of severe Type 1 allergic reactions 

take place outside of hospitals and the only first-

line treatment that is generally advised is the 

prompt administration of epinephrine[12,13,14]. 

When treating severe allergic responses and 

anaphylaxis, epinephrine is administered by a 

variety of ways, including intramuscular (IM), 

subcutaneous (SC), intravenous (IV) infusion, and 

IV bolus. Many IM and subcutaneous epinephrine 

injection, EAI products have received FDA 

approval, such as SymjepiTM (Adamis 

Pharmaceuticals Corporation, San Diego, CA, 

USA), Adrenaclick® (Lineage Therapeutics Inc., 

Horsham, PA, USA), Auvi-Q® (Kaleo, Inc., 

Richmond, VA, USA), and EpiPen® (Mylan 

Speciality L.P., Morgantown, WV, USA), as well 

as several generic EAIs[15]. There were neither 

clinical trials nor pharmacokinetic studies carried 

out to support the approval of these products, with 

the exception of one pharmacokinetic study for 

Auvi-Q[16]. Rather, their endorsement was 

predicated on the notion that there were no 

notable.  

NEFFY PRODUCT DESCRIPTION  

Neffy (Epinephrine Nasal Spray) is made up of 

three FDA approved components: 

□ Epinephrine, the active ingredient  

□ Intravail (Dodecylmaltoside[DDM]), a 

proprietary absorption enhancer  

□ Unit Dose Spray (UDS)[17] 

 
Fig. 2: Neffy Triad 

Epinephrine 

Epinephrine, a sympathomimetic catecholamine is 

present in Neffy. 

Structure of Epinephrine: 

 
Fig. 3: Structure of Epinephrine 

Chemical Formula: C9H13NO3 

IUPAC Name: 4-[(1R)-1-hydroxy-2-

(methylamino)ethyl]benzene-1,2-diol 

Molecular Weight: 183.20 g/mol [18] 

Since more than a century ago, epinephrine has 

been used to treat allergic reactions. It is the only 

first-line treatment for Type 1 allergic reactions. 

The use of epinephrine for the treatment of 

anaphylaxis was first reported in 1960s. Based on 

clinical guidelines, vast experience, case reports 

and few clinical trials, it is widely accepted that the 

most effective treatment for anaphylaxis is 

epinephrine[19,20,21].  

Epinephrine, often known as adrenaline is a 

hormone and medicine that regulates the body’s 

acute stress response mechanism. It’s quick and 

strong physiological effects make it crucial in 

emergency medical care, where prompt action can 

make the difference between life and death. 

Epinephrine is used in a variety of medical 

circumstances, including treating allergies and 

resuscitation during cardiac arrest[22].  

Mechanism of action (MOA) of Epinephrine: 

Alpha and beta-adrenergic receptors are activated 

by epinephrine. Epinephrine is the most potent 

alpha receptor activator, acting on both beta and 

alpha receptors. Anaphylaxis causes vasodilation 

and increased vascular permeability, which can 

lead to hypotension and intravascular fluid loss. 

Epinephrine counteracts these effects by acting on 

alpha-adrenergic receptors. As a histamine 

antagonist and relaxant of the smooth muscle of 

the eye and bronchi, epinephrine is helpful in 
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treating allergic response symptoms and related 

illnesses. Additionally, this medication causes a 

rise in blood sugar and liver glycogenolysis. 

Epinephrine relieves bronchospasm, wheezing, 

and dyspnoea that may happen during anaphylaxis 

by relaxing bronchial smooth muscle through its 

impact on beta-adrenergic receptors[23]. 

Adrenergic receptors decrease vasodilation and 

increase vascular permeability, whereas 

anaphylaxis causes a loss of intravascular fluid 

volume and hypotension. Β-adrenergic receptors 

serve to relieve dyspnoea, wheezing, and 

bronchospasm that might happen during 

anaphylaxis by relaxing the bronchial smooth 

muscle. Β-adrenergic receptors cause an increase 

in heart rate and contractility in order to maintain 

blood pressure (BP). Epinephrine ameliorates 

symptoms like pruritus, urticaria, and angioedema 

and may reduce gastrointestinal and genitourinary 

symptoms linked to anaphylaxis. It does this by 

producing relaxation effects on the smooth muscle 

of the stomach, colon, uterus, and bladder. 

The mechanism of action (MOA) of epinephrine 

in treating type 1 allergic reactions, such as 

anaphylaxis is widely known. It involves the direct 

systemic agonism of α and β-adrenergic receptors 

to halt the allergic reactions, which is opposite of 

the pathological response brought on by exposure 

to an antigen and a stabilized mast cell[24].  

Table 2: Pharmacological effects of adrenaline/epinephrine in the treatment of anaphylaxis 

Adrenergic Receptor Pharmacological Effect 

α1 adrenergic receptor • Increased vasoconstriction 

• Increased peripheral vascular resistance 

• Raise blood pressure 

• Reduction of tissue edema 

• Nasal vasoconstriction 

α2 adrenergic receptor • Lowering intraocular pressure 

β1 adrenergic receptor • Increased heart rate 

• Increased cardiac contraction 

• Vasoconstriction in skin and mucosa 

β2 adrenergic receptor • Bronchodilation 

• Vasodilatation 

• Inhibition of mediator release 

• Lowering peripheral blood pressure 

β3 adrenergic receptor • Promotion of lipolysis 

Epinephrine acts as a non-selective agonist on G-

protein coupled α- and β-adrenergic receptors. 

Epinephrine inhibits the release of allergy 

mediators within minutes by directly 

counteracting immunological mediators and 

stabilizing mast cells[25]. Epinephrine’s major 

therapeutic function is to activate adenylyl cyclase 

and boost intracellular cyclic AMP production by 

directly activating β2-adrenergic receptors. 

Intravail (Dodecylmaltoside) 

Intravail is a non-toxic, non-irritating agent that 

enhances drug absorption through nasal and other 

mucosal surfaces. It’s unique properties make it an 

attractive solution for improving bioavailability 

and reducing dosing requirements. Intravail, 

which is also known as DDM(Dodecylmaltoside) 

is used to improve the absorption of medications 

like epinephrine and is classified as Generally 

Recognized as Safe (GRAS) for food 

applications[26]. Intravail is an alkylsaccharide 

that changes mucosal viscosity and membrane 
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fluidity to release cell-cell connections. It causes 

quick and reversible decreases in 

transepithelial/transendothelial electrical 

resistance values, resulting in modifications to 

tight junctions that aid absorption[27]. 

Alkylsaccharide absorption enhancers are soluble 

in water and oil and do not irritate or damage the 

mucosal barrier.  

When an absorption enhancer such as Intravail is 

used, the amount of epinephrine can be lowered 

without compromising efficacy, and this is 

possible in comparison to other IN formulations 

that lack an equivalent absorption enhancer[28]. A 

high dose of epinephrine in the presence of 

increased permeability in the nasal mucosa, such 

as from an allergy response or population 

fluctuations, may result in excessive absorption 

and raise the risk of overdose[29]. Intravail’s 

addition to the Neffy formulation maximises 

effectiveness while lowering the possibility of 

overdosage through dose capping. 

Phase 1 research indicates that adding 0.275% 

DDM  to neffy resulted in an optimum 

bioavailability. There have been no documented 

safety concerns with the inclusion of DDM in the 

formulations of FDA-approved medications. 

Unit Dose Spray (UDS) 

The UDS device used for neffy is well known and 

proven and has a 20-year history of use with no 

recalls. It is a single dose device that does not 

require any priming or other activation. It is a 

simple to use mechanism that is highly reliable, 

with less than 1 in 100,000 chances of a failure and 

delivers an effective dose within specifications 

based on reliability testing for neffy and other 

products using the UDS device. In addition to the 

real-world experience with this device ARS has 

conducted multiple reliability studies with the 

neffy 1 mg and neffy 2 mg products[30]. 

Prescribing Information for neffy 

Indication and Usage 

Neffy is recommended for the emergency 

management of type I allergic responses in adults 

and paediatric patients weighing 30 kg or more, 

including anaphylaxis. 

Dosage form and strength 

Nasal Spray: 2mg/0.1ml of epinephrine per spray 

in a single dose nasal spray. 

How neffy works? 

A nasal spray is used to administer epinephrine to 

your body. The nasal spray delivers the same drug 

as auto-injectors, but it goes straight into the 

nostril rather than through a needle. An allergic 

reaction that is severe or potentially fatal will be 

stopped or slowed down by the drug. Many 

allergic reactions to food or insect venom carry 

epinephrine with them at all times. This required 

carrying a needle-equipped epinephrine auto-

injector for many years. There's a needle-free 

option now available with the nasal spray. 

Usually, it starts to work after five minutes. Neffy 

must be treated right away in order to prevent a 

serious allergic reaction. It can help stop 

potentially fatal anaphylaxis from getting worse. 

Administration Instructions 

• Neffy should only be used in the nose. Avoid 

getting any spray in your mouth or eyes. 

• Each neffy contains one dose of medication 

and is not reusable. The gadget should not be 

primed or tested (pre-spray). 

• Two gadgets are included in the carton that 

contains your Neffy. If the symptoms worsen 

or persist, you might need to apply a second 

Neffy. 

• Two Neffy devices should be carried at all 

times. 

• One dose of Neffy is administered via each 

nostril. If more Neffy is required, it should be 

administered in the same nostril and five 

minutes after the initial dose. 

• Avoid sniffing during or after taking neffy. 

Storage and Handling 
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Keep in storage at 20 degree Celsius to 25 degree 

Celsius (68°F to 77°F). Ventures were permitted 

to reach 122°F (50°C). Do not freeze. Neffy 

freezes below 5°F, or -15°C. If Neffy freezes, it 

won't release adrenaline. 

NEFFY DEVELOPMENT APPROACH  

Currently, no randomised controlled trials have 

been carried out to evaluate the effectiveness of 

epinephrine products in treating severe Type I 

allergic reactions, including anaphylaxis, due to 

ethical and practical constraints[31,32]. There are 

numerous explanations for the scarcity of such 

investigations. First, consider the unexpected 

clinical course. Predicting the progression, 

severity, and possibility of a deadly allergic 

reaction is challenging[33,34,35]. The clinical 

course’s unpredictability may put patients at 

danger of life-threatening, potentially deadly 

diseases[35,36]. 

Acute epinephrine administration’s 

pharmacokinetics have not been thoroughly 

studied, with prior research primarily relying on 

IV infusion, in addition to the dearth of efficacy 

trials. A pharmacokinetic trial using Auvi-Q and 

EpiPen was the only exception[14]. According to 

recent pharmacokinetic studies, which were 

carried out for the development of Neffy by ARS 

and the EMA in 2015, there are notable variations 

in the pharmacokinetic profiles of approved 

injection products[37,38,39]. 

Thus, over a period of eight years, ARS 

collaborated closely with the FDA and the EMA to 

establish a development route for the assessment 

of neffy’s safety and effectiveness. In order to 

assess the pharmacokinetic and pharmacodynamic 

response of neffy in controlled environments 

under a range of possible real-life conditions, such 

as self-administration, allergic rhinitis, infectious 

rhinitis, and severe hypotension in an animal 

model, this pathway has included numerous 

clinical trials. 

REVIEW OF NEFFY’S CLINICAL DATA  

As part of Neffy’s development program, 

published data from many clinical trials are 

included in this review. Before beginning the 

study, each subject provided written, informed 

permission, and all study methods were approved 

by the appropriate Institutional Review Boards or 

Ethics Committees. Guidelines for Good Clinical 

Practice from the International Conference on 

Harmonisation were followed in conducting the 

trials. 

 
Fig. 4: Neffy Clinical Development Program 
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Prior to the dosage followed by 2, 4, 6, 8, 10, 12.5, 

15, 20, 30, 45, 60, 90, 120, 150, 180, and 240 (360 

or 480 minutes, depending on the study) minutes 

after the dose, blood samples were taken for 

pharmacokinetic analysis. Plasma epinephrine 

concentrations were measured using a validated 

liquid chromatography-mass spectrometry 

method. An automated system was used to 

measure pharmacodynamic characteristics such as 

systolic and diastolic blood pressure, as well as 

pulse rate (PR). Blood pressure and pulse rate were 

recorded at baseline, before dosage, and at 1, 5, 10, 

15, 20, 25, 30, 45, 60, 90, and 120 min post-dosing 

(depending on study). 

Neffy 2 mg Human Studies 

Crossover Study: Neffy 2.0 mg vs EpiPen and 

Manual Intramuscular Injection-Dosing Once and 

Twice 

The pharmacokinetics and pharmacodynamics 

were evaluated in a Phase 1 crossover study with 

healthy participants of neffy 2.0 mg versus 0.3 mg 

of EpiPen and 0.3 mg of manual intramuscular 

epinephrine (IM) with a needle and syringe. The 

study aimed to show that neffy's pharmacokinetic 

and pharmacodynamic profiles were comparable 

to licensed epinephrine injectable products. A 

study included 59 individuals aged 21-54 years old 

who received a single dose of neffy, EpiPen, and 

0.3 mg of epinephrine IM, followed by a repeat 

dose of neffy and EpiPen[40]. 

The results of this study showed that the 

pharmacokinetic profile of neffy 2 mg is within the 

permissible range for epinephrine injection 

products, and the pharmacodynamic profile is 

either the same as or superior to injectable 

products. 

Pharmacokinetics 

Following an EpiPen administration, mean 

epinephrine concentrations peaked, and this effect 

lasted for around 20 minutes after delivery. The 

mean epinephrine concentrations following neffy 

were higher from 30 to 360 minutes post-dosage 

compared to epinephrine IM and EpiPen. The 

neffy treatments (R/R and L/R) showed higher 

mean epinephrine concentrations after many doses 

in comparison to the EpiPen. 

   
Fig. 5: Average epinephrine concentration time. The study was conducted on healthy individuals. N = 42 

for Neffy 2.0 mg, Epinephrine 0.3 mg IM, and EpiPen 0.3 mg. The sample size was 39 for both neffy 2.0 

mg (L/R) and neffy 2.0 mg (R/R). N = 42 for the EpiPen 0.3 mg (L/R). (A) Single dosage. (B) Repeat the 

dose, administering the second dose 10 minutes later. 

Pharmacodynamics 

neffy's pharmacodynamic effect on SBP began 

one minute after treatment and lasted 120 minutes. 

EpiPen was related with a less significant and 

more sudden increase in SBP compared to neffy, 

while epinephrine IM resulted with a minimal 

change. All therapies returned SBP to baseline 

within 120 minutes of administration. All 
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therapies increased DBP from baseline and then 

decreased it. EpiPen and Epinephrine IM resulted 

in a more noticeable decline compared to neffy, 

according as the integrated analysis in Section 4.1. 

The PR increased from the baseline for every 

treatment. For both the EpiPen and epinephrine 

IM, the initial spike was followed by a decline, but 

the elevation lasted for 120 minutes after being 

administered. 

 
Fig. 6: Pharmacodynamic measurements vs. time after neffy, EpiPen, and epinephrine 0.3 mg IM: 

(A)Single doses. (B) Repeat doses. 
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CONCLUSION 

For the treatment of anaphylaxis, the bulkiness of 

carrying an EAI, needle fear, and patient’s 

personal safety concerns are the main causes of the 

limits of the already approved EAIs, which 

highlight the need for alternative treatment 

choices. Intranasal (IN) administration of 

epinephrine is the best option for the treatment of 

anaphylaxis with needle-free delivery that rapidly 

absorbed the drug.  

Neffy (Epinephrine Nasal Spray) is the needle-free 

alternative for EAIs which is used for  emergency 

treatment of anaphylaxis. Over several studies, 

Neffy has shown a pharmacokinetic profile that 

falls within the current range of approved injection 

products, along with pharmacodynamic responses 

that are on equal with or better than injection. 

Notably, a response was observed as early as one 

minute after treatment, confirming the activation 

of α- and β-adrenergic receptors, which is the basis 

for epinephrine’s MOA for treating allergic 

reactions. Neffy’s goal is to decrease the 

unwillingness of patients to administer 

epinephrine to themselves, which will boost the 

usage of the medication earlier and lower the 

chance that severe anaphylaxis would develop. 
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