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Learning Objectives

Be capable to explain a brief history of epinephrine
Explain how FDA process to approve new routes of 
administration of epinephrine
Analyze the data on PK and PD measurements in intranasal and 
sublingual epinephrine
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A Brief History of Epinephrine
In 1893 by George Oliver, a Harrogate physician, and Edward Schäfer, professor of 
physiology at University College London made extract from adrenal glands contained a 
substance with dramatic pharmacological effects 
However, a name for the substance was not coined until John Jacob Abel in the USA 
prepared crude adrenal extracts in 1897 and called them epinephrin [sic]. 

Jeffrey Aronson: When I Use a Word . . . Adrenaline and epinephrine 
January 26, 2018. BMJ Opinion 



A Brief History of Epinephrine (cont.)

The first medical use of epinephrine occurred in 1901 by Solomon 
Solis-Cohen, who gave desiccated adrenal extract orally to treat 
patients with hay fever. 

In 1901, Jokichi Takamine prepared a pure extract of the active 
principle from the adrenal gland and patented it. 

Parke, Davis & Co marketed his extract and used the proprietary name 
Adrenalin. Epinephrine became the generic name in America. 

In 1913, James Adam, author of Asthma and its Radical Treatment, 
noted that the “absorption of the drugs from the nasal mucous 
membrane or larynx or trachea” should be seen an alternative 
route for epinephrine. 

Arthur G. Epinephrine: a short history. Lancet Respir Med. 2015 May;3(5):350-1.



A Brief History of Epinephrine (cont.)
The method of hypodermic administration of epinephrine was endorsed 
by a report from Dr. Brian Melland, published in The Lancet in 1920 and 
showed efficacy in asthma. 

Bodon C. The intracardiac injection of adrenalin. The Lancet 1923; 1:586-
590 popularized the use of epinephrine in anaphylaxis.

By the 1930s, epinephrine emerged as a frontline treatment for 
anaphylaxis due to its ability to rapidly reverse many of the symptoms 
associated with the condition. 



Epinephrine/Adrenaline-Etymology

Greek: ἐπί (upon) + νεφρός (kidney)
Classical Latin: ad (placed on) + rēnēs (kidneys) 
Greek “epinephrine” = Latin “adrenaline”



Which is Correct???

Is it Epinephrine or Adrenaline??



Is it Epinephrine or Adrenaline??
Most therapeutic medicines have at least three different names.
•The chemical name by the International Union of Pure and Applied 
Chemistry (IUPAC). 

• (R)1(3,4dihydroxyphenyl)2methylaminoethanol
•The approved (official or generic) name
• World Health Organization’s recommended international nonproprietary name 

(rINN)
•But it may be some locally approved name—

British approved name (BAN) 
Dénomination commune française (DCF) 
Japanese accepted name (JAN) 
United States adopted name (USAN) 

•(R)1(3,4dihydroxyphenyl)2methylaminoethanol is better known as 
adrenaline (BAN) or epinephrine (rINN).

Jeffrey Aronson: When I Use a Word . . . Adrenaline and epinephrine. BMJ Opinion
January 26, 2018





Is IM really best for anaphylaxis?
EpiPen approved by the FDA in 1987-inject into the anterolateral aspect of thigh
Simons et al. in 2001 published human study of IM vs SC

Simons FE, Gu X, Simons KJ. 
Epinephrine absorption in adults: 
intramuscular versus subcutaneous 
injection. J Allergy Clin Immunol. 2001 
Nov;108(5):871-3.



Is IM best for anaphylaxis? (cont.)

The data do not establish that IM injection is superior to SC injection in the thigh.
In an actual clinical setting, an EpiPen injection might end up being either IM or SC, 

the patient’s sex
the body habitus
the amount of clothing through which the needle has to travel

There are no reports to suggest that patients who are more likely to get 
autoinjected epinephrine SC, such as females and patients with large body 
habitus, have worse outcomes during anaphylaxis. 

Chowdhury BA, Meyer RJ. Intramuscular versus subcutaneous injection of epinephrine in the 
treatment of anaphylaxis. J Allergy Clin Immunol. 2002 Apr;109(4):720



Why do we need alternative methods for 
administering epinephrine for anaphylaxis? 

Bulky size and lack of carriage
It’s a needle
Hesitant to use-scared
Proper training is needed
Lacerations and injuries
Cost

Lieberman JA, Oppenheimer J, Hernandez-Trujillo VP, Blaiss MS. 
Innovations in the treatment of anaphylaxis: A review of recent data. 
Ann Allergy Asthma Immunol. 2023 Aug;131(2):185-193.e10



How does the FDA approve alternative 
methods of epinephrine administration?
FDA approval pathway is called 505(b)(2)

It allows at least some of the information required for NDA approval, such as 
safety and efficacy information on the active ingredient, to come from studies 
not conducted by or for the applicant.

The performance of the device or product through animal and human pharmacokinetic 
(PK) and pharmacodynamic (PD) studies-”does it mimic EAI and IM Epi injection?”
PK- The study of how the body interacts with administered substances for the entire 
duration of exposure
PD- The study of a drug's molecular, biochemical, and physiologic effects or actions



PK measurements in Epinephrine Studies

Overall Drug Exposure



PD measurements in Epinephrine Studies

Heart Rate
Systolic Blood Pressure
Diastolic Blood Pressure
Respiratory Rate



Which is more important PD or PK???



Intranasal Epinephrine
Vascularization of the nasal cavity which provides rapid onset action by bypassing 
first pass metabolism
No needle phobia
Minimal side effects to nasal delivery 
Few contraindications (facial trauma, epistaxis, diseases with impaired ciliary 
function, e.g., cystic fibrosis). 
Due to slower absorption than the IM or IV route, a higher IN dose may be necessary 
to achieve adequate plasma concentration. 
Other types of rescue medications can be effectively administered IN, including IN 
naloxone in opiate overdose

Boswell B, Rudders SA, Brown JC. Emerging Therapies in Anaphylaxis: Alternatives to Intramuscular Administration 
of Epinephrine. Curr Allergy Asthma Rep. 2021 Mar 5;21(3):18.



ARS-1



Comparative pharmacokinetics and pharmacodynamics of neffy 2.0 
mg, EpiPen 0.3 mg, and manual intramuscular injection 0.3 mg. 
Methods: This was a phase 1, randomized, 6-treatment, 6-period, 2-
part crossover study in 59 healthy subjects. 
Pharmacokinetic and pharmacodynamic parameters following single 
and repeat doses of epinephrine were assessed before dosing and at 
various postdose intervals. 

J Allergy Clin Immunol. 2023 Dec;152(6):1587-1596







This was a Phase 3, single-period, single-dose open-label study in pediatric subjects (n = 15) who experienced 
allergic symptoms (Grade 2 or higher) induced by an OFC. 

Grading was determined by the Severity Classification of Organ Symptoms Induced by Anaphylaxis in the 
Anaphylaxis Guidelines of the Japanese Society of Allergology

AAAAI Feb 2024





Press Release ARS Pharma Feb 20, 2024



NDS1C



An open-label, 3-period crossover study was conducted in 116 healthy adult 
volunteers to assess the bioavailability of a single 13.2 mg intranasal dose of 
epinephrine compared to a 0.3 mg intramuscular autoinjector and a 0.5 mg manual 
syringe. 
2 cohorts-one got 13.2 dosage in same nostril (2 puffs same nostril) and other got 
13.2 dosage (1 puff in each nostril)





13.2 mg INTRANASAL EPINEPHRINE TREATMENT IN CONGESTION SHOWS
INCREASED BIOAVAILABILITY WITHOUT PHARMACOKINETIC AND

PHARMACODYNAMIC CORRELATION

Open-label, 4-period, 4-treatment, partial crossover study
Both cohorts received the following treatments:
Period 1: 13.2 mg ENS administered by 2 consecutive sprays, with congestion induced 
by NAC
Periods 2 and 3: 0.3 mg epinephrine by IM autoinjector or 0.5 mg epinephrine IM by 
manual syringe (MS)
Period 4: 13.2 mg ENS administered by 2 consecutive sprays, without congestion
There was a washout period of 1 day between Periods 1-3 and of at least 14 days 
between Periods 1 and 4

Poster at ACAAI  Anaheim 2023









Poster at AAAAI 2024 –PK/PD Data IN Epi 
vs IM Epi in 4 pooled studies

Greenhawt M et al PK data and Lieberman J et al PD data 2024





Dry Powder Intranasal Epinephrine
An open-label trial was performed in 12 adults with seasonal allergic rhinitis without asthma. Epinephrine 
pharmacokinetics, pharmacodynamics, and safety were compared between FMXIN002 (1.6 mg and 3.2 mg) 
administered intranasally with/without a nasal allergen challenge and IM (0.3 mg) EpiPen. 

Tal Y, Ribak Y, Rubin L, et al. Fast Acting, Dry Powder, Needle-Free, Intranasal Epinephrine 
Spray: A Promising Future Treatment for Anaphylaxis. J Allergy Clin Immunol Pract. 2023 
Oct;11(10):3047-3054.





Sublingual Epinephrine

Like IN epi, sublingual epi allows medications to bypass first 
pass metabolism of the liver
One problem could be the bitter taste of epinephrine
Tablets and films



Sublingual Film- AQST-109

AQST-109 is a polymer matrix-based epinephrine prodrug administered 
as a sublingual film that is applied under the tongue for the rapid delivery 
of epinephrine. 
The product is similar in size to a postage stamp, weighs less than an 
ounce.
Dissolves on contact with no water or swallowing required for 
administration. 



Golden D, et al AAAAI 2024



Golden D, et al AAAAI 2024



Inhaled Epinephrine



Is there a role for inhaled epinephrine in 
anaphylaxis?
OTC inhaled epinephrine has 0.125 mg per puff
Data suggests that one would need to take at least 20 puffs to possibly have a 
therapeutic effect
In 1991, Mellen show in 9 adults that 20 puffs (0.150 mg per puff) had rapid peak 
epinephrine effect at one minute
In 2000, Simons et al. looked at children but levels of epinephrine were no higher 
than placebo probably due to difficulty for children to do 1—20 puffs and the 
taste of the inhalations
Schlegel et al. warned about the role of inhaled epinephrine in anaphylaxis

Variable inhalation techniques
Severe gastrointestinal adverse effects
Risk of hyperventilation

Mellem H, Lande K, et. al. Br J Clin Pharmacol. 1991;31(6):677–681. 
Simons FE, et. al. Pediatrics. 2000 Nov;106(5):1040-4.
Schlegel C, Fux R et. Al. J Dtsch Dermatol Ges. 2009;7(5):420–426.
Shaker MS, Golden DBK et. Al. Ann Allergy Asthma Immunol. 2023 Dec 9:S1081-1206(23)01488-6.



Better Autoinjectors



Windgap Medical

https://windgapmedical.com/windgap-drug-delivery-platforms/



Zeneo-needle free, prefilled, 
single use autoinjector

The device consists of a specially 
designed glass tube that can withstand 
high pressure in combination with a 
propellant based on a nitrocellulose 
chemical reaction.

When activated, the device propels the 
drug under high pressure through the 
skin into the bloodstream without the 
need for a needle.

https://www.crossject.com/en/our-technology/needle-free-
h l



Conclusions
We have come a long way since the first medical use of 
epinephrine over 120 years ago.
Although IM epinephrine is highly effective, but our present 
autoinjectors carry lots of issues for our patient population 
leading to underuse.
Alternative forms of administration are very promising with PK 
and PD data in the range of autoinjectors and IM syringe 
epinephrine.
If and when approved, clinical data will show the true efficacy 
and side effect profile of these alternative forms.
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