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Upon completion of this learning activity, 
participants should be able to:

Paraphrase 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



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]. 
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Most therapeutic medicines have at least three different names.

The chemical name, whose form generally follows the rules issued by the International Union of Pure and

Applied Chemistry (IUPAC). For example, (R)1(3,4dihydroxyphenyl)2methylaminoethanol; the chemical

name is an unambiguous description of a drug’s structure, but it is usually cumbersome and irrelevant to

practical prescribing, although there are a few exceptions, such as glyceryl trinitrate and acetylsalicylic

acid.

The approved (official or generic) name; this is usually the World Health Organization’s recommended

international nonproprietary name (rINN), but it may be some locally approved name—for example, the

British approved name (BAN), dénomination commune française (DCF), Japanese accepted name (JAN), or

United States adopted name (USAN). Drugs with chemical names that are sufficiently simple have no

INNs. The compound mentioned above is better known as adrenaline (BAN) or epinephrine (rINN).

Proprietary (brand or trade) names, which are names given by pharmaceutical manufacturers; for

example, adrenaline is marketed in Britain for intramuscular injection as Emerade, Epipen, and Jext.

Since a 1992 directive of the European Community, the UK has used INNs, when available, as approved names,

except in one case—adrenaline. I have previously discussed the reasons in detail; they are related to risk, usage,

etymology, and the history of the discovery of adrenaline.

That the adrenal glands contained a substance with dramatic pharmacological effects was first shown in 1893 by

George Oliver, a Harrogate physician, and Edward Schäfer, professor of physiology at University College London.

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]. Abel’s paper, presented to the American Physiological Society

in 1898 and published in 1899, began “Acting on Hyrtl’s suggestion that epinephris would be the best name for

the suprarenal capsule, the author has given the name Epinephrin to the active principle isolated by him.”

Nowadays we spell it with an e at the end. Epinephrine is Greek: ἐπί (upon) + νεϕρός (kidney), which in classical

Latin becomes ad (placed on) + rēnēs (kidneys). Greek epinephrine = Latin adrenaline.

J J Abel (1857-1938) and the opening of the paper in which he proposed the name “epinephrine”

Josef Hyrtl (1810–1894), born in Hungary, studied medicine in Vienna from 1831, became prosector in anatomy

in 1833, graduated with a thesis titled Antiquitates anatomicæ rariores, and became professor of anatomy at the

University of Prague in 1837, at the age of 26. He was appointed to the chair of anatomy at Vienna in 1845, and

in 1850 published his Handbook of Topographic Anatomy, the first textbook of applied anatomy. He was famed

as a teacher, and in 1865, the 500th anniversary of the foundation of the university of Vienna, was made rector.

Perhaps his best known work was a monograph proposing the reform of anatomical terminology, Onomatologia

Anatomica (Wien: Wilhelm Braumuller, 1880), subtitled Geschichte und Kritik der anatomischen Sprache der

Gegenwart (History and Critique of Current Anatomical Terminology).

 

Abel’s epinephrin did not behave physiologically like adrenaline does, and was in fact an inactive benzoylated

derivative. In 1901, after having visited Abel, 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, on the incorrect assumption that Abel’s extract

was the same as Takamine’s. “Epinephrine” later became the rINN.

The first instance of “epinephrine” in the online OED is from 1899, but the citation is to a brief abstract in the

“Jrnl Chem Soc”, an annotation by “W. D. H.” of Abel’s paper in “Proc Amer Physiol Soc 1898” titled “On

epinephrin, the active constituent of the suprarenal capsule and its compounds” (pictures). The earliest

recorded instance of “adrenaline” is from 1893.

J J Abel coined the name “epinephrine”, but in the UK we continue to call it adrenaline.

Jeffrey AronsonJeffrey Aronson is a clinical pharmacologist, working in the Centre for Evidence Based

Medicine in Oxford’s Nuffield Department of Primary Care Health Sciences. He is also president

emeritus of the British Pharmacological Society.
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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 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.)

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



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

neffy, Epinephrine Nasal Spray, Demonstrates a Positive Efficacy and Safety Profile for the Treatment of 
Allergic Reactions in Pediatric Patients at Risk of Anaphylaxis: Phase 3 Study Results

Motohiro Ebisawa, MD, PhD1, Kento Takahashi, MD1, Kyohei Takahashi, MD, PhD1, Noriyuki 
Yanagida, MD, PhD1, Sakura Sato, MD1, Richard Lowenthal MSc2, Sarina Tanimoto MD, PhD2

1Clinical Research Center for Allergy and Rheumatology, NHO Sagamihara National Hospital, 2ARS Pharmaceuticals, San Diego, CA, USA. 
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RATIONALE

Epinephrine is the first-line treatment for severe allergic reactions and anaphylaxis, and epinephrine auto-injectors (EAIs) are the most 
frequently used products for out-of-hospital treatment1-3.

Despite epinephrine’s well-established safety and efficacy profile, over 80% of at-risk patients report having failed to inject epinephrine, 
even when they knew they were having a severe allergic reaction4-7.

neffy is an intranasal (IN) epinephrine spray that is a needle-free alternative epinephrine delivery device being developed for the 
emergency treatment of (Type I) allergic reactions, including anaphylaxis. neffy is expected to have significant clinical benefit by reducing 
apprehension and delay in dosing, reducing dosing errors, and making it easier to carry the product at all times.

The present study was conducted to assess the efficacy and safety of neffy (1.0 or 2.0 mg, based on weight) for the treatment of allergic 
symptoms (Grade 2 or higher) induced by an Oral Food Challenge (OFC). Table 1

EFFICACY RESULTS

OBSERVED ALLERGIC REACTIONS 

A total of 18 Grade 2 reactions were observed following the OFC (Table 2).

SUBJECTS REQUIRING A SECOND DOSE OF EPINEPHRINE 

No patient needed a second dose of epinephrine within 15 minutes post-dose. 

One patient developed a biphasic reaction 2 hours and 45 minutes following administration of neffy and was treated with epinephrine at 
the time of that reaction. 

TIME TO SYMPTOM RESOLUTION 

The time course for the resolution of all Grade 2 symptoms is presented by organ system (Figure 1). With the exception of cardiovascular 
symptoms (n=1), mean symptom grades started decreasing within five minutes of neffy administration (the first assessment time point). 
Median times to resolution by organ system were; Respiratory symptoms – 15.5 (1 – 90) minutes, Gastrointestinal symptoms – 15. (10 -60) 
minutes, Skin/mucosal symptoms – 35 (10 -60) minutes, and Cardiovascular – 32 (--) minutes.

Of note, the grade for cardiovascular does not have Grade 1 (Table 1), and therefore, the next grade from Grade 2 (pale face, mild 
hypotension, tachycardia) was no symptom (grade 0).

The time course of total grade of each organ symptom is presented in Figure 2. For both dose groups, the mean total grade started 
decreasing within five minutes of neffy administration (the first assessment timepoint). Median time to resolution from Grade 2 to 0 was 16 
(1-90) minutes.
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METHODS

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 Allergology8,9.

CONCLUSIONS 

neffy appears to be a safe and effective needle-free option for the treatment of anaphylactic symptoms. 

The results demonstrated that the efficacy observed following administration of neffy in the present study was comparable to what is 
typically observed for current epinephrine therapies, with most patients exhibiting marked symptom relief within five minutes of dosing. 

The safety profile of neffy was also consistent with currently approved epinephrine injection therapies. Based on these results, patients 
and caregiver are likely to benefit from this easy-to-use and needle-free option for the emergency treatment of severe allergic reactions, 
including anaphylaxis.

Table 2: Observed Following Oral Food Challenge

Figure 2: Time Course for Total Grade of Organ Systems 

neffy was administered immediately following the observation of Grade 2 symptoms. Patients weighing 15 – 30 kg received neffy 1.0 mg and
     patients weighing ≥30 kg received neffy 2.0 mg. If symptoms remained unchanged or worsened patients were treated with IM epinephrine.

    The study included 15 subjects between 6 and 17 years of age. Six subjects weighed between 15 and 30 kg and received neffy 1.0 mg and
    nine subjects weighed ≥30 kg and received neffy 2.0 mg. neffy appears to be an effective needle-free 

option for the treatment of anaphylactic 
symptoms during OFC.
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TREATMENT EMERGENT ADVERSE EVENTS (TEAE)

Regardless of relationship to OFC, 10 subjects (66.7%) experienced at least one TEAE, with six subjects (40.0%) having a TEAE that was 
considered treatment related. Four subjects (26.7%) had a TEAE that was considered induced by the OFC, none of which was considered 
treatment related. 

Table 1: Symptom Grading System from Anaphylaxis Guidelines10

Note: The grade for cardiovascular does not have Grade 1, therefore, the next grade from Grade 2 (pale face, mild hypotension, tachycardia) 
was no symptom (Grade 0).
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RATIONALE

Epinephrine is the first-line treatment for severe allergic reactions and anaphylaxis, and epinephrine auto-injectors (EAIs) are the most 
frequently used products for out-of-hospital treatment1-3.

Despite epinephrine’s well-established safety and efficacy profile, over 80% of at-risk patients report having failed to inject epinephrine, 
even when they knew they were having a severe allergic reaction4-7.

neffy is an intranasal (IN) epinephrine spray that is a needle-free alternative epinephrine delivery device being developed for the 
emergency treatment of (Type I) allergic reactions, including anaphylaxis. neffy is expected to have significant clinical benefit by reducing 
apprehension and delay in dosing, reducing dosing errors, and making it easier to carry the product at all times.

The present study was conducted to assess the efficacy and safety of neffy (1.0 or 2.0 mg, based on weight) for the treatment of allergic 
symptoms (Grade 2 or higher) induced by an Oral Food Challenge (OFC). Table 1

EFFICACY RESULTS

OBSERVED ALLERGIC REACTIONS 

A total of 18 Grade 2 reactions were observed following the OFC (Table 2).

SUBJECTS REQUIRING A SECOND DOSE OF EPINEPHRINE 

No patient needed a second dose of epinephrine within 15 minutes post-dose. 

One patient developed a biphasic reaction 2 hours and 45 minutes following administration of neffy and was treated with epinephrine at 
the time of that reaction. 

TIME TO SYMPTOM RESOLUTION 

The time course for the resolution of all Grade 2 symptoms is presented by organ system (Figure 1). With the exception of cardiovascular 
symptoms (n=1), mean symptom grades started decreasing within five minutes of neffy administration (the first assessment time point). 
Median times to resolution by organ system were; Respiratory symptoms – 15.5 (1 – 90) minutes, Gastrointestinal symptoms – 15. (10 -60) 
minutes, Skin/mucosal symptoms – 35 (10 -60) minutes, and Cardiovascular – 32 (--) minutes.

Of note, the grade for cardiovascular does not have Grade 1 (Table 1), and therefore, the next grade from Grade 2 (pale face, mild 
hypotension, tachycardia) was no symptom (grade 0).

The time course of total grade of each organ symptom is presented in Figure 2. For both dose groups, the mean total grade started 
decreasing within five minutes of neffy administration (the first assessment timepoint). Median time to resolution from Grade 2 to 0 was 16 
(1-90) minutes.
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METHODS

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 Allergology8,9.

CONCLUSIONS 

neffy appears to be a safe and effective needle-free option for the treatment of anaphylactic symptoms. 

The results demonstrated that the efficacy observed following administration of neffy in the present study was comparable to what is 
typically observed for current epinephrine therapies, with most patients exhibiting marked symptom relief within five minutes of dosing. 

The safety profile of neffy was also consistent with currently approved epinephrine injection therapies. Based on these results, patients 
and caregiver are likely to benefit from this easy-to-use and needle-free option for the emergency treatment of severe allergic reactions, 
including anaphylaxis.

Table 2: Observed Following Oral Food Challenge

Figure 2: Time Course for Total Grade of Organ Systems 

neffy was administered immediately following the observation of Grade 2 symptoms. Patients weighing 15 – 30 kg received neffy 1.0 mg and
     patients weighing ≥30 kg received neffy 2.0 mg. If symptoms remained unchanged or worsened patients were treated with IM epinephrine.

    The study included 15 subjects between 6 and 17 years of age. Six subjects weighed between 15 and 30 kg and received neffy 1.0 mg and
    nine subjects weighed ≥30 kg and received neffy 2.0 mg. neffy appears to be an effective needle-free 

option for the treatment of anaphylactic 
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TREATMENT EMERGENT ADVERSE EVENTS (TEAE)

Regardless of relationship to OFC, 10 subjects (66.7%) experienced at least one TEAE, with six subjects (40.0%) having a TEAE that was 
considered treatment related. Four subjects (26.7%) had a TEAE that was considered induced by the OFC, none of which was considered 
treatment related. 

Table 1: Symptom Grading System from Anaphylaxis Guidelines10

Note: The grade for cardiovascular does not have Grade 1, therefore, the next grade from Grade 2 (pale face, mild hypotension, tachycardia) 
was no symptom (Grade 0).
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RATIONALE

Epinephrine is the first-line treatment for severe allergic reactions and anaphylaxis, and epinephrine auto-injectors (EAIs) are the most 
frequently used products for out-of-hospital treatment1-3.

Despite epinephrine’s well-established safety and efficacy profile, over 80% of at-risk patients report having failed to inject epinephrine, 
even when they knew they were having a severe allergic reaction4-7.

neffy is an intranasal (IN) epinephrine spray that is a needle-free alternative epinephrine delivery device being developed for the 
emergency treatment of (Type I) allergic reactions, including anaphylaxis. neffy is expected to have significant clinical benefit by reducing 
apprehension and delay in dosing, reducing dosing errors, and making it easier to carry the product at all times.

The present study was conducted to assess the efficacy and safety of neffy (1.0 or 2.0 mg, based on weight) for the treatment of allergic 
symptoms (Grade 2 or higher) induced by an Oral Food Challenge (OFC). Table 1

EFFICACY RESULTS

OBSERVED ALLERGIC REACTIONS 

A total of 18 Grade 2 reactions were observed following the OFC (Table 2).

SUBJECTS REQUIRING A SECOND DOSE OF EPINEPHRINE 

No patient needed a second dose of epinephrine within 15 minutes post-dose. 

One patient developed a biphasic reaction 2 hours and 45 minutes following administration of neffy and was treated with epinephrine at 
the time of that reaction. 

TIME TO SYMPTOM RESOLUTION 

The time course for the resolution of all Grade 2 symptoms is presented by organ system (Figure 1). With the exception of cardiovascular 
symptoms (n=1), mean symptom grades started decreasing within five minutes of neffy administration (the first assessment time point). 
Median times to resolution by organ system were; Respiratory symptoms – 15.5 (1 – 90) minutes, Gastrointestinal symptoms – 15. (10 -60) 
minutes, Skin/mucosal symptoms – 35 (10 -60) minutes, and Cardiovascular – 32 (--) minutes.

Of note, the grade for cardiovascular does not have Grade 1 (Table 1), and therefore, the next grade from Grade 2 (pale face, mild 
hypotension, tachycardia) was no symptom (grade 0).

The time course of total grade of each organ symptom is presented in Figure 2. For both dose groups, the mean total grade started 
decreasing within five minutes of neffy administration (the first assessment timepoint). Median time to resolution from Grade 2 to 0 was 16 
(1-90) minutes.
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METHODS

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 Allergology8,9.

CONCLUSIONS 

neffy appears to be a safe and effective needle-free option for the treatment of anaphylactic symptoms. 

The results demonstrated that the efficacy observed following administration of neffy in the present study was comparable to what is 
typically observed for current epinephrine therapies, with most patients exhibiting marked symptom relief within five minutes of dosing. 

The safety profile of neffy was also consistent with currently approved epinephrine injection therapies. Based on these results, patients 
and caregiver are likely to benefit from this easy-to-use and needle-free option for the emergency treatment of severe allergic reactions, 
including anaphylaxis.

Table 2: Observed Following Oral Food Challenge

Figure 2: Time Course for Total Grade of Organ Systems 

neffy was administered immediately following the observation of Grade 2 symptoms. Patients weighing 15 – 30 kg received neffy 1.0 mg and
     patients weighing ≥30 kg received neffy 2.0 mg. If symptoms remained unchanged or worsened patients were treated with IM epinephrine.

    The study included 15 subjects between 6 and 17 years of age. Six subjects weighed between 15 and 30 kg and received neffy 1.0 mg and
    nine subjects weighed ≥30 kg and received neffy 2.0 mg. neffy appears to be an effective needle-free 

option for the treatment of anaphylactic 
symptoms during OFC.
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TREATMENT EMERGENT ADVERSE EVENTS (TEAE)

Regardless of relationship to OFC, 10 subjects (66.7%) experienced at least one TEAE, with six subjects (40.0%) having a TEAE that was 
considered treatment related. Four subjects (26.7%) had a TEAE that was considered induced by the OFC, none of which was considered 
treatment related. 

Table 1: Symptom Grading System from Anaphylaxis Guidelines10

Note: The grade for cardiovascular does not have Grade 1, therefore, the next grade from Grade 2 (pale face, mild hypotension, tachycardia) 
was no symptom (Grade 0).
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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



Characteristic

Cohort 1 

(Opposite Nostrils)

N=26

Cohort 2

(Same Nostril)

N=25

Female, n (%) 12 (46) 13 (52)

Age, mean (range), y 38.7 (22-63) 39.3 (20-58)

Race, n (%)

American Indian/Alaska Native 0 1 (4)

Black/African American 6 (23) 9 (36)

White 16 (62) 15 (60)

White, Asian 1 (4) 0

White, Black 2 (8) 0

White, Black, American Indian/Alaska 

Native

1 (4) 0

Height, mean (SD), cm 172.3 (9.3) 170.6 (7.4)

Weight, mean (SD), kg 80.9 (12.5) 78.6 (10.2)

Table 2. Baseline-adjusted plasma epinephrine PK outcomes after ENS with or without NAC or IM epinephrine

Table 1. Participant demographic characteristics

1 2 3
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•Epinephrine is the first-line treatment for anaphylaxis and is typically administered by an 

intramuscular (IM) autoinjector1

•Patients may delay using IM autoinjectors because they fear the pain or are anxious about using 

them correctly; delays in administration can increase the risk of hospitalization or potentially fatal 

outcomes2-4

•An epinephrine nasal spray (ENS) is under development as a mode of epinephrine 

administration for the treatment of anaphylaxis

•Nasal congestion (e.g., as a symptom of allergic rhinitis or anaphylaxis) could affect the 

absorption of an ENS

≥ In pre-clinical studies, the 13.2 mg ENS dose demonstrated rapid absorption and overall 

exposure that increased with allergen-induced nasal congestion5 

OBJECTIVES

•To compare the pharmacokinetics (PK) of 13.2 mg ENS with and without nasal congestion to IM 

treatments

•To explore the relationship of 13.2 mg ENS PK with pharmacodynamic (PD) effects and safety

METHODS

Study participants

•Healthy adults (19-65 y) with seasonal allergies 

•Seasonal allergies were confirmed by clinical history and a positive skin prick test

•An adequate nasal congestive response to an allergen was confirmed by a total nasal symptom 

score ≥5/12, including a congestion score ≥2/3, during a nasal allergen challenge (NAC) conducted 

during screening 

Study design

•Open-label, 4-period, 4-treatment, partial crossover study 

•Participants were enrolled in either the opposite nostrils ENS cohort or the same nostril ENS cohort

•Both cohorts received the following treatments:

≥ Period 1: 13.2 mg ENS (NDS1C; Bryn Pharma, Raleigh, NC) 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) according to the randomization scheme

≥ 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

•All treatments were administered by trained clinical personnel 

PK analysis

•Blood samples were collected to measure plasma epinephrine concentrations at –30, –20, –10 

minutes predose and 1, 3, 5, 7, 10, 15, 20, 25, 30, 45, 60, 90, 120, 180, and 360 minutes postdose

•PK parameters included the maximum observed concentration (Cmax), Cmax from time 0 to 20 minutes 

(Cmax20), time to reach Cmax (Tmax), and area under the plasma concentration–time curve (AUC) from 

time 0 to the 10-, 20-, 30-, 60-, and 360-minute postdose timepoints (AUC0–10, AUC0–20, AUC0–30, 

AUC0–60, and AUC0–360)

PD analysis

•Heart rate (HR), systolic blood pressure (SBP), and diastolic blood pressure (DBP) were measured 

at –30, –20, –10 minutes predose and 1, 3, 5, 7, 10, 15, 20, 25, 30, 45, 60, 90, 120, 180, and 360 

minutes postdose

Safety assessment

•Safety and tolerability were assessed by adverse event (AE) reporting 

Statistical analysis

•Summary statistics for PK and PD parameters were calculated by cohort, treatment, and time point

•An analysis of variance (ANOVA) was performed on the baseline-adjusted natural log-transformed 

AUC and Cmax plasma epinephrine parameters for each cohort

≥ Test-to-reference ratios of least-squares means (LSM) and corresponding 90% confidence 

intervals (CIs) were calculated using the exponentiation of the difference between test and 

reference LSM and expressed as a percentage relative to the reference

≥ Baseline-adjusted Tmax was analyzed using nonparametric analysis for paired samples

•For HR and BP, an ANOVA was performed by cohort on the baseline-adjusted (change from 

baseline) maximum positive effect level (Emax)

≥ Test-to-reference ratios of LSM and corresponding 90% CIs were calculated using the ratio 

between test and reference LSM and expressed as a percentage relative to the reference

•ANOVA for PK and PD parameters was performed using sequence and treatment as fixed effects, 

and the subject nested within sequence as a random effect

•An average of 3 predose measurements (e.g., plasma concentration, HR, and BP) were used for 

baseline adjustments for each subject in each period

RESULTS CONT.

PK

•13.2 mg ENS by opposite nostrils or the same nostril under NAC resulted in higher exposures and 

more rapid Tmax vs IM treatments and 13.2 mg ENS without NAC (Table 2; Figure 1)

•The proportion of participants attaining specific concentration thresholds of 50, 100, and 200 pg/mL 

at 10-60 minutes postdose was similar across treatments (Figure 2)

•The geometric mean ratios (GMRs; 90% CI) for Cmax and AUC0-360 with 13.2 mg ENS with NAC vs 

without NAC in opposite nostrils were 170% (123%-234%) and 116% (91%-149%), respectively, 

and in the same nostril were 174% (115-263) and 161% (117-220), respectively (Table 3)

≥ The GMRs (90% CI) for Cmax and AUC0-360 with 13.2 mg ENS with NAC in opposite nostrils vs IM 

autoinjector were 164% (119%-226%) and 201% (157%-258%), respectively, and with 13.2 mg 

ENS with NAC in the same nostril vs IM autoinjector were 191% (127-289) and 192% (140-263), 

respectively

PD

•Postdose HR remained stable and relatively similar to predose values regardless of plasma 

epinephrine concentration (Figure 3)

•Emax unadjusted HR was ≥113 bpm for all treatments in either cohort

•The difference in Emax LSM values for change from baseline HR ranged from ≥6.1-1.1 among all 

treatment comparisons in Cohort 1, and from ≥5.8-5.0 in Cohort 2 

•SBP and DBP remained stable and relatively similar to predose values regardless of plasma 

epinephrine concentration

Safety

•The treatment-emergent AE incidences with 13.2 mg ENS with and without NAC in opposite nostrils 

were 54% and 64%, respectively, and in the same nostril were 44% and 48%, respectively (Table 4)

•Mild nausea and headache were the most common AEs with 13.2 mg ENS treatment (Table 4)

PD treatment effects on HR, SBP, 

and DBP were minimal with no 

correlation between PK 

concentration and PD effects

13.2 mg ENS appeared safe and 

well tolerated

PK Parameter

Cohort 1 (Opposite Nostrils)

N=26

Cohort 2 (Same Nostril)

N=25

13.2 mg ENS 

with NAC IM autoinjector IM MS

13.2 mg ENS 

without NAC

13.2 mg ENS 

with NAC IM autoinjector IM MS

13.2 mg ENS 

without NAC

Cmax, pg/mL, geometric mean 

(CV%)

458.0 (117.9) 279.0 (63.4) 364.2 (68.9) 270.1 (102.5) 436.3 (334.4) 228.2 (83.7) 322.3 (48.8) 250.8 (70.5)

Cmax20, pg/mL, geometric mean 

(CV%)

399.3 (122.4) 219.3 (90.1) 170.6 (171.7) 203.7 (121.7) 367.1 (358.0) 182.0 (99.0) 131.2 (112.7) 224.0 (71.9)

Tmax, min, median (minimum, 

maximum)

15 (3, 180) 21 (3, 91) 45 (1, 120) 25 (5, 120) 18 (3, 90) 20 (3, 45) 45 (5, 180) 20 (5, 120)

AUC0-10, pg*min/mL, geometric 

mean (CV%)

1,681 (171) 799 (164) 555 (329) 686 (213) 1,431 (333) 808 (143) 432 (228) 628 (116)

AUC0-20, pg*min/mL, geometric 

mean (CV%)

4,688 (135) 2,149 (97) 1,773 (184) 2,307 (129) 4,140 (295) 1,972 (117) 1,356 (123) 2,335 (70)

AUC0-30, pg*min/mL, geometric 

mean (CV%)

7,472 (122) 3,781 (71) 3,560 (136) 4,266 (118) 6,760 (285) 3,353 (96) 2,737 (87) 3,942 (71)

AUC0-60, pg*min/mL, geometric 

mean (CV%)

14,020 (123) 7,978 (48) 11,410 (63) 9,508 (102) 12,780 (255) 6,924 (87) 9,183 (48) 7,575 (68)

AUC0-360, pg*min/mL, 

geometric mean (CV%)

34,200 (100) 16,710 (52) 32,400 (44) 29,680 (76) 33,970 (179) 18,090 (43) 32,260 (50) 21,440 (58)

AUC0-x, area under the curve from 0 to x minutes postdose; Cmax, maximum observed concentration; Cmax20, maximum observed concentration from 0 to 20 minutes; CV, coefficient of variation; ENS, epinephrine nasal spray; IM, intramuscular; MS, manual syringe; NAC, nasal allergen challenge; Tmax, time to reach maximum concentration.

Table 3. Comparison of baseline-adjusted plasma epinephrine PK parameters after ENS with or without NAC

PK Parameter

Cohort 1

(Opposite Nostrils)

GMR, % 90% CIs Intrasubject CV%

13.2 ENS with NAC

13.2 ENS without

NAC

Geometric LSM Geometric LSM

Cmax, pg/mL 458 270 170 123-234 78

AUC0-360, min*pg/mL 34,200 29,500 116 91-149 57

Cohort 2

(Same Nostril)

GMR, % 90% CIs Intrasubject CV%

13.2 ENS with 

NAC 13.2 ENS without NAC

Geometric LSM Geometric LSM

Cmax, pg/mL 435 250 174 115-263 107

AUC0-360, min*pg/mL 34,130 21,250 161 117-220 73

AUC0-360, area under the curve from 0 to 360 minutes postdose; Cmax, maximum observed concentration; CI, confidence interval; CV, coefficient of variation; ENS, epinephrine nasal spray; GMR, geometric mean ratio; LSM, least-squares mean; NAC, nasal allergen challenge.

Participants

•Overall, 51 participants were enrolled in the study and 50 completed the study

• In Cohort 1, 46% were female, 62% were White, and the mean age was 38.7 years; in Cohort 2, 

52% were female, 60% were White, and the mean age was 39.3 years (Table 1)

Table 4. Treatment-emergent AEs occurring in ≥10% of participants receiving ENS w ith or w ithout NAC or IM epinephrine

Cohort 1 (Opposite Nostrils)

N=26

Cohort 2 (Same Nostril)

N=25

Subjects with TEAE, n 

(%)

13.2 mg ENS 

with NAC IM autoinjector IM MS

13.2 mg ENS 

without NAC

13.2 mg ENS 

with NAC IM autoinjector IM MS

13.2 mg ENS 

without NAC

Any TEAE 14 (54) 4 (15) 7 (27) 16 (64) 11 (44) 4 (16) 5 (20) 12 (48)

Headache 6 (23) 0 1 (4) 4 (16) 9 (36) 0 3 (12) 8 (32)

Nausea 4 (15) 1 (4) 0 8 (32) 4 (16) 0 0 3 (12)

Oropharyngeal pain 4 (15) 1 (4) 0 1 (4) 1 (4) 0 0 0

Vomiting 3 (12) 0 0 6 (24) 4 (16) 0 0 1 (4)

Nasal discomfort 2 (8) 0 0 6 (24) 0 0 0 0

Upper abdominal pain 1 (4) 0 0 3 (12) 3 (12) 0 0 3 (12)

Injection site pain 0 3 (12) 3 (12) 0 0 1 (4) 1 (4) 0
AE, adverse event; ENS, epinephrine nasal spray; IM, intramuscular; MS, manual syringe; NAC, nasal allergen challenge.

Figure 1. Median baseline-adjusted plasma epinephrine concentration – time profiles after ENS with 

or without NAC or IM epinephrine in A) Cohort 1 (opposite nostrils) or B) Cohort 2 (same nostril).

RESULTS

Figure 2. Proportion of participants attaining baseline-adjusted plasma epinephrine 

concentrations of A) 50 pg/mL, B) 100 pg/mL, and C) 200 pg/mL after ENS with or without NAC 

or IM epinephrine in Cohort 1 (opposite nostrils) or Cohort 2 (same nostril).

Figure 3. Mean change from baseline heart rate – time profiles after ENS with or without 

NAC or IM epinephrine in A) Cohort 1 (opposite nostrils) or B) Cohort 2 (same nostril).

A)

B)

A)

B)



Characteristic

Cohort 1 

(Opposite Nostrils)

N=26

Cohort 2

(Same Nostril)

N=25

Female, n (%) 12 (46) 13 (52)

Age, mean (range), y 38.7 (22-63) 39.3 (20-58)

Race, n (%)

American Indian/Alaska Native 0 1 (4)

Black/African American 6 (23) 9 (36)

White 16 (62) 15 (60)

White, Asian 1 (4) 0

White, Black 2 (8) 0

White, Black, American Indian/Alaska 

Native

1 (4) 0

Height, mean (SD), cm 172.3 (9.3) 170.6 (7.4)

Weight, mean (SD), kg 80.9 (12.5) 78.6 (10.2)

Table 2. Baseline-adjusted plasma epinephrine PK outcomes after ENS with or without NAC or IM epinephrine

Table 1. Participant demographic characteristics

1 2 3
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•Epinephrine is the first-line treatment for anaphylaxis and is typically administered by an 

intramuscular (IM) autoinjector1

•Patients may delay using IM autoinjectors because they fear the pain or are anxious about using 

them correctly; delays in administration can increase the risk of hospitalization or potentially fatal 

outcomes2-4

•An epinephrine nasal spray (ENS) is under development as a mode of epinephrine 

administration for the treatment of anaphylaxis

•Nasal congestion (e.g., as a symptom of allergic rhinitis or anaphylaxis) could affect the 

absorption of an ENS

≥ In pre-clinical studies, the 13.2 mg ENS dose demonstrated rapid absorption and overall 

exposure that increased with allergen-induced nasal congestion5 

OBJECTIVES

•To compare the pharmacokinetics (PK) of 13.2 mg ENS with and without nasal congestion to IM 

treatments

•To explore the relationship of 13.2 mg ENS PK with pharmacodynamic (PD) effects and safety

METHODS

Study participants

•Healthy adults (19-65 y) with seasonal allergies 

•Seasonal allergies were confirmed by clinical history and a positive skin prick test

•An adequate nasal congestive response to an allergen was confirmed by a total nasal symptom 

score ≥5/12, including a congestion score ≥2/3, during a nasal allergen challenge (NAC) conducted 

during screening 

Study design

•Open-label, 4-period, 4-treatment, partial crossover study 

•Participants were enrolled in either the opposite nostrils ENS cohort or the same nostril ENS cohort

•Both cohorts received the following treatments:

≥ Period 1: 13.2 mg ENS (NDS1C; Bryn Pharma, Raleigh, NC) 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) according to the randomization scheme

≥ 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

•All treatments were administered by trained clinical personnel 

PK analysis

•Blood samples were collected to measure plasma epinephrine concentrations at –30, –20, –10 

minutes predose and 1, 3, 5, 7, 10, 15, 20, 25, 30, 45, 60, 90, 120, 180, and 360 minutes postdose

•PK parameters included the maximum observed concentration (Cmax), Cmax from time 0 to 20 minutes 

(Cmax20), time to reach Cmax (Tmax), and area under the plasma concentration–time curve (AUC) from 

time 0 to the 10-, 20-, 30-, 60-, and 360-minute postdose timepoints (AUC0–10, AUC0–20, AUC0–30, 

AUC0–60, and AUC0–360)

PD analysis

•Heart rate (HR), systolic blood pressure (SBP), and diastolic blood pressure (DBP) were measured 

at –30, –20, –10 minutes predose and 1, 3, 5, 7, 10, 15, 20, 25, 30, 45, 60, 90, 120, 180, and 360 

minutes postdose

Safety assessment

•Safety and tolerability were assessed by adverse event (AE) reporting 

Statistical analysis

•Summary statistics for PK and PD parameters were calculated by cohort, treatment, and time point

•An analysis of variance (ANOVA) was performed on the baseline-adjusted natural log-transformed 

AUC and Cmax plasma epinephrine parameters for each cohort

≥ Test-to-reference ratios of least-squares means (LSM) and corresponding 90% confidence 

intervals (CIs) were calculated using the exponentiation of the difference between test and 

reference LSM and expressed as a percentage relative to the reference

≥ Baseline-adjusted Tmax was analyzed using nonparametric analysis for paired samples

•For HR and BP, an ANOVA was performed by cohort on the baseline-adjusted (change from 

baseline) maximum positive effect level (Emax)

≥ Test-to-reference ratios of LSM and corresponding 90% CIs were calculated using the ratio 

between test and reference LSM and expressed as a percentage relative to the reference

•ANOVA for PK and PD parameters was performed using sequence and treatment as fixed effects, 

and the subject nested within sequence as a random effect

•An average of 3 predose measurements (e.g., plasma concentration, HR, and BP) were used for 

baseline adjustments for each subject in each period

RESULTS CONT.

PK

•13.2 mg ENS by opposite nostrils or the same nostril under NAC resulted in higher exposures and 

more rapid Tmax vs IM treatments and 13.2 mg ENS without NAC (Table 2; Figure 1)

•The proportion of participants attaining specific concentration thresholds of 50, 100, and 200 pg/mL 

at 10-60 minutes postdose was similar across treatments (Figure 2)

•The geometric mean ratios (GMRs; 90% CI) for Cmax and AUC0-360 with 13.2 mg ENS with NAC vs 

without NAC in opposite nostrils were 170% (123%-234%) and 116% (91%-149%), respectively, 

and in the same nostril were 174% (115-263) and 161% (117-220), respectively (Table 3)

≥ The GMRs (90% CI) for Cmax and AUC0-360 with 13.2 mg ENS with NAC in opposite nostrils vs IM 

autoinjector were 164% (119%-226%) and 201% (157%-258%), respectively, and with 13.2 mg 

ENS with NAC in the same nostril vs IM autoinjector were 191% (127-289) and 192% (140-263), 

respectively

PD

•Postdose HR remained stable and relatively similar to predose values regardless of plasma 

epinephrine concentration (Figure 3)

•Emax unadjusted HR was ≥113 bpm for all treatments in either cohort

•The difference in Emax LSM values for change from baseline HR ranged from ≥6.1-1.1 among all 

treatment comparisons in Cohort 1, and from ≥5.8-5.0 in Cohort 2 

•SBP and DBP remained stable and relatively similar to predose values regardless of plasma 

epinephrine concentration

Safety

•The treatment-emergent AE incidences with 13.2 mg ENS with and without NAC in opposite nostrils 

were 54% and 64%, respectively, and in the same nostril were 44% and 48%, respectively (Table 4)

•Mild nausea and headache were the most common AEs with 13.2 mg ENS treatment (Table 4)

PD treatment effects on HR, SBP, 

and DBP were minimal with no 

correlation between PK 

concentration and PD effects

13.2 mg ENS appeared safe and 

well tolerated

PK Parameter

Cohort 1 (Opposite Nostrils)

N=26

Cohort 2 (Same Nostril)

N=25

13.2 mg ENS 

with NAC IM autoinjector IM MS

13.2 mg ENS 

without NAC

13.2 mg ENS 

with NAC IM autoinjector IM MS

13.2 mg ENS 

without NAC

Cmax, pg/mL, geometric mean 

(CV%)

458.0 (117.9) 279.0 (63.4) 364.2 (68.9) 270.1 (102.5) 436.3 (334.4) 228.2 (83.7) 322.3 (48.8) 250.8 (70.5)

Cmax20, pg/mL, geometric mean 

(CV%)

399.3 (122.4) 219.3 (90.1) 170.6 (171.7) 203.7 (121.7) 367.1 (358.0) 182.0 (99.0) 131.2 (112.7) 224.0 (71.9)

Tmax, min, median (minimum, 

maximum)

15 (3, 180) 21 (3, 91) 45 (1, 120) 25 (5, 120) 18 (3, 90) 20 (3, 45) 45 (5, 180) 20 (5, 120)

AUC0-10, pg*min/mL, geometric 

mean (CV%)

1,681 (171) 799 (164) 555 (329) 686 (213) 1,431 (333) 808 (143) 432 (228) 628 (116)

AUC0-20, pg*min/mL, geometric 

mean (CV%)

4,688 (135) 2,149 (97) 1,773 (184) 2,307 (129) 4,140 (295) 1,972 (117) 1,356 (123) 2,335 (70)

AUC0-30, pg*min/mL, geometric 

mean (CV%)

7,472 (122) 3,781 (71) 3,560 (136) 4,266 (118) 6,760 (285) 3,353 (96) 2,737 (87) 3,942 (71)

AUC0-60, pg*min/mL, geometric 

mean (CV%)

14,020 (123) 7,978 (48) 11,410 (63) 9,508 (102) 12,780 (255) 6,924 (87) 9,183 (48) 7,575 (68)

AUC0-360, pg*min/mL, 

geometric mean (CV%)

34,200 (100) 16,710 (52) 32,400 (44) 29,680 (76) 33,970 (179) 18,090 (43) 32,260 (50) 21,440 (58)

AUC0-x, area under the curve from 0 to x minutes postdose; Cmax, maximum observed concentration; Cmax20, maximum observed concentration from 0 to 20 minutes; CV, coefficient of variation; ENS, epinephrine nasal spray; IM, intramuscular; MS, manual syringe; NAC, nasal allergen challenge; Tmax, time to reach maximum concentration.

Table 3. Comparison of baseline-adjusted plasma epinephrine PK parameters after ENS with or without NAC

PK Parameter

Cohort 1

(Opposite Nostrils)

GMR, % 90% CIs Intrasubject CV%

13.2 ENS with NAC

13.2 ENS without

NAC

Geometric LSM Geometric LSM

Cmax, pg/mL 458 270 170 123-234 78

AUC0-360, min*pg/mL 34,200 29,500 116 91-149 57

Cohort 2

(Same Nostril)

GMR, % 90% CIs Intrasubject CV%

13.2 ENS with 

NAC 13.2 ENS without NAC

Geometric LSM Geometric LSM

Cmax, pg/mL 435 250 174 115-263 107

AUC0-360, min*pg/mL 34,130 21,250 161 117-220 73

AUC0-360, area under the curve from 0 to 360 minutes postdose; Cmax, maximum observed concentration; CI, confidence interval; CV, coefficient of variation; ENS, epinephrine nasal spray; GMR, geometric mean ratio; LSM, least-squares mean; NAC, nasal allergen challenge.

Participants

•Overall, 51 participants were enrolled in the study and 50 completed the study

• In Cohort 1, 46% were female, 62% were White, and the mean age was 38.7 years; in Cohort 2, 

52% were female, 60% were White, and the mean age was 39.3 years (Table 1)

Table 4. Treatment-emergent AEs occurring in ≥10% of participants receiving ENS w ith or w ithout NAC or IM epinephrine

Cohort 1 (Opposite Nostrils)

N=26

Cohort 2 (Same Nostril)

N=25

Subjects with TEAE, n 

(%)

13.2 mg ENS 

with NAC IM autoinjector IM MS

13.2 mg ENS 

without NAC

13.2 mg ENS 

with NAC IM autoinjector IM MS

13.2 mg ENS 

without NAC

Any TEAE 14 (54) 4 (15) 7 (27) 16 (64) 11 (44) 4 (16) 5 (20) 12 (48)

Headache 6 (23) 0 1 (4) 4 (16) 9 (36) 0 3 (12) 8 (32)

Nausea 4 (15) 1 (4) 0 8 (32) 4 (16) 0 0 3 (12)

Oropharyngeal pain 4 (15) 1 (4) 0 1 (4) 1 (4) 0 0 0

Vomiting 3 (12) 0 0 6 (24) 4 (16) 0 0 1 (4)

Nasal discomfort 2 (8) 0 0 6 (24) 0 0 0 0

Upper abdominal pain 1 (4) 0 0 3 (12) 3 (12) 0 0 3 (12)

Injection site pain 0 3 (12) 3 (12) 0 0 1 (4) 1 (4) 0
AE, adverse event; ENS, epinephrine nasal spray; IM, intramuscular; MS, manual syringe; NAC, nasal allergen challenge.

Figure 1. Median baseline-adjusted plasma epinephrine concentration – time profiles after ENS with 

or without NAC or IM epinephrine in A) Cohort 1 (opposite nostrils) or B) Cohort 2 (same nostril).

RESULTS

Figure 2. Proportion of participants attaining baseline-adjusted plasma epinephrine 

concentrations of A) 50 pg/mL, B) 100 pg/mL, and C) 200 pg/mL after ENS with or without NAC 

or IM epinephrine in Cohort 1 (opposite nostrils) or Cohort 2 (same nostril).

Figure 3. Mean change from baseline heart rate – time profiles after ENS with or without 

NAC or IM epinephrine in A) Cohort 1 (opposite nostrils) or B) Cohort 2 (same nostril).

A)

B)

A)

B)
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• Anaphylaxis is a serious allergic reaction to food, insect stings, medications, and 

other allergens that requires immediate attention to avoid morbidity and 

potentially even death1

• First-line treatment for anaphylaxis is epinephrine, typically administered by an 

intramuscular (IM) autoinjector2

• Patients at higher risk of anaphylaxis are often prescribed epinephrine IM 

autoinjectors for self-administration, but their use can be hindered by a patient’s 

fear of needles and injection injuries3,4

o The patient’s fear may result in a delay in administration or lack of use

• An epinephrine nasal spray (ENS; NDS1C, Bryn Pharma, Lebanon, NJ) is under 

development for the treatment of anaphylaxis that may increase the likelihood of 

self-administration compared with an autoinjector5 

• Studies have shown that a single 13.2 mg ENS dose has higher and more 

sustained pharmacokinetic (PK) parameters compared with a 0.3 mg 

epinephrine dose administered via an IM autoinjector6-8

METHODS

• To compare the PK profile of 13.2 mg ENS with that of the standard of care 0.3 

mg IM epinephrine autoinjector using pooled data from 4 studies 

Study design

• Data from 4 open-label phase 1 crossover studies were pooled for PK analysis6,9-11 

• Participants in all 4 studies were healthy adults

• Treatment arms:

o Single 13.2 mg ENS dose delivered by 2 consecutive sprays of 6.6 mg each in 

opposite nostrils (n=198)

o Single 13.2 mg ENS dose delivered by 2 consecutive sprays of 6.6 mg each in 

the same nostril (n=74)

o Single 0.3 mg epinephrine dose delivered by IM autoinjector (n=196)

• The consecutive intranasal sprays were administered within no more than 10 

seconds of each other

• In all studies, each subject served as their own control per the crossover designs, 

with a washout period of at least 1 day between ENS and IM autoinjector 

treatment periods and of at least 14 days between the 2 ENS treatment periods

• All treatments were administered by trained clinical personnel 

PK analysis

• Blood samples were collected to measure plasma epinephrine concentrations at   

–30, –20, and –10 minutes predose and 1, 3, 5, 7, 10, 15, 20, 25, 30, 45, 60, 90, 

120, 180, and 360 minutes postdose

• PK parameters included the maximum observed concentration (Cmax), Cmax from 

time 0 to 20 minutes (Cmax20), time to reach Cmax (Tmax), and area under the plasma 

concentration–time curve (AUC) from time 0 to the 10-, 20-, 30-, 60-, and 360-

minute postdose timepoints (AUC0–10, AUC0–20, AUC0–30, AUC0–60, and AUC0–360)

Statistical analysis

• Summary statistics for PK parameters were calculated by treatment and time point

• An analysis of variance (ANOVA) was performed on the baseline-adjusted natural 

log-transformed AUC and Cmax plasma epinephrine parameters for each treatment

o Test-to-reference ratios of least-squares means (LSM) and corresponding 90% 

confidence intervals (CIs) were calculated using the exponentiation of the 

difference between test and reference LSM and expressed as a percentage 

relative to the reference

• In the pooled population, 53% were male and the mean age was 39 years

• Epinephrine exposure was greater after 13.2 mg ENS than 0.3 mg IM autoinjector (Figure 1)

o 13.2 mg ENS resulted in a rapid increase in plasma epinephrine concentration (Figure 2)

• The proportion of participants attaining specific concentration thresholds of 50, 100, and 200 pg/mL at 10-60 minutes postdose was 

similar across all treatments (Figure 3)

• The baseline-adjusted geometric means for AUC0-10, AUC0-20, AUC0-30, and AUC0-60 were similar between the 13.2 mg ENS and 0.3 

mg IM autoinjector groups (Table 1 and Table 2)

• The baseline-adjusted geometric mean for AUC0-360 was higher with 13.2 mg ENS than with 0.3 mg IM autoinjector, with a geometric 

mean ratio of 155% with 13.2 mg ENS in opposite nostrils and 159% with 13.2 mg ENS in the same nostril compared with 0.3 mg IM 

autoinjector (Table 1 and Table 2)

• The median (range) Tmax (minutes) with 13.2 mg ENS in opposite nostrils, 13.2 mg ENS in the same nostril, and 0.3 mg IM 

autoinjector was 25.1 (1.3, 362.1), 20.1 (3.0, 120.2), and 20.0 (1.0, 121.3), respectively (Table 1)

• The rate of absorption was comparable between groups

• The 13.2 mg ENS dose delivered in opposite nostrils or the same nostril 

rapidly achieved therapeutic levels of epinephrine that were maintained 

for longer than the 0.3 mg IM autoinjector 

RESULTS
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Figure 1. Median baseline-adjusted plasma epinephrine concentration – time 

profiles from 0-360 minutes

Figure 2. Median baseline-adjusted plasma epinephrine concentration – time 

profiles from 0-30 minutes

Figure 3. Proportion of participants attaining baseline-adjusted plasma 

epinephrine concentrations of A) 50 pg/mL, B) 100 pg/mL, and C) 200 pg/mL

PK

Parameter

13.2 mg ENS in Opposite Nostrils

n=198

13.2 mg ENS in the Same Nostril

n=74

0.3 mg IM Autoinjector

n=196

AUC0-10, pg*min/mL, geometric mean (CV%) 603 (326) 861 (166) 942 (155) 

AUC0-20, pg*min/mL, geometric mean (CV%) 2,002 (186) 2,741 (109) 2,370 (104)

AUC0-30, pg*min/mL, geometric mean (CV%) 3,879 (134) 4,856 (97) 4,072 (83) 

AUC0-60, pg*min/mL, geometric mean (CV%) 8,953 (115) 10,240 (84) 8,217 (65) 

AUC0-360, pg*min/mL, geometric mean (CV%) 27,130 (92) 27,710 (75) 17,480 (52) 

Cmax0-20, pg/mL, geometric mean (CV%) 191.4 (151.9) 257.3 (99.6) 226.9 (103.3) 

Cmax, pg/mL, geometric mean (CV%) 262.8 (114.4) 332.0 (82.0) 285.7 (76.4) 

Tmax, min, median (minimum, maximum) 25.1 (1.3, 362.1) 20.1 (3.0, 120.2) 20.0 (1.0, 121.3) 

Table 1. Baseline-adjusted plasma epinephrine PK outcomes

AUC0-x, area under the curve from 0 to x minutes postdose; Cmax, maximum observed concentration; CV, coefficient of variation; ENS, epinephrine nasal spray; IM, intramuscular; LSM, least-squares means.

Table 2. Comparison of baseline-adjusted plasma epinephrine PK parameters

13.2 mg ENS in Opposite Nostrils

n=198

0.3 mg IM Autoinjector

n=196

PK

Parameter Geometric LSM Geometric LSM

Geometric Mean 

Ratio, % 90% CI Intrasubject CV%

AUC0-10, pg*min/mL 603 942 64 51–80 216

AUC0-20, pg*min/mL 2,002 2,370 85 71–100 133

AUC0-30, pg*min/mL 3,879 4,072 95 83–110 103

AUC0-60, pg*min/mL 8,953 8,217 109 97–123 82

AUC0-360, pg*min/mL 27,130 17,480 155 140–172 66

Cmax, pg/mL 262.8 285.7 92 81.3–104.0 86

13.2 mg ENS in the Same Nostril

n=74

0.3 mg IM Autoinjector

n=196

AUC0-10, pg*min/mL 861 942 91 68–123 216

AUC0-20, pg*min/mL 2,741 2,370 116 92–145 133

AUC0-30, pg*min/mL 4,856 4,072 119 98–144 103

AUC0-60, pg*min/mL 10,240 8,217 125 106–146 82

AUC0-360, pg*min/mL 27,710 17,480 159 138–182 66

Cmax, pg/mL 332.0 285.7 116.2 98.3–137.2 85.6

AUC0-x, area under the curve from 0 to x minutes postdose; Cmax, maximum observed concentration; Cmax20, maximum observed concentration from 0 to 20 minutes; CV, coefficient of variation; ENS, epinephrine nasal spray; IM, intramuscular; Tmax, time to reach maximum concentration.
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METHODS

•To compare the PD profile of 13.2 mg ENS with that of the standard of care 

0.3 mg IM epinephrine autoinjector using pooled data from 4 studies 

Study design

•Data from 4 open-label phase 1 crossover studies were pooled for PK 

analysis5-8 

•Participants in all 4 studies were healthy adults

•Treatment arms:

o Single 13.2 mg ENS dose delivered by 2 consecutive sprays of 6.6 mg each 

in opposite nostrils (n=198)

o Single 13.2 mg ENS dose delivered by 2 consecutive sprays of 6.6 mg each 

in the same nostril (n=74)

o Single 0.3 mg epinephrine dose delivered by IM autoinjector (n=196)

•The consecutive intranasal sprays were administered within no more than 10 

seconds of each other

•In all studies, each subject served as their own control per the crossover 

designs, with a washout period of at least 1 day between ENS and IM 

autoinjector treatment periods and of at least 14 days between the 2 ENS 

treatment periods

•All treatments were administered by trained clinical personnel 

PD analysis

•Systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart 

rate (HR) were measured at –30, –20, –10 minutes predose and 1, 3, 5, 7, 

10, 15, 20, 25, 30, 45, 60, 90, 120, 180, and 360 minutes postdose

•An average of 3 predose measurements for BP and HR were used for 

baseline adjustments for each subject

•Summary statistics for PK parameters were calculated by treatment and 

time point

•In the pooled population, 53% were male, and the mean age was 39 years

•The pharmacological effect on SBP and DBP was similar in pattern and magnitude 

among all 3 treatment groups (Figure 1)

•The effect on HR was similar in pattern and magnitude among all 3 treatment 

groups over all timepoints measured (Figure 2)

•Postdose values for SBP, DBP, and HR were not significantly different between 

13.2 mg ENS and 0.3 mg IM autoinjector (Figure 3)

•A plateau in BP and HR was reached in all treatment groups (Figures 1 and 2)

•There was no correlation between the pharmacodynamic effect and plasma 

epinephrine concentration

o R2 ≥0.032 for change from baseline in SBP, DBP, and HR vs plasma 

epinephrine concentrations over time

• The 13.2 mg ENS dose delivered in opposite nostrils or 

the same nostril had a pharmacodynamic effect that was 

similar to the 0.3 mg IM autoinjector

RESULTS
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Figure 2. Mean change from baseline HR – time profiles

Figure 1. Mean change from baseline SBP and DBP – time profiles

Figure 3. Overall mean and median values for all timepoints for change from baseline 

in SBP, DBP, and HR. Square symbols indicate any individual value outside the whisker 

values at any timepoint.
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•Anaphylaxis is a serious allergic reaction that can occur in response to food 

allergens, insect venom, medications, and other environmental exposures

•Rapid treatment for anaphylaxis is required to mitigate morbidity and possibly 

death1

•Standard of care for anaphylaxis treatment is intramuscular (IM) epinephrine2

o Epinephrine is a sympathomimetic a-adrenergic and b-adrenergic 

agonist; pharmacodynamic (PD) effects of epinephrine include increased 

heart rate and changes in blood pressure3

•Epinephrine is typically administered via an autoinjector, but patients may be 

reluctant to use their autoinjector because of fear of needles or injection-

related injuries4

•An epinephrine nasal spray (ENS; NDS1C, Bryn Pharma, Lebanon, NJ) is 

under development as an alternative form of administration 

The solid line within the box represents the median, and the “+” represents the mean. Upper and lower whiskers represent the largest and smallest 

observed values within 1.5 x the interquartile range from the upper (Q3) and lower (Q1) quartiles. 
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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, often making them faster than the 
oral route. 

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. 
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INTRODUCTION

•Epinephrine administered intramuscularly into the anterolateral 

thigh via manual injection or auto-injector (e.g., EpiPen®, Auvi-

Q®) is currently the first-line treatment for anaphylaxis.1

•The two injection methods have distinct pharmacokinetic (PK) 

profiles,2 but both clinically stabilize a patient with anaphylaxis 

until emergency services can arrive.

•AQST-109 (also called DESF) is a novel prodrug of epinephrine 

delivered via sublingual film and is being developed for the 

emergency treatment of type 1 allergic reactions, including 

anaphylaxis.

•AQST-109 could be conveniently carried by patients (e.g., in a 

wallet, pocket, small purse, or on the back of a mobile phone) 

and can be quickly administered by placing the film under the 

tongue and allowing it to dissolve in the saliva.

METHODS

STUDY DESIGN

•Data were pooled across two clinical studies in which healthy 

volunteers received either investigational product (AQST-109) 

or approved epinephrine injection products (all participants met 

the same inclusion/exclusion criteria).

•Both studies were randomized, open-label crossover trials 

evaluating PK and PD parameters for at least 240 minutes 

post-dose.

•During the studies, subjects received:

≥ AQST-109 12 mg

≥ Epinephrine 0.3 mg via EpiPen

≥ Epinephrine 0.3 mg via Auvi-Q

≥ Epinephrine 0.3 mg via IM injection

RESULTS  (cont’d) RESULTS (cont’d) CONCLUSIONS

OBJECTIVES

•To compare the pharmacokinetics (PK) and pharmacodynamics 

(PD) of epinephrine following administration of AQST-109, 

epinephrine IM injection, and epinephrine auto-injectors (EAIs) 

in healthy adult subjects.

•To compare the safety and tolerability of epinephrine following 

administration of AQST-109, epinephrine IM injection, and EAIs 

in healthy adult subjects.

PD DATA

•An early and rapid increase was observed in SBP (Figure 2), 

DBP (Figure 3), and pulse (Figure 4) with AQST-109 compared 

to the EAIs or IM.

•In the first 10-15 minutes after administration, SBP and DBP 

responses were most pronounced with AQST-109 (Figure 2 

and Figure 3).

•AQST-109 induced a similar overall PD response across all 

parameters (SBP, DBP, and pulse) when compared to the EAIs 

or IM.

METHODS (cont’d)

Figure 1: Geometric Mean Epinephrine Concentration over Time by 

Treatment (20 minutes)

Parametera
AQST-109

(n=22)

EpiPen

(n=26)

Auvi-Q

(n=28)

IM Manual 

(n=26)

Tmax, min 15 10 30 50

Cmax, pg/mL
457 

(120.28)

628 

(47.82)

646 

(48.66)

344 

(59.93)

AUC0-10, h·pg/mL 13.9 43.5 26.5 5.3

AUC0-20, h·pg/mL 66.1 105.7 72.0 16.1

AUC0-30, h·pg/mL 96.4 176.6 136.8 38.0

AUC0-45, h·pg/mL 127.6 267.2 249.7 94.4

Table 1: Epinephrine PK Parameters by Treatment

Figure 2: Median Change from Baseline in Systolic Blood Pressure

Figure 3: Median Change from Baseline in Diastolic Blood Pressure

Figure 4: Median Change from Baseline in Pulse

SAFETY AND TOLERABILITY

•Most adverse events were consistent with known physiologic 

effects of epinephrine and were similar across treatments.

•There were no severe treatment-emergent adverse events 

(TEAEs) reported in both studies.

•All reported TEAEs were mild, transient, or resolved with 

minimal intervention.

•The AQST-109 formulation delivered 

epinephrine within range of the 

approved EAIs (EpiPen and Auvi-Q) and 

IM manual injection based on the PK 

profile.

•The rapid pronounced PD response 

from AQST-109 may be clinically 

meaningful to alleviate symptoms of 

anaphylaxis.

•Similar to all prior studies to date, AQST-

109 is safe and well tolerated at the 

therapeutic dose. 

•AQST-109 shows promise as a viable, 

noninvasive, needle-free, easy-to-carry 

alternative for the treatment of type 1 

allergic reactions, including anaphylaxis.
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KEY INCLUSION CRITERIA

•Healthy adult males and females aged 18 to 50 years with a body 

mass index (BMI) between 18 and 30 kg/m2.

•Systolic blood pressure (SBP) 95 to 140 mmHg, diastolic blood 

pressure (DBP) 55 to 90 mmHg, oxygen saturation ≥95% O2, and 

pulse 50 to 100 beats/min. 

a Geometric mean values except for median Tmax. Cmax also reports coefficient of variation (%).

RESULTS

PK DATA

•Delivery of AQST-109 resulted in epinephrine PK comparable to 

EAIs or IM (Figure 1).

•The partial area under the curve (AUC) values for AQST-109 were 

bracketed by the EAI and IM values for all timepoints between 8 

and 60 minutes post-dose (Table 1).

•Median Tmax for AQST-109 was similar to EpiPen and significantly 

faster than both Auvi-Q and IM (Table 1).

034

PHARMACOKINETICS AND PHARMACODYNAMICS OF EPINEPHRINE FOLLOWING ADMINISTRATION VIA SUBLINGUAL FILM, 

AUTO-INJECTOR, OR MANUAL INJECTION

David Golden MD1, Jay Lieberman MD2, David Bernstein MD3, John Oppenheimer MD4, Mark L. Freedman MD5, Carl Kraus MD6, Steve Wargacki PhD6

1Medstar Franklin Square Hospital, Baltimore, MD , 2University of Tennessee Health Science Center, Memphis, TN, 3University of Cincinnati College of Medicine, 4UMDNJ Rutgers University School of Medicine, 5Pharma Medica Research Inc., 6Aquestive Therapeutics

INTRODUCTION

•Epinephrine administered intramuscularly into the anterolateral 

thigh via manual injection or auto-injector (e.g., EpiPen®, Auvi-

Q®) is currently the first-line treatment for anaphylaxis.1

•The two injection methods have distinct pharmacokinetic (PK) 

profiles,2 but both clinically stabilize a patient with anaphylaxis 

until emergency services can arrive.

•AQST-109 (also called DESF) is a novel prodrug of epinephrine 

delivered via sublingual film and is being developed for the 

emergency treatment of type 1 allergic reactions, including 

anaphylaxis.

•AQST-109 could be conveniently carried by patients (e.g., in a 

wallet, pocket, small purse, or on the back of a mobile phone) 

and can be quickly administered by placing the film under the 

tongue and allowing it to dissolve in the saliva.

METHODS

STUDY DESIGN

•Data were pooled across two clinical studies in which healthy 

volunteers received either investigational product (AQST-109) 

or approved epinephrine injection products (all participants met 

the same inclusion/exclusion criteria).

•Both studies were randomized, open-label crossover trials 

evaluating PK and PD parameters for at least 240 minutes 

post-dose.

•During the studies, subjects received:

≥ AQST-109 12 mg

≥ Epinephrine 0.3 mg via EpiPen

≥ Epinephrine 0.3 mg via Auvi-Q

≥ Epinephrine 0.3 mg via IM injection

RESULTS  (cont’d) RESULTS (cont’d) CONCLUSIONS

OBJECTIVES

•To compare the pharmacokinetics (PK) and pharmacodynamics 

(PD) of epinephrine following administration of AQST-109, 

epinephrine IM injection, and epinephrine auto-injectors (EAIs) 

in healthy adult subjects.

•To compare the safety and tolerability of epinephrine following 

administration of AQST-109, epinephrine IM injection, and EAIs 

in healthy adult subjects.

PD DATA

•An early and rapid increase was observed in SBP (Figure 2), 

DBP (Figure 3), and pulse (Figure 4) with AQST-109 compared 

to the EAIs or IM.

•In the first 10-15 minutes after administration, SBP and DBP 

responses were most pronounced with AQST-109 (Figure 2 

and Figure 3).

•AQST-109 induced a similar overall PD response across all 

parameters (SBP, DBP, and pulse) when compared to the EAIs 

or IM.

METHODS (cont’d)

Figure 1: Geometric Mean Epinephrine Concentration over Time by 

Treatment (20 minutes)

Parametera
AQST-109

(n=22)

EpiPen

(n=26)

Auvi-Q

(n=28)

IM Manual 

(n=26)

Tmax, min 15 10 30 50

Cmax, pg/mL
457 

(120.28)

628 

(47.82)

646 

(48.66)

344 

(59.93)

AUC0-10, h·pg/mL 13.9 43.5 26.5 5.3

AUC0-20, h·pg/mL 66.1 105.7 72.0 16.1

AUC0-30, h·pg/mL 96.4 176.6 136.8 38.0

AUC0-45, h·pg/mL 127.6 267.2 249.7 94.4

Table 1: Epinephrine PK Parameters by Treatment

Figure 2: Median Change from Baseline in Systolic Blood Pressure

Figure 3: Median Change from Baseline in Diastolic Blood Pressure

Figure 4: Median Change from Baseline in Pulse

SAFETY AND TOLERABILITY

•Most adverse events were consistent with known physiologic 

effects of epinephrine and were similar across treatments.

•There were no severe treatment-emergent adverse events 

(TEAEs) reported in both studies.

•All reported TEAEs were mild, transient, or resolved with 

minimal intervention.

•The AQST-109 formulation delivered 

epinephrine within range of the 

approved EAIs (EpiPen and Auvi-Q) and 

IM manual injection based on the PK 

profile.

•The rapid pronounced PD response 

from AQST-109 may be clinically 

meaningful to alleviate symptoms of 

anaphylaxis.

•Similar to all prior studies to date, AQST-

109 is safe and well tolerated at the 

therapeutic dose. 

•AQST-109 shows promise as a viable, 

noninvasive, needle-free, easy-to-carry 

alternative for the treatment of type 1 

allergic reactions, including anaphylaxis.

ACKNOWLEDGMENTS

This study was sponsored by Aquestive Therapeutics.

REFERENCES

1. Shaker MS, Wallace DV, Golden DBK, et al. J Allergy Clin Immunol. 

2020;145(4):1082-1123.

2. Worm M, Nguyen D, Rackley R, et al. Clin Transl Allergy. 2020;10:21.

DISCLOSURES

Drs. Golden, Lieberman, Bernstein, and Oppenheimer are members of the 

advisory board and consultants to Aquestive Therapeutics, Inc.

Dr. Freedman is an employee of Pharma Medica Research, Inc.

Drs. Kraus and Wargacki are employees of Aquestive Therapeutics.

KEY INCLUSION CRITERIA

•Healthy adult males and females aged 18 to 50 years with a body 

mass index (BMI) between 18 and 30 kg/m2.

•Systolic blood pressure (SBP) 95 to 140 mmHg, diastolic blood 

pressure (DBP) 55 to 90 mmHg, oxygen saturation ≥95% O2, and 

pulse 50 to 100 beats/min. 

a Geometric mean values except for median Tmax. Cmax also reports coefficient of variation (%).

RESULTS

PK DATA

•Delivery of AQST-109 resulted in epinephrine PK comparable to 

EAIs or IM (Figure 1).

•The partial area under the curve (AUC) values for AQST-109 were 

bracketed by the EAI and IM values for all timepoints between 8 

and 60 minutes post-dose (Table 1).

•Median Tmax for AQST-109 was similar to EpiPen and significantly 

faster than both Auvi-Q and IM (Table 1).

034

PHARMACOKINETICS AND PHARMACODYNAMICS OF EPINEPHRINE FOLLOWING ADMINISTRATION VIA SUBLINGUAL FILM, 

AUTO-INJECTOR, OR MANUAL INJECTION

David Golden MD1, Jay Lieberman MD2, David Bernstein MD3, John Oppenheimer MD4, Mark L. Freedman MD5, Carl Kraus MD6, Steve Wargacki PhD6

1Medstar Franklin Square Hospital, Baltimore, MD , 2University of Tennessee Health Science Center, Memphis, TN, 3University of Cincinnati College of Medicine, 4UMDNJ Rutgers University School of Medicine, 5Pharma Medica Research Inc., 6Aquestive Therapeutics

INTRODUCTION

•Epinephrine administered intramuscularly into the anterolateral 

thigh via manual injection or auto-injector (e.g., EpiPen®, Auvi-

Q®) is currently the first-line treatment for anaphylaxis.1

•The two injection methods have distinct pharmacokinetic (PK) 

profiles,2 but both clinically stabilize a patient with anaphylaxis 

until emergency services can arrive.

•AQST-109 (also called DESF) is a novel prodrug of epinephrine 

delivered via sublingual film and is being developed for the 

emergency treatment of type 1 allergic reactions, including 

anaphylaxis.

•AQST-109 could be conveniently carried by patients (e.g., in a 

wallet, pocket, small purse, or on the back of a mobile phone) 

and can be quickly administered by placing the film under the 

tongue and allowing it to dissolve in the saliva.

METHODS

STUDY DESIGN

•Data were pooled across two clinical studies in which healthy 

volunteers received either investigational product (AQST-109) 

or approved epinephrine injection products (all participants met 

the same inclusion/exclusion criteria).

•Both studies were randomized, open-label crossover trials 

evaluating PK and PD parameters for at least 240 minutes 

post-dose.

•During the studies, subjects received:

≥ AQST-109 12 mg

≥ Epinephrine 0.3 mg via EpiPen

≥ Epinephrine 0.3 mg via Auvi-Q

≥ Epinephrine 0.3 mg via IM injection

RESULTS  (cont’d) RESULTS (cont’d) CONCLUSIONS

OBJECTIVES

•To compare the pharmacokinetics (PK) and pharmacodynamics 

(PD) of epinephrine following administration of AQST-109, 

epinephrine IM injection, and epinephrine auto-injectors (EAIs) 

in healthy adult subjects.

•To compare the safety and tolerability of epinephrine following 

administration of AQST-109, epinephrine IM injection, and EAIs 

in healthy adult subjects.

PD DATA

•An early and rapid increase was observed in SBP (Figure 2), 

DBP (Figure 3), and pulse (Figure 4) with AQST-109 compared 

to the EAIs or IM.

•In the first 10-15 minutes after administration, SBP and DBP 

responses were most pronounced with AQST-109 (Figure 2 

and Figure 3).

•AQST-109 induced a similar overall PD response across all 

parameters (SBP, DBP, and pulse) when compared to the EAIs 

or IM.

METHODS (cont’d)

Figure 1: Geometric Mean Epinephrine Concentration over Time by 

Treatment (20 minutes)

Parametera
AQST-109

(n=22)

EpiPen

(n=26)

Auvi-Q

(n=28)

IM Manual 

(n=26)

Tmax, min 15 10 30 50

Cmax, pg/mL
457 

(120.28)

628 

(47.82)

646 

(48.66)

344 

(59.93)

AUC0-10, h·pg/mL 13.9 43.5 26.5 5.3

AUC0-20, h·pg/mL 66.1 105.7 72.0 16.1

AUC0-30, h·pg/mL 96.4 176.6 136.8 38.0

AUC0-45, h·pg/mL 127.6 267.2 249.7 94.4

Table 1: Epinephrine PK Parameters by Treatment

Figure 2: Median Change from Baseline in Systolic Blood Pressure

Figure 3: Median Change from Baseline in Diastolic Blood Pressure

Figure 4: Median Change from Baseline in Pulse

SAFETY AND TOLERABILITY

•Most adverse events were consistent with known physiologic 

effects of epinephrine and were similar across treatments.

•There were no severe treatment-emergent adverse events 

(TEAEs) reported in both studies.

•All reported TEAEs were mild, transient, or resolved with 

minimal intervention.

•The AQST-109 formulation delivered 

epinephrine within range of the 

approved EAIs (EpiPen and Auvi-Q) and 

IM manual injection based on the PK 

profile.

•The rapid pronounced PD response 

from AQST-109 may be clinically 

meaningful to alleviate symptoms of 

anaphylaxis.

•Similar to all prior studies to date, AQST-

109 is safe and well tolerated at the 

therapeutic dose. 

•AQST-109 shows promise as a viable, 

noninvasive, needle-free, easy-to-carry 

alternative for the treatment of type 1 

allergic reactions, including anaphylaxis.
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RESULTS

PK DATA
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and 60 minutes post-dose (Table 1).

•Median Tmax for AQST-109 was similar to EpiPen and significantly 

faster than both Auvi-Q and IM (Table 1).
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INTRODUCTION

•Epinephrine administered intramuscularly into the anterolateral 

thigh via manual injection or auto-injector (e.g., EpiPen®, Auvi-

Q®) is currently the first-line treatment for anaphylaxis.1

•The two injection methods have distinct pharmacokinetic (PK) 

profiles,2 but both clinically stabilize a patient with anaphylaxis 

until emergency services can arrive.

•AQST-109 (also called DESF) is a novel prodrug of epinephrine 

delivered via sublingual film and is being developed for the 

emergency treatment of type 1 allergic reactions, including 

anaphylaxis.

•AQST-109 could be conveniently carried by patients (e.g., in a 

wallet, pocket, small purse, or on the back of a mobile phone) 

and can be quickly administered by placing the film under the 

tongue and allowing it to dissolve in the saliva.

METHODS

STUDY DESIGN

•Data were pooled across two clinical studies in which healthy 

volunteers received either investigational product (AQST-109) 

or approved epinephrine injection products (all participants met 

the same inclusion/exclusion criteria).

•Both studies were randomized, open-label crossover trials 

evaluating PK and PD parameters for at least 240 minutes 

post-dose.

•During the studies, subjects received:

≥ AQST-109 12 mg

≥ Epinephrine 0.3 mg via EpiPen

≥ Epinephrine 0.3 mg via Auvi-Q

≥ Epinephrine 0.3 mg via IM injection

RESULTS  (cont’d) RESULTS (cont’d) CONCLUSIONS

OBJECTIVES

•To compare the pharmacokinetics (PK) and pharmacodynamics 

(PD) of epinephrine following administration of AQST-109, 

epinephrine IM injection, and epinephrine auto-injectors (EAIs) 

in healthy adult subjects.

•To compare the safety and tolerability of epinephrine following 

administration of AQST-109, epinephrine IM injection, and EAIs 

in healthy adult subjects.

PD DATA

•An early and rapid increase was observed in SBP (Figure 2), 

DBP (Figure 3), and pulse (Figure 4) with AQST-109 compared 

to the EAIs or IM.

•In the first 10-15 minutes after administration, SBP and DBP 

responses were most pronounced with AQST-109 (Figure 2 

and Figure 3).

•AQST-109 induced a similar overall PD response across all 

parameters (SBP, DBP, and pulse) when compared to the EAIs 

or IM.

METHODS (cont’d)

Figure 1: Geometric Mean Epinephrine Concentration over Time by 

Treatment (20 minutes)

Parametera
AQST-109

(n=22)

EpiPen

(n=26)

Auvi-Q

(n=28)

IM Manual 

(n=26)

Tmax, min 15 10 30 50

Cmax, pg/mL
457 

(120.28)

628 

(47.82)

646 

(48.66)

344 

(59.93)

AUC0-10, h·pg/mL 13.9 43.5 26.5 5.3

AUC0-20, h·pg/mL 66.1 105.7 72.0 16.1

AUC0-30, h·pg/mL 96.4 176.6 136.8 38.0

AUC0-45, h·pg/mL 127.6 267.2 249.7 94.4

Table 1: Epinephrine PK Parameters by Treatment

Figure 2: Median Change from Baseline in Systolic Blood Pressure

Figure 3: Median Change from Baseline in Diastolic Blood Pressure

Figure 4: Median Change from Baseline in Pulse

SAFETY AND TOLERABILITY

•Most adverse events were consistent with known physiologic 

effects of epinephrine and were similar across treatments.

•There were no severe treatment-emergent adverse events 

(TEAEs) reported in both studies.

•All reported TEAEs were mild, transient, or resolved with 

minimal intervention.

•The AQST-109 formulation delivered 

epinephrine within range of the 

approved EAIs (EpiPen and Auvi-Q) and 

IM manual injection based on the PK 

profile.

•The rapid pronounced PD response 

from AQST-109 may be clinically 

meaningful to alleviate symptoms of 

anaphylaxis.

•Similar to all prior studies to date, AQST-

109 is safe and well tolerated at the 

therapeutic dose. 

•AQST-109 shows promise as a viable, 

noninvasive, needle-free, easy-to-carry 

alternative for the treatment of type 1 

allergic reactions, including anaphylaxis.
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KEY INCLUSION CRITERIA

•Healthy adult males and females aged 18 to 50 years with a body 

mass index (BMI) between 18 and 30 kg/m2.

•Systolic blood pressure (SBP) 95 to 140 mmHg, diastolic blood 

pressure (DBP) 55 to 90 mmHg, oxygen saturation ≥95% O2, and 

pulse 50 to 100 beats/min. 

a Geometric mean values except for median Tmax. Cmax also reports coefficient of variation (%).

RESULTS

PK DATA

•Delivery of AQST-109 resulted in epinephrine PK comparable to 

EAIs or IM (Figure 1).

•The partial area under the curve (AUC) values for AQST-109 were 

bracketed by the EAI and IM values for all timepoints between 8 

and 60 minutes post-dose (Table 1).

•Median Tmax for AQST-109 was similar to EpiPen and significantly 

faster than both Auvi-Q and IM (Table 1).
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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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