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1  | INTRODUC TION

Anaphylaxis is a serious generalized allergic or hypersensitivity re-
action that is rapid in onset and potentially fatal, affecting nearly 
5% of the population in the United States.1,2 The manifestations 

of anaphylaxis include an acute onset with affectation of the skin 
or mucosa in the form of hives, flushing, or swelling; compromised 
breathing with possible dyspnea and wheezing; and arterial hypo-
tension with the potential for syncope.3 Immediate epinephrine 
treatment in anaphylaxis prevents life-threatening effects and leads 

 

Received: 24 February 2020  |  Revised: 9 March 2020  |  Accepted: 11 March 2020

DOI: 10.1002/prp2.587  

O R I G I N A L  A R T I C L E

Intranasal epinephrine in dogs: Pharmacokinetic and heart rate 
effects

Kenneth L. Dretchen1  |   Zack Mesa1 |   Matthew Robben2 |   Desmond Slade3 |   
Scott Hill3 |   Claire Croutch3 |   Kyle Kappeler4 |   Michael Mesa1

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2020 The Authors. Pharmacology Research & Perspectives published by John Wiley & Sons Ltd, British Pharmacological Society and American Society for 
Pharmacology and Experimental Therapeutics.

Abbreviations: AUC, area under the plasma concentration-time curve; bpm, beats per minute; Cmax, maximum plasma concentration; ECG, electrocardiogram; IM, intramuscular; IN, 
intranasal; LC-MS/MS, liquid chromatography tandem-mass spectrometry; PK, pharmacokinetic; QC, quality control; SMBS, sodium metabisulfite; Tmax, time to reach maximum plasma 
concentration; USDA, United States Department of Agriculture.

1Mesa Science Associates, Inc., Frederick, 
MD, USA
2Robben Consulting, LLC, Rochester, NY, 
USA
3MRIGlobal, Kansas City, MO, USA
4Citoxlab, Stilwell, KS, USA

Correspondence
Kenneth L. Dretchen, Mesa Science 
Associates, Inc., 4539 Metropolitan Ct, 
Frederick, MD 21704, USA.
Email: ken.dretchen@mesascience.com

Funding information
Bryn Pharma, LLC

Abstract
Epinephrine is the standard of care for the treatment of severe allergy and anaphy-
laxis. Epinephrine is most often administered through the intramuscular (IM) route 
via autoinjector. The current study aimed to evaluate an alternative method of epi-
nephrine treatment through intranasal (IN) delivery in dogs. The pharmacokinetic 
(PK) parameters of maximum plasma concentration (Cmax), time to reach maximum 
plasma concentration (Tmax), and area under the plasma concentration-time curve 
from 0 to 90 minutes (AUC0–90) were observed after IN epinephrine (2, 3, 4, 5, 10, and 
20 mg) and IM epinephrine via autoinjector (0.15 and 0.3 mg) for 90 minutes. Heart 
rate effects were measured after IN (2 and 5 mg) and IM (0.15 and 0.3 mg) epineph-
rine administration. IN epinephrine (5 mg) demonstrated significantly greater plasma 
epinephrine concentration at 1 minute as compared with IM epinephrine (0.3 mg) 
(1.68 ± 0.65 ng/mL vs 0.21 ± 0.08 ng/mL, P = .03). There were no significant differ-
ences in Cmax, Tmax, and AUC0–90 between 2-mg IN and 0.15-mg IM epinephrine or 
between 5-mg IN and 0.3-mg IM epinephrine. IN epinephrine reduced heart rate 
increases, as compared to IM epinephrine. IN and IM epinephrine were both well-
tolerated. Overall, IN epinephrine demonstrated advantages over IM epinephrine, 
including the rapid increase in plasma epinephrine and lack of increased heart rate 
over time.
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to decreased airway resistance, bronchodilation, reversal of hypo-
tension, and protective chronotropic and ionotropic cardiac effects.1

Epinephrine is most commonly administered via intramuscular (IM) 
injection via an autoinjector.4-6 Autoinjectors are effective in reduc-
ing anaphylactic symptoms; however, they are associated with several 
patient concerns and are often underused.7-9 Patients and caregivers 
may lack confidence with autoinjectors, which can contribute to anx-
iety and impede autoinjector use.10-12 In addition, there is potential 
for injuries associated with accidental injections and lacerations at the 
injection site, as well as the administration of expired autoinjector epi-
nephrine.5,7,9,13,14 Furthermore, there have been product recalls due to 
issues associated with autoinjector malfunction and inadequate drug 
delivery.15 Lastly, cost effectiveness and autoinjector availability are 
potential barriers for certain patients with severe allergy.12,16 These 
patient concerns may lead to lack of or delayed epinephrine treatment, 
which decreases the rate of survival in the event of anaphylaxis.17

To overcome these drawbacks, alternative routes of adminis-
tration and devices are needed for epinephrine delivery. The nasal 
cavity is an ideal site for drug delivery, particularly for medications 
requiring a rapid onset of action, because of the degree of vascu-
larization and tissue permeability.18 Intranasal (IN) administration 
has been explored for a wide variety of drugs, including naloxone, 
nalmefene, fentanyl, hydromorphone, midazolam, glucagon, and hal-
operidol.19-26 For example, IN glucagon for hypoglycemia treatment 
and midazolam for seizure termination are used when an immediate 
pharmacologic intervention is required.23,26 Successful administra-
tion of IN products in treating a variety of conditions provides prom-
ising support for IN epinephrine in the treatment of anaphylaxis.

Despite the use of IN administration of drugs for various indica-
tions and the known advantages of IN administration, studies on the 
potential use of IN epinephrine in the treatment of anaphylaxis are 
lacking. To our knowledge, only one preliminary clinical study has been 
conducted, which investigated epinephrine pharmacokinetic (PK) after 
IN versus IM administration in five participants.27 Likewise, only two 
preclinical studies on IN epinephrine have been published, which were 
conducted in dogs with compromised cardiovascular activity during 
ventricular fibrillation.28,29 We have conducted the current study in 
dogs to expand upon the literature knowledge base on IN epinephrine, 
and to provide the platform for future clinical studies.

The current study evaluated the PK profile of varying doses of 
epinephrine via IN administration in dogs. The study aimed to com-
pare PK parameters, heart rate effects, and safety of IN epinephrine 
via nasal drops versus IM epinephrine via autoinjector.

2  | MATERIAL S AND METHODS

2.1 | Animals

All animal experiments were approved by the Institutional Animal Care 
and Use Committee of MRIGlobal prior to dog procurement from a US 
Department of Agriculture (USDA)-certified vendor. Dogs aged 10 to 
11 months (7.6 to 10.5 kg) from Covance Research Products were used 

in the study. Dogs were individually housed indoors in primary enclo-
sures (cage banks, Shor-line) that provided floor space either meeting 
or exceeding specifications of the USDA Animal Welfare Act and as de-
scribed in the Guide for the Care and Use of Laboratory Animals.30,31 
Dogs were housed under controlled environmental conditions with a 
standard 12-hour light/dark cycle, with free access to food and water, 
and exercised on a regular weekly basis. Prior to epinephrine admin-
istration, dogs were shaved on the left and right chest for electrode 
placement and on the right thigh for IM injections.

2.2 | Experimental Design

The primary aim of these studies was to determine if escalating 
doses of IN epinephrine in dogs would result in a corresponding in-
crease in plasma epinephrine concentration as well as physiologic 
increase in heart rate. Single doses of IN epinephrine were ad-
ministered to the nostril of each dog at doses of 2, 3, 4, 5, 10, and 
20 mg, with a 24-hour washout period, if necessary. Dogs were 
administered a single IM epinephrine dose of either 0.15 or 0.3 mg 
to the bicep femoris muscle with autoinjectors (EpiPen®, Mylan, 
Canonsburg, PA). Three plasma samples were collected for PK 
analysis at the pre-dose phase (60, 12, and 1 minute prior to time 
zero) and after epinephrine administration at 1, 5, 10, 15, 20, 30, 
60, and 90 minutes. The PK parameters measured for absorption 
and exposure included the maximum plasma concentration (Cmax), 
time to reach maximum plasma concentration (Tmax), and area 
under the plasma concentration-time curve from 0 to 90 minutes 
(AUC0–90). Electrocardiogram (ECG) telemetry measurements for 
corresponding pharmacodynamic analysis were obtained at the 
same three pre-dose time points and after epinephrine adminis-
tration at 1, 5, 10, 15, 20, 30, 60, and 90 minutes. Clinical observa-
tions were performed at 60 minutes pre- and post-administration 
of IN and IM epinephrine.

2.3 | Formulation Components

The epinephrine used for IN administration was purchased from 
MilliporeSigma, stored at 5 ± 3°C, and protected from light. The ve-
hicle for IN epinephrine was formulated at MRIGlobal and was based 
on the injectable product with appropriate modifications suitable for 
IN administration. In addition to water, sodium metabisulfite (SMBS) 
and sodium chloride, the formulation included a viscosity modifier, 
preservative, and buffer. The final formulation had a pH of 5.0 ± 0.5. 
Autoinjectors were procured from local pharmacies and stored at 
room temperature (20-25°C) and protected from light.

2.4 | Dosing

For IN administration, conscious dogs (no anesthesia/seda-
tion) were restrained by a technician, while a second technician 
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delivered 100 µL of epinephrine in a 200-µL capacity cannula (pi-
pette tip) that was attached to a 100-µL calibrated pipette. No 
dead space was present in the cannula following dose delivery. 
The entire dose was delivered at a depth of three-quarters of an 
inch into the right nostril. For IM epinephrine administration, the 
autoinjector dosing procedure provided in the manufacturer's in-
structions was utilized.

2.5 | Sample collection

Up to 2 mL of whole blood was collected (Vacuette® tube 4 mL 
K2EDTA [Greiner Bio-One]) via venous puncture from jugular or 
cephalic vein. Blood serum and plasma samples were separated 
from whole blood by centrifugation, kept on ice, and protected from 
light when possible during the collection, aliquoting, and transfer 
processes. The PK plasma samples were vortex-mixed for approxi-
mately 1 minute, followed by centrifugation and aliquoting (typi-
cally 3 × 100 μL) into amber microcentrifuge tubes containing SMBS 
(5 μL). Following mixing, samples were transferred to the MRIGlobal 
Bioanalytical Group for analysis (one aliquot per PK sample).

2.6 | Bioanalysis of plasma samples

Plasma samples were analyzed for epinephrine concentrations 
using a calibrator range (lower limit of quantitation to upper 
limit of quantitation) of either 0.4 to 10 ng/mL or 1 to 32 ng/mL. 
Samples used for quality control (QC) were 0.4, 1, 3, and 5 ng/mL, 
and 1, 4, 12, and 24 ng/mL, respectively. Control plasma was heat 
treated (55°C for ~ 8 days) and stabilized with SMBS (~ 317 mg/mL)  
(plasma/SMBS = 98:2, volume/volume) before use. Calibrators, 
QCs, blanks, and incurred samples were prepared by solid-phase 
extraction using Biotage Evolute® Express WCX (10 mg) 96-well 
plates (Uppsala, Sweden) and epinephrine-d6 as a true internal 
standard. The obtained extracts were analyzed by liquid chroma-
tography tandem-mass spectrometry (LC-MS/MS) using a C18-
PFP column. Analysis with LC-MS/MS was performed in positive 
electrospray ionization mode using multiple reaction monitoring 
ionization.

2.7 | Statistical analysis

Epinephrine plasma concentrations were adjusted to account for 
the plasma epinephrine baseline concentration by subtracting the 
average concentration of three pre-dose samples (1, 12, and 60 min-
utes prior to time 0) from the post-dose values for each dog. In ad-
dition, epinephrine concentrations were considered as outliers and 
removed from analysis if they exceeded two times the standard de-
viation from the mean of baseline-subtracted post-dose epinephrine 
plasma concentrations of each dog over the course of blood sam-
pling (1 to 90 minutes post-dose).TA
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For the IN epinephrine groups, the elimination phase could not 
be defined; thus, the trapezoidal rule (GraphPad Prism 7.0c) was 
used to calculate AUC0–90. For IM epinephrine groups, the elimina-
tion phase could be defined; thus, AUC0–90 was calculated using both 
compartmental and noncompartmental analyses. A comparison of 
the PK parameters was accomplished with the use of Student's t test 
group comparisons with the level of probability set at < 0.05. All val-
ues are expressed as the mean ± standard error.

2.8 | ECG telemetry

Dogs were fitted with Lomir Biomedical Inc® (Malone, NY) telemetric 
collection jackets equipped with emkaPACK4G devices (Sterling, VA) to 
measure heart rate or ECG activity. ECGs were recorded 60 minutes prior 
to dosing and continuously through 90 minutes post-dose. Heart rates 
were reported from IOX (emka Technologies) to correspond with PK time 
points. Clinical observations were performed 60 minutes pre- and post-
dose administration. All values are expressed as the mean ± standard error.

2.9 | Safety

All dogs were monitored regularly by the veterinarian on-site for 
adverse events, or occurrences including illness or reaction with 
or without the presence of study drug, as per the USDA Veterinary 
Dictionary for Drug Related Affairs (VeDDRA) current guidance.32 
Specifically, adverse events were recorded in log books at approxi-
mately 1 hour before and after epinephrine administration, and 
throughout the duration of the study.

3  | RESULTS

3.1 | PK of IN versus IM epinephrine

Twenty dogs (10 male and 10 female) were included in the study, 
with six in each treatment group, aside from the 20-mg IN epineph-
rine group (n = 5). The Cmax, Tmax, and AUC0–90 values for all treatment 
groups are presented in Table 1. Greater variability in PK parameters 
was demonstrated after IN epinephrine versus IM epinephrine, par-
ticularly at the lower doses administered. The Cmax, Tmax, and AUC0–90 
values were inconsistent after 2-, 3-, 4-, and 5-mg IN epinephrine, and 
then trended toward dose-proportional increases with 10- and 20-mg 
IN epinephrine.

The Cmax values for 2-mg IN and 0.15-mg IM epinephrine were 
not significantly different (n = 6; 2.79 ± 0.96 ng/mL vs 1.25 ± 0.19 ng/
mL, P = .15). Likewise, there was not a significant difference in Tmax 
with 2-mg IN vs 0.15-mg IM epinephrine (n = 6; 37.00 ± 15.48 min-
utes vs 21.83 ± 8.74 minutes, P = .41). The AUC0–90 values for 2-mg 
IN and 0.15-mg IM epinephrine were also not significantly different 
(n = 6; 95.59 ng*minutes/mL ± 41.39 vs 58.93 ± 6.64 ng*minutes/mL, 
P = .40).

There was not a significant difference in Cmax between 4-mg IN and 
0.3-mg IM epinephrine (n = 6, 3.75 ± 1.71 ng/mL vs 2.81 ± 0.97 ng/mL, 
P = .64) or 5-mg IN and 0.3-mg IM epinephrine (n = 6, 3.43 ± 0.65 ng/mL  
vs 2.81 ± 0.97 ng/mL, P = .61). The Tmax values for 4-mg or 5-mg 
IN and 0.3-mg IM epinephrine were also not significantly different 
(n = 6, 48.50 ± 13.15 minutes vs 31.67 ± 9.37 minutes, P = .32; n = 6, 
41.67 ± 15.95 minutes vs 31.67 ± 9.37 minutes, P = .60). Lastly, there 
were no significant differences in AUC0–90 between 4- or 5-mg IN 
and 0.3-mg IM epinephrine (n = 6, 192.49 ± 99.49 ng*minutes/mL vs 
118.43 ± 19.40 ng*minutes/mL, P = .48; n = 6, 153.19 ± 20.13 ng*min-
utes/mL vs 118.43 ± 19.40 ng*minutes/mL P = .24).

Within 1-minute post-dose, the average plasma epinephrine con-
centration was numerically greater with 2-mg IN epinephrine than with  
0.15-mg IM epinephrine (0.94 ± 0.48 ng/mL vs 0.53 ± 0.13 ng/mL, P = .39) 
(Figure 1A). After 2-mg IN epinephrine dosing, plasma epinephrine con-
centration slightly decreased at 20 minutes, then steadily increased up 
to 90 minutes. After 0.15-mg IM epinephrine dosing, plasma epinephrine 
peaked at 20 minutes, then gradually declined over 90 minutes.

At 1 minute, 5-mg IN epinephrine produced a 7-fold greater epi-
nephrine concentration than 0.3-mg IM epinephrine (1.68 ± 0.65  
ng/mL vs 0.21 ± 0.08 ng/mL, P = .03; Figure 1B), with a concen-
tration of 41% of the Cmax versus 7% after 0.3-mg IM epinephrine. 
After 5-mg IN epinephrine, the plasma epinephrine concentration 
decreased 5 to 15 minutes after administration, then began increas-
ing at 20 minutes, peaked at 30 minutes, then remained stable for 
up to 90 minutes. After 0.3-mg IM epinephrine, plasma epinephrine 
concentration peaked at 15 minutes, and then gradually declined 
over 90 minutes.

Administration of 10-mg IN epinephrine resulted in a plasma 
concentration of 4.09 ± 1.56 ng/mL after 1 minute, with an in-
crease to 4.63 ± 3.11 ng/mL at 5 minutes. Administration of 20-mg 
IN epinephrine resulted in plasma epinephrine concentrations of 
6.08 ± 3.21 ng/mL and 16.34 ± 9.58 ng/mL at 1 and 5 minutes post-
dose, respectively. There were no statistical comparisons performed 
for the 10- and 20-mg IN epinephrine doses.

3.2 | Cardiovascular effects

Within 1 minute of 2-mg IN epinephrine, heart rate increased to 
108 ± 10.08 beats per minute (bpm) (40% over baseline) (Figure 2A). 
This reduced to a sustained level of 25% elevation from baseline 
for the next 20 minutes and decreased to less than 10% elevation 
at 30 minutes. Within 1 minute following 0.15-mg IM epinephrine 
administration, heart rate increased to 102 ± 8.22 (12% above base-
line). At 15 minutes following 0.15-mg IM epinephrine, heart rate 
was elevated to 111 ± 12.88 (22% above baseline) and continued to 
increase to 157 ± 10.06 (73%) at 90 minutes.

Within the first minute following 5-mg IN epinephrine, heart rate in-
creased to 132 ± 14.34 bpm (48% over baseline) (Figure 2B). However, 
the increase was of relatively short duration, with heart rates declining 
to 36% over baseline within 5 minutes. The magnitude of the heart rate 
change observed at 5 minutes remained relatively constant over the next 
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90 minutes. Within the first minute following 0.3-mg IM epinephrine ad-
ministration, heart rate increased to 47% over baseline. The level of heart 
rate increase remained relatively constant for the next 15 minutes and 
began to steadily increase by 59% over baseline at 20 minutes with a 
further increase to 79% over baseline at 60 and 90 minutes.

3.3 | Safety

IN epinephrine (2 to 20 mg) did not result in the appearance of either 
immediate or sustained adverse events in dogs that were followed 
for 2 weeks following the last drug administration. The most com-
mon adverse events with IN epinephrine were hypersalivation and 
emesis (Table 2). The most common adverse event with IM epineph-
rine was limping. Dogs exhibited signs of stress following IN and IM 
drug administration; however, all recovered within several hours, 
and no sustained effects were noted over the following 2 weeks.

4  | DISCUSSION

In this study of the PKs of IN epinephrine dosing in dogs, epineph-
rine was rapidly absorbed at 1 minute after IN as compared to IM 

administration. Overall, PK parameters were similar between IN and 
IM epinephrine, with a trend for dose-dependent increases in Cmax 
and AUC0-90 after IN and IM epinephrine, with some variability in 
dose-response after IN epinephrine. The Cmax and AUC0-90 values 
changed inconsistently after 2-, 3-, and 4-mg IN epinephrine, and 
the increases after 10- and 20-mg IN epinephrine were greater than 
dose-proportional effects. Increased heart rate was sustained after 
IM epinephrine over the course of 90 minutes, as compared to IN 
epinephrine, which showed reductions of increased heart rate over 
time. No differences in safety measures were indicated between 
IN and IM epinephrine at the time of administration, and for up to 
2 weeks of follow-up.

Plasma epinephrine concentration 1 minute after dosing was sig-
nificantly greater with 5-mg IN vs 0.3-mg IM epinephrine, followed 
by a brief reduction in plasma epinephrine at 10 to 15 minutes and a 
subsequent sustained increase in epinephrine concentration for up 
to 90 minutes (2.15 ng/mL). The classical bell-shaped plasma con-
centration-time curve after 0.3-mg IM epinephrine showed an initial 
increase in epinephrine concentration during absorption, followed by 
a plateau phase, and then a decrease in epinephrine concentration, 
reflecting distribution and elimination at 90 minutes (0.6 ng/mL).33

The heart rate increase after IN epinephrine decreased 15 
to 20 minutes after 2- and 5-mg IN epinephrine, while heart rate 

F I G U R E  1   Average epinephrine 
plasma concentration over time following 
2 mg-IN and 0.15-mg IM epinephrine (A), 
and 5-mg IN and 0.3-mg IM epinephrine 
(B). Epinephrine administration 
(epinephrine plasma concentrations 
were adjusted to account for the plasma 
epinephrine baseline by subtracting the 
average concentration of three pre-dose 
samples (60, 12, and 1 minute prior to 
time 0) from the post-dose values for 
each dog.) *P < .05. IM, intramuscular; IN, 
intranasal
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remained elevated for up to 90 minutes after 0.15- and 0.3-mg 
IM epinephrine. In addition, the dose-response relationships be-
tween epinephrine administration and increased heart rate dif-
fered between IN and IM epinephrine. The significantly increased 

epinephrine plasma concentration observed 1 minute after 5-mg IN 
epinephrine corresponded with a heart rate increase of 48% from 
baseline. Increased heart rate following 5-mg IN epinephrine de-
creased 5 minutes after IN administration, and remained decreased 

F I G U R E  2   Average heart rate over time following IN or IM epinephrine administration. bpm, beats per minute; IM, intramuscular; IN, 
intranasal
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TA B L E  2   Adverse events observed for 
up to 2 weeks after IN or IM epinephrine 
administration
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over the 90-minute period. After 0.15- and 0.3-mg IM epinephrine, 
heart rate continued to increase over time, with the greatest in-
creases at 30 to 90 minutes after administration. Increased heart 
rate after IM epinephrine corresponded to decreasing epinephrine 
concentrations at 30 to 90 minutes, suggesting a lack of correlation 
between plasma epinephrine concentration and heart rate. The es-
tablished variability of epinephrine uptake may explain the incon-
sistent dose-response relationship between epinephrine and heart 
rate effects.14

In addition to epinephrine uptake variability, receptor sub-
type-specific effects may be responsible for the inconsistent 
plasma concentration-time curve and heart rate effects after 
IN epinephrine.14,34 For example, the brief reductions in plasma 
epinephrine 5 to 20 minutes after 2-mg IN epinephrine dosing 
and 5 to 15 minutes after 5-mg IN epinephrine dosing were 
likely due to the alpha-adrenergic receptor-mediated vasocon-
strictive properties of epinephrine potentially evident only 
after IN administration.34 The sustained increase in plasma 
epinephrine concentration for 90 minutes after 5-mg IN epi-
nephrine is not likely from the result of accumulation over 
time because the half-life of epinephrine is 2 to 3 minutes.35 
Differences in heart rate activity may also be explained by vari-
ability in epinephrine absorption and differential activation of 
beta-adrenergic receptors that mediate tachycardia.35 The in-
consistent pattern of plasma epinephrine concentrations and 
heart rate effects may be supported by the known variability 
in epinephrine absorption across a range of doses.14,27 Further 
studies are required to understand the irregular plasma con-
centration-time curve and heart rate dose-response relation-
ship after IN epinephrine.

Though there are many known advantages of IN administra-
tion, the literature regarding the use of IN epinephrine to treat 
anaphylaxis is limited. There are only a few studies that have in-
vestigated IN epinephrine.27-29 Two preclinical studies showed 
that IN epinephrine rapidly increased plasma epinephrine concen-
trations and improved coronary blood flow during cardiopulmo-
nary resuscitation in dogs.28,29 These studies required the use of 
higher doses of epinephrine (7.5 to 14 mg) due to the compro-
mised cardiovascular system of the dogs during ventricular fibrilla-
tion. In these studies, an alpha-adrenergic blocker, phentolamine, 
was administered prior to IN epinephrine to improve epinephrine 
absorption.28,29

We have also used dogs to study epinephrine PK and pharma-
codynamics after IN versus IM administration. Dogs are a favorable 
species for clinical translation due to the similarities in the nasal en-
vironment between dogs and humans, such as similar nasal volume, 
dimension, surface area, and clearance.36,37 We have demonstrated 
that it is not necessary to administer an alpha-adrenergic blocker in 
conjunction with IN epinephrine to achieve epinephrine absorption 
via the IN route. In addition, we have used a wide range of IN epi-
nephrine doses that were expected to equate epinephrine absorp-
tion as compared to the FDA-approved IM doses contained within 
the autoinjectors. Because the bioavailability of polar substances like 

epinephrine through the nasal mucosa is relatively low,18,38 we chose 
to include a range of epinephrine doses for comparison to 0.15- and 
0.3-mg IM epinephrine. Unlike other studies, the formulation for IN 
epinephrine used in the current study was specifically designed to 
include an absorption enhancer in place of distilled water, along with 
a viscosity agent and buffer to optimize epinephrine stability and 
delivery.27

A preliminary clinical study evaluated comparative bioavailability 
of IN versus IM epinephrine in five adult participants. This pilot clin-
ical study demonstrated bioequivalence between 5-mg IN epineph-
rine and 0.3-mg IM epinephrine, with comparable Cmax, AUC0-120, 
and Tmax after IN and IM epinephrine.27 Further clinical studies with 
more participants are required to confirm these findings of bioequiv-
alence between IN and IM epinephrine. Future clinical studies in hu-
mans will aim to investigate the administration of the IN epinephrine 
formulation used in the current study and to validate the hypothesis 
that IN epinephrine leads to epinephrine absorption with bioequiva-
lence to IM epinephrine. In addition, we have ongoing preclinical and 
clinical studies evaluating IN epinephrine in the context of severe 
allergy or anaphylaxis.

IN epinephrine administration offers several potential ad-
vantages over IM administration in the treatment of anaphylaxis. 
First, 1 minute after dosing, IN epinephrine showed a significantly 
greater plasma epinephrine concentration versus IM epinephrine. 
This 1-minute difference in epinephrine concentration may be a 
critical factor in the potential treatment of a patient with anaphy-
laxis because mismanagement of anaphylaxis with delayed recog-
nition of allergic symptoms or delayed treatment with epinephrine 
can be fatal.3,39-42 Indeed, there is a negative correlation between 
the time to epinephrine treatment and a patient's rate of survival.17 
Thus, immediate treatment and epinephrine absorption is crucial in 
the treatment of anaphylaxis. The second advantage of IN admin-
istration of epinephrine is that this route provides more sustained 
and consistent plasma epinephrine concentrations over time. Third, 
the trend toward an increased dose effect presents an advantage 
of heightened dose administration with IN epinephrine. Fourth, IN 
epinephrine resulted in decreased heart rate effects compared to 
IM epinephrine, which may translate to a reduced risk of tachycardia 
during the treatment of anaphylaxis.

Other advantages of IN epinephrine include its portability and 
convenient administration method, which may increase the potential 
for carrying the device more regularly and decrease user anxiety, 
thereby decreasing the risk of delayed treatment.10,43 IN adminis-
tration avoids accidental finger sticks or skin lacerations that may 
be experienced during IM administration.7,9 Lastly, IN epinephrine 
may be a cost-effective alternative treatment strategy. Costs for IN 
naloxone sprays have remained stable over the course of 10 years 
(2006 to 2017) with increasing demand, while the costs of all other 
naloxone formulations, including IM formulations, have increased.44 
A retrospective US claims study found that a nasal spray for allergic 
rhinitis had better economic outcomes for patients than combina-
tions of agents, and appeared to keep asthma-related health-care 
costs down.45
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In the current preclinical study, IN epinephrine produced rapid epi-
nephrine absorption and similar PK parameters overall as compared to 
IM epinephrine. Additionally, IN epinephrine resulted in blunted heart 
rate effects as compared to IM epinephrine, and was well-tolerated. 
Clinical studies will further investigate IN epinephrine PK and pharma-
codynamic effects. IN epinephrine may be a potential alternative ther-
apeutic approach in the treatment of severe allergy and anaphylaxis.

E THIC S S TATEMENT
All animal experiments were approved by the Institutional Animal 
Care and Use Committee of MRIGlobal (Kansas City, MO) prior to 
dog procurement from a US Department of Agriculture (USDA)-
certified vendor.

ACKNOWLEDG MENTS
Bioanalytical results were analyzed by Dr Michael Zhuo Wang. 
Writing and editorial assistance was provided by Caryne Craige, 
PhD, of Fishawack Communications, LLC, and was funded by Bryn 
Pharma, LLC.

DISCLOSURE S
The authors have no conflict of interest to declare.

AUTHOR CONTRIBUTIONS
Participated in research design: Dretchen, Z Mesa, Robben, Slade, 
Hill, Croutch, Kappeler. Conducted experiments: Dretchen, Z Mesa, 
Slade, Hill, Croutch, Kappeler. Performed data analysis: Dretchen, Z 
Mesa, Slade, Hill, Croutch, Kappeler. Wrote or contributed to the writ-
ing of the manuscript: Dretchen, Z Mesa, Robben, Slade, Hill, Croutch, 
Kappeler, M Mesa.

ORCID
Kenneth L. Dretchen  https://orcid.org/0000-0002-0167-8732 

R E FE R E N C E S
 1. Sicherer SH, Simons FER. Section On A, Immunology 

Epinephrine for first-aid management of anaphylaxis. Pediatrics. 
2017;139(3):e20164006.

 2. Wood RA, Camargo CA Jr., Lieberman P, et al. Anaphylaxis in 
America: the prevalence and characteristics of anaphylaxis in the 
United States. J Allergy Clin Immunol. 2014;133(2):461-467.

 3. Sampson HA, Muñoz-Furlong A, Campbell RL, et al. Second sympo-
sium on the definition and management of anaphylaxis: summary 
report–second National Institute of Allergy and Infectious Disease/
Food Allergy and Anaphylaxis Network symposium. Ann Emerg 
Med. 2006;47(4):373-380.

 4. Ku MS. Recent trends in specialty pharma business model. J Food 
Drug Anal. 2015;23(4):595-608.

 5. Posner LS, Camargo CA Jr. Update on the usage and safety of epi-
nephrine auto-injectors, 2017. Drug Healthc Patient Saf. 2017;9:9-18.

 6. Simons FER, Ebisawa M, Sanchez-Borges M, et al. 2015 update of 
the evidence base: World allergy organization anaphylaxis guide-
lines. World Allergy Organ J. 2015;8(1):32.

 7. Brown JC, Tuuri RE, Akhter S, et al. Lacerations and embedded nee-
dles caused by epinephrine autoinjector use in children. Ann Emerg 
Med. 2016;67(3):307-315.e8.

 8. Sicherer SH, Forman JA, Noone SA. Use assessment of self-admin-
istered epinephrine among food-allergic children and pediatricians. 
Pediatrics. 2000;105(2):359-362.

 9. Simons FE, Lieberman PL, Read EJ Jr, Edwards ES. Hazards of unin-
tentional injection of epinephrine from autoinjectors: a systematic 
review. Ann Allergy Asthma Immunol. 2009;102(4):282-287.

 10. Bellanti JA, Settipane RA. Quality of life issues ranging from the 
burden of ocular and nasal allergies to the anxiety associated with 
having to carry self-injectable epinephrine for insect sting allergy. 
Allergy Asthma Proc. 2014;35(3):195-196.

 11. Turner PJ, DunnGalvin A, Hourihane JO. The emperor has no 
symptoms: the risks of a blanket approach to using epinephrine 
autoinjectors for all allergic reactions. J Allergy Clin Immunol Pract. 
2016;4(6):1143-1146.

 12. Cohen MB, Saunders SS, Wise SK, Nassif S, Platt MP. Pitfalls 
in the use of epinephrine for anaphylaxis: patient and pro-
vider opportunities for improvement. Int Forum Allergy Rhinol. 
2017;7(3):276-286.

 13. Schintler MV, Arbab E, Aberer W, Spendel S, Scharnagl E. Accidental 
perforating bone injury using the EpiPen autoinjection device. 
Allergy. 2005;60(2):259-260.

 14. Simons FE, Gu X, Simons KJ. Epinephrine absorption in adults: in-
tramuscular versus subcutaneous injection. J Allergy Clin Immunol. 
2001;108(5):871-873.

 15. Brown C. Initial confusion after massive Allerject recall. CMAJ. 
2015;187(18):E509-E510.

 16. Shaker M, Greenhawt M. Association of fatality risk with val-
ue-based drug pricing of epinephrine autoinjectors for children 
with peanut allergy: a cost-effectiveness analysis. JAMA Netw 
Open. 2018;1(7):e184728.

 17. Hansen M, Schmicker RH, Newgard CD, et al. Time to epineph-
rine administration and survival from nonshockable out-of-hos-
pital cardiac arrest among children and adults. Circulation. 
2018;137(19):2032-2040.

 18. Pires A, Fortuna A, Alves G, Falcao A. Intranasal drug delivery: how, 
why and what for? J Pharm Pharm Sci. 2009;12(3):288-311.

 19. McDonald R, Lorch U, Woodward JO, et al. Pharmacokinetics of 
concentrated naloxone nasal spray for opioid overdose reversal: 
Phase I healthy volunteer study. Addiction. 2018;113(3):484-493.

 20. Kerr D, Kelly AM, Dietze P, Jolley D, Barger B. Randomized con-
trolled trial comparing the effectiveness and safety of intranasal 
and intramuscular naloxone for the treatment of suspected heroin 
overdose. Addiction. 2009;104(12):2067-2074.

 21. Robinson A, Wermeling DP. Intranasal naloxone administra-
tion for treatment of opioid overdose. Am J Health Syst Pharm. 
2014;71(24):2129-2135.

 22. Bailey AM, Baum RA, Horn K, et al. Review of intranasally admin-
istered medications for use in the emergency department. J Emerg 
Med. 2017;53(1):38-48.

 23. Berg AK, Myrvik MJ, Van Ess PJ. Pharmacokinetics, pharmaco-
dynamics, and tolerability of USL261, midazolam nasal spray: 
Randomized study in healthy geriatric and non-geriatric adults. 
Epilepsy Behav. 2017;71(Pt A):51-59.

 24. Krieter P, Gyaw S, Crystal R, Skolnick P. Fighting fire with fire: de-
velopment of intranasal nalmefene to treat synthetic opioid over-
dose. J Pharmacol Exp Ther. 2019;371(2):409-415.

 25. Corrigan M, Wilson SS, Hampton J. Safety and efficacy of in-
tranasally administered medications in the emergency de-
partment and prehospital settings. Am J Health Syst Pharm. 
2015;72(18):1544-1554.

 26. Rickels MR, Ruedy KJ, Foster NC, et al. Intranasal glucagon for 
treatment of insulin-induced hypoglycemia in adults with Type 1 di-
abetes: a randomized crossover noninferiority study. Diabetes Care. 
2016;39(2):264-270.

https://orcid.org/0000-0002-0167-8732
https://orcid.org/0000-0002-0167-8732


     |  9DRETCHEN ET al.

 27. Srisawat C, Nakponetong K, Benjasupattananun P, et al. A preliminary 
study of intranasal epinephrine administration as a potential route for 
anaphylaxis treatment. Asian Pac J Allergy Immunol. 2016;34(1):38-43.

 28. Bleske BE, Rice TL, Warren EW, et al. Effect of dose on the nasal 
absorption of epinephrine during cardiopulmonary resuscitation. 
Am J Emerg Med. 1996;14(2):133-138.

 29. Bleske BE, Warren EW, Rice TL, Shea MJ, Amidon G, Knight 
P. Comparison of intravenous and intranasal administration 
of epinephrine during CPR in a canine model. Ann Emerg Med. 
1992;21(9):1125-1130.

 30. Guide for the Care and Use of Laboratory Animals, Eighth Edition. 
2011. Institute for Laboratory Animal Research. https://grants.nih.
gov/grant s/olaw/guide -for-the-care-and-use-of-labor atory -anima 
ls.pdf. Accessed March 2, 2020.

 31. Animal Welfare Act and Animal Welfare Regulations. 2017. United 
States Department of Agriculture. https://www.govin fo.gov/conte 
nt/pkg/USCOD E-2013-title 7/pdf/USCOD E-2013-title 7-chap54.
pdf. Accessed April 1, 2020.

 32. Guidance notes on the use of VeDDRA terminology for reporting 
suspected adverse reactions in animals and humans. 2018. https://
www.ema.europa.eu/en/docum ents/other /guida nce-notes -use-
veter inary -dicti onary -drug-regul atory -activ ities -veddr a-termi 
nolog y-repor ting_en.pdf. Accessed March 6, 2020.

 33. Edwards ES, Gunn R, Simons ER, et al. Bioavailability of epinephrine 
from Auvi-Q compared with EpiPen. Ann Allergy Asthma Immunol. 
2013;111(2):132-137.

 34. Taylor BN, Alpha CM. Alpha Adrenergic Receptors. StatPearls. 
Treasure Island (FL)2019.

 35. Dalal R, Grujic D. Epinephrine. StatPearls. Treasure Island (FL)2019.
 36. Erdo F, Bors LA, Farkas D, Bajza A, Gizurarson S. Evaluation of intra-

nasal delivery route of drug administration for brain targeting. Brain 
Res Bull. 2018;143:155-170.

 37. Gizurarson S. Animal models for intranasal drug delivery studies. A 
review article. Acta Pharm Nord. 1990;2(2):105-122.

 38. Ghadiri M, Young PM, Traini D. Strategies to enhance drug absorp-
tion via nasal and pulmonary routes. Pharmaceutics. 2019;11(3):113.

 39. Chooniedass R, Temple B, Becker A. Epinephrine use for anaphy-
laxis: too seldom, too late: current practices and guidelines in health 
care. Ann Allergy Asthma Immunol. 2017;119(2):108-110.

 40. Lieberman P, Nicklas RA, Randolph C, et al. Anaphylaxis–a prac-
tice parameter update 2015. Ann Allergy Asthma Immunol. 
2015;115(5):341-384.

 41. Lindor RA, McMahon EM, Wood JP, Sadosty AT, Boie ET, Campbell 
RL. Anaphylaxis-related malpractice lawsuits. West J Emerg Med. 
2018;19(4):693-700.

 42. Turner PJ, Jerschow E, Umasunthar T, Lin R, Campbell DE, Boyle 
RJ. Fatal anaphylaxis: mortality rate and risk factors. J Allergy Clin 
Immunol Pract. 2017;5(5):1169-1178.

 43. Portnoy J, Wade RL, Kessler C. Patient carrying time, confidence, 
and training with epinephrine autoinjectors: the RACE survey. J 
Allergy Clin Immunol Pract. 2019;7(7):2252-2261.

 44. Rosenberg M, Chai G, Mehta S, Schick A. Trends and economic driv-
ers for United States naloxone pricing, January 2006 to February 
2017. Addict Behav. 2018;86:86-89.

 45. Harrow B, Sedaghat AR, Caldwell-Tarr A, Dufour R. A comparison of 
health care resource utilization and costs for patients with allergic 
rhinitis on single-product or free-combination therapy of intranasal 
steroids and intranasal antihistamines. J Manag Care Spec Pharm. 
2016;22(12):1426-1436.

How to cite this article: Dretchen KL, Mesa Z, Robben M,  
et al. Intranasal epinephrine in dogs: Pharmacokinetic and 
heart rate effects. Pharmacol Res Perspect. 2020;e00587. 
https://doi.org/10.1002/prp2.587

https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf
https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf
https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf
https://www.aphis.usda.gov/animal_welfare/downloads/AC_BlueBook_AWA_FINAL_2017_508comp.pdf
https://www.aphis.usda.gov/animal_welfare/downloads/AC_BlueBook_AWA_FINAL_2017_508comp.pdf
https://www.aphis.usda.gov/animal_welfare/downloads/AC_BlueBook_AWA_FINAL_2017_508comp.pdf
https://www.ema.europa.eu/en/documents/other/guidance-notes-use-veterinary-dictionary-drug-regulatory-activities-veddra-terminology-reporting_en.pdf
https://www.ema.europa.eu/en/documents/other/guidance-notes-use-veterinary-dictionary-drug-regulatory-activities-veddra-terminology-reporting_en.pdf
https://www.ema.europa.eu/en/documents/other/guidance-notes-use-veterinary-dictionary-drug-regulatory-activities-veddra-terminology-reporting_en.pdf
https://www.ema.europa.eu/en/documents/other/guidance-notes-use-veterinary-dictionary-drug-regulatory-activities-veddra-terminology-reporting_en.pdf
https://doi.org/10.1002/prp2.587

