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Aims: Nasal glucagon (NG) is a nasally-administered glucagon powder, absorbed through the nasal

mucosa, designed for treatment of severe hypoglycaemia. This study evaluated the safety, pharmaco-

kinetics (PK) and pharmacodynamics (PD) of NG in otherwise healthy participants with common

colds and after recovery from cold symptoms, with and without concomitant nasal decongestant.

Materials and Methods: This was a single-centre, open-label study. Cohort 1 participants

(N = 18) received 2 doses of NG: one while experiencing nasal congestion and another after

recovery from cold symptoms. Cohort 2 participants (N = 18), who also had colds with nasal

congestion, received a single dose of NG 2 hours after treatment with the decongestant oxy-

metazoline. Total symptoms score and other safety measures were assessed before and after

NG administration.

Results: NG was well tolerated, without serious adverse events. Common adverse events (tran-

sient lacrimation, nasal discomfort, rhinorrhea and nausea) were more frequent in both Cohorts

1 and 2 during nasal congestion. Glucagon levels peaked 18 minutes post-dose and glucose

levels peaked 30 to 42 minutes post-dose in all groups. Nasal congestion, with or without con-

comitant nasal decongestant, did not significantly affect PK of NG. Although glucose AUECs0-t

was different between Cohort 1 with nasal congestion and Cohort 2, glucose concentrations at

30 minutes appeared similar in all groups.

Conclusions: There were no clinically relevant differences in safety or PK/PD of NG associated

with nasal congestion or concomitant administration of nasal decongestant, suggesting that NG

can be used to treat severe hypoglycaemia in individuals experiencing nasal congestion.
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1 | INTRODUCTION

Severe hypoglycaemia is an ever-present concern among individuals

treated with insulin or insulin secretagogues. In 2011, hypoglycaemia

was the first-listed diagnosis noted in more than 280 000 hospital

emergency room visits in the USA.1 In a survey of individuals with type

1 diabetes (T1D), 11.8% reported seizure or loss of consciousness

because of hypoglycaemia within the previous 12 months.2 Fear of
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hypoglycaemia may influence patients towards higher blood glucose,

increasing risks of hyperglycaemia-associated complications.3,4

Glucagon is an effective treatment for severe hypoglycaemia.

Aqueous glucagon is unstable; thus, glucagon emergency kits contain

powdered glucagon which must be reconstituted before being admin-

istered.5,6 When treating individuals who are disoriented, uncon-

scious, seizing or convulsing in an emergency situation, people

without medical training may find the reconstitution process difficult,

time-consuming and prone to error. Delays, errors, or failure to

administer glucagon during severe hypoglycaemia may negatively

impact patient outcomes.7 Recently, a study has shown that reconsti-

tuted recombinant glucagon delivered intranasally in euglycaemic

individuals is rapidly absorbed into the systemic circulation and acts

to increase blood glucose.8 A form of glucagon that does not require

reconstitution could be more beneficial, as it could be administered

more quickly.

Nasal glucagon (NG), a novel drug/device combination product, is

being developed for treatment of severe hypoglycaemia. The needle-

free, ready-to-use device delivers a dry powdered formulation into

the patient's nostril. Administration of injectable glucagon requires

several steps, including reconstitution, and is prone to error. In a sim-

ulation study, NG administration was faster and provided greater

probability of success in delivering the full dose by caregivers (94%

vs 13%) and others (93% vs 0%), with fewer errors compared to

injectable glucagon.9

Nasal administration is effective for delivery of medications and

vaccines.10 The human nasal cavity has a volume of 15 to 20 mL and

a surface area of approximately 150 cm2. Because of this large sur-

face area and the rich blood supply, medications can be readily

absorbed through the nasal mucosa.10 Most commonly, nasally-

administered drugs are for the treatment of acute or chronic nasal

symptoms (eg, decongestants). However, drugs that act systemically

are also administered nasally,10 including treatments for migraine (eg,

zolmitriptan and sumatriptan),10 pain (eg, fentanyl)10,11 and drug over-

dose (eg, naloxone).12 Lipophilic drugs are well absorbed from the

nasal cavity and often have pharmacokinetic profiles and bioavailabil-

ity comparable to intravenously-injected drugs.13

The NG formulation contains the lipophilic excipient dodecylpho-

sphocholine, which helps to enhance absorption. Dodecylphospho-

choline contains a choline group, a phosphate group and a saturated

aliphatic chain. All 3 moieties are present in phospholipids and

lecithins which are ubiquitous in mammalian cell membranes. The

synthetic glucagon in the formulation is a single-chain, 29-amino acid

polypeptide identical to the human recombinant DNA-derived gluca-

gon used in injectable emergency kits.

NG is delivered with a single-use device, inserted into the

patient's nostril. When the plunger on the device is depressed, gluca-

gon powder is propelled into the anterior region of the nasal cavity

(Figure 1).14 The powder then dissolves and is passively absorbed

into the blood stream via the moist membrane of the nasal mucosa

without requiring the patient to actively inhale or breathe deeply.

NG was well-tolerated in preclinical studies15 and in clinical trials

in adult and paediatric patients with T1D.16–18 In a crossover study

of 75 adults with T1D, a 3-mg NG dose was noninferior to 1 mg

injectable glucagon in treating insulin-induced hypoglycaemia.17 NG

was also effective in treating naturally-occurring hypoglycaemia in

home and school settings in children and adolescents, as well as in

home and work settings in adults with T1D.18,19

To date, all studies of NG have been conducted in individuals with-

out notable pre-existing nasal congestion. However, common cold and

associated nasal congestion occur frequently. In one survey, 85% of

respondents reported experiencing at least 1 cold within the past year;

nasal congestion was among the most common cold symptoms

reported.20 Moreover, some congestion in the nasal passageways is

common even in healthy individuals.21 Therefore, it is important to

understand whether the pharmacokinetics (PK) and pharmacodynamics

(PD) of NG are affected when nasal congestion is present. Nasal decon-

gestants used for the treatment of cold symptoms may also alter blood

glucose levels,22 as well as affect absorption of nasally-administered

medications.11 This study, therefore, enrolled participants with common

cold, and compared the effects of NG in participants with nasal conges-

tion and after recovery from cold symptoms, as well as in participants

with nasal congestion treated with a decongestant.

2 | MATERIAL AND METHODS

This single-centre, open-label, repeated-measures, parallel-design,

phase I study examined the safety and PK/PD of a single 3-mg dose

of NG in otherwise healthy participants with nasal congestion result-

ing from common cold and after recovering from cold symptoms, as

well as in participants with nasal congestion resulting from common

FIGURE 1 Diagram of the nasal passage and sinuses. [For illustrative purposes only.] From Intranasal Drug Administration — An Attractive

Delivery Route for Some Drugs by Degenhard Marx, Gerallt Williams and Matthias Birkhoff (http://dx.doi.org/10.5772/59468). Use of the fig-
ure does not assert or imply any connection with, sponsorship or endorsement by the Original Authors and is subject to Creative Commons
License 3.0 (https://creativecommons.org/licenses/by/3.0/legalcode)
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cold who had been treated with a nasal decongestant (oxymetazoline,

Dristan Long Lasting Nasal Mist 0.05%, Pfizer Consumer Healthcare).

The study (Clinicaltrials.gov identifier NCT02778100) was conducted

from March to April of 2013 in Montréal, Québec according to the

Declaration of Helsinki and was approved by the local institutional

review board. Informed consent was obtained from all participants.

All participants had common cold symptoms at study enrollment,

as evidenced by a score of 2 or 3 for nasal congestion and/or nasal

discharge on the Jackson cold scale,23 which assesses 8 symptoms of

common cold (runny nose, nasal congestion, sneezing, cough, malaise,

sore throat, fever/chills and headache) on a scale from 0 (absent) to

3 (severe). Peak nasal inspiratory flow was measured to confirm nasal

congestion approximately 1 hour before each treatment in Cohort

1 and approximately 30 minutes prior to administration of nasal

decongestant in Cohort 2. Eligible participants were adult, light-, non-

or ex-smokers, 18 to 50 years old inclusively, with body mass index

≥18.5 and <30.0 kg/m2. Aside from cold symptoms, participants were

healthy as determined by medical history, physical examination

(including vital signs), nasal examination, bilateral anterior rhinoscopy,

electrocardiogram (ECG) and clinical laboratory tests, as well as

screening for human immunodeficiency virus, hepatitis B, and

hepatitis C, and abuse of alcohol and drugs.

2.1 | Eligible participants were enrolled into two
cohorts.

2.1.1 | Cohort 1

The first 18 participants enrolled were assigned to Cohort 1. These

participants received NG treatment twice: first, while suffering from

untreated cold symptoms, and again 7 to 28 days later (≥2 days after

recovery from cold symptoms). Participants were required to have a

Jackson cold scale score of 0 before the second NG treatment.

2.1.2 | Cohort 2

The subsequent 18 participants enrolled, also experiencing common

cold with nasal congestion, were assigned to Cohort 2. These partici-

pants received NG only once. Two hours before NG administration,

they were treated with nasal decongestant (oxymetazoline), sprayed

twice into each nostril.

2.2 | NG administration and study procedures

All participants fasted for 10 hours (overnight) before a single 3-mg

dose of NG was administered in 1 nostril. Participants were closely

monitored for safety. Blood samples were collected for measurement

of glucagon and glucose concentrations 30 and 15 minutes before,

just before (time 0) and at 5, 10, 15, 20, 30, 40, 60, 90, 120, 150, and

180 minutes after NG administration.

2.3 | Analytical methods

Glucagon levels in plasma samples were analysed using a radioimmu-

noassay (20 pg/mL quantification limit; Millipore Human Glucagon

Assay, performed by Northwest Lipid Metabolism and Diabetes

Research Laboratories, University of Washington, Seattle,

Washington). Plasma glucose was measured using a Synchron® Sys-

tem, which determines GLUCm concentration by an oxygen rate

method using a Beckman Coulter Oxygen electrode (Gamma-

Dynacare Medical Laboratories, St-Laurent, Québec, Canada).

2.4 | Safety and tolerability

Safety and tolerability measures included adverse events (AEs) up to

5 hours after NG administration, physical examination, nasal examina-

tion, bilateral anterior rhinoscopy, standard laboratory evaluations,

vital signs and electrocardiogram (ECG). AEs were classified by Sys-

tem Organ Class and Preferred Term using the Medical Dictionary for

Regulatory Activities Version 13.1.

Participants rated their nasal symptoms (runny nose, nasal con-

gestion, nasal itching and sneezing) and non-nasal symptoms (watery

eyes, itchy eyes, redness of eyes, itching of ears and itching of throat)

individually from 0 (absent) to 3 (severe) on the Total Symptom Score

questionnaire.24,25 These ratings were collected at approximately

30 minutes prior to and at 15, 30, 60 and 180 minutes after each glu-

cagon administration.

2.5 | Statistical methods

Three analysis groups were defined: (1) Cohort 1 participants with

cold symptoms; (2) Cohort 1 participants without cold symptoms;

(3) Cohort 2 participants.

PK and PD parameters of glucose were derived using non-

compartmental analysis based on raw concentrations (Area Under the

Curve [AUC]0-t [for PK], Area Under the Effect Curve [AUEC]0-t [for

PD], maximum concentration [Cmax] and time to maximum concentra-

tion [Tmax]). Individual concentrations and PK/PD parameters were

summarized by analysis group, with descriptive statistics including

median for Tmax, and mean and standard deviation (or coefficient of

variation) for other parameters.

Comparison of natural logarithm (ln)-transformed PK/PD parame-

ters of glucagon and glucose between analysis group 1 and 2, as well

as between analysis group 1 and 3 was conducted using a mixed

analysis of variance (ANOVA) model including participant as random

effect and presence of cold symptoms or use of decongestant as

fixed effects. Predicted geometric means along with 90% confidence

intervals were derived. Analyses for PK, PD and safety included all

participants who received ≥1 dose of study drug.

Total nasal and non-nasal symptom scores at pre-glucagon and vari-

ous post-glucagon administration time-points were summarized by anal-

ysis group with descriptive statistics including mean and standard error.

As a post-hoc analysis, percentages of participants with a total nasal and

non-nasal symptom score ≥2 at pre-glucagon and various post-glucagon

administration time-points were also summarized by analysis group.

Change in vital signs from 1 h pre- to 45 minutes post-glucagon

administration was summarized by analysis group. Within-group dif-

ference was assessed using Wilcoxon Signed Rank test. SAS version

9.1 or higher (SAS Institute Inc., Cary, North Carolina) was used.

Unless otherwise specified, all tests of statistical significance were

evaluated at a nominal level of 0.05 using 2-tailed test procedures.
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2.6 | Power calculations

To achieve statistical power of ≥80% to demonstrate that nasal

decongestant use had no significant impact on the glucose AUEC0-t

(assuming true mean difference is zero) and allowing one standard

deviation (1.35 hour*mmol/L) as acceptable difference for equiva-

lence, 18 participants per cohort were required; this also provided

≥90% power to demonstrate that nasal congestion had no significant

impact on the glucose AUEC0-t under the same assumption.

3 | RESULTS

3.1 | Study participants

A total of 36 participants were enrolled in this study, 18 in each

cohort. Baseline demographics were similar for both cohorts

(Table S1). Peak nasal inspiratory air flow measurements confirmed

nasal congestion in all participants with colds. Jackson cold scores at

baseline ranged from 4 to 15 (Cohort 1 with nasal congestion) and

4 to 13 (Cohort 2). Participants in Cohort 1 were required by protocol

to have Jackson cold scores of 0 after recovery from cold symptoms.

One participant in Cohort 1 withdrew from the study before receiv-

ing a second NG dose (Figure S1). All other participants completed

the trial.

3.2 | Glucagon pharmacokinetics

3.2.1 | Cohort 1

Glucagon profiles were similar for Cohort 1 participants while

experiencing nasal congestion and after recovery from cold symp-

toms (Figure 2A), with glucagon concentrations rising slightly faster

when nasal congestion was present. Glucagon concentrations

increased substantially above baseline with mean peak concentra-

tions (Cmax) of 1198.4 pg/mL (with nasal congestion) and 801.5 pg/

mL (after recovery from cold symptoms) (Table 1). Tmax was

18 minutes, both with nasal congestion and after recovery from cold

symptoms. The glucagon PK observed during nasal congestion did

not show any statistically significant differences compared to that

after recovery from cold symptoms in this cohort (Table 2).

3.2.2 | Cohort 2

The glucagon profile for Cohort 2 was similar to the 2 profiles for

Cohort 1 (Table 1), with Cmax and AUC0-t values for Cohort 2 falling

between those for Cohort 1. Tmax was the same as that for both

Cohort 1 profiles. There were no statistically significant differences

between the profiles for Cohort 1 with nasal congestion and Cohort

1 without nasal congestion or the profile for Cohort 2 (Table 2).

3.3 | Glucose pharmacodynamics

3.3.1 | Cohort 1

Blood glucose increased within 5 minutes after NG administration in

participants with nasal congestion and after recovery from cold

symptoms (Figure 2B) with similar profiles. Plasma glucose increased

substantially within 30 minutes and reached Cmax values of

8.0 mmol/L (144 mg/dL) during nasal congestion and 7.7 mmol/L

(139 mg/dL) after recovery from cold symptoms, with median Tmax of

30 minutes and 36 minutes, respectively (Table 1).

3.3.2 | Cohort 2

Blood glucose also rose within 5 minutes after NG administration in

participants with nasal congestion treated with decongestant. Cmax

and Tmax for Cohort 2 were 8.8 mmol/L (158 mg/dL) and 42 minutes,

respectively. After 30 minutes, the glucose concentration for Cohort

2 was 8.1 mmol/L (146 mg/dL). The glucose profile in Cohort 2 was

similar to both of the profiles in Cohort 1 participants during the first

30 minutes (Figure 2B). From 30 to 90 minutes after NG administra-

tion, glucose concentrations were numerically higher in Cohort

2, resulting in a statistically significantly larger AUEC0-t (P = .023) for

Cohort 2 (Table 1, Table 2, Figure 2B). Difference in LnAUEC0-t

values was not statistically significant between Cohort 1 with nasal

congestion and Cohort 2 after adjusting for baseline glucose concen-

tration (P = .503). No other statistically significant differences in PD

parameters were observed (Table 2).
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FIGURE 2 Glucagon and glucose concentrations over time following

nasal glucagon administration. A single 3-mg dose of nasal glucagon
was administered at time 0. Glucagon concentrations are shown in
Panel A. Glucose concentrations are shown in Panel B. White
circles = Cohort 1 NG with nasal congestion. Black circles = Cohort
1 NG without cold symptoms. White squares = Cohort 2 (NG with
nasal congestion, treated with decongestant). Values are given as
means (adjusted for baseline concentration) � standard error;
NG = nasal glucagon; 1 mmol/L = 18 mg/dL
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3.4 | Total nasal and non-nasal symptom score

3.4.1 | Cohort 1

Before NG administration, total symptom scores were substantially

higher for participants experiencing nasal congestion compared to

the same participants after recovery from cold symptoms

(Figure S2A). Regardless of whether or not participants were

experiencing nasal congestion, mean scores rose 1 to 2 points within

15 minutes after glucagon administration, plateaued or declined by

30 minutes, and were at or below baseline scores within 3 hours.

While experiencing nasal congestion, all (100%) Cohort 1 partici-

pants had total symptom scores ≥2 from 30 minutes before glucagon

administration until 1 hour afterwards (Figure S2B). A score of ≥2

indicates the presence of ≥2 mild symptoms or ≥1 moderate or

severe symptom. After recovery from cold symptoms, no Cohort

1 participants (0%) had scores ≥2 before glucagon administration;

15 minutes after administration, 35% had scores ≥2 and the percent-

age dropped thereafter, reaching 0 within 3 hours (Figure S2B).

3.4.2 | Cohort 2

Scores for Cohort 2 were between the 2 sets of scores for Cohort

1 and followed a similar pattern. The mean score rose within

15 minutes after NG administration and fell below baseline scores by

3 hours.

Among Cohort 2 participants, 78% had total symptom scores ≥2

prior to glucagon administration; this percentage was higher at

15 and 30 minutes after glucagon administration and returned to

baseline 1 hour post dose (Figure S2B).

3.5 | Adverse events

No serious AEs were reported during this study (Table 3). All 36 study

participants (100%) experienced ≥1 AE, mostly mild or moderate in

severity. Four severe AEs were observed in Cohort 1 participants

experiencing nasal congestion: nasal congestion (1 participant) and

rhinorrhea (3 participants). After recovery from cold symptoms, par-

ticipants experienced no severe AEs following NG administration.

Three severe AEs were observed in Cohort 2 (congestion treated

with decongestant): increased lacrimation (1 participant) and nausea

(2 participants). The most consistently observed AE was increased

lacrimation, a transient increase in tearing most likely explained by

the nasal route of administration. AEs, especially those associated

with common cold, were considerably more frequent in Cohort 1 par-

ticipants experiencing nasal congestion compared with participants

after recovery from cold symptoms, or with participants in Cohort

2. Other adverse events which are well known glucagon side effects,

such as nausea and vomiting, were also reported.

TABLE 1 Summary of PK parameters of plasma glucagon and PD parameters of plasma glucose

Cohort 1 Cohort 2

PK parameters (glucagon)
NG + Common cold
(N = 18)

NG + No cold symptoms
(N = 17)

NG + Common cold + Decongestant
(N = 18)

AUC0-t, h�pg/mLa 1198.4 (84.6) 797.5 (50.1) 1038.0 (60.7)

Cmax, pg/mLa 1198.4 (83.0) 801.5 (68.2) 868.0 (68.8)

Tmax, minutesb 18 (5, 90) 18 (15, 40) 18 (10, 60)

PD parameters (glucose)

AUEC0-t, h�mmol/La 17.0 (16.9) 16.4 (13.4) 19.0 (14.3)

Cmax, mmol/La 8.0 (22.9) 7.7 (19.4) 8.8 (17.7)

Tmax, minutesb 30 (15, 60) 36 (20, 60) 42 (20, 60)

Abbreviations: AUC0-t, area under the curve from time zero; AUEC0-t, area under the effect curve from time zero; Cmax, maximum concentration; CV,
coefficient of variation; NG, nasal glucagon; PD, pharmacodynamics; PK, pharmacokinetics; Tmax, time to maximum concentration; for glucose, 1 mmol/
L = 18 mg/dL.
a Arithmetic mean (CV%).
b Median (minimum, maximum).

TABLE 2 Comparison of plasma glucagon PK parameters and plasma glucose PD parameters

Comparison
Cohort 1 - Common cold vs Cohort 2 - Common
cold + Decongestant

Cohort 1 - Common cold vs Cohort 1 - No cold symptoms

PK parameters
(glucagon)

Estimated
difference

P
value

90% CI for difference of geometric
means of transformed values

Estimated
difference

P
value

90% CI for difference of geometric
means of transformed values

LnAUC0-t

(h�pg/mL)
0.010 0.967 −0.39, 0.415 0.230 0.331 −0.165, 0.625

LnCmax (pg/mL) 0.161 0.552 −0.294, 0.617 0.250 0.357 −0.210, 0.710

PD parameters
(glucose)

LnAUEC0-t,
h�mmol/L

−0.116 0.023 −0.198, −0.034 0.038 0.132 −0.004, 0.079

LnCmax,
mmol/L

0.114 0.109 −0.231, 0.003 −0.026 0.605 −0.060, 0.112

Abbreviations: AUC0-t, area under the curve from time zero; AUEC0-t, area under the effect curve from time zero; Cmax, maximum concentration; CI, con-
fidence interval; Ln, natural logarithm.
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3.6 | Other safety measures

Blood pressure (BP) and pulse were measured 1 hour before NG

administration and 45 minutes afterwards. Statistically-significant

increases in BP were observed in each treatment group except for

diastolic BP in Cohort 1 participants with cold symptoms, and were

more pronounced with the use of nasal decongestant. There were no

significant changes in pulse (Table S2). Results of physical examina-

tion, nasal examination, bilateral anterior rhinoscopy, clinical pathol-

ogy and ECG did not suggest treatment-related safety concerns.

4 | DISCUSSION

NG was effective in rapidly raising blood glucose. Comparable PD

was observed when participants had nasal congestion and after

recovery from cold symptoms (Cohort 1). Participants with nasal con-

gestion treated with decongestant (Cohort 2) had statistically signifi-

cantly higher glucose AUEC0-t than participants in Cohort 1 with

untreated nasal congestion. This could be an effect of the deconges-

tant used, as oxymetazoline does alter blood glucose.26 Other PD

parameters, including Cmax, were not statistically significantly differ-

ent, regardless of the presence or absence of nasal congestion or

administration of nasal decongestant. As seen in Figure 2B, glucose

responses at 30 minutes were similar among the Cohorts. The com-

parable glucose responses within the first 30 minutes are the most

important to consider because a rapid and reliable rise in plasma glu-

cose is the most clinically-meaningful attribute for rescue treatment

during severe hypoglycaemia.

No significant differences in PK parameters were observed in this

study. Prior data with injected glucagon showed that small variations

in glucagon pharmacokinetics would not be expected to significantly

impact either the glucose response or the safety profile as intravenous

administration of a 2-mg dose of glucagon did not increase blood glu-

cose concentrations more than a 0.25-mg dose of glucagon, indicating

clear saturation of the PD response (maximal effective concentration

of glucagon exceeded even at the lower dose).7 Although lower doses

of glucagon are being investigated to maintain euglycaemia and avoid

hypoglycaemia when used in the artificial pancreas,27 a supratherapeu-

tic dose that maximizes the glucose response is desirable in the case of

severe hypoglycaemia rescue. For NG, 3 mg is the dose identified as

non-inferior to injectable glucagon in glucose response.17

Comparable results were seen with NG in patients with type 1 or

type 2 diabetes who were treated with single or repeated 3-mg doses

of NG in a randomized sequence. Repeated doses of NG (doubling

the NG dose) resulted in higher glucagon concentrations, but glucose

responses resembled those seen with a single dose.28 Although

repeat dosing resulted in greater systemic glucagon exposure, it did

TABLE 3 Most commonly reported adverse events by system organ class

Cohort 1 Cohort 2

Common cold
(n = 18)

No cold symptoms
(n = 17)

Common cold + Decongestant
(n = 18)

Total AEs reported, n 112 64 113

Patients with ≥1 AE, n (%) 18 (100) 17 (100) 18 (100)

Patients with ≥1 treatment-related AE, n (%) 18 (100) 17 (100) 18 (100)

Serious AEs reported, n 0 0 0

AEs by system organ class
Preferred term, n (%)

n (%) n (%) n (%)

Ocular

Increased lacrimation 13 (72.2) 12 (70.6) 12 (66.7)

Ocular hyperaemia 7 (38.9) 7 (41.2) 8 (44.4)

Eye pruritus 5 (27.8) 0 5 (27.8)

Respiratory

Nasal discomfort 12 (66.7) 7 (41.2) 15 (83.3)

Rhinorrhea 10 (55.6) 5 (29.4) 14 (77.8)

Nasal congestion 4 (22.2) 3 (17.6) 4 (22.2)

Sneezing 5 (27.8) 3 (17.6) 3 (16.7)

Nervous system

Dizziness 4 (22.2) 5 (29.4) 5 (27.8)

Headache 4 (22.2) 3 (17.6) 5 (27.8)

Somnolence 6 (33.3) 3 (17.6) 1 (5.6)

Gastrointestinal

Nausea 8 (44.4) 2 (11.8) 7 (38.9)

Vomiting 1 (5.6) 0 5 (27.8)

Abbreviation: AE, adverse event.
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not result in a clinically-meaningful increase in glucose response. All

NG treatments were generally well-tolerated. Many observed AEs

were related to local tolerability, probably explained by the route of

administration. Other AEs are well-known effects of glucagon admin-

istration. These events include nausea, vomiting and increased blood

pressure.6 Increased pulse rate is also observed generally with gluca-

gon administration; however, we did not see a significant change in

pulse rate in this study. Administration of oxymetazoline, which acts

as a vasoconstrictor,22 may also have contributed to the rise in blood

pressure, which was more pronounced in participants treated with a

decongestant.

Despite the presence of cold symptoms in this study, these PK,

PD and safety results are similar to those observed in a study of glu-

cagon in individuals with T1D who were not experiencing nasal

congestion,17 indicating that NG PK/PD were not significantly altered

by nasal congestion, with or without use of a nasal decongestant.

This is in contrast to a study of nasally-administered fentanyl, where

absorption was somewhat compromised and Tmax was delayed by

oxymetazoline administration.11

Strengths of the study include having participants in Cohort

1 serve as their own controls, and the use of a single study centre,

which ensured consistency. One potential limitation was the use of a

single nasal decongestant, although we selected a decongestant that

is among the most commonly used.

In summary, there were no clinically relevant differences in

safety or PK/PD of NG associated with nasal congestion due to com-

mon cold or concomitant administration of nasal decongestant.

Although there were modest differences in total glucose excursions,

the onset of glucose response and the glucose excursion observed in

the first 30 minutes were similar across the 3 groups. Glucagon

and glucose levels increased rapidly after treatment, peaking at

18 minutes post dose (glucagon) and 30 to 42 minutes post dose

(glucose) in all groups. These results indicate that a 3-mg dose of NG

can be used to treat episodes of severe hypoglycaemia in individuals

experiencing nasal congestion.
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