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Part 1 - imidazolines and the
changing face of nasal
decongestants

Rebecca J. Stinson and Laura R. Sadofsky*

Biomedical Institute for Multimorbidity, Centre for Biomedicine, Hull York Medical School, University of
Hull, Hull, United Kingdom

Imidazolines are sympathomimetic drugs used to treat a range of conditions
including nasal congestion, ocular disorders, and hypertension. Imidazolines
were discovered over 150 years ago. However, it was research from the 1940s
onwards which established the therapeutic benefits of imidazolines. Although
there is extensive literature describing imidazolines, the history and timeline of
their development is not well documented. This review focuses on the evolution
of imidazoline pharmacology particularly those used in nasal decongestants,
naphazoline, tetrahydrozoline, xylometazoline and oxymetazoline. These
derivatives activate the a;-and a,-adrenergic receptors with varying degrees of
selectivity, to provide decongestive relief through vasoconstriction. This reduces
swelling of the nasal mucosa, delivering both subjective and objective relief from
congestion. Each new imidazoline derivative has improved onset and duration of
action, resulting in treatments with enhanced efficacy, tolerability, and safety.
Although these advancements allow for less frequent dosing with comparable
effects, the importance of correct usage for optimal benefit cannot be overstated.
These nasal decongestants are considered safe when used as recommended
however, rhinitis medicamentosa, characterized by chronic nasal congestion, can
occur with excessive use. Imidazolines are an important class of compounds
which have shown improvements in efficacy and safety over time. However,
further improvements could be made with more advances in understanding their
pharmacology.

KEYWORDS

nasal decongestants, imidazolines, oxymetazoline, sympathomimetic, nasal
decongestants/adverse effects, imidazoline receptor, xylometazoline

1 Introduction

Imidazolines are a valuable class of bioactive compounds, forming the active ingredients
in numerous formulations of topical nasal decongestant sprays, topical ocular treatments
and antihypertensives to name but a few (Krasavin, 2015; Mehedi and Tepe, 2020; National
Center for Biotechnology Information, 2024). Their success is due to the relatively high
efficacy and tolerability, coupled with the low risk of serious side effects experienced when
taken correctly, making them a popular over-the-counter (OTC) and prescription
treatment for a wide range of aliments (Trinh et al., 2024; Black and Remsen, 1980;
Wang et al., 2024). Over 50 different imidazolines have been identified, whilst many of these
have been synthesised for their pharmacological properties, several are also naturally
occurring, taking the form of biological compounds such as purines and histidine (Tyagi
etal., 2007). The uses of imidazolines are far reaching, being bioactive in both their synthetic
and natural forms. Therapeutic uses of imidazolines include treatment of fungal diseases,

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2025.1655252/full
https://www.frontiersin.org/articles/10.3389/fphar.2025.1655252/full
https://www.frontiersin.org/articles/10.3389/fphar.2025.1655252/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2025.1655252&domain=pdf&date_stamp=2025-11-28
mailto:l.r.sadofsky@hull.ac.uk
mailto:l.r.sadofsky@hull.ac.uk
https://doi.org/10.3389/fphar.2025.1655252
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2025.1655252

Stinson and Sadofsky

10.3389/fphar.2025.1655252

Reduction

¢ =

Imidazole

FIGURE 1

2-imidazoline

3-imidazoline 4-imidazoline

Chemical structure of imidazole and the imidazolines produced through reduction of imidazole.

¢

a,B-adrenergic
receptor,

G-coupled
protein GDP

B

o

GDP GIP c
p By ™ P
a;A-adrenergic -
receptor
;\‘

FIGURE 2

adenylyl

/ cyclase

‘ imidazoline

VASOCONSTRICTION

phospholipase C-inositol
triphosphate-
diacylglycerol pathway

Imidazoline-triggered activation of a-adrenergic receptors leading to vasoconstriction of smooth muscle. Binding of an imidazoline derivative to the
alA-adrenergic receptor. (A) activates the receptor (B), this subsequently activates the phospholipase C-inositol triphosphate-diacylglycerol pathway
(C,D), which increases intracellular calcium (E) and activates protein kinase C (F) leading to vasoconstriction of the smooth muscle. Alternatively, an
imidazoline derivate binds to a2B-adrenergic receptor (1), resulting in receptor activation (2) which subsequently increases adenylyl cyclase (3) and

cAMP production (4) leading to vasoconstriction.

hypertension, parasitic worm infections, allergies, inflammation,
pain, hyperglycaemia, and cancer, they also have potential for
treating Alzheimer’s and Parkinson’s disease (Mehedi and Tepe,
2020; Kabi et al, 2024). Beyond pharmacological applications,
affinity
chromatography, prevention of copper corrosion, photography,
electronics and as a fire retardant (Bhatnagar et al., 2011). Three
isomers of imidazolines exist, known as 2-, 3-, and 4-imidazoline,
which reflects the position of the double bond within the ring

imidazolines are utilised in immobilised metal

structure (Figure 1). Of these, 2-imidazoline is of the greatest
importance owing to its numerous biologically active compounds
and the commercial benefit they provide in pharmacology and
beyond (Krasavin, 2015; Liu and Du, 2009).

Frontiers in Pharmacology

Imidazolines are classified as sympathomimetic drugs and are
frequently used as nasal decongestants alongside sympathomimetic
amines such as phenylephrine, as they have the benefit of being
lipophilic and rapidly absorbed (Rizvic et al., 2017; Wenzel et al.,
2004). Sympathomimetic drugs activate the sympathetic nervous
system either directly or indirectly, as they mimic endogenous
molecule action or intracellular signalling pathways (Costa et al.,
2022). This creates an effect through the activation of a;-and a,-
adrenergic receptors, a class of G protein-coupled receptors
(GPCRs) with varying degrees of selectivity. Those that work
indirectly increase the level of catecholamine in the synaptic cleft,
which activates the adrenergic receptors in the same manner as
directly acting sympathomimetics (Costa et al., 2022; Hieble and
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TABLE 1 Imidazolines used predominantly in the treatment of nasal congestion.

Imidazoline
derivative

Chemical structure and formula

Molecular

weight
(g/mol)

Application

10.3389/fphar.2025.1655252

WHO ATC
classification*

Currently used in
nasal
decongestants

Naphazoline 210.28 Reduction of red RO1AA08 No longer widely utilised
eye Identified as in nasal spray
N Nasal decongestion = sympathomimetic, plain, = preparations
z JC“H“NZ DDD 0.4 mg dail Available in India, Brazil
.4 mg daily ailable a, Bra
and eastern europe
HN
Antazoline H 265.36 Nasal decongestion | Not listed Not widely utilised in
N N Conjunctivitis nasal spray preparations
©/\ /\(JC HLoN treatment Can be used in
N 172719783 conjunction with
@ naphazoline and
tetrahydrozoline
Available in eastern
europe
Tymazoline 232.33 Nasal decongestion, = RO1AA13 Not widely utilised in
specifically for Identified as nasal spray preparations
H CuHoN,0 rhinitis sympa.thomimetic, plain, = Available in a fe?/v
6} no daily dose european countries and
/\(J Russia
N
Xylometazoline H 244.38 Nasal decongestion | RO1AA07 Widely used in nasal
N Treatment of Identified as spray preparation
\ COHLN allergic rhinitis and | sympathomimetic, plain, =~ worldwide
161722 sinusitis DDD 0.8 mg daily
N
Tetrahydrozoline 200.29 Reduction of eye RO1AA06 No longer widely utilised
HN /x irritation Identified as in nasal spray
Nasal/ sympathomimetic, plain, = preparations
< N CisHieNs nasopharyngeal DDD 0.8 mg daily Available in US.
decongestion
Oxymetazoline H 260.38 Rosacea treatment | RO1AA05 Widely used in nasal
HO N Reduction of eye Identified as spray preparation
\ o HN,O irritation sympathomimetic, plain, =~ worldwide
lot2472 Nasal decongestion = DDD 0.4 mg daily
N Treatment of
nosebleeds
Blepharoptosis
treatment
Tramazoline 215.30 Nasal decongestion | RO1AA09 Occasionally used in nasal
Identified as spray preparations
H ” N G HN sympathomimetic, plain, = Available in some
\( J 137 no daily dose european countries,
Australia and Russia
HN
Fenoxazoline 218.30 Nasal decongestion = RO1AA12 Not widely utilised in

H
N CisHisN,O

o’\<J

N

Identified as
sympathomimetic, plain,
no daily dose

nasal spray preparations
Available in a few
european countries

*Details based on the World Health Organisation’s utilisation of the Anatomical Therapeutics Classification and defined daily dose (DDD), the average daily maintenance dose for adults may
not correspond to the recommended prescribed daily dose (Wang et al., 2024; Bucaretchi et al., 2003; Bende and Pipkorn, 1987; Wishart et al., 2018; Menger, 1959; Nagane et al., 2011; Duzman
et al., 1986; Shanler and Ondo, 2007; WHO Collaborating Centre for Drug Statistics Methodology, 2024; Norwegian Institute of Public Health, 2024; World health Organisation, 2024).

Ruffolo, 1992; Xu et al., 2022). Upon activation by an imidazoline the
response of the adrenergic receptor depends on its type of receptor. a;-
adrenergic receptors couple with G proteins activating the phospholipase
C-inositol  triphosphate-diacylglycerol pathway, which subsequently
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releases intracellular calcium and activates protein kinase C. Whilst,

ap-adrenergic receptors may also interact with stimulatory G proteins
and increase both adenylyl cyclase and cAMP production (Maaliki et al,,

2024) (Figure 2).
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FIGURE 3

Chemical structure of clonidine.

These variations between receptor activation may explain why
the different imidazoline derivatives produce differing responses,
with the aforementioned responses resulting in the vasoconstriction
effect (Maaliki et al., 2024). Whilst
sympathomimetic drugs, their mechanism of action cannot fully

imidazolines are

be explained by their interaction with adrenergic receptors alone,
thus specific imidazoline receptors have been proposed and
identified which although not fully elucidated has led to the
development of improved imidazoline derivatives (Bousquet,
1995). The imidazoline compounds which are now available for
the treatment of numerous aliments is the culmination of nearly
150 years of research. However, whilst the literature relating to
imidazolines is extensive, there is a limited collective overview of
these derivatives. Thus, the story of how and why we see the
development from early derivates to those in current widespread
use is less clear. Here, we aim to review the history of this class of
compounds and in doing so provide a timeline of development of
the different imidazoline derivatives, particularly those which
feature in topical nasal decongestants. The drivers behind the
search for new derivates and the role receptors have played in
the research and understanding of this important class of
compounds will be considered.

2 Imidazolines: a brief past to present

The imidazoline precursor, imidazole, a hetercyclic organic
compound, was first produced as early as the 1850s (Bhatnagar
et al,, 2011). Imidazolines are produced by reduction of imidazoles
and were first synthesised by a German chemist in 1888 (Mehedi and
Tepe, 2020) (Figure 1). After the late 1880s there appears to be no
further development of this class of drugs, with no references in the
literature being evident until the late 1930s with the synthesis of
tolazoline and shortly after naphazoline hydrochloride in the early
1940s (National Center for Biotechnology Information, 2024; Szabo,
2002). Since their initial discovery, imidazolines have been
extensively developed. The earliest examples were used to treat
nasal congestion and shortly after eye irritation however, early
cases of acute toxicity with naphazoline resulted in subsequent
developments to improve efficacy and safety (Mertins, 1947;
Neistadt, 1955; Von Nordheim, 1955). Thus within 30 years the
number of imidazoline derivates available for use as a nasal
decongestant had risen from one to eight (Table 1).

Frontiers in Pharmacology

10.3389/fphar.2025.1655252

TABLE 2 Identified locations of imidazoline receptors in mammals
including humans (Bousquet et al., 2020; Khan et al., 1999; Dardonville and
Rozas, 2004; Ernsberger et al., 1995; Head and Mayorov, 2006; Regunathan
and Reis, 1996).

Site of receptor |, receptor |, receptor |5 receptor
Brain v v -
Central nervous system v v

Kidney v v

Pancreas - v v
Adrenal gland v v

Stomach v

Adipose tissue v

Heart v v

Placenta - v

Colon - v

Vascular smooth muscle - v

Liver - V4 -
Urethra - v -
Carotid body v v -
Prostate v v

Platelets v - -

Nasal decongestants form only part of the story of the
imidazolines. As strides were being made to improve the efficacy
and safety of nasal decongestants, alternative uses were being
identified. Perhaps the most significant was the discovery of
clonidine in the 1960s (Figure 3). Initially tested as a potential
nasal decongestant, the significant systemic side effects it produced
subsequently showed it had high efficacy as an anti-hypertensive
treatment, thus switching the focus of its use (Gold et al., 2024;
Stihle, 1980). Furthermore,
fundamental in developing an understanding of the interactions

2000; van Zwieten, it became
of imidazoline derivatives with their receptors from the 1970s
onwards (Bousquet, 1995; Gold et al., 2024; Stdhle, 2000). This
resulted in the elucidation of the a-adrenergic receptors subtypes, o,
and a,, and later their subdivisions a; A, 0, B, a;C, a,A, a,B, and a,C.
Identification of these receptor subtypes enabled numerous
imidazoline derivatives to be synthesised and tested based on
their binding affinities (Bousquet et al, 2020; Langer, 1999;
Bylund, 1985; Khan et al.,, 1999). However, the central action of
clonidine’s hypotensive effect could not be fully explained by its
interaction with a,-adrenergic receptors alone. Furthermore, there
was no relationship between affinity towards an a-adrenergic and
the extent to which an imidazoline reduced blood pressure.
Suggesting that another receptor specific to imidazolines may be
involved (Bousquet, 1995).

Imidazoline specific receptors were first confirmed in 1987, with
three subtypes, I;, I, and I isolated based on distinct binding and
functional pharmacology, which indicated the mode of action of
imidazolines is also via a pathway independent of a,-adrenergic
receptors (Bousquet et al., 2020; Khan et al., 1999; Nutt et al., 1995).
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1850s 1880s 1940s 1950s

Year of Decade

0

Naphazoline
synthesised

Naphazoline

1960s

1970s 1990s 2000s - onwards

Clonidine
synthesised

1
1
1
[}
1
I
{
[l
[]
1
available OTC 1
1
1
I
1
T
[}
1
1
[}
1
1

—
Tetrahydrozoline in
clinical trials

Fenoxazoline
synthesized*

Rilmenidine
synthesised

Antazoline
synthesized*

6 -

Clonidine used for
hypertension

Brimonidine
synthesised

Rilmenidine
available used for
hypertension

Tymazoline

synthesized*
7

Iljl

Naphazoline

available for

ocular use

Tetrahydrozoline

9 available for

ocular use

Tetrahydrozoline
available OTC

FIGURE 4

Dexmedetomidine
synthesised

Timeline of discovery of imidazoline derivatives. Red dashed line represents the point where there is a gradual shift from early-generation to new-
generation imidazoline derivatives, which can be defined as such: early-generation imidazoline derivatives were created prior to 1960, typically have
higher risk of side effects, longer subjective onset of action, are shorter acting and require higher or more frequent doses. New-generation imidazoline
derivatives were created after 1960, typically have fewer side effects, greater tolerability, a subjective faster onset of action, are longer acting,
requiring lower or less frequent doses, and have greater a-adrenergic receptor affinity and potency. *Represents imidazoline derivatives which are less

widely used and so more are difficult to define in such terms.

Imidazoline receptors are found throughout the body of several
mammalian species including humans, predominately these are
located within the brain and central nervous system however, the
sites depend on the specific receptor (Bousquet et al., 2020; Khan
et al,, 1999; Dardonville and Rozas, 2004; Ernsberger et al., 1995;
Head and Mayorov, 2006; Regunathan and Reis, 1996) (Table 2). It
is worth noting that none have currently been identified specifically
in the nasal passages, thus although imidazoline based nasal
decongestants have been shown to interact with the a-adrenergic
receptors, the role imidazoline receptors play in their mechanisms of
action, if any, are yet to be established (Haenisch et al., 2010; Horie
et al., 1995).

Whilst the role these receptors play in nasal decongestion is
unclear, the identification of the I; receptor has enabled the
development of new imidazoline derivates, that are better
tolerated than earlier derivatives (Figure 4). These newer
derivatives tend to have a higher affinity and potency for a,-
adrenergic receptors, additionally they also have some affinity to
a;-adrenergic receptors. Whilst, the impact of these differences has
not been fully elucidated, it may go some way to explain the faster
onset of action and different dosages compared to -earlier
imidazolines (Wang et al, 2024; Khan et al, 1999; Haenisch

Frontiers in Pharmacology

et al., 2010; Jones, 2021; Ruffolo and Waddell, 1982; Sanders
et al, 1975). Furthermore, they benefit from having a higher
affinity to imidazoline receptors compared to a,-adrenergic
receptors (Bousquet et al, 2020; Head and Mayorov, 2006;
Erszegi et al, 2024; Musgrav et al, 1998; Muramatsu and
Kigoshi, 1992; Piletz et al, 2000). These newer generation
imidazolines have also been shown to have a longer lasting effect.
The higher efficacy means patients require fewer doses per day to
achieve the desired reduction in symptoms, making them a safer and
more tolerable alternative to the earlier generation imidazolines
(Schafer et al., 1992; Druce et al., 2018; Reinecke and Tschaikin,
2005). This successful characterisation of the imidazoline binding
sites not only helped improved the patient experience in regards to
nasal decongestion, but has also seen research diversify beyond the
management of hypertension and congestion to fields including
pain, epilepsy, inflammation, cancer, appetite, cell proliferation and
adhesion, opioid addiction and neuroprotection (Head and
Mayorov, 2006). Although the pharmacological benefit of
imidazolines is wide reaching, this paper will focus on the
changing landscape of imidazolines as nasal decongestants,
influences on the development of new derivatives and how this
has improved patient experience.
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Xylometazoline
Naphazoline Identified 1951
Identified 1941
Onset 5-10 minutes

Duration 2-6 hours

Onset 5-10 minutes
(subjective 1-2 minutes)
Duration 6-10 hours

All derivatives are considered
safe when used within
recommended guidelines

1940 |

Increasing tolerability and efficacy

Tetrahydrazoline
Identified 1949
Onset 5-10 minutes
Duration 4-8 hours

FIGURE 5

> 1970

Oxymetazoline
Identified 1961

Onset 5-10 minutes
(subjective 25 seconds)
Duration 8-12 hours

Timeline of the identification of the four most widely studied imidazoline nasal decongestants. The timeline indicates the date of identification, the
onset of action and duration of action. The tolerability and efficacy of the nasal decongestions improves with each subsequent derivative.

3 The changing landscape of
imidazolines as nasal decongestants

3.1 History of discovery

Imidazoline derivatives form the active ingredient in a wide
range of nasal decongestants which are available OTC. However, the
number of derivatives which can be used in these products has not
remained static, instead over a period of approximately 20 years the
number continued to increase, driven by a desire to improve
tolerability and efficacy, thus reducing the need for frequent
dosing. The history of the four most widely studied imidazoline
nasal decongestants is outlined henceforth and overviewed
in Figure 5.

3.1.1 Naphazoline

Naphazoline hydrochloride was first identified as an effective
treatment for nasal congestion in 1941. The preparation was
marketed as a nasal vasoconstrictor which functioned to reduce
swelling of the nasal mucosa and was hailed at the time as non-toxic
(Putnam and Herwick, 1946). Whilst, the onset of action is as little as
5 minutes, the relatively short window of activity of around 2-6 h,
means naphazoline needs to be readministered relatively frequently
which can result in acute toxicity, especially if delivered incorrectly
leading to accidental ingestion (Wang et al., 2024; Wenzel et al.,
2004). The safety implications of incorrect application are discussed
below in more detail.

3.1.2 Tetrahydrozoline

The need for drugs with greater efficacy, lower effective dose and
a longer therapeutic window led to the production of another
imidazoline, tetrahydrozoline hydrochloride, which following
4 years of clinical trials became available in 1959 (Neistadt, 1955;
Menshawey and Menshawey, 2024). As with naphazoline,
tetrahydrozoline also acts as a vasoconstrictor on the nasal
mucosa and has an onset of action within 5-10 min of
application. However, it provides the added benefit of having a
prolonged effect, lasting between 4-8 h, thus requiring less frequent
administration and has lower toxicity (Neistadt, 1955; Hutcheon
et al., 1955; Bucaretchi et al., 2003).

Frontiers in Pharmacology

3.1.3 Xylometazoline

By the end of the 1940s, almost simultaneously with
tetrahydrozoline, xylometazoline was developed to improve the
dose and tolerability of nasal decongestants, with clinical trials
beginning around 1951 (Graf et al, 2018; Steinberg, 1953). As
with
vasoconstrictor  on the

naphazoline and tetrahydrozoline, it acts as a

nasal  submucosa, reducing
congestion caused by sinusitis and rhinitis. Although still
showing some of the features of the earlier generation
imidazolines, xylometazoline became the forerunner in the shift
towards a newer generation of imidazolines, with improved efficacy
and duration of action. As with previously described nasal
decongestants, it provides rapid onset of symptom relief within
5-10 min of application however, it gives an extended period of
symptom relief of between 6-10 h and may provide relief for up to
12 h (Graf et al,, 2018; Steinberg, 1953; Eccles et al., 2008; Eccles

et al., 2010).

3.1.4 Oxymetazoline

The development of nasal vasoconstrictors did not stop at this
point, instead improvements continued to be made with the
synthesis of oxymetazoline. This continued development arose
due to a need to improve efficacy of a nasal decongestant
without causing significant reactive hyperaemia. Whilst the early-
generation imidazoline derivatives proved to be longer lasting than
their ephedrine and epinephrine derivative counterparts, the length
of time they provided therapeutic relief from congestion was still
shorter than desired for some applications (Hotovy et al., 1961).
Thus, a
xylometazoline led to the development of oxymetazoline by

minor modification to the mnasal decongestant
Merck in the 1960s, producing a new-generation imidazoline
which further improved efficacy and lowered toxicity (Evaluation
of a nasal decongestant, 1965; Chatelet, 1965; Cartabuke et al., 2021;
Hochban et al,, 1999). As a result of modification, oxymetazoline
can provide significant subjective and objective relief from
nasal congestion for up to 12 h. Subjective relief can be
experienced as quickly as 25 s after application, whilst objective
relief occurs within 5-10 min (Druce et al., 2018; Reinecke and
Tschaikin, 2005; Akerland et al, 1989;

Linzmayer, 1987).

Connell and
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TABLE 3 Described variations in duration and onset of action in the most commonly used imidazoline based nasal decongestants. Subjective onset of action

is given where these are clearly discussed in literature.

Imidazoline derivative Naphazoline

Tetrahydrozoline

Xylometazoline

Oxymetazoline

Onset of action Objective (minutes) 5-10 5-10 5-10 5-10
Subjective - - 1-2 min 25s
Duration of action (hours) 2-6 4-8 6-10 (up to 12%) 8-12
Additional properties
Anti-inflammatory X X X v
Antiviral X X X v
Antioxidant ? X v v
Alternative treatment uses
Allergic conjunctivitis v v v v
Gluacoma v - - -
Ocular myasthenia gravis v - - v
Reduction of eye irritation v v v v
Reduction of red eye v v v v
Rosacea - - - v
Nosebleeds - - - v

*12-h duration recognised as a potential trend in literature, significance only noted until 10 h post application. ? naphazoline recognised as having potential antioxidant properties however,
further investigation is required (Wang et al., 2024; Neistadt, 1955; Druce et al., 2018; Reinecke and Tschaikin, 2005; Bucaretchi et al., 2003; Graf et al., 2018; Steinberg, 1953; Eccles et al., 2008;
Eccles et al,, 2010; Abelson et al., 1984; Shellans et al., 1989; Menger, 1959; Nagane et al., 2011; Duzman et al., 1986; Newland et al., 2025; Samson et al., 1980; Katz et al., 1990; Womack et al.,

2018; Shanler and Ondo, 2007).

3.1.5 Other derivatives as nasal decongestants

Other imidazolines have been identified as having nasal decongestant
properties (Table 1), although these are less widely used for this purpose
than those previously described. Antazoline, synthesised in 1946 is an
imidazoline and first-generation antihistamine, that is used in nasal
decongestants often alongside other imidazolines, for the treatment of
allergic rhinitis and hay fever (Bende and Pipkorn, 1987; Boora, 2007). In
addition, it is used to treat eye and skin irritation due to allergies, has
potential anti-viral properties and may help in the treatment of
arrhythmia (Bende and Pipkorn, 1987; Boora, 2007; Li et al, 2021;
Springer et al.,, 2024). Similarly, the imidazoline derivative tramazoline,
synthesised in 1962, functions as a nasal decongestant with a similar
efficacy to xylometazoline but lacks the wider range of uses seen in other
imidazolines (Hochban et al.,, 1999; Maryadele et al., 2007). Synthesised in
1947, tymazoline has nasal vasoconstrictor properties which are effective
against rhinitis symptoms. However, it is not widely utilised and other
uses have not been determined (Maryadele et al., 2007; Wishart et al,,
2018). Fenoxazoline is the final imidazoline derivative that is used as a
nasal decongestant for rhinitis. Synthesised in 1965, it functions in the
same manner as other derivatives although is not as widely available
(Bucaretchi et al,, 2003; Maryadele et al., 2007).

3.2 Alternative uses

Interestingly ~the  vasoconstrictive  properties of the
aforementioned imidazoline derivatives have uses beyond nasal

decongestion, with the most notable use being in ophthalmic
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applications (Tables 1, 3). The mode of action as a
vasoconstrictor, initially enabled naphazoline to be utilised in
topical ocular applications to provide a reduction in the red eye
and swelling associated with allergic conjunctivitis (Abelson et al.,
1984; Shellans et al., 1989). Similarly, tetrahydrozoline has also been
shown to be an effective ocular decongestant against allergic
conjunctivitis red-eye 1959).

Naphazoline can also be used for the treatment of glaucoma, and

and  associated (Menger,
more recently has shown potential for the treatment of ocular
myasthenia gravis, where it may improve the tone of the muscles
controlling the eyelids, reducing the extent of drooping experienced
by some patients (Nagane et al., 2011). Oxymetazoline provides
some overlap with naphazoline being effective in treating eye
irritation due to environmental or allergic conjunctivitis or at
higher concentrations to treat blepharoptosis (Duzman et al,
1986; Newland et al., 2025; Samson et al., 1980). Oxymetazoline
has also been used successfully to treat epistaxis through nasal
application on absorbent swabs (Katz et al., 1990; Womack et al.,
2018), and topical application to the skin has been shown to reduce
facial flushing and erythema associated with some types of rosacea
(Shanler and Ondo, 2007).

The pharmacodynamics of the imidazoline derivatives extend
beyond those relating to nasal decongestion and ophthalmology and
their ability to cause vasoconstriction. Given the various aetiologies of
nasal congestion, the identification of other potentially useful
properties, including acting as an antioxidant, anti-inflammatory
and antiviral, may aid in treating the underlying causative agents
and in doing so help reduce the burden of symptoms. Naphazoline has
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shown potential as a possible antioxidant against radiation. Interestingly,
the vasoconstrictive property of naphazoline may be partly responsible
for its antioxidant effect alongside its radical scavenging ability however,
the mechanisms involved are currently not fully understood (Prouillac
et al., 2006; Musa and Eriksson, 2007; Ponomarev et al., 2023). Similarly,
xylometazoline and oxymetazoline have also been shown to have
antioxidant properties. Although the mechanisms have not been fully
elucidated, this action may involve inhibition of nitric oxide synthase in
the nasal passages, with oxymetazoline being rated as the more effective
of the two (Westerveld et al., 1995; Westerveld et al., 2000). In addition,
oxymetazoline has been shown to have potential antiviral and anti-
inflammatory properties. These anti-inflammatory properties may be
due to an immunomodulating effect created through inhibition of
proinflammatory cytokines and lower stimulatory capacity of T-cells.
Interestingly, topical application of oxymetazoline has also been shown to
reduce the duration of rhinitis symptoms by 2 days when compared to
saline alone (Table 3) (Reinecke and Tschaikin, 2005; Westerveld et al.,
1995; Koelsch et al., 2007; Jagade et al., 2008). These additional properties
may explain why some imidazoline derivatives are more effective nasal
decongestants than others, with the different properties working
synergistically beyond the nasal mucosa however, further studies are
required to better understand and elucidate the mechanisms which
are at play.

3.3 Comparative efficacy

The historical development of the imidazoline derivatives utilised in
nasal decongestants represents a desire to improve their efficacy,
potency and effectiveness (Greenstein, 1955; Wahid and Shermetaro,
2023). Whilst the objective onset of action of each new derivative has
remained unchanged at around 5-10 min post application, there has
been a noticeable shift towards a more rapid subjective onset of action
with the more recent derivatives (Table 3) (Reinecke and Tschaikin,
2005; Eccles et al., 2008; Hochban et al., 1999). Measurements of the
objective onset of action of nasal decongestants can be assessed via nasal
resistance and conductance. Methods including nasal peak flow,
rhinomanometry, rhinostereometry and acoustic rhinometry are
widely utilised to make assessments on nasal decongestant
effectiveness (Ottaviano and Fokkens, 2016). For example, a small
trial with 30 healthy volunteers was performed to objectively compare
the decongestive effects of oxymetazoline and xylometazoline. Using
active anterior rhinomanometry and acoustic rhinometry
measurements both xylometazoline and oxymetazoline were shown
to have similar decongestive effects which occurred rapidly, within
minutes of application and with similar duration (Eskiizmir et al., 2011).
In addition measurements can be confirmed via computed tomography
or magnetic resonance imaging (MRI) (Ottaviano and Fokkens, 2016).
However, it is worth noting methods such as rhinomanometry and
rhinostereometry can pose technical challenges which have the
potential to impact the accuracy of the measurements taken. Thus,
using a combination of clinical measurements and imaging is more
likely to give a clearer indication of the effectiveness of a treatment (Patil
and Jain, 2024; Hagen et al, 2025). As such, the effectiveness of
oxymetazoline to reduce the extent of swelling in the nasal
turbinate, has been confirmed through MRI and nasal patency
measurements (Druce et al, 2018; Kishore et al, 2015; Pritchard

et al., 2014).
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Although the objective times for the onset of action can be
derived via clinical measurements, giving a definitive time point for
when symptom relief occurs, subjective relief is also worth
considering (Eccles et al., 2008). Whilst there is limited evidence
relating to the subjective relief provided from naphazoline or
tertrahydrozoline application, more evidence is present for
xylometazoline and oxymetazoline application. For some
individuals, subjective relief from symptoms can be experience
around 2 min after application of xylometazoline and as quickly
as 25 s after application of oxymetazoline (Druce et al, 2018;
Reinecke and Tschaikin, 2005; Eccles et al., 2008; Akerland et al.,
1989; Connell and Linzmayer, 1987). The importance of this
subjective effect should not be underestimated, as any perceived
improvement in symptoms is likely to positively impact patient
wellbeing, as much as any objective change would. Additionally, this
may also influence how and when individuals utilise nasal
decongestants in order to experience maximum relief of
symptoms (Eccles et al., 2008).

The duration of symptom relief has also notably improved as
newer derivatives have been developed, increasing from between
2 and 6 h for naphazoline to 8-12 h for oxymetazoline (Table 3)
(Passali et al,, 2006). Interestingly, the shorter acting derivatives,
including naphazoline and tetrahydrozoline have been observed to
cause reactive hyperaemia as soon as 8 h after application (Hochban
etal,, 1999). The presence of reactive hyperaemia has the potential to
lead to patients misusing a nasal decongestant, in an attempt to
provide further relief from the ongoing sensation of nasal congestion
(Russo et al., 2023). Consequently, this increased duration of action
means patients require less frequent dosing, thereby reducing the
risk of experiencing unwanted side effects (Wang et al., 2024; Passali
et al., 2006).

The improved symptom relief observed with new-generation
nasal decongestants is a reflection of changes to interactions with the
adrenergic receptors. Although xylometazoline was more effective
than previously designed nasal vasoconstrictors, the modification to
create oxymetazoline further improved potency at some adrenergic
receptors. Whilst xylometazoline acts as full agonist at the
a,B-adrenergic receptors, oxymetazoline is not only a full agonist
but also has a seven-fold higher potency, in addition it is a weak,
partial agonist at a; A-adrenergic. Furthermore, oxymetazoline has a
higher affinity for the a;A-adrenergic receptors compared to
xylometazoline, which has a higher affinity to a,B-adrenergic
receptors. These differences have the potential to help explain the
faster onset of action and different dosage requirements compared
to other early generation imidazolines (Haenisch et al., 2010; Horie
et al., 1995; Jones, 2021).

3.4 Safety considerations

Imidazoline nasal decongestants have an improved efficacy
and safety profile compared to other nasal decongestants such as
phenylephrine, often making them the decongestant of choice
(Cartabuke et al, 2021). This safety profile is supported
through the limited published evidence of acute intoxication
and specifically fatalities. As with any medication, there is a risk
of developing acute side effects, which in the case of imidazoline
nasal decongestants are typically minor and short lived. However,
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TABLE 4 Examples of some of the potential side effects that can be
experienced with the most widely available nasal decongestant sprays.

Common side effects

Sneezing

Burning/Stinging sensation
Nasal dryness/Irritation
Mild headaches

Less common side effects

Dizziness

Severe headaches
Increased blood pressure*
Irregular/Rapid heartbeat*
Insomnia/Anxiety*
Rhinitis medicamentosa
Drowsiness*

Breathing difficulties*

*Represents side effects that typically occur due to systemic absorption, ingestion/overdose
or sensitivity and are less likely to occur when taken as prescribed (Wang et al., 2024; Jones,
2021; Gussow, 2020; Lake, 1946; Pasini and Massara, 1958; Corboz et al., 2008; Greene, 2005;
Ahsanuddin et al,, 2021).

a chronic side effect in the form of rhinitis medicamentosa (RM)
can develop if taken for a prolonged period or if the recommended
daily dose is exceeded (Passali et al., 2006). During normal use,
commonly observed side effects include sneezing, a runny nose
and burning or stinging sensations, while less common side effects
can include wheezing, dizziness, headaches and palpitations
(Table 4) (Patel et al., 2021). These acute and chronic risks will
be discussed in further detail below, whilst RM will be explored in
greater depth in the second part of our literature review series and
below in 3.4.2.

3.4.1 General toxicology
The first cases of acute toxicity after excessive self-medication
with imidazoline nasal sprays were reported in 1946. Regardless of

10.3389/fphar.2025.1655252

the imidazoline derivative used, the observed effects of intoxication
are similar, and can include central nervous system and respiratory
depression, alongside reduced heart rate and fluctuations in blood
pressure. However, the dose required for intoxication to occur is
often not well defined and varies between imidazoline derivatives.
The onset of symptoms of intoxication are rapid and typically
resolve within 24 h with suitable medical care (Table 5)
(Cartabuke et al., 2021; Uehara et al., 2024; Oishi et al., 2024;
Vitezi¢ et al., 1994; van Velzen et al, 2007; Spiller and Griffith,
2008; Al-Abri et al., 2014; Musshoff et al., 2014; van Stralen et al.,
2023; Nordt et al., 2016; Gussow, 2020).

These initial instances of intoxication with naphazoline reflected
the relatively low efficacy of the drug and the need to take frequent
doses to maintain the decongestive effect (Mertins, 1947). This
frequent usage increases the risk of the observed acute toxicity,
especially if delivered incorrectly resulting in accidental ingestion or
if given to children where a more pronounced effect is seen
compared to adults (Wenzel et al, 2004). Similar observations
can also be made with tetrahydrozoline (Brainerd and Olmsted,
1956; Chusid et al., 1956). However, being widely available as an
OTC drug, tetrahydrozoline use has been implicated in more illicit
practices. Albeit infrequently, tetrahydrozoline has been identified as
a drug which can be used to facilitate sexual assault, linked to
creating false negatives in urine drug tests and in attempted suicides
and murders (Menshawey and Menshawey, 2024; Sosa, 2024)

With xylometazoline it took nearly 30 years before any mention
of acute toxicity appeared in the literature (Vanezis and Toseland,
1980). Examples of intoxication are limited, with those that exist,
typically due to accidental oral consumption or as a consequence of
dosage errors (Musshoff et al, 2014). Xylometazoline as with
tetrahydrozoline has been used for illicit means, as inhalation can
cause rewarding psychoactive effects (Anand et al, 2008).
Oxymetazoline has a safety record similar to xylometazoline,
with little evidence of acute toxicity documented in the literature
when taken correctly. However, as with other nasal decongestants

TABLE 5 Overview of the effects caused by intoxication with the most commonly used imidazoline nasal decongestants. The intoxication dose reflects the
variability of reporting in the literature, whilst route, effect, onset and resolution of the intoxication are similar for all imidazoline nasal decongestants. The
effects listed here are not exhaustive, other effects may also be observed (Cartabuke et al., 2021; Uehara et al., 2024; Oishi et al., 2024; Vitezic et al., 1994;
van Velzen et al., 2007; Spiller and Griffith, 2008; Al-Abri et al., 2014; Musshoff et al., 2014; van Stralen et al., 2023; Nordt et al., 2016).

Imidazoline
derivative

Naphazoline

Tetrahydrozoline

Oxymetazoline

Xylometazoline

Intoxication dose 0.05-0.3 mg/kg

67-102 mg/kg

No effect observed 1-2 mL in a child of 0.05%

2-3 mL in a child at <0.4 mg/kg solution
Route of dose Ingestion (0.1 mg/kg in babies, 0.3 mg/kg  Ingestion Ingestion Ingestion
children over 2) Intranasal Intranasal Intranasal (in children)

Intranasal (0.05 mg/kg)

Effect

hypotension)
Respiratory depression

CNS depression - including effects such as miosis, convulsions, drowsiness, loss of consciousness and potential coma
Cardiovascular involvement - including effects such as bradycardia, tachycardia and changes to BP (initial hypertension followed by

Other effects include vomiting, hypothermia, loss of muscle tone and paleness

Onset of symptoms of Within 2 h Within 2 h Within 2 h Within minutes
intoxication
Resolution of symptoms of 12-36 h 24-36 h 20 h 24 h

intoxication
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the risk of toxicity is higher in children and adolescents compared to
adults, especially when systemic absorption is considered (Nordt
et al,, 2016). Incidentally, oxymetazoline has not been linked to use
for illicit means. Furthermore, the high efficacy, longer duration of
action and increased affinity and potency towards the a-adrenergic
receptors, has resulted in it becoming the most widely used nasal
decongestants across the United States (Trinh et al., 2024).

3.4.2 Implications of imidazoline misuse—rhinitis
medicamentosa and addiction

General side effects and acute risks of intoxication are not the
only problems which can occur with the use of imidazoline nasal
decongestants, specific chronic risks can also occur when taken
incorrectly. Within 3 years of naphazoline becoming available for
the treatment of nasal congestion, a very specific side effect started to
be reported. This took the form of nasal congestion without
rhinorrhoea, sneezing or post-nasal drip which continued to
occur after initial successful treatment with a nasal decongestant.
Later termed rhinitis medicamentosa (RM), this specific side effect is
not unique to naphazoline and is seen in many nasal decongestants
(Kuzminov et al.,, 2018; Ramey et al., 2006). In 1945 two different
observations were made about the misuse of nasal decongestants of
differing classes. Prolonged use of naphazoline was linked to the
maintenance or aggravation of nasal congestion, whilst excessive use
of sympathomimetic amine based nasal decongestants, e.g.,
ephedrine was linked to secondary vasodilatation (Kully, 1945;
Feinberg, 1945). These observations were the foundation for the
development in recognising the side effect now known as RM or
rebound congestion. Initially it was not directly linked to
imidazoline based nasal spray misuse however, this changed
when tetrahydrozoline was mentioned in direct relation to RM
(Lake, 1946; Pasini and Massara, 1958). RM has since become
synonymous with abuse or excessive use of nasal decongestants
but can also be attributed to prolonged duration of use. This misuse
of a nasal decongestant results in rebound swelling of the nasal
mucosa that gives a sensation of continued stuffiness within the nose
even after treatment (Chodirker, 1981; Graf and Juto, 1995).
Interestingly, RM has since been shown to occur to differing
extents depending on the imidazoline derivative used and the
length of time it is continuously used for (Black and Remsen,
1980; Wang et al, 2024). As a consequence of the continued
nasal stuffiness experience in RM, patients continue to use nasal
decongestants beyond the recommended treatment period.

This frequent need to readminister the nasal spray to provide the
desired decongestion effect, resulted in the concept of ‘privinism’, or
addiction to nasal decongestants being proposed. This concept
stems from the idea that patients continue to take the nasal
decongestant beyond the recommended maximum time limit and
at increased dosages or frequency in an attempt to relieve the
symptoms of nasal congestion. As usage continues, the relief
provided by each dose becomes less pronounced resulting in the
patient further increasing frequency or dosage in order to provide a
similar level of symptom relief, thereby creating a cyclical effect and
thus dependency on the nasal spray (Mosges et al., 2017; Graf et al.,
1999; Maunsell, 1959). Interestingly, prolonged use of imidazolines
reduces their effectiveness, treatment of nasal congestion with
xylometazoline for 30 days has been shown to reduce the
effectiveness of each application from more than 9 h to
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approximately 5 h. This decrease in effectiveness has been linked
to either a downregulation in the number of a-adrenergic receptors
or reduced affinity of the drug to the receptors rather than the
development of a tolerance to the drug however, these mechanisms
have not yet been fully elucidated (Graf and Juto, 1995). These ideas
will be discussed in the second part of our review series which
focuses specifically on different aspects of RM.

3.4.3 Imidazoline nasal decongestant use
in children

When used as directed, imidazoline nasal decongestants are
considered safe and typically only cause minor side effects. However,
as with any drug there is the potential for errors in delivery, misuse
or contraindicators which increase the risk of developing serious
adverse effects. One major risk factor for developing serious adverse
effects is age, specifically the use of imidazoline nasal decongestants
in paediatric care. Consequently, many formulations of imidazoline
nasal decongestants are not recommended for use in children under
6, although this varies depending on country and formulations
(Cartabuke et al., 2021; van Stralen et al., 2023; Nordt et al,
2016; Scadding, 2008; European Medicines Agency, 2021). Where
treatment is available for children younger than 6, formulation
concentrations of oxymetazoline and xylometazoline are reduced
to half the adult dose, 0.025% and 0.5% respectively, to treat children
aged 2-6 years and then halved again, 0.01% and 0.025% respectively
to treat children under 2. In addition, these products are not as
readily available as adult formulations and often require medical
advice to be sought before use (Cartabuke et al., 2021; van Stralen
etal,, 2023; European Medicines Agency, 2021; European Medicines
Agency, 2024). However, there is limited evidence to suggest that the
use of nasal decongestants in children is beneficial to the reduction
of symptoms related to acute sinusitis (Runkle, 2016). Nevertheless,
although 0.05% oxymetazoline is not recommended for use in the
under 6 population, it is on occasion used off-label by medical
professionals in the short term, if the benefits outweigh the risk
(Cartabuke et al., 2021). Similarly, given their ease of access without
a prescription, parents may use 0.05% formulations in young
children without medical guidance and against recommendations
(Fabi et al, 2009). However, lack of pharmacokinetic studies
regarding paediatric use means extreme caution needs to be
exercised when given in children to reduce the risk of serious
adverse side effects (Cartabuke et al., 2021) and where possible
the lowest effective concentration formulations should be utilised.

The risk of severe adverse effects in children is due to an
increased likelihood of systemic absorption when compared to
adults, due to accidental ingestion or swallowing “run-off” from
the posterior oropharynx (Nordt et al., 2016). An issue that is further
compounded by the lack of consensus around suitable paediatric
doses and treatment duration, coupled with ease of access without
medical guidance (Bucaretchi et al.,, 2003). The risk of systemic
absorption often relates to position of the patient and the type of
device used to deliver the treatment, which can directly impact the
dosage delivered to the patient. For example, the use of nasal
decongestants in inverted spray bottles in patients in a supine
position can result in the release of 0.5-1.5 mL per spray,
compared to 0.03 mL being released per spray when used in an
upright position (Cartabuke et al., 2021). Given that only 0.15 mL of
solution can be absorbed nasally, the resulting excess can drain into
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the oropharynx and be ingested (Nordt et al., 2016). As such the use
of nasal decongestants in a supine position requires careful
management to avoid such consequences. A potentially safer
alternative for administering nasal decongestants in children
during surgery, suggested in one study is to soak pledgets in a
known volume of the treatment. This reduces the risk of accidental
ingestion and allows for slower absorption across the nasal mucosa
potentially due to the vasoconstrictive effect (Cartabuke et al., 2019).
However, this alternative application relates directly to the use of
nasal decongestants in a surgical or medically managed setting and
does not solve the issue regarding ease of access or the decision by
some individuals to use them in an unrecommended manner. As
such, alternative measures have been introduced to reduce the acute
risk from application in the supine position and accidental ingestion,
particularly by paediatric patients under the age of 6, but could be
applicable to any age group, these will be discussed in more
detail in 3.4.5

3.4.4 Contraindicators for imidazoline nasal
decongestant use

Whilst the use of imidazoline nasal decongestants is not
necessarily problematic in the elderly, the likelihood of having
comorbidities which can increase the risk of developing serious
adverse effects may be higher, therefore caution should be exercised
when using them in the elderly (Slavin, 2009). Thus, it is worth
noting that the use of nasal decongestants is a contraindicator in
individuals with existing hypertension. The vasoconstrictive action
of imidazoline based nasal decongestants has the potential to
increase blood pressure further, due to the non-selective targeting
of the a-adrenoreceptors beyond the nasal mucosa, in these
individuals it can also confer a slight increase in the risk of
stroke (Wang et al, 2024; Corboz et al., 2008). However, it is
worth noting that this increased risk of stroke is typically linked
to not only an existing cardiovascular risk but also chronic use,
whilst a similar association is less clear when the correct dosage is
utilised (Patel et al., 2021; Leupold and Wartenberg, 2011; Grimaldi-
Bensouda et al., 2021; Lafaurie et al., 2020). Furthermore, accidental
ingestion or excess use of imidazolines has cardiac consequences
beyond hypertension, and whilst symptoms such as tachycardia are
rare with these treatments, some individuals instead experience
bradycardia due to increased vagal tone (Wang et al, 2024;
Gussow, 2020).

3.4.5 Safety measures to reduce acute risk
To mitigate against some of the acute risk associated with
imidazoline  nasal

incorrectly  used decongestants,

manufacturers have modified delivery systems to help minimise

some

the risk of accidental ingestions. One change includes the use of
metered dose sprays or metered drops in place of nasal drops or
squeeze bottles. The disadvantage of using nasal drops or squeeze
bottles is the high likelihood of inaccurate doses and limited control
over delivery, which increases the risk of overdose via accidental
ingestion, systemic absorption and adverse side effects. Conversely,
metered sprays have the advantage of providing a reproducible dose
volume and delivery, which prevents underdosing, thereby ensuring
a therapeutic dose is delivered each time the nasal decongestant is
used (Bharagava et al., 2025). Additionally, due to the manner in
which metered sprays are deposited in the nasal cavity they are less
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likely to flow than nasal drops, thus being harder to swallow (Wang
et al,, 2024). Consequently, metered dose sprays have become the
dominant delivery system for nasal drugs (Thorat, 2016).
Furthermore, although not directly related to imidazoline nasal
decongestants, it has been suggested that nasal sprays are
preferable for the delivery of intranasal drugs in paediatric care
compared to nasal drops. This reflects a higher level of cooperation
and overall better patient condition when nasal sprays are used, with
no impact on the side effects experienced. Moreover, although the
use of both application methods can cause discomfort, nasal sprays
are as well tolerated by the patient as nasal drops and therefore
provide a better method of application than drops (Ljung and
Andréasson, 1996). However, the use of sprays does rely on a
certain level of cooperation from the patient, which is not always
easy when younger children are involved. Thus, for low dose
paediatric formulations for use in the under 2s, an alternative
method of instilling the nasal decongestant is available, in the
format of metered droppers. Metered droppers are designed to
instill a single drop of nasal decongestant into the nostril
opening of a young child, whilst in the supine position. This not
only reduces the risk of accidentally administering a larger dose than
recommended, lowering the likelihood of unwanted ingestion, but
also removes the potential for damaging the mucosal membrane of
the nasal passage as the device does not need to be placed inside the
nostril to enable correct delivery. Furthermore, these devices use the
lowest effective dose of oxymetazoline, which is already lower than
for other imidazoline nasal decongestants thus further reducing the
risk of adverse side effects (European Medicines Agency, 2021;
European Medicines Agency, 2024; Bergner and Tschaikin, 2005;
National Drug Formulary. Minis try of Health Singapore, 2021). In
one small prospective study, these metered drops showed a high
level of efficacy tolerability in paediatric patients, with no adverse
effects reported. Additionally, they showed an improvement in the
rhinitis symptoms including nasal breathing, which consequently
helped reduce difficulties in feeding (Bergner and Tschaikin, 2005).
However, with the limited studies around the pharmacokinetics of
nasal decongestant usage in paediatrics, it is difficult to understand if
systemic absorption may occur and the risk this poses to the patient.

Whilst metered dose sprays and metered drops reduce the risk of
delivering an excessively large dose, especially in the supine position,
they are not designed to be inherently child resistant, as there is the
possibility that a child could ingest the imidazoline by drinking from
a bottle. Therefore, although an overdose via correct usage is
unlikely, it would still be possible for a child to accidentally
ingest large quantities of the imidazoline. Consequently, in a
move to address this risk, the US government under the Poison
Prevention Packaging Act 1970 added any product containing more
than 0.08 mg of imidazoline to a list of substances that must have
child-resistant packaging (Ravindra et al., 2024). This child-resistant
packaging is not designed to be unopenable by young children but
rather slows their ability to open the packaging, whilst ensuring that
it remains elderly friendly, thus reducing the likelihood of accidental
ingestion of a potentially dangerous substance (Ravindra et al., 2024;
Bakshi and Patel, 2025). However, this move has currently not been
replicated globally, and there is still a risk that accidental ingestion of
nasal sprays could occur. Arguably it would be worth considering
the expansion of this safety feature to help further reduce the
potential for accidental ingestion.
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and prime spray bottle

Clean nozzle and return
dust cap
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Clear nose by blowing
or saline rinsing

®

Insert spray bottle
nozzle into nostril

FIGURE 6
Flow chart depicting the steps for optimal use of a nasal decongestant.

Although  the of newer imidazoline nasal

decongestants, such as xylometazoline and oxymetazoline, has

development

provided a notable safe, less open to abuse and more effective
treatment than previous nasal vasoconstrictors, there are numerous
aspects of these treatments which would benefit from further study.
Owing to limited number of pharmacokinetic studies, particularly in
children, the uptake of the treatment at the nasal mucosa and its
downstream action is not fully understood (Cartabuke et al,, 2021).
Similarly, the mechanism involved in rebound congestion and the
development of RM require further elucidation (Graf and Juto, 1995).
Thus, the potential acute risk associated with nasal decongestant use in
children or through accidental ingestion, and the chronic risk associated
with prolonged use, all continue to be problematic and as such would
benefit from further research to understand the mechanisms involved, to
determine whether such issues can be resolved. Whilst this risk should
not be underestimated, the widespread use of nasal decongestants,
coupled with the length of time they have been available on the
market, does not appear to translate to large numbers of incidences
of severe adverse effects and specifically fatalities being described in the
literature. These observations of limited numbers of adverse effects
support the argument that imidazoline nasal decongestants are safe
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when used as recommended. Indeed, a recent systematic review
concluded that when used as directed, oxymetazoline does not lead to
rebound congestion (Malik et al., 2025). However, the importance of
pharmacovigilance should not be underestimated as a means to monitor
instances of adverse effect and continue to support the safety profile of
these nasal decongestants, the role of pharmacovigilance will be discussed
in 4.3. Furthermore, whilst the aforementioned issues relating to risk
cannot immediately be solved, it is important to provide clear, concise
and easy to remember information to patients on the correct use of nasal
decongestants, as an optimally delivered dose can act more effectively and
may help reduce the potential for unwanted side effects.

4 The importance of correct usage of
nasal decongestants

4.1 Patient guidance
A general internet search for “how to use a nasal spray

correctly?” provides a wealth of videos and images from a variety
of sources, which aim to portray the best method to achieve the most
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effective results. One method of providing information to patients is
through the inclusion of leaflets alongside medication however, this
is not mandated worldwide thus there is the possibility that patients
may not be made aware of potential risks (Young et al., 2017).
Moreover, where leaflets are received, they often differ in terms of
readability (Okoro, 2022). Whilst receiving an information
leaflet alongside medication appears to be beneficial, with most
patients taking the time to read them the first time they use the
medication, they are less frequently checked when subsequent packs
are opened thus updated information can be missed. Additionally,
the language used within these leaflets can be difficult to access for
some patients due to factors such as overwhelming amounts of
information, technical language usage and relevance to the patient
(Barrias et al., 2024). The use of pictorial representations and visual
aids may facilitate patient understanding and comprehension rather
than text format alone. Whilst, this has little impact on adherence, it
has the potential to positively improve health outcomes (Schubbe
et al., 2020). Given the potential risk which may arise from the
accidental ingestion of imidazoline nasal decongestants, it would be
worth considering simplifying the information received by patients.
Making use of a combination of visual aids and text could help
facilitate correct use, improving not only efficacy but also
tolerability. An overview of how to approach the optimal use and
delivery is described in Figure 6.

4.2 Optimal delivery

Perhaps the most important element of the correct use of nasal
decongestant sprays is delivery to the correct area on the nasal
passages. The anatomy of the nose means the nasal passages are an
ideal site for the application of topical therapeutics, as the extensive
vasculature and large surface area provides optimal opportunity for
absorption. However, the narrowness of nostril and presence of the
nasal valve creates a flow limiting region. Outside of the nose, nasal
sprays often produce a cone shaped plume however, inside the nose
this effect is impeded by the nasal anatomy, meaning that nasal
sprays cannot disperse in the same manner inside the nose as it
would if sprayed unimpeded outside nose. Interestingly, even the
design of the applicator can impact the effectiveness of the delivery
system. The complexity of the nasal anatomy means the correct
delivery within the nostril is imperative if maximum benefit is going
to be achieved (Tong et al., 2016; Djupesland and Mahmoud, 2014).
To optimise delivery, the nasal spray applicator should be placed
around 10 mm into the nostril and aimed centrally with the spray
angled slightly towards the outermost surface of the nasal mucosa as
opposed to the septal area. This not only helps the decongestant
penetrate deeper into the nasal cavity as it is not impeded by the
nasal anatomy, it also helps to increase the delivery of the active
ingredient to the ciliated epithelial cells which can more rapidly
absorb the treatment, compared to the non-ciliated epithelial cells
around the anterior septal region. Furthermore, using this angle of
spray also reduces the likelihood of excess irritation. The head
should be positioned neutrally or tilted slightly forward to reduce
the chances of accidental ingestion, with calm breathing to maximise
distribution within the nasal cavity. Whilst this advice is provided to
patients via information leaflets, the details vary. Consequently, this
inconsistent detail when coupled with incorrect application leads to
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suboptimal drug delivery, reducing effectiveness and increasing the
risk of side effects (Tong et al., 2016; de Boer et al., 2020; Rollema
et al.,, 2019). Whilst overall, correct delivery increases the efficacy of
nasal decongestants, this comes with a caveat that individual
differences in nasal anatomy and variations in nasal spray design
may impact what is considered optimal delivery, thus some minor
adjustments may be required by the patient to provide optimum
relief from nasal congestion (Tong et al, 2016). Given the
inconsistency in the information provided with nasal sprays it is
not surprising that patients are at risk of experiencing side effects
from their suboptimal use.

4.3 Pharmacovigilance

Although the likelihood of developing side effects is reduced
through the correct application and duration of use of imidazoline
nasal sprays, as with all drugs they are subject to monitoring for adverse
effects through the various pharmacovigilance databases which exist
worldwide. These databases which have been operational since the
1960s include reported adverse drug reactions (ADR) by healthcare
providers or the patient themselves (Bate et al., 2018; Wa et al., 2019).
Pharmacovigilance is conducted on a global scale by the World Health
Organisation (WHO) via VigiBase. Additionally, most high income
countries also operate their own databases, with the European Union’s
Eudravigilance and the USA’s FDA Adverse Event Reporting System
(FAERS) being recognised as world leaders (Khan et al., 2023). These
databases are particularly important for monitoring not only ADRs
experienced by adults, but also paediatric ADRs due to the off-label use
of some drugs. Monitoring via these databases enables patterns in ADRs
to be identified promptly, activating further investigations and where
necessary results in changes to prescribing recommendations or
withdrawal of a drug (Arnott et al, 2013). When the four main
imidazoline nasal decongestants are searched in WHO-VigiBase via
the public-facing WHO-VigiAccess, around 15,000 ADRs from a total
of over 40 million records are presented, these are classified into
27 categories and represent ADRs reported from over 180 member
countries and territories. Overall, these ADRs are predominately
observed relatively equally in males and females, aged 18-64 years
or in the unknown age group, and the highest number of events are
documented in either Europe or America (World Health Organisation,
2025; Uppsala Monitoring Centre, 2025). Whilst there has been an
increase in the number of recorded events since around 2010, this
potentially reflects not only how widely available these treatments are
but also changes to how ADRs are recorded. Factors such as improved
awareness of reporting and patients being able to self-report, is likely to
have increased these numbers rather than being due to changes in the
safety profile of the nasal decongestant (Trinh et al.,, 2024; Wang et al.,
2024; Margraff and Bertram, 2014; Sienkiewicz et al., 2021; Valinciute-
Jankauskiene and Kubiliene, 2021; Zatovkanukovéa and Sliva, 2024).
However, the number of ADRs which are reported are likely only a
small proportion of those experienced, due to either lack of awareness of
reporting schemes or time (Eland et al., 1999). Nevertheless, it is worth
noting that although ADRs can be experienced, including those which
have the potential to be life-threatening, there is limited literature or
real-world evidence through pharmacovigilance of very serious or fatal
outcomes relating to imidazoline nasal decongestant usage, particularly
when used correctly (Lafaurie et al., 2020). Furthermore, it is worth
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noting that there is also no differentiation on the route of administration
for the imidazoline derivative included in the above search, as it is
performed based on the active ingredient. As such, it could not only
include intranasal applications, but also accidental ingestion or ocular
applications. Nevertheless, given the ease of access and widespread use
of imidazoline nasal decongestants, these observations in terms of
limited serious ADRs further support the safety of these treatments
as a method to provide relief from nasal congestion.

5 Recent developments and
future insights

5.1 Computational fluid dynamics

Understanding how the nasal decongestant is deposited,
distributed and thus where and how quickly it works within the
nasal passages may be a useful way of improving efficacy of the
imidazolines already in use. Furthermore, this could be used to help
further improve the delivery technology and education of patients
on how best to administer the dose. MRI and computed tomography
scans have been used to create 3D images of the nasal passages and
airflow is simulated using computational fluid dynamics.
Importantly, the effectiveness of both xylometazoline and
oxymetazoline in improving nasal congestion have been shown
in studies utilising computational fluid dynamics (Kishore et al.,
2015; Xiao et al,, 2021; Hamdan et al., 2024).

Further computational fluid dynamic models have been used to
investigate the deposition of drugs delivered via nasal sprays within
the nasal cavity. Using these models the location of decongestant
deposition within the nasal cavity has been determined.
Furthermore, the importance of particle size and spray angles
have been investigated in healthy individuals with normal but
varying nasal vestibule morphology or patients undergoing nasal
surgery (Sicard and Frank-Ito, 2024; Liu et al., 2025). Utilising these
models could be used to further improve the efficacy and safety of

nasal decongestants.

5.2 Structure activity and in silico studies

Although the imidazolines currently used in nasal decongestants
are fast acting and effective when used correctly, they could be
developed further by improving these properties, investigating
associated with RM
(Vaidyanathan et al.,, 2010). Past publications have explored the
structure activity relationships of the adrenergic receptors including
the a; subtype (Perez, 2007; Wu et al.,, 2021). For example, with the
imidazoline cirazoline, oxygen in the side chain is essential for

binding and reducing tachyphylaxis

activity at the a; adrenergic receptor whilst the cyclopropyl ring
plays a role in selectivity (Pigini et al., 2000). Some attention has
shifted to investigating downstream biased signalling initiated by
different adrenergic receptor agonists including the imidazolines
(Proudman and Baker, 2021) which may be an interesting and
important area for understanding agonist activity and possible
involvement with RM. However, there is a lack of recent studies
in this area or using in silico approaches to investigate and design
further new generation imidazolines for nasal decongestion.
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Investigating structure activity relationships or applying recent
knowledge of
imidazolines research may be an important way of developing

advances in our signalling pathways to
understanding of imidazoline pharmacodynamics leading to

further improvements in efficacy and safety.

6 Conclusion

Although first identified nearly 150 years, the last 75 years has
seen an extensive and complex development of the imidazolines,
driven by a need to create derivates with higher efficacy and fewer
side effects. This continued drive for improvement has given rise to a
new generation of imidazolines that demonstrate enhanced
effectiveness, requiring fewer doses for the same therapeutic
effect. These newer molecules typically have fewer side effects,
improved tolerability, a subjective faster onset of action, longer
duration and greater a-adrenergic receptor affinity and potency
(Schafer et al., 1992; Druce et al., 2018; Reinecke and Tschaikin,
2005). Why imidazolines were first trialled as a treatment for nasal
congestion remains elusive in the literature, nevertheless these
treatments have proven to be a mainstay in decongestive
medications for over 75 years, continuing to be sought after by
individuals managing seasonal and chronic nasal congestion. The
advent of clonidine transformed hypertension treatment and
facilitated a deeper understanding of imidazoline mechanisms of
action and related receptors. However, there still exists a number of
gaps relating to the mechanisms, especially when their use as nasal
decongestants are considered. The pharmacokinetics of these nasal
decongestants would benefit from further elucidation, particularly in
relation to their use in paediatric patients. Furthermore, although
newer imidazoline-derived nasal decongestants have been shown to
be safe when used as recommended, issues with tolerability and side
effects continue to persist for some individuals, particularly, when
linked to overuse or misuse. Thus, there is a need to continue to
review not only pharmacovigilance data for evidence of these ADRs
but also consider how and why these issues persist, and what can be
done to further reduce their burden. As such, patient education
should be paramount as a mechanism to highlight not only the
importance of correct usage, but also the benefit of using the lowest
effective dose for the shortest period of time to reduce the risk of
both acute and chronic side effects. Where chronic risks are
concerned, RM is a significant burden faced by patients using
imidazoline nasal decongestants, owing to the widespread use of
imidazolines. This issue has only been discussed briefly within this
review and it would be beneficial to explore the underlying
mechanism of this side effect further. Therefore, we will discuss
the mechanisms behind this phenomenon and the differences
amongst commonly used imidazoline derivates in our subsequent
literature review.
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