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Introduction

Device platforms

Discussion of nasally administered therapies derived
from herbal, tobacco, fruit and plant materials [1]
mirrors the history of pulmonary drug delivery. Traditional systems of Unani, Persian and Ayurvedic medicine recognized the importance of nasal drug delivery,
especially in the area of neurologic disorders such as the
use of Alhagi maurorum Medik administered as nasal
drops for headache. Nasaya Karma, known as nasal
therapy in ancient Indian practices [2], is still practiced
today and has been investigated for conditions ranging
from glaucoma to sinusitis [3].
As the nasal cavity is accessible, well vascularized and
facilitates systemic absorption, it has served as a point
of entry for administration of psychotropic drugs and
drugs of abuse. Cocaine insufflation is perhaps the
most notorious. While its onset of action is delayed
via the nasal route compared to intravenous (5 minutes versus 10-60 seconds, respectively), cocaine has a
long duration of effect via nasal delivery [4]. This can
be attributed to topical vasoconstriction, which prolongs absorption.
Some of the first modern nasal products delivered
locally acting drugs that were indicated for nasal congestion and allergic rhinitis (Table 1). Two widely
available over-the-counter (OTC) decongestants,
xylometazoline and its derivative, oxymetazoline, first
entered the market in the late 1950s and early 1960s.
A decade later, a systemically administered peptide,
desmopressin acetate, was introduced for treatment
of bedwetting. Fast forward to today and, interestingly, the very early uses for nasal administration have
come full circle as a new era of central nervous systems
(CNS) drugs have gained regulatory approval.

Earlier approaches to nasal drug delivery included irrigation and nasal drops. Nasal irrigation can be traced
back to the Aruveydic use of a neti pot, which gained
mainstream recognition in the early 2000s [6]. Nasal
irrigation today primarily focuses on the use of saline
to remove inflammatory mediators and debris as well
as improve mucociliary clearance [7]. Nasal irrigation
has also been utilized for delivery of antifungals, such as
amphotericin but this route of administration has yet
to demonstrate clinical efficacy for these compounds.
Nasal drops have been used to administer systemically acting agents such as desmopressin and locally
acting compounds, most recently interferons for
COVID-19 [8]. Like nasal irrigation, administration of nasal drops is not precise and requires complicated maneuvers to assure reliable dosing. An
example is the use of the Kaiteki position [9] and
other head-hanging positions, which have also been
considered for targeting administration to the olfactory region. The lack of dose precision and challenging instructions for use may complicate regulatory
approval and broad patient acceptance.
The advent of the aqueous, metered, nasal spray pump
overcame many of the dosing limitations associated
with the dosage forms discussed above. Spray pumps
are the most commonly used nasal delivery system
today and the workhorse for delivering both locally
and systemically acting compounds. Multi-dose
pumps deliver a volume typically between 50-140 µl
per spray after initial priming. The dose volume is contained in a metering chamber within the spray pump
and aerosolized via compression of the actuator
(Figure 1). These devices support both solution- and
suspension-based formulations. A typical nasal spray
formulation may contain buffers or suspending agents,
mineral acids and bases, and preservatives. However,
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preservative-free formulations are a growing trend,
particularly in European and South American regions.
Therefore, a subset of multi-dose pumps facilitates
the use of preservative-free formulations, by integrating mechanical barriers coupled with filtration of air
entering the pump or by imbedding silver ions into the
device itself.
With the emphasis on emergency medications delivered nasally, to avoid the need for injections, a growing segment of the market now focuses on single-dose
(unit dose) and two-dose (bi-dose) nasal sprays (Figure
2). Rescue medications for overdose and anti-seizure
medications, such as naloxone and midazolam, respectively, provided in these device platforms allow for
portability, no priming and ease of use, not only by the
patient but by a caregiver or emergency professional.
These device platforms also support delivery of solu-

Figure 1
A multi-dose pump, in which the dose volume
in the metering chamber is aerosolized
via compression of the actuator.
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Table 1
Samples of FDA-Approved Nasal Products [5]. (This list is not intended to be inclusive.)

a

Year

Compound (Trade Name)

Dosage Form

Indication

1965

Dexamethasone Phosphate (Dexacort)a

Multi-dose Spray

Allergic Rhinitis

1978

Desmopressin Acetate (DDAVP)

Nasal Drops

Diabetes Insipidus; Nocturnal Enuresisb

1987

Beclomethasone Dipropionate (Beconase AQ)

Multi-dose Spray

Allergic Rhinitis

1991

Triamcinolone Acetonide
(Nasacort CFC Aerosolc)

Nasal Aerosol

Allergic Rhinitis

1991

Butorphanol Tartrate (Stadol)

Multi-dose Spray

Pain

1994

Fluticasone Propionate (Flonase)

Multi-dose Spray

Allergic Rhinitis

1996

Cynanocobalamin (Nascobal)

Multi-dose Gelb

Pernicious Anemia

1996

Azelastine Hydrochloride (Astelin)

Multi-dose Spray

Allergic Rhinitis

1997

Dihydroergotamine Mesylate (Migranal)

Multi-dose Spray

Migraine

1997

Cromolyn Sodium (NasalCrom)

Multi-dose Spray

Allergic Rhinitis

1997

Sumatriptan (Imitrex)

Unit Dose Spray

Migraine

2006

Ciclesonide (Omnaris)

Multi-dose Spray

Allergic Rhinitis

2010

Ketorolac (Sprix)

Multi-dose Spray

Pain

2012

Beclomethasone (QNASL)

Nasal Aerosol

Allergic Rhinitis

2012

Flumist Quadrivalent

Unit Dose Spray

Influenza

2014

Testosterone (Natesto)

Nasal Gel

Testosterone Replacement

2015

Naloxone (Narcan)

Unit Dose Spray

Opioid Overdose

2016

Sumatriptan (Onzetra)

Nasal Powder

Migraine

2019

Esketamine (Spravato)

Bi-Dose Spray

Depression

2019

Glucagon (Bacimi)

Nasal Powder

Hypoglycemia

2019

Midazolam (Nayzilam)

Unit Dose Spray

Seizure

2020

Diazepam (Valtoco)

Unit Dose Spray

Seizure

2020

Metoclompramide (Gimoti)

Multi-dose Spray

Gastroparesis

Discontinued; bNow reformulated as an HFA-based aerosol; cNo-longer-approved indication
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tion and vaccine formulations, although redispersion
of suspensions remains problematic.
Nasal aerosols, formulated with hydrofluoroalkane
(HFA) propellants and manufactured like pressurized
metered dose inhalers (pMDIs), serve a niche in the
realm of nasal drug delivery. Corticosteroids such as
beclomethasone and ciclesonide, indicated for allergic
rhinitis, are typically found in these platforms and have
demonstrated a slower rate of mucocilliary clearance in
the nasal cavity compared to aqueous sprays (Figure 3)
[10]. Nasal aerosols may be useful for drugs that lack
aqueous stability or sufficient solubility in water.

Figure 2
A single-dose (unit dose) nasal spray device (A)
and a two-dose (bi-dose) nasal spray device (B).
(Images courtesy of Aptar Pharma.)
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Nasal powders represent an intriguing development.
Their benefits include delivery of a larger dose and
providing a vehicle for compounds lacking aqueous
stability. However, nasal powders can be considered
more complex from both formulation and manufacturing standpoints. For example, their emitted particle
size should limit unwanted lung deposition. Nonetheless, nasal powders have been used for corticosteroids
and systemically acting drugs such as sumatriptan and
dihydroergotamine. Nasal powders may improve targeted drug delivery within the nose, especially to the
olfactory region as highlighted via an in vitro deposition study using a nasal cast [11]. This study illustrated
that the powder deposition profile shifted from the
nasal vestibule (nostrils) to the olfactory zone when
compared to an aqueous spray (Figure 4).

Locally acting products
For several decades, nasal drug delivery focused on
allergic rhinitis and sinustis. A range of corticosteroids
and antihistamine products are available. Many of
these products have also been genericized worldwide.
Combination products containing both an antihistamine and corticosteroid have demonstrated potential
benefits, such as an overall reduction in total nasal
symptoms scores when compared to a corticosteroid or
antihistamine alone [12].
Corticosteroids have also expanded in terms of indications. Fluticasone furoate nasal spray is indicated
for treatment of ocular symptoms associated with
seasonal allergies [13] via inhibition of the nasal
ocular reflex. In addition, fluticasone propionate
delivered via a novel delivery system (XHANCE®,

Figure 3
Comparison of mucocilliary clearance in the nasal cavity (expressed as percent
retention) with a nasal pressurized metered dose inhaler (nasal pMDI) versus an
aqueous nasal spray. (Redrawn from reference 10, with permission.)
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Figure 4
An in vitro study with a nasal cast [11] compared deposition from a nasal aqueous spray
(A; green bars) and a nasal powder device (B; blue bars). Deposition shifted from the nasal
vestibule (nostrils) to the olfactory zone when using the nasal powder device.
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Nasal Deposition Distribution — Nasal Powder Device
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OptiNose US, Inc.) has been approved specifically for
the treatment of nasal polyps [14].
Access to intranasal corticosteroids has increased due
to OTC sales. In 2013, triamcinolone acetate (Nasacort® Allergy 24HR, Sanofi) gained approval from the
United States Food and Drug Administration (FDA)
for OTC sales. Flonase ® (fluticasone propionate,
GSK) and Veramyst® (fluticasone furoate, GSK), now
branded as Flonase Sensimist™, rapidly followed suit,
along with Rhinocort® Allergy Spray (budesonide,
AstraZeneca).
Nasal administration in the OTC market utilizes a
range of delivery systems, including neti pots, irri
gations, squeeze bottles and metered systems. Within
the metered category, there are multi-dose nasal spray
pumps and bag-on-valve (BOV) systems, which allow
continuous dispensing and 360° use with complete
separation of the product (in a bag) from the propellant. The OTC market continues to grow for both
brand and private label products and further differentiation can be anticipated.

Vaccines

In 2012, the FDA approved FluMist® Quadrivalent
(AstraZeneca) nasal spray, indicated for influenza.
Several vaccines to prevent Hepatitis B, HIV, anthrax,
and head and neck tumors, as well as COVID-19,
are in development [15]. Mucosal immunity can
develop via interaction with immune modulators
present in the nasal cavity where the nasal associated
lymphoid tissue (NALT) region plays a dominant
role [16]. In addition, mucosal vaccines may interact
with dendritic cells present in the nasal epithelium.
The challenges associated with delivering antigens
and immunomodulators include limited drug absorption, rapid mucociliary clearance, the mucus barrier
and enzymatic degradation at the nasal mucosa, all of
which can reduce bioavailability [16].

Systemic nasal drug delivery
Systemically available compounds such as naloxone
(Narcan® Nasal Spray, Emergent Biosolutions) and
midazolam (Nayzilam®, UCB, Inc.) are widely used
life-saving medications that offer the benefit of rapid
nasal absorption. In fact, nasal delivery can rival the
pharmacokinetic profile of intravenously administered drugs [17].
Significant approvals in the last few years include
esketamine nasal spray (Spravato™, Janssen) for
treatment-resistant depression. This is a first-in-class
approach to treating this unmet medical need. Glucagon nasal powder (Baqsimi® , Eli Lilly) offers an
alternative solution for prevention of hypoglycemia
in diabetic patients. Prior to the nasal powder formulation, glucagon was available as an injection, but the
product required refrigeration, making portability and
availability challenging for users.

Repurposing, wherein an existing marketed drug is
reformulated for delivery by new platforms or routes
of administration, remains a trend in nasal drug delivery. Often these drug products are approved by the
FDA via the 505(b)(2) regulatory route. For example,
in 2020, diazepam nasal spray (Valtoco®, Neurelis,
Inc.) and metoclopramide nasal spray (Giomoti™,
Evoke Pharma) received approval for treatment
of cluster seizures and gastroparesis, respectively.
Additional compounds are in development such as
carbetocin for Prader Willi Syndrome [18] and olanzapine for acute agitation [19].

Patient considerations
Comfort and safety features have been implemented
in some nasal delivery platforms. Side or lateral actuation, achieved by squeezing the device with the thumb
to produce spray, instead of pressing two flanges of
a spray pump can be an easier movement for some
patient populations. On the compliance and safety
side, dose counters and lock-out mechanisms have
been added in some cases. For example, fentanyl nasal
spray (Lazanda ®, Archimedes) locks after actuation of
eight sprays to prevent administration of additional
doses of this highly potent opioid.
Connected device platforms are also being explored
in the nasal drug delivery space. These innovations
may improve patient outcomes by helping to identify
patients with the highest levels of non-adherence. By
delivering information and prompts to take medication, this may result in greater levels of engagement,
improved dose adherence and therefore improved
health outcomes among those patients. One could also
imagine the value of sending an emergency notification to an ambulance service in the event a patient uses
a life-saving nasal spray such as epinephrine.
When a product is indicated for emergency treatment, such as for overdose or seizure, the patient or
caregiver must know how to correctly administer it
during a crisis. This has created growth in training
kits that go beyond instructions for use in a leaflet. In
the case of naloxone, this has been shown to improve
patient care and decreased mortality [20]. In Figure
5, a mock-up of a training kit not only contains stepby-step instructions but includes an empty nasal spray
practice device that looks and feels the same as an
actual device. This enables a user or caregiver to safely
practice using the device and be prepared in the event
an emergency situation arises.

Regulatory considerations
FDA guidelines for development of nasal sprays were
introduced approximately 20 years ago. The 2003 draft
guidance on bioequivalence [21] coupled with drug
product specific (DPS) guidances ushered in an era of
genericization for both locally and systemically acting
nasal sprays. Recently, DPS guidances have clarified
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alternative pathways for comparative clinical endpoint bioequivalence studies of nasal suspensions [22],
potentially shortening the time to market.
As the indications for nasal drug delivery for emergency use or other life-threatening conditions expand,
the need for a reliable delivery system is critical. This
has been recognized in combination drug product
regulations [23], which identify reliability as a specific
point of consideration for establishing the safety and
effectiveness of a self-administered medical device
designed for emergency use. Reliability is expressed
as the number of dosing failures over a number of
attempted uses (e.g., 1 failure per 100,000 actuations
of a nasal spray).

Future opportunities
The future of nasal drug delivery may be heavily based
on CNS-targeted compounds and emergency medications. For example, epinephrine nasal spray is currently in development for treatment of anaphylaxis. In
a study that investigated patient preference between a
nasal spray and an auto-injector form of epinephrine,
both children and adults stated a preference for the
nasal spray form compared to the injection [24].
Nose-to-brain drug delivery remains controversial.
However, there is evidence that compounds can be
transported along neuronal pathways into the brain.
Drugs can diffuse from the perivascular space into
the brain’s extracellular space, allowing interaction
with brain cells [25]. A physiologic pharmacokinetic
drug transport model has been developed, which
indicates that compounds can transition from cerebral blood flow via diffusion or facilitated transport
across the blood brain barrier into the brain’s extracellular fluid [26].

Figure 5
In addition to instructions, an example training
kit includes an empty nasal spray practice
device that enables a patient or caregiver to
safely practice using the device to prepare for an
emergency. (Image courtesy of Aptar Pharma.)

The challenges with nose-to-brain delivery are manyfold and include the reliable delivery of drug to the
olfactory nerve endings located at the apex of the nasal
cavity. One potential approach is development of a
device able to generate a narrow spray plume directed
at the olfactory region, when it is inserted into the nostrils. Another example is an aqueous formulation of
oxytocin delivered by a novel device for autism [23]. In
addition, nasal powders have demonstrated improved
uptake in the CNS of an animal model [27].
A unique example of neuronal delivery of a nasal spray
is found with treatment of dry eye disease. The condition causes pain, visual impairment, tear film hyperosmolarity and instability, inflammation and corneal
wounding [21]. With neuronal delivery of varenicline
nasal spray, drug uptake occurs via the trigeminal nerve
within the nasal cavity, which can improve tear film
homeostasis. Finally, novel formulations and excipients are expected to play a growing role in nasal drug
delivery. Due to mucociliary clearance mechanisms,
additional excipients may be required to prolong retention in the nasal cavity or facilitate absorption of large
molecules. For almost a decade, the only approved
formulation that used an absorption enhancer was
fentantyl citrate nasal spray. However, two recently
approved nasal sprays, Tosymra (Upsher Smith) and
Valtoco (Neurelis), utilize a permeation enhancer,
n‑Dodecyl beta‑D-maltoside. Other formulation
strategies to potentially improve bioavailability include
thermogelling polymers, nanoparticle formulations
and enzyme inhibition [28].

Conclusion
Nasal drug delivery has been a mainstay for local indications, such as allergic rhinitis, and niche areas, such
as pernicious anemia and pain, since the late 1900s.
Delivery systems have evolved from less-precise dosing systems such as drops to sophisticated devices
designs able to protect formulations and achieve reliable dosing. Further advances in delivery systems are
anticipated, including connected health applications.
In addition, intranasal administration has become a
trusted delivery route for rescue medications. In the
future, unmet needs may also be addressed in niche
patient populations suffering from conditions as
diverse as Alzheimer’s Disease and autism.
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