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Abstract Intranasal drug administration is a noninvasive
method of bypassing the blood–brain barrier (BBB) to
deliver neurotrophins and other therapeutic agents to the
brain and spinal cord. This method allows drugs that do not
cross the BBB to be delivered to the central nervous system
(CNS) and eliminates the need for systemic delivery,
thereby reducing unwanted systemic side effects. Delivery
from the nose to the CNS occurs within minutes along both
the olfactory and trigeminal neural pathways. Intranasal
delivery occurs by an extracellular route and does not
require that drugs bind to any receptor or undergo axonal
transport. Intranasal delivery also targets the nasal associ-
ated lymphatic tissues (NALT) and deep cervical lymph
nodes. In addition, intranasally administered therapeutics
are observed at high levels in the blood vessel walls and
perivascular spaces of the cerebrovasculature. Using this
intranasal method in animal models, researchers have
successfully reduced stroke damage, reversed Alzheimer’s
neurodegeneration, reduced anxiety, improved memory,
stimulated cerebral neurogenesis, and treated brain tumors.
In humans, intranasal insulin has been shown to improve
memory in normal adults and patients with Alzheimer’s
disease. Intranasal delivery strategies that can be employed

to treat and prevent NeuroAIDS include: (1) target anti-
retrovirals to reach HIV that harbors in the CNS; (2) target
therapeutics to protect neurons in the CNS; (3) modulate the
neuroimmune function of moncyte/macrophages by target-
ing the lymphatics, perivascular spaces of the cerebrovascu-
lature, and the CNS; and (4) improve memory and cognitive
function by targeting therapeutics to the CNS.
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Introduction

While the blood–brain barrier (BBB) serves to protect the
brain and spinal cord from a variety of pathogens and toxic
substances, it also presents a significant barrier to treating
disorders of the central nervous system (CNS). Most
charged and/or large therapeutic agents are inhibited or
prevented from entering the brain by the BBB (Frey 2002).
This includes most proteins and peptides such as neuro-
trophic factors and anti-inflamatory cytokines, polynucleo-
tides such as RNAi and therapeutic genes and a variety of
other small and large therapeutic agents for treating
neurodegenerative disorders such as Alzheimer’s disease,
Parkinson’s disease, and stroke, and other disorders such as
brain tumors. Therapeutic agents developed for treating
HIV/AIDS and, more specifically, neuroAIDS are no
exception. Even if a drug is capable of penetrating the
BBB, a second line of defense, drug efflux transporters,
protects the brain from invading substances. It is estimated
that almost half of candidate drugs are substrates for the P-
glycoprotein (P-gp) efflux pump. Most antiretrovirals have
poor CNS penetration, in part due to the action of P-gp
(Gimenez et al. 2004).
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Because HIV harbors in the brain, it can be an important
source of reinfection and relapse in addition to causing
neurodegeneration in the CNS, leading to the neurological
and psychiatric symptoms of neuroAIDS. These include
dementia with neurocognitive impairment, motor deficits
associated with neuropathy and depression. Gimenez et al.
(2004) noted that a number of HIV drugs do achieve
significant levels in the cerebrospinal fluid (CSF) of
patients including nevirapine and efavirenz. Although some
HIV treatments penetrate the BBB to reach the CSF, the
levels in CSF are low and the concentrations in parenchy-
mal brain tissue are likely to be even lower. Low levels of
drug in the CSF do not assure effective delivery to the brain
itself. In addition, how many drugs and which treatment
regimens are needed in the brain to control replication and
prevent the development of resistance remains to be
determined. Furthermore, beyond attempting to control the
virus itself, there remains a need to protect the CNS against
neurodegeneration and neuroinflammation associated with
neuroAIDS.

Because HIV-1 is highly localized within perivascular
and infiltrated parenchymal blood-derived macrophages
and microglia (Pereira and Nottet 2000; Koenig et al.
1986; Wiley et al. 1986; Vazeux et al. 1987), there is also a
reason to target both the lymphatic system (to prevent
immune activation of lymphocytes and monocytes) and the
perivascular spaces of the cerebrovasculature (to prevent
monocyte/marcrophage infiltration across the BBB and to
block the release of proinflammatory cytokines) in addition
to targeting the brain parenchyma to treat and prevent
neuroAIDS and the neurodegeneration and neuroinflamma-
tion it entails.

Intranasal delivery—a new approach to targeting
the CNS, lymphatics and cerebrovascular
perivascular spaces

In 1989, Frey first developed a noninvasive, intranasal
method of bypassing the BBB to deliver therapeutic agents
to the CNS (Frey 1991). This method allows drugs that do
not cross the BBB to be delivered to the CNS. It also
directly targets drugs that do cross the BBB to the CNS,
eliminating the need for systemic delivery and thereby
reducing unwanted systemic side effects. Delivery from the
nose to the CNS occurs within minutes along both the
olfactory and trigeminal neural pathways. Delivery occurs
by an extracellular route and does not require that the drugs
bind to any receptor or undergo axonal transport. In
addition to targeting the CNS, this intranasal delivery
method also targets the nasal associated lymphatic tissues
(NALT), the deep cervical lymph nodes and the perivas-

cular spaces and blood vessel walls associated with the
cerebrovasculature.

While intranasal delivery can reduce systemic exposure,
this effect is dependent on the characteristics (size and
charge) of the molecule being delivered. For example,
charged molecules such as insulin reach the brain from the
nasal cavity without altering blood levels of insulin or
glucose (Born et al. 2002). However, formulation of such
agents with permeation enhancers can increase delivery to
the systemic circulation if this is desired. On the other hand,
small, lipophilic molecules can readily enter the blood
stream from the nasal mucosa and may subsequently reach
the CNS by crossing the BBB.

Direct delivery of a wide variety of therapeutic agents to
the CNS following intranasal administration, as well as the
therapeutic benefit of intranasal drug treatments, has been
demonstrated in mice, rats, primates, and humans by both
our group and others (Thorne et al. 2001; Frey 2002; Born
et al. 2002; Dhanda et al. 2005). From drug distribution
studies, it appears that drug traveling along the olfactory
neural pathway distributes into rostral brain structures
including the olfactory bulb, anterior olfactory nucleus,
frontal cortex, and hippocampus. In addition, drug traveling
along the trigeminal nerve distributes into caudal brain
structures including upper cervical spinal cord, midbrain,
pons, and hypothalamus. This general distribution can be
altered by the presence of CNS receptors that may bind to
the therapeutic agent and it may vary between species.
These drug distribution studies usually measure tissue
concentration following perfusion to remove blood from
the cerebrovasculature and subsequent fixation. Such
measurements would include drug present in the parenchy-
ma and their interstitial fluids.

There are many opportunities for the use of intranasal
delivery to target therapeutics to the brain, lymphatics,
perivascular spaces of the cerebrovasculature, and CNS for
the treatment and prevention neuroAIDS.

Intranasal targeting of antiretrovirals to reach HIV
that harbors in the CNS

The poor penetration of antiviral agents into the CNS may
potentially be overcome by intranasal delivery to directly
target the brain and reduce and/or eliminate HIV, thereby
preventing neuroAIDS from ever developing. Intranasal
delivery could be used to target any of the types of
antivirals to the CNS including entry inhibitors, nucleoside
reverse transcriptase inhibitors (NRTI), nonnucleoside
reverse transcripase inhibitors (NNRTI), antisense antivi-
rals, transcription inhibitors (TI), protease inhibitors (PI),
and maturation inhibitors.
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Intranasal administration of peptide T [D-ala-peptide T-
amide (DAPTA)], a viral entry inhibitor, is currently being
developed for treatment of cognitive impairment associated
with HIV (Ruff et al. 2003). Peptide T prevents initial
infection of cells expressing CCR5 receptors, including
monocytes and microglia (Ruff et al. 2001). In addition to
inhibiting viral entry, peptide T is an antagonist of free
gp120 and has been reported to block its toxic effects.
Peptide T has been shown to improve cognitive function in
patients with HIV (Heseltine et al. 1998). More recently,
antiviral and immunological benefits of intranasal peptide T
have been reported including decreased viral levels in
monocyte reservoirs, increased CD4, and increased anti-
viral cytotoxic T cells (Polianova et al. 2003).

A similar approach using intranasal delivery to target
chemotherapeutics to the CNS has shown great promise for
the treatment of brain tumors in preclinical studies
(Shingaki et al. 1999; Wang et al. 2004, 2005; Hashizume
et al. 2006; da Fonseca et al. 2006).

Intranasal targeting of therapeutics to protect neurons
in the CNS

There is substantial evidence that intranasally administered
growth factors are successfully targeted to the brain and are
neuroprotective. Intranasally administered neuroprotective
agents such as nerve growth factor (NGF), insulin-like
growth factor-I (IGF-I), brain-derived neurotrophic factor
(BDNF), and EPO may be beneficial for the treatment of
neuroAIDS.

IGF-I, a 7,600-Da protein, has been intranasally deliv-
ered to the brain and spinal cord (Thorne et al. 2004). In
addition, very high delivery of IGF-I was observed to the
lymphatics (i.e., NALT and deep cervical lymph nodes) and
walls of the cerebrovasculature (Thorne et al. 2004). In an
animal model of stroke, intranasal IGF-I given up to 4 h after
stroke markedly reduces infarct volume and improves
neurological function (Liu et al. 2004). Intranasal erythro-
poietin, a 30,400-Da glycoprotein, also protects against
focal cerebral ischemia (Yu et al. 2005).

Intranasal NGF, a 26,500-Da protein, bypasses the BBB
and targets the CNS (Frey et al. 1997; Chen et al. 1998).
Intranasal NGF, administered once every 2 days according
to a procedure modified from Frey et al. (1997) was found
to successfully protect against and even reverse neuro-
degeneration in a transgenic mouse model of Alzheimer’s
disease (Capsoni et al. 2002). De Rosa et al. (2005) further
reported that intranasal NGF rescues recognition memory
deficits in this same Alzheimer’s disease mouse model, the
AD11 mouse. Intranasal neurotrophins FGF-2 or heparin-
binding EGF have also been shown to stimulate neuro-

genesis in adult mice (Jin et al. 2003). In addition,
intranasal administration of antioxidants may also be
neuroprotective and beneficial for the treatment of Neuro-
AIDS. For example, intranasal deferoxamine, a low-
molecular-weight therapeutic agent, has been shown to
precondition and protect the brain against stroke (Panter
et al. 2004).

Intranasal treatments to modulate the neuroimmune
function of moncyte/macrophages by targeting
the lymphatics, perivascular spaces
of the cerebrovasculature, and the CNS

Intranasal administration of therapeutics can target the
lymphatics and perivascular spaces in addition to the
CNS. Intranasal delivery to modulate immune function
could be used in three ways for the treatment and/or
prevention of neuroAIDS: (1) targeting of the lymphatic
system to prevent the activation of lymphocytes and
monocytes; (2) targeting of the perivascular spaces to prevent
monocyte/macrophage infiltration across the BBB and to
block the release of proinflammatory cytokines; (3) targeting
of the brain parenchyma to block the neuroinflammation
associated with neurodegeneration. Possible intranasal thera-
peutics include immunomodulatory and anti-inflammatory
agents such as interferon beta-1b and GSK-3beta (up-
regulated by HIV-1 neurotoxins) inhibitors (Dou et al. 2004).

Interferon beta-1b, a 20,000-Da anti-inflammatory pro-
tein, has been intranasally delivered to the brain and spinal
cord, as well as lymphatics in rodents (Ross et al. 2004). In
addition, studies in cynomolgus monkeys also demonstrate
rapid intranasal delivery of interferon beta-1b to the CNS,
cerebrovascular blood vessel walls and lymphatics (Thorne
et al., unpublished observations). Intranasal delivery has
also been used to noninvasively target gene therapy to the
CNS (Draghia et al. 1995; Lemiale et al. 2003; Jerusalmi
et al. 2003; Laing et al. 2006).

Intranasal delivery is useful for delivery of small as well
as large molecules; low-molecular-weight therapeutics can
also be targeted to the CNS, lymphatics, and perivascular
spaces via intranasal delivery. The peptide hypocretin-1, a
potential treatment for narcolepsy, is intranasally targeted to
the brain and spinal cord (Hanson et al. 2004). Intranasal
PT-141 has been successfully used in humans to treat
erectile dysfunction by acting at melanocortin receptors in
the hypothalamus, which are involved in both appetite and
sexual response. Intranasal leptin reduces food consump-
tion and body weight in animals (Schulz et al. 2004) and
reduces appetite (Shimizu et al. 2005). Intranasal oxytocin
has been found to increase trust in humans following direct
delivery from the nose to the brain (Kosfeld et al. 2005).

J Neuroimmune Pharm (2007) 2:81–86 83



Improve memory and cognitive function
by intranasally targeting therapeutics to the CNS

Intranasal delivery of therapeutics may be used to treat
neuroAIDS and its symptoms including memory loss and
cognitive dysfunction after neurodegeneration has occurred.
Possible therapeutics includes insulin, exendin, and NAP.

Intranasal insulin improves memory and mood in healthy
adults (Benedict et al. 2004) and improves memory in
patients with Alzheimer’s disease without altering blood
levels of insulin or glucose (Reger et al. 2006). On a side
note, intranasal insulin has also been shown to reduce body
fat in normal, but not obese men (Hallschmid et al. 2004,
2006). Banks has demonstrated that intranasal exendin is
directly delivered to the brain and improves memory,
cognition, and neuronal survival (Banks et al. 2004; During
et al. 2003). Finally, Gozes has used intranasal delivery to
target NAP and ADNF to the brain to treat anxiety and
neurodegeneration (Alcalay et al. 2004; Gozes et al. 2000).

Formulation of intranasal therapeutics

This intranasal method does not require any modification of
the therapeutic agent and does not require that the drug be
coupled to any carrier. The method can deliver a wide
variety of therapeutic agents to the CNS, including both
small molecules and macromolecules as described above.
However, this delivery method is not a panacea. It works
best with potent therapeutic agents that are active in the
nanomolar range (Dhanda et al. 2005). Because delivery
occurs along the olfactory and trigeminal neural pathways,
high concentrations of intranasal therapeutics are routinely
observed in the olfactory bulb and trigeminal nerves; thus
candidate drugs should be screened for potential side effects
in these sensory neurons. Furthermore, P-gp has been
reported to operate in the nasal epithelium (Graff and
Pollack 2003, 2005; Kandimalla and Donovan 2005a, b),
although reasonably good intranasal delivery to the brain
has been reported for P-gp substrates (Graff and Pollack
2003). Also, it is not yet known whether nasal congestion
due to allergies or colds may interfere with intranasal
delivery. Finally, small lipophilic molecules that rapidly
enter the blood from the nasal mucosa may require special
formulation to enhance delivery to the CNS while reducing
systemic exposure.

Ease of intranasal delivery

Intranasal delivery is a noninvasive method of drug
delivery, associated with little pain and preferable to other
methods such as injections. Intranasal administration is

convenient and patients can administer intranasal therapeu-
tics at home. Directly targeting therapeutics to the brain and
reducing systemic exposure would likely result in a
decrease in unwanted side effects. Several nasal spray
devices are on the market for intranasal delivery that can
target drugs to the upper portion of the nasal cavity
(Dhanda et al. 2005).

Conclusions

Intranasal delivery targets therapeutics to the CNS, lym-
phatics, and perivascular spaces of the cerebrovasculature.
There are many potential strategies for the use of intranasal
therapeutics for the treatment of neuroAIDS including
targeting of antiretrovirals to reach HIV that harbors in
the CNS, targeting of therapeutics to protect neurons in the
CNS, targeting of neuroimmune modulators, and targeting
therapeutics to improve memory and cognitive function.
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