American Journal of Alzheimer's Disease and
Other
Dementias
http://aja.sagepub.com/

Nasal NSAIDs for Alzheimer's Disease
Steven Lehrer
AM J ALZHEIMERS DIS OTHER DEMEN 2014 29: 401 originally published online 9 January 2014
DOI: 10.1177/1533317513518658
The online version of this article can be found at:
http://aja.sagepub.com/content/29/5/401

Published by:
http://www.sagepublications.com

Additional services and information for American Journal of Alzheimer's Disease and Other Dementias can be found at:
Email Alerts: http://aja.sagepub.com/cgi/alerts
Subscriptions: http://aja.sagepub.com/subscriptions
Reprints: http://www.sagepub.com/journalsReprints.nav
Permissions: http://www.sagepub.com/journalsPermissions.nav

>> Version of Record - Jul 15, 2014
OnlineFirst Version of Record - Jan 9, 2014
What is This?

Downloaded from aja.sagepub.com by guest on July 16, 2014

Thoughts, Opinions, and Controversies

Nasal NSAIDs for Alzheimer’s Disease

American Journal of Alzheimer’s
Disease & Other Dementias®
2014, Vol. 29(5) 401-403
ª The Author(s) 2014
Reprints and permission:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/1533317513518658
aja.sagepub.com

Steven Lehrer, MD1

Abstract
Alzheimer’s disease may result from low-grade inflammation of the brain, and the characteristic amyloid b may be a protective
response. Epidemiological observation indicates that long-term oral administration of nonsteroidal anti-inflammatory drugs
(NSAIDs) such as ibuprofen to patients having rheumatoid arthritis results in reduced risk and delayed onset of Alzheimer’s
disease. However, oral ibuprofen, flurbiprofen, and other NSAIDs are not an effective treatment. The NSAIDs may work as
an Alzheimer’s preventive but not a treatment because the oral dose to the brain is too small, 1% to 2% of the total plasma
concentration. The NSAID brain dose could be significantly increased by delivering the drug intranasally. Flurbiprofen would
be preferable to ibuprofen because flurbiprofen has 12½ times the potency of ibuprofen. The smaller nasal dose of flurbiprofen
than ibuprofen could significantly increase patient compliance. Alzheimer’s disease starts in the entorhinal cortex, which is closely
connected to the olfactory nerves, and spreads anatomically in a defined pattern. Therefore, a nasal NSAID would readily reach
the region of the brain where it is most likely to be therapeutic.
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Although several initially promising agents have been developed to reverse or at least slow the decline of cognitive function
in patients with Alzheimer’s disease, successive clinical trials
have failed. The most advanced agents are monoclonal antibodies directed to certain forms of amyloid b (Ab) and t protein.

The Amyloid Hypothesis and Its Failings
Amyloid b is toxic to neurons in vitro. Trials aimed at Ab are
now being conducted in mild Alzheimer’s disease, in prodromal Alzheimer’s disease, and in patients with Ab plaques and
minor memory complaints but no deficits on standard cognitive
tests. Other amyloid-based approaches include antiaggregation
compounds, inhibitors of b-secretase enzyme, and either modulators or inhibitors of g-secretase. The t-protein-lowering
approaches include antiaggregation and immunotherapy.1
Amyloid-b plaques and t protein tangles, hallmarks of the
pathology, may be a result of the disease process rather than
a cause. The pathology of Alzheimer’s disease is common in
older persons without cognitive impairment,2 and Ab in vivo
could represent a protective response to neuronal insult.3

cancer.7 In addition, the apolipoprotein (apo) E4 allele, which
increases the risk of Alzheimer’s disease, is associated with
significantly greater systemic and brain elevations of the proinflammatory cytokines Tumor necrosis factor a and interleukin
6, as compared with their apoE3 counterparts. These elevations
suggest an isoform-specific effect of the immunomodulatory
properties of apoE.8
Epidemiological observation indicates that long-term oral
administration of nonsteroidal anti-inflammatory drug
(NSAID) to patients having rheumatoid arthritis of the ibuprofen results in reduced risk and delayed onset of Alzheimer’s
disease. However, oral ibuprofen, flurbiprofen, and other
NSAIDs are not an effective treatment.9-12 Nonsteroidal antiinflammatory drugs could work as an Alzheimer’s preventive
but not a treatment because the oral dose to the brain is not high
enough. An analogous situation may be diabetic retinopathy,
which has an inflammatory component. High doses of aspirin
are associated with decreased severity of diabetic retinopathy
in patients with concurrent rheumatoid arthritis. However, clinical trials of low and intermediate doses of aspirin failed to
show a beneficial effect.13

Brain Inflammation and Alzheimer’s Disease
Some Alzheimer’s researchers, skeptical of the amyloid
hypothesis, believe that the malady results from low-grade
inflammation of the brain.4 Implication of inflammation in
Alzheimer’s disease is not surprising, since inflammation
underlies many diseases of aging: neurodegenerative,5 osteoarthritis and rheumatoid arthritis,5 cardiovascular disease,6 and
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Nonsteroidal Anti-inflammatory Drug
Administration, Oral Versus Nasal
and Brain Dose
Ibuprofen, which is highly lipophilic, readily crosses the blood–
brain barrier after an oral dose but is poorly distributed.14 Also, the
amount of ibuprofen that reaches the brain after an oral dose is
small. Most NSAIDs that exhibit good activity against Alzheimer’s disease models, such as ibuprofen, flurbiprofen, and indomethacin, distribute poorly to the brain. For example, in 1 study,
after multiple oral doses of ibuprofen the concentration in fat was
58.4 mg/g tissue, while brain concentration was 0.4 mg/g.15 Plasma
protein binding limits brain NSAID uptake by reducing the free
fraction of NSAID in the circulation. For ibuprofen, the
vascular-corrected brain concentration at steady state is only 1%
to 2% of that of the total plasma concentration. Similar low values
have been reported for flurbiprofen, ketoprofen, and naproxen.
Cerebrospinal fluid distribution is also minimal, less than 1% to
5% of plasma for many NSAIDs. Together, these results suggest
that some barrier exists that limits brain uptake of oral NSAIDs.14
The NSAID brain dose could be significantly increased by
delivering the drug intranasally. Nasal drug delivery that exploits
the olfactory and trigeminal neuronal pathways to convey drugs
to the brain is being widely explored by pharmaceutical companies. Low-molecular-weight lipophilic drugs, such as ibuprofen,
are readily absorbed into the brain by the intranasal route.16
Intranasal insulin is already being tested as a treatment for Alzheimer’s disease.17 In addition, Alzheimer’s disease starts in the
entorhinal cortex, which is connected to the olfactory nerves,
and spreads outward in an anatomically defined pattern.18 Therefore, nasal NSAIDs would readily reach the region of the brain
where they are most likely to be therapeutic.
Because ibuprofen and other NSAIDs might prevent
Alzheimer’s disease, it would certainly be worthwhile to test
intranasal ibuprofen, flurbiprofen, naproxen, or other intranasal
NSAIDs as a form of therapy. Flurbiprofen would be preferable
to ibuprofen because flurbiprofen is more potent and has 12½
times the power of ibuprofen to inhibit the formation of prostaglandin E2 from arachidonic acid.19 The smaller nasal dose of
flurbiprofen could significantly increase patient compliance. In
addition, flurbiprofen inhibits both cyclooxygenase 1 (cox-1)
and cox-2 and could be more effective than a selective cox-2
inhibitor, such as celecoxib. The activity of Cox-1 precedes
cox-2 induction in Ab-induced neuroinflammation,20 and cox1 inhibition reduces amyloid pathology and improves memory
deficits in a mouse model of Alzheimer’s disease.21
R-flurbiprofen, an enantiomer of flurbiprofen, failed a phase
III clinical trial for the treatment of Alzheimer’s disease. However, R-flurbiprofen is devoid of any direct cyclooxygenase
inhibition, which is associated with the S-enantiomer of flurbiprofen that was not tested.22
The difference between preventing and treating brain
inflammation with NSAIDs might be covered by the proverb,
the ounce of prevention and the pound of cure. Once Alzheimer’s disease develops, the patient needs the nasal pound of
cure not the oral ounce of prevention.

Declaration of Conflicting Interests
The author declared the following potential conflicts of interest with
respect to the research, authorship, and/or publication of this article:
Dr Lehrer has filed a patent application covering the use of nasal
NSAIDs for the treatment of Alzheimer’s disease.

Funding
The author received no financial support for the research, authorship,
and/or publication of this article.

References
1. Selkoe DJ. Snapshot: pathobiology of Alzheimer’s disease. Cell.
2013;154(2):468-468.e1.
2. Bennett DA, Wilson RS, Boyle PA, Buchman AS, Schneider JA.
Relation of neuropathology to cognition in persons without cognitive impairment. Ann Neurol. 2012;72(4):599-609.
3. Lee Hg, Zhu X, Castellani RJ, Nunomura A, Perry G, Smith MA.
Amyloid-ß in Alzheimer disease: the null versus the alternate
hypotheses. J Pharmacol Exp Ther. 2007;321(3):823-829.
4. Wyss Coray T. Inflammation in Alzheimer disease: driving
force, bystander or beneficial response? Nat Med. 2006;12(9):
1005-1015.
5. McGeer PL, McGeer EG. Inflammation and the degenerative diseases of aging. Ann N Y Acad Sci. 2004;1035:104-116.
6. Kalogeropoulos A, Georgiopoulou V, Psaty BM, et al. Inflammatory markers and incident heart failure risk in older adults: the
Health ABC (Health, Aging, and Body Composition) study. J
Am Coll Cardiol. 2010;55(19):2129-2137.
7. Coussens LM, Werb Z. Inflammation and cancer. Nature. 2002;
420(6917):860-867.
8. Lynch JR, Tang W, Wang H, et al. APOE genotype and an ApoEmimetic peptide modify the systemic and central nervous system
inflammatory response. J Biol Chem. 2003;278(49):48529-48533.
9. Breitner JC, Baker LD, Montine TJ, et al. Extended results of the
Alzheimer’s disease anti-inflammatory prevention trial. Alzheimers Dement. 2011;7(4):402-411.
10. Osborne R.Myriad stumbles, Wyeth closes on Alzheimer’s. Nat
Biotech. 2008;26(8):841-843.
11. Dokmeci D. Ibuprofen and Alzheimer’s disease. Folia Med (Plovdiv). 2004;46(2):5-10.
12. Imbimbo BP, Solfrizzi V, Panza F. Are NSAIDs useful to treat
Alzheimer’s disease or mild cognitive impairment? Front Aging
Neurosci. 2010;2.
13. Joussen AM, Poulaki V, Mitsiades N, et al. Nonsteroidal antiinflammatory drugs prevent early diabetic retinopathy via TNFalpha suppression. FASEB J. 2002;16(3):438-440.
14. Parepally JM, Mandula H, Smith QR. Brain uptake of nonsteroidal anti-inflammatory drugs: ibuprofen, flurbiprofen, and indomethacin. Pharm Res. 2006;23(5):873-881.
15. Adams SS, Bough RG, Cliffe EE, Lessel B, Mills RF. Absorption,
distribution and toxicity of ibuprofen. Toxicol Appl Pharmacol.
1969;15(2):310-330.
16. Bahadur S, Pathak K. Physicochemical and physiological considerations for efficient nose-to-brain targeting. Expert Opin Drug
Deliv. 2012;9(1):19-31.

Downloaded from aja.sagepub.com by guest on July 16, 2014

Lehrer

403

17. Freiherr J, Hallschmid M, Frey WH, et al. Intranasal insulin as a
treatment for Alzheimer’s disease: a review of basic research and
clinical evidence. CNS Drugs. 2013;27(7):505-514.
18. Liu L, Drouet V, Wu JW, et al. Trans-synaptic spread of tau
pathology in vivo. PLoS One. 2012;7(2):e31302.
19. Nozu K. Flurbiprofen: highly potent inhibitor of prostaglandin
synthesis. Biochim Biophys Acta. 1978;529(3):493-496.
20. Dargahi L, Nasiraei-Moghadam S, Abdi A, Khalaj L, Moradi F,
Ahmadiani A. Cyclooxygenase (COX)-1 activity precedes the

COX-2 induction in Abeta-induced neuroinflammation. J Mol
Neurosci. 2011;45(1):10-21.
21. Choi SH, Aid S, Caracciolo L, et al. Cyclooxygenase-1 inhibition
reduces amyloid pathology and improves memory deficits in a
mouse model of Alzheimer’s disease. J Neurochem. 2013;
124(1):59-68.
22. Geerts H. Drug evaluation: (R)-flurbiprofen—an enantiomer of
flurbiprofen for the treatment of Alzheimer’s disease. IDrugs.
2007;10(2):121-133.

Downloaded from aja.sagepub.com by guest on July 16, 2014

