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Intranasal rifampicin for Alzheimer’s disease prevention
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Abstract Introduction: Oral rifampicin has been shown to significantly reduce amyloid b (Ab) and tau pathol-
ogies in mice. However, it shows occasional adverse effects such as liver injury in humans, making its
use difficult for a long period.
Methods: To explore safer rifampicin treatment, APPOSKQ1 mice, a model of Alzheimer’s disease,
were treated with rifampicin for 1 month via oral, intranasal, and subcutaneous administration,
and its therapeutic efficacy and safety were compared.
Results: Intranasal or subcutaneous administration of rifampicin improvedmemorymore effectively
than oral administration. The improvement of memory was accompanied with the reduction of neu-
ropathologies, including Ab oligomer accumulation, tau abnormal phosphorylation, and synapse
loss. Serum levels of a liver enzyme significantly rose only by oral administration. Pharmacokinetic
study revealed that the level of rifampicin in the brain was highest with intranasal administration.
Discussion: Considering its easiness and noninvasiveness, intranasal administration would be the
best way for long-term dosing of rifampicin.
� 2018 Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Intranasal; Rifampicin; Ab oligomers; Hepatotoxicity; Pharmacokinetics; Prevention; Alzheimer’s disease

1. Background

Cerebral accumulation of amyloid oligomers is believed
to be the initial step in the pathogenesis of neurodegenerative
dementia such as Alzheimer’s disease (AD) and tauopathy
[1,2]. Accordingly, reducing the content of amyloid
oligomers has long been hypothesized as a rational
strategy to treat these diseases. Meanwhile, clinical studies
of amyloid b (Ab)–targeting therapies in AD have
revealed that treatment after disease onset has little effect
on patient cognition [3,4]. This finding suggests that the

treatment of neurodegenerative dementia should be started
before the onset of clinical symptoms [5]. This view promp-
ted us to explore a preventive medicine which is orally avail-
able, has little adverse effects, and is effective at reducing
neurotoxic oligomers with a broad spectrum. Based on these
criteria, we demonstrated that a well-known antibiotic,
rifampicin, is a good candidate [6]. Under cell-free condi-
tions, rifampicin inhibited the oligomer formation of Ab,
tau, and a-synuclein, indicating its broad spectrum [6].
When orally administered to aged APPOSK mice (Ab
oligomer model) for 1 month, rifampicin reduced the accu-
mulation of Ab oligomers as well as tau abnormal phosphor-
ylation, synapse loss, and microglial activation in a
dose-dependent manner and improved memory to a level
similar to that in non-Tg littermates at 1 mg/day [6]. Oral
administration of rifampicin to aged tau609 mice (tauopathy
model) for 1 month also reduced tau oligomer accumulation,
tau hyperphosphorylation, synapse loss, and microglial acti-
vation in a dose-dependent fashion and improved memory
almost completely at 1 mg/day [6].
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Although these results indicate a therapeutic potential of
rifampicin against dementia, rifampicin shows occasional,
nonnegligible adverse effects such as liver injury (https://
livertox.nih.gov/Rifampin.htm) and drug-drug interactions
(https://www.drugs.com/drug-interactions/rifampin.html),
which discourages the use of rifampicin for a long period.
Orally administered rifampicin is absorbed from the intes-
tine, carried to the liver via the portal vein, and largely
metabolized in the liver before entering the blood circula-
tion, resulting in a lowered bioavailability (i.e., first pass
effect). The mechanism of rifampicin-induced hepatotox-
icity is unknown and unpredictable, as there is no evidence
for the presence of a toxic metabolite of rifampicin.
Rifampicin-related drug-drug interactions are thought to
occur via activation of the nuclear pregnane X receptor
in hepatocytes that in turn upregulates the expression of cy-
tochrome P450 and P-glycoprotein; the former metabo-
lizes many drugs, and the latter mediates drug adsorption
and efflux [7]. Thus, the delivery of rifampicin directly
to the brain or the promotion of brain penetration of rifam-
picin through the blood-brain barrier by increasing rifam-
picin bioavailability to avoid the fast pass effect would
permit a lower rifampicin dose and in turn reduce the
risk of adverse effects.

To explore safer rifampicin treatment, we tested several
routes of rifampicin application (oral, intranasal, and subcu-
taneous) in aged APPOSK mice and compared their therapeu-
tic efficacy and safety. APPOSK mice are a transgenic (Tg)
mouse model of AD that express Ab oligomer-related pa-
thologies without forming amyloid plaques by the presence
of the Osaka mutation [8]. The mice display intraneuronal
accumulation of Ab oligomers and subsequent tau abnormal
phosphorylation, synapse loss, and memory impairment at
8 months, microglial activation at 12 months, and neuronal
loss at 24 months. Thus, APPOSK mice are an ideal model
for investigating the effects of rifampicin on Ab oligomers
in vivo. The results in the present study show that intranasal
and subcutaneous administration is safer and more effective
than oral administration and that intranasal application
achieves the highest brain delivery of rifampicin.

2. Methods

2.1. Rifampicin treatment to APPOSK mice

Rifampicin is usually prescribed to adult humans at
10 mg/kg orally once a day for tuberculosis (https://www.
drugs.com/dosage/rifampin.html). Assuming a mean body
weight of adult mice of 30 g, the mean dose for mice corre-
sponds to 0.3 mg a day. We decided the daily dose of rifam-
picin for mice in our initial experiment as 0.25 mg. For oral
and subcutaneous administration, rifampicin was dissolved
to 0.83 mg/mL in 0.5% low-viscosity carboxymethylcellu-
lose (CMC; Sigma). Three hundred micro liters of the solu-
tion (i.e., 0.25 mg) was administered orally using feeding
needles or subcutaneously using injectors to 11-month-old

male APPOSK mice 5 days a week (Monday through Friday)
for 1 month. For intranasal administration, rifampicin was
dissolved to 25 or 5 mg/mL in 0.5% CMC. Mice were
held in an upright to supine position without anesthesia,
and 10 mL of the rifampicin solution (i.e., 0.25 or 0.05 mg)
was administered into the bilateral nasal cavity using
10 mL MiniFlex Round Tips (Sorenson BioScience, Inc.,
Salt Lake City, UT), utilizing capillary phenomenon. As
controls, age-matched Tg and non-Tg littermates were
treated with CMC solution intranasally and orally, respec-
tively. All treatments were performed without prior habitua-
tion of mice to handling. All animal experiments were
approved by the ethics committee of Osaka City University
(Osaka, Japan) and performed in accordance with the Guide
for Animal Experimentation, Osaka City University.

2.2. Behavioral test

Spatial reference memory in mice was assessed at
12 months of age using the Morris water maze, as described
previously [6]. Mice were trained to swim to a hidden plat-
form for four consecutive days, and the retention of spatial
memory was assessed by a probe trial on day 5. Rifampicin
treatment was continued during the behavioral test. To
ensure that APPOSK mice have normal locomotor activity,
their spontaneous locomotion in the light and dark was
measured by an open field test at 18 months of age, as
described previously [9]. In brief, mice were allowed to
search freely in a square acrylic box (30 ! 30 cm) for
20 min. The light attached to the ceiling of the enclosure
was on during the first 10 min (light period) and off during
the later 10 min. On each x and y bank of the open field,
two infrared rays were attached 2 cm above the floor at
10 cm intervals, making a flip-flop circuit between the two
beams. The number of beam crossing was counted every
min as traveling behavior of mice.

2.3. Measurement of liver enzymes

After the water maze task, blood was collected under
anesthesia, and sera was separated by centrifugation. The
levels of liver enzymes aspartate transaminase (AST, also
known as GOT) and alanine transaminase (ALT, also known
as GPT) in the sera were measured using a 7180 Clinical
Analyzer (Hitachi High-Technologies, Tokyo, Japan) with
L-type Wako AST$J2 and ALT$J2 reagents (Wako Pure
Chemical Industries, Osaka, Japan).

2.4. Immunohistochemical analysis

After collecting blood samples, mice were divided into
two groups: one for immunohistochemical analysis and the
other for biochemical analysis. Coronal brain sections
were prepared every 5 mm from the position of interaural
2.0 mm toward the caudal end, and immunohistochemical
staining was performed as described previously [6]. Ab olig-
omers were stained with mouse monoclonal 11A1 antibody
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