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Abstract

Brain-derived neurotrophic factor (BDNF) plays a key role in pathogenesis of learning and
memory impairment. Alteration of BDNF levels is one of the neuroprotective strategies.
Asiatic acid (AA) possessed antioxidant, anti-inflammatory, and acetylcholinesterase
inhibition activities. However, an intensive metabolize by CYP450 in the gastrointestinal tract
has limited AA availability in the brain. This study aimed to investigate the effect of intranasal
administration of AA on the level of BDNF in scopolamine-treated mice. For 10 days, AA was
administered intranasally (2.3 mg/kg) or orally (3, 30, or 100 mg/kg) to ICR mice and then
scopolamine (3 mg/kg) was administered intraperitoneally. BDNF levels in the hippocampus
and prefrontal cortex were measured by western blot analysis. Mice received scopolamine
alone and oral AA with scopolamine had the significant decreased BDNF levels in the
hippocampus. Intranasal AA administration significantly increased BDNF levels in the
hippocampus compared to oral AA administration groups. BDNF levels in the prefrontal cortex
was no significant difference among groups. The protective effect of intranasal AA was
superior to oral administration of AA. Intranasal administration of AA can protect the reduction
of BDNF levels in the hippocampus which is the brain region involved in the learning and
memory process.
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Introduction

Alzheimer’s disease (AD) is the most common neurodegenerative disease in the elderly
patients. The formation of extracellular amyloid beta plaques and intracellular neurofibrillary
tangles (NFTs) are the two main pathological hallmarks in AD brain (1). These protein
aggregations cause the alteration of the neurotrophic factor levels and their signaling pathways.
Brain-derived neurotrophic factor (BDNF) plays an important role in the neuronal plasticity
and survival (2). Low expression of BDNF has considered as a critical point in the development
of AD. Decreasing mRNA and BDNF protein level were found in the serum and brain of AD
patients (3). Previous study showed that amyloid beta could induce dysregulation of BDNF
through dysregulation of the glutamatergic N-methyl-D-aspartate receptor (NMDAR)/
Ca*'/calpain signaling pathway (4). In addition, BDNF stimulation leads to dephosphorylation
of tau protein by activating TrkB and phosphatidylinositol 3-kinase (PI3K) signaling pathway
(5). Therefore, treatment targeting BDNF levels and its signaling is one of the neuroprotective
approaches to prevent the consequences of amyloid beta aggregation and NFT formation, and
to delay AD disease progression.

The current pharmacological treatments of AD, such as donepezil and memantine, do
not alter AD pathology. Natural products with antioxidant and anti-inflammatory effects have
gained attention in the development of the neuroprotective agents. Asiatic acid (AA), a natural
compound found in Centella Asiatica L., has potential effect as the protective agent in the
central nervous system by some mechanisms such as antioxidants (6), anti-inflammation (7),
and neurogenesis (6). Several studies showed that it can protect the neuronal cell line
cytotoxicity-induced by glutamate (8) and methamphetamine (9). In addition, AA can also
protect memory impairment induced by valproate (10), and 5-fluorouracil (11). Previous in
vitro and in silico study also showed the acetylcholinesterase (AChE) inhibition effect of AA
(12). However, AA has low bioavailability (13). The solid lipid nanoparticles (SLNs)
formulation of AA has been developed and aimed for nose-to-brain delivery via intranasal
technique. The objective of this study was to evaluate the effect of AA in SLNs intranasal
administration on the BDNF expression in scopolamine-treated mice.

Methods

Chemicals and Reagents

Asiatic acid (Sigma-Aldrich, St. Louis, MO, USA) for intranasal delivery was prepared
in the concentration of 2.26 mg/mL in the solid lipid nanoparticle (SLN) formulation. AA for
oral administration was suspended in 0.5% carboxymethylcellulose (CMC) (Sigma-Aldrich,
St. Louis, MO, USA) in the concentrations of 0.3, 3 and 10 mg/mL. Scopolamine and donepezil
were purchased from Sigma-Aldrich (St. Louis, MO, USA).

Animals

Male ICR mice (6-8-week, 20-25 g) were obtained from the National Laboratory
Animal Center (Mahidol University, Nakornpathom, Thailand). One week before the
experiment, the animals were acclimatized and kept under controlled temperature (24 + 2°C)
and humidity (40—60%) with 12 h light-dark cycle. Mice were allowed free access to food and
water during the experiment. The experimental protocols were approved by the Institutional
Animal Care and Use Committee, Faculty of Pharmaceutical Sciences, Chulalongkorn
University, Thailand (approval number - 1933012).
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Experimental Design

Mice were randomly divided into seven groups (n=6 per group) as follows: (1) Con and
(2) Sco groups received 0.5% CMC (10 mL/kg, p.o.), (3) Don group received donepezil
(3 mg/kg, i.p.), (4) INAA group received AA in SLNs by intranasal administration (for 15 pLL
each nostril, equal to a dose of 2.3 mg/kg), (5) POAA3, (6) POAA30 and (7) POAA100 groups
were received AA by oral at the doses 3, 30, and 100 mg/kg, respectively. Then, all groups
were directly injected with scopolamine (3 mg/kg, i.p.) after treatment, except control group
received normal saline solution (NSS) (10 mL/kg, i.p.). All animals were treated for 10
consecutive days. On day 10, mice were sacrificed 30 minutes after scopolamine or NSS
administration. Brains were removed, hippocampus and prefrontal cortex were collected and
snap-freeze in liquid nitrogen. Brain tissues were then maintained in a —80°C freezer for later
western blot analysis.

Western Blot Analysis

Hippocampal and prefrontal tissues were homogenized with 100 pL lysis buffer and
then centrifuged at 16000xg for 20 min at 4°C. The total protein level was determined by BCA
assay kit (Thermo Fisher Scientific, Rockford, IL, USA). Samples were separated by 12%
SDS-PAGE gel electrophoresis at 80V and transferred to PVDF membrane at 9V. After
blocking unspecific proteins with 5% skim milk, the membrane was incubated overnight at 4°C
with BDNF (1:1000) (Cell Signaling Technology, Inc., USA) and mouse monoclonal anti-
GAPDH (1:1000) (Millipore, Billerica, MA, USA). After three washes with 0.075% TBST,
the membranes were incubated with secondary I[gG: HRP conjugate of the anti-rabbit (1:1000)
(Millipore, Billerica, MA, USA) or anti-mouse (1:1000) (Santa Cruz Biotechnology, CA,
USA) at room temperature for 2 h. An enhancing chemiluminescence western blot substrate
was used to develop the membrane. The membrane was visualized with a luminescent image
detector (ImageQuant LAS 4000, GE Healthcare BioSciences, Japan) and ImageJ software was
used to analyze the target protein level.

Statistical Analysis

The data were presented as mean + S.E.M. One-way ANOVA followed by the LSD
post-hoc analysis was performed for the statistical analysis. The p-values < 0.05 were
considered significant.

Results

Intranasal AA administration protects against the reduction of BDNF expression in the
hippocampus

Scopolamine treatment significantly reduced BDNF levels in the hippocampus
(p <0.05). Mice received oral treatment of AA with scopolamine also had significantly lower
BDNF expression levels than control (p < 0.05 and p < 0.01). Donepezil, a positive control,
group had significantly higher BDNF levels than POAA100 group (p < 0.05). In the same way,
intranasal administration of AA treatment significantly increased BDNF levels compared to
POAA3, POAA30 and POAA100 groups (p < 0.01, p < 0.01, and p < 0.05, respectively)
(Figure 1). The results suggested the higher efficacy of INAA and donepezil in the protection
against the reduction of BDNF induced by scopolamine.
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Figure 1. Effect of INAA and oral dose of AA on BDNF protein expression in the hippocampus (a). The levels
of BDNF expression were calculated as BDNF/GAPDH intensity, and the values were normalized by setting the
ratio in Con to “one”. Data were presented as mean = S.E.M. (n = 6) (b). *p < 0.05, **p < 0.01 vs. Con, *p < 0.05
vs. Don, #p < 0.05, #p < 0.01 vs. INAA.

Intranasal AA administration did not alter BDNF expression in the prefrontal cortex.

Scopolamine treatment tended to reduce BDNF levels in the prefrontal cortex.
However, BDNF levels were not significantly different between groups (Figure 2). Therefore,
the oral and intranasal administration of AA did not alter the BDNF level in the prefrontal
cortex.
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Figure 2. Effect of INAA and oral dose of AA on BDNF protein expression in the prefrontal cortex (a). The levels
of BDNF expression were calculated as BDNF/GAPDH intensity, and the values were normalized by setting the
ratio in Con to “one”. Data were presented as mean + S.E.M. (n = 6) (b). Data were presented as mean + S.E.M.
(n=06).

Discussion

Brain-derived neurotrophic factor (BDNF) plays an essential role in the pathogenesis
and treatment of AD (3]) It is known to be involved in the neuroplasticity mechanism
underlying learning and memory (4). Hippocampus and prefrontal cortex were important area
in the brain’s memory system. The interaction between hippocampal formation and prefrontal
cortex is to regulate the cognitive and emotional function. Previous study showed that amyloid
beta plaques in animal AD model inhibits spontaneous network activity in PFC leading to the
interruption of its connectivity into hippocampal input (14). Therefore, we investigated the
effect of AA in these brain areas.

Scopolamine, a muscarinic antagonist, is widely used to induce memory deficit in
various animal models. In our study, scopolamine reduced BDNF expression in the
hippocampus, in agreement with previous study that showed the scopolamine downregulated
BDNF levels in the mouse brain in a dose and time-dependent manner (15). Therefore,
scopolamine could affect neuroplasticity in mouse brain by an indirect mechanism. Donepezil,
a cholinesterase inhibitor, is limited to symptomatic therapy (16). To the best our knowledge,
there is no report about neuroprotective effect of donepezil. In line with our study, donepezil
cannot increase BDNF level in the hippocampus and prefrontal cortex.

Previous study showed that repeated administration of Centella asiatica phytosomes
can increase BDNF mRNA levels in the prefrontal cortex (17). However, our study reveals that
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intranasal but not oral administration of AA upregulates BDNF protein expression in the
hippocampus. Intranasal administration is the promising method for delivering therapeutic
compounds to CNS because it can reduce systemic exposure and avoid first pass metabolism
(18). In addition, high lipophilic molecule has a good absorption in the nasal cavity then it can
use passive diffusion to cross nasal epithelium (19). Previous study has showed that AA has
low oral bioavailability (16.25%) in rats due to rapid metabolism of cytochrome P450 (13).
This reaction could lead to the decreasing AA level in the brain. By combining the lipophilicity
of AA and the intranasal technique, it is possible that AA can reach the brain by olfactory and
respiratory pathway and increased its availability in the brain.

In contrast, the expression levels of BDNF in the prefrontal cortex were not changed by
the treatment of AA. This could be because the highest level of BDNF mRNA is found in the
hippocampus (20). The entorhinal cortex, a major connection between the cortex and the
hippocampus, is a key brain region that has the highest BDNF production followed by actively
transported to the hippocampus (21). The hippocampus and prefrontal cortex regulate the
different domains of memory. The main function of PFC is to regulate the working memory
while hippocampus plays an important role in the regulation of long-term spatial memory (22).
The different effects of INAA in the hippocampus and prefrontal cortex could lead to the
improvement of spatial memory but not working memory. Various learning and memory
models should be used for further investigation of the effect of INAA in the different memory
domains.

Conclusion

In conclusion, nasal delivery system of AA protects BNDF depletion induced by
scopolamine. Thus, the mechanism of AA in the neuroplasticity of learning and memory,
should be further investigate.
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