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Thesis Abstract
Degree Applicant ~ Takashi Asano

Ischemic stroke is a serious disease with various sequelae, such as higher brain dysfunction, motor/sensory
impairment, and dysphagia, which are some of the most common reasons for long-term care. Reperfusion as
early as possible after the onset of stroke symptoms by thrombolytic therapy using tissue plasminogen activator
(t-PA) is the most efficacious treatment for cerebral infarction. However, because of the narrow window of t-PA
administration, only few patients can be treated with it. Therefore, it is suggested that administration of a
prophylactic drug (before the onset of stroke) that could reduce impairment associated with sudden cerebral
infarction is necessary. Further, if the risk of side effects is low, long-term continuous administration would be
possible, similar to a conventional supplement, and the prevention or improvement of sequelae in the chronic
phase of cerebral infarction would also be possible.

Ferulic acid (FA) is a natural phenolic compound found in products such as rice bran. FA is less toxic and has
been used as an antioxidant food supplement and to delay dementia progression. Basic research has revealed the
various pharmacological functions of FA. Among these, the author focused on the anti-apoptosis effect through
its antioxidant action and the hypotensive effect through its inhibitory effect on angiotensin converting enzyme
(ACE), protective effects on the vascular endothelium, and vasodilator action. These actions is considered to
combine in a multifaceted manner to effectively protect the brain during ischemia as a potential prophylactic
treatment. Accordingly, the goal of this study was to synthesize highly effective FA derivatives (FADs) with a
prophylactic treatment effect that can be administered continuously from before cerebral infarction onset to the
chronic phase.

In section 1, by using FA as a seed compound and with the goal of improving intracerebral transferability and
pharmacological function, 13 molecularly designed candidate FAD compounds (donated by Prof. Sakamoto,
Medicinal Chemistry, Graduate School of Pharmaceutical Sciences, Josai University) were screened for their
antioxidant activity and ACE inhibitory activity. Although no compounds exhibited stronger ACE inhibition than
captopril, the antioxidant activity of FAD012 which has theoretical high intracerebral permeability was stronger
than that of ascorbic acid, Trolox, and FA. Therefore, FADO12 was selected from the candidate compounds and
its toxicity and cytoprotective effects were investigated in PC12 cells. The results showed that FADO12 had low
toxicity, equivalent to that of FA, and exhibited a stronger cytoprotective effect than FA against oxidative stress
induced by hydrogen peroxide. Accordingly, to test the prophylactic administration, FAD012 was orally
administered to male Sprague Dawley (SD) rats for 10 weeks and the toxicity was evaluated. FADO12 was
confirmed to have low in vivo toxicity in rats.

In section 2, the effects of FADO12 on cerebral blood flow (CBF), neurological symptoms, and cerebral
infarction were investigated in a rat model of middle cerebral artery occlusion/reperfusion (MCAO/Re), a model
of acute-phase cerebral infarction. After the oral administration of FAD012 (10 or 30 mg/kg/day) for 1 week to
male SD rats, MCAO/Re was conducted. FADO12 suppressed the reduction in CBF after MCAO treatment;
further, at 24 h after Re treatment, FADO12 reduced the neurological symptoms and suppressed the cerebral



infarction. A detailed investigation of the CBF maintenance action of FADO12 by using a 2D laser blood flow
imaging apparatus revealed that FADO12 does not normally affect blood flow in the cerebral cortex, but when
the MCA is blocked, it maintains blood flow to the cerebral cortex through the main MCA and its surrounding
arterioles. As there are reports that nitric oxide (NO), a vasodilation gas mediator, maintains blood flow during
ischemia, the expression level of endothelial NO synthase (eNOS) was histologically investigated in the cerebral
cortex, wherein the cerebral blood flow maintenance action of FADO12 was observed. It was revealed that
FADO12 preserved eNOS expression in the cerebral cortex after MCAO. These results indicated that FAD012
protected the brain from impairment in the acute phase of cerebral infarction through the maintenance of CBF
via the preservation of eNOS expression level.

Dysphagia not only impairs patient QOL, but can be life-threatening owing to the increased risk of asphyxia
or complications with aspiration pneumonia. In section 3, the effect of FAD012 on the impaired swallowing
reflex was investigated in rats with bilateral common carotid artery permanent ligation (2VO) as a model of
dysphagia in the chronic phase of cerebral infarction. After the oral administration of FADOI2 (3 or 10
mg/kg/day) for 1 week to male SD rats, 2VO was performed. In the rats administered FAD012, the mortality rate
was suppressed. In addition, continuous administration of FADO012 after 2VO suppressed the reduction in CBF
caused by 2VO for a long period (2 weeks). Further, FADO12 suppressed the reduction in swallowing frequency
and the increase in swallowing reflex latency caused by 2VO. Previously, it was reported that the impairment of
the basal ganglia by ischemia reduced dopamine (DA) production and storage in the nigrostriatal pathway, which
reduces substance P (SP; the trigger for the swallowing reflex in the laryngopharyngeal mucosa) and caused
dysphagia. Therefore, the mechanism by which FAD012 improved the impairment of the swallowing reflex was
histologically investigated. FAD012 markedly suppressed the increase in activated caspase-3 positive cells and
suppressed the long-term apoptotic cell death. In addition, the expression levels of SP and tyrosine hydroxylase
(TH), which is responsible for DA synthase in the striatum, were assessed by using immunostaining and FAD012
was found to remarkably suppress the decreases in TH and SP expression. Further, FADO12 suppressed the
reduction of SP expression in the laryngopharyngeal mucosa. The above results suggested that the long-term
prophylactic administration of FADO12 reduced dysphagia in 2V O rats by the maintenance of the pharyngeal SP
level, mediated through the protection of the neurological function of nigrostriatal DA and SP.

The results of this study demonstrated that FADO12, designed from the seed compound of FA, had low toxicity,
could be used as a long-term prophylactic agent, and reduced the brain damage after the sudden onset of acute-
phase cerebral infarction through the maintenance of CBF during ischemia. Further, it was revealed that the
continued administration of FAD012 in the chronic phase ameliorated the impairment of the swallowing reflex
by protecting the nigrostriatal DA-SP system. FADO12 was therefore indicated as a potential compound for the
development of a new prophylactic treatment drug against ischemic stroke. The results of this study may

contribute to the development of preventative medicines for the treatment of ischemic stroke.
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