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研究成果の概要（和文）：本研究では、ポリスチレンナノプラスチック（PSNP）の経口曝露が、ラットの脳内自
律神経調節領域における心血管パラメーターおよびミクログリア（MG)-ニューロンの保護者-の反応性に与える
影響を調査しました。8週間の曝露後、心拍数は低下し、尿浸透圧は上昇しました。MGの活性化は、血液脳関門
の有無にかかわらず心血管中枢で観察されました。これらの結果は、PSNPが血液脳関門の存在に関係なくMGの活
性化を介して心血管恒常性を撹乱する可能性を示唆しています。さらに、ナノプラスチックによる神経炎症およ
び全身影響に関するさらなる研究の必要性も強調されます。

研究成果の概要（英文）：This study investigated the effects of chronic oral exposure to polystyrene 
nanoplastics (PSNPs) on rat cardiovascular function and on the reactivity of microglia (MG) - the 
neurons' protectors - in the area postrema (AP), a cardiovascular center lacking a blood-brain 
barrier (BBB). Wistar rats received daily doses of 50nm diameter PSNPs or control solutions for 
eight weeks. PSNP exposure lowered heart rate and increased urine osmolality. In control rats, MG 
activation was greater in the AP than in the nucleus tractus solitarius (NTS), a cardiovascular 
center protected by the BBB. However, PSNPs significantly altered MG reactivity in both regions, 
indicating that areas shielded by the BBB are as susceptible as unprotected ones. These results 
suggest that circulating PSNPs disrupt cardiovascular homeostasis, likely via MG activation in 
autonomic brain regions, highlighting the urgent need for further research into nanoplastic-induced 
neuroinflammation and systemic effects.

研究分野： central regulation of cardiovascular parameters
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研究成果の学術的意義や社会的意義
ヒトは日常的に、摂取、吸入、皮膚接触を通じてナノプラスチックに曝露されています。これらの粒子は人体組
織から検出されているものの、健康影響はほとんど解明されていません。本研究では、ポリスチレンナノプラス
チック（PSNP）をラットに慢性的に経口投与し、心血管機能およびその中枢神経による調節への影響を調査しま
した。その結果、PSNPは心拍数の調節を撹乱し、心血管制御に関与する脳領域でニューロンを保護する免疫細胞
であるミクログリアを活性化させました。これらの知見の意味するところについては今後の研究が必要ですが、
本研究はNP曝露による健康リスクの可能性を示し、さらなる研究と規制の重要性を強調しています。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 Initial background of the research 

Growing concern over plastic pollution has increasingly focused attention on its potential impacts on human 

health. Environmental degradation of plastics leads to the formation of microplastics (MPs, <5 mm) and 

nanoplastics (NPs, 1–100 nm), which have become pervasive in ecosystems and the food chain. Humans 

are chronically exposed to these particles through ingestion, inhalation, and dermal contact (1). MPs have 

been found in various human tissues (2). NPs, owing to their smaller size, high bioavailability, and detection 

challenges, raise even greater concern. Polystyrene nanoplastics (PSNPs), widely used in toxicological 

studies, can traverse the gastrointestinal tract, circulate through the bloodstream, penetrate the blood-brain 

barrier (BBB), accumulate in the brain, and cause neurotoxic effects such as memory impairment and 

behavioral alterations (3,4,5,6). Their toxicity also depends on surface charge: positively charged PSNPs 

induce toxicity through lysosomal damage and oxidative stress, while negatively charged PSNPs tend to be 

more readily taken up by tissues. 

 

Despite these findings, the potential effects of NPs on autonomic functions—particularly cardiovascular 

regulation and osmoregulation—remain largely unexplored. Microglia (MG), the brain’s resident immune 

cells, are key responders to foreign substances. Upon NP exposure, MG can become reactive, change 

morphology and secrete inflammatory mediators, contributing to neuroinflammation (6). MG activation is 

known to vary by brain region (7), but little is known about their role in circumventricular organs (CVOs)—

BBB-deficient areas that rely heavily on perivascular MG for immune surveillance. One such CVO, the 

area postrema (AP), plays a central role in autonomic nervous system and works closely with the nucleus 

tractus solitarius (NTS) (8,9) to regulate cardiovascular parameters. Although NP-induced neurotoxicity 

has been increasingly studied, whether NPs affect central regulation of cardiovascular parameters and how 

BBB presence influences MG responses to NPs in cardiovascular centers remain poorly investigated. 

 

２．研究の目的 Research Objective 

Although PSNPs have been studied for their systemic and neurotoxic effects in mammals, data on their 

impact on brain autonomic areas and their MG reactivity depending on the BBB presence are scarce. This 

distinction is crucial for understanding how NPs influence brain function and health. In this study, we 

investigated the effects of chronic oral exposure to cationic and anionic PSNPs on cardiovascular 

parameters, fluid homeostasis, and MG morphology in two key autonomic centers: the BBB-protected NTS 

and the BBB-free AP. Elucidating how PSNPs affect MG reactivity and autonomic regulation may offer 

insights into their potential to disrupt central homeostatic mechanisms. 

 

３．研究の方法 Research Methodology 

Eighteen 4-week-old Wistar rats were randomly divided into three groups (n = 6 per group) and were treated 

with a 3% sucrose solution containing cationic aminated PSNPs (NP+, 12.5mg/kg), or anionic carboxylated 

PSNPs (NP−, 12.5mg/kg) or either plain water (Control) daily for eight weeks. Physiological parameters—

including heart rate (HR), mean blood pressure (MBP), and urine osmolality—were measured biweekly, 

while body weight, food and water intake, and urine output were recorded weekly. 

At the end of the exposure period, brain tissues were collected to assess MG reactivity in the NTS and AP 

using Iba-1 immunostaining. MG morphology was analyzed via confocal fluorescence microscopy and 

quantified using ImageJ. In addition, brain and kidney tissues were harvested for gene expression analysis. 

Total RNA was extracted, and mRNA levels of inflammatory and neuronal activity-related markers were 

quantified using reverse transcription quantitative PCR (RT-qPCR). 

 
４．研究成果 Research results 
(1) Physiological Effects of PSNP Exposure in Rats 

 

The data is scheduled to be replaced after January 1, 2026, as the publication procedure in a 

journal is still ongoing. 

 

(2) Renal and Osmoregulatory Outcomes 

 

The data is scheduled to be replaced after January 1, 2026, as the publication procedure in a 

journal is still ongoing. 

 

(3) Baseline Microglial Morphology in AP vs. NTS 

 

The data is scheduled to be replaced after January 1, 2026, as the publication procedure in a 



journal is still ongoing. 

 

(4) Impact of PSNP Exposure on MG Morphology in AP and NTS 

 

The data is scheduled to be replaced after January 1, 2026, as the publication procedure in a 

journal is still ongoing. 

 

(5) Potential Mechanisms Linking MG Activation and HR Reduction 

 
The data is scheduled to be replaced after January 1, 2026, as the publication procedure in a 

journal is still ongoing. 
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