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ǍƳͦ 

͸Ā˙ȭȴǿʭɉ͙ʥęˁ˘ņ˿ΆĪăȭŮ˭ǭĳ"вυƋTř£ģћΟ

?ΟĀ�ʁˁ˘ʭ˼Ǽ�ǁƞǨПŮ˭ǭşΝ
Ȓˍ˿˰˾ȧŸћ�Ɲˍ˿ʪɰ�

Ȯ�û�ћψ̛şΝˍ˿μ�ŸʤʥћčІ͂ɍюʦ(Alzheimer’s disease, AD)�̛

Ϛň
Ǭ�ͦʭȴǿ?əǞ σʷЂʭ˙ȭȴǿʁћo
ʙȁȹşƻɼɽƐƦǅ

ʭȁȹşƻŮ˭(diesel exhaust particles, DEPs)ǩǞŮ˭ʭ�ͦ?ə�b�ƌMĪт

ġņ�ʘ C57BL/6 ĵёŷŸǨПȁȹşƻŮ˭ћʪʎ̯
Gʪɰ­Ɖâĕ�̫Ι

όȮ�¬ Tau ͔ʫìǯд͌ëø�ћ4o
Ů˭ʭƐşΝʭ
Ȓˍ˿ȧʐȕ�&

�ɕȋћ	>ʘ�̼É˰ĵёʭ˼Ǽ��� ћ̸ǆǵˁ˘ϕʘІ͂ɍюʦȓŞ�ʁ

—�ðâγȢĵё(3xTg-AD mice)?ψ͙Īтћς˔ĵёǞ�˔̪Ăºǟʪļzj

˔І͂ɍюʦʃğʥʐ΍�ʭĵёћ�Ɲʙ�íвɨˬ͔ʫ(amyloid-beta, Aβ)˸˖

ƐţƋʭвɨˬ͔ʫǎô (amyloid plaque)ћ)¬ʙόŖˊϟ� Tau ͔ʫ

(phosphorylated Tau protein)̞Ж̛Ƌʭˍ˿̏́̎˼(Neurofibrillary Tangles, NFTs)�

âȝǵˁ˘�ʘ 3xTg-AD ĵё?ƨʹǨПȁȹşƻŮ˭Ǟ¾ǭşΝ
Ȓˍ˿˰

˾ȧŸћ�ƝȮ�û��Ů̲˹̨Ɉ��̶Û;ʘć΂�І͂ɍюʦʥʐ΍�ˢʎ

Ώ� 

ǵˁ˘>ʘ 6-8χăʭ 34Е 3xTg-ADȥёћ)°ÈÁgʭǓŞê�χhϨͤ

ǨПȁȹşƻŮ˭ 6ȘћȦȘǨП 50µgʭŮ˭ћȦЕĵёʭ̉�Ϫɱ 300µgћ�

ǔǬŨ�ȘǨПŨ 24ĵǟʅʂ�ȁȹşƻŮ˭Ǟʙ̔ååĤȑɚǦƕ͛ˁ˘ЊΛ

ΕʭȑɚÉћí͓ɱ SRM1650bћ(͟ϨíȁȹşƻɼɽƐƦǅzʭŮ˭��ʁʅ

ʂŨǭψ͙ʖ�Ɵȑ{Ǻ¬˻̋ʥʐ{Ǻћʖ�Ɵȑ{Ǻʭϙ{ǭ�ʘɐʷĽǺ

�̟ΙΈȾ(Liquid chromatography-tandem mass spectrometry, LC-MS/MS))¬ͥǓ
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Abstract 

Air pollution has been known as a major health threat for decades. Many 

epidemiological and toxicological studies of air pollution have confirmed that ambient 

particulate matter can cause adverse effects on the central nervous system (CNS), 

including neuroinflammation, oxidative stress, autophagy dysfunction and contribute to 

neurodegenerative diseases, such as Alzheimer’s disease (AD).  

In the modern city, the most important source of pollution is traffic-related air 

pollutants. Diesel exhaust particles (DEPs) emitted by diesel engine combustion is the 

most important component of near-road and urban air pollution. In our previous study, 

C57BL/6 mice were acutely exposed to DEPs and found that pro-inflammatory cytokines, 

lipid peroxidation, and tau tauopathies increased significantly in the brain. However, the 

mechanisms are still unclear. Therefore, the objective of this study was to investigate the 

central nervous system toxicity caused by DEPs in Alzheimer’s disease mouse model. 

6 to 8-week-old 3xTg-AD female mice were exposed to 300µg of DEPs SRM 1650b 

by oropharyngeal aspiration (50 µg/time, 2 times/week and for 3 weeks). SRM 1650b 

was purchased from National Institute of Standards and Technology, and it represents 

particulate from the combustion of heavy-duty diesel engines. After the last exposure, all 

animals were sacrificed at 24 hours, and the brain tissue, including the cerebral cortex, 

hippocampus and cerebellum regions, were collected. Brain region-specific 

malondialdehyde (MDA) level was measured by LC-MS/MS to assess lipid peroxidation. 

LC3b, Iba-1, Aβ42, and total tau protein were also evaluated using western blot. Brain and 

lung tissue were stained by hematoxylin and eosin (H&E) for histopathological 
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examination. 

The results showed that MDA concentration significantly increased in the 

hippocampus (p<0.05), but not in cerebral cortex and cerebellum. Expression of LC3b, 

Iba-1, Aβ42, and total tau protein was not significant between the control and the exposure 

group in 3 brain region. The DEPs exposure did not cause histopathological changes in 

the brain, but there was slight inflammation in the lungs. 

In all, the data support that the hippocampus may be more sensitive to the oxidative 

stress from the exposure to DEPs. However, further studies should include the aged 

animals for prolonged period of time to elucidate the underlying mechanisms of DEPs 

induced neurotoxicity. 

 

Keywords: diesel exhaust particulates, oropharyngeal aspiration, central nervous system 

toxicity, microglia activation, oxidative stress, autophagy 
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ˡ�˝ ̧ǣ̺ˁ˘ʵʭ 


ʛ͜ʖ˻̋ƐľåВʩʦˁ˘̒(International Agency for Research on Cancer , 

IARC)ê 2013 ŒʪŉóÃƟzăȭƊɋŮ˭ɱˡ�˵̸ʩʁћo
 PM2.5ǩǞ�

ͦЂɂʭĳΏћ	iʏǯĀώ 92%ʭ"°őōÅÁʭ˙ȭȴǿņΞόȑɚћυƋ

ÇØ�ÅÁŷGћÞϨ̚ʕ̷zʎ
е�Ű̴ʥ�̦ɰˢʤʥћȝÿћ�Ķˁ˘ʪ

ʎǨПŮ˭ǭşʪ
Ȓˍ˿˰˾ȧŸћʕ̷υƋĪт�ʁʭͶƈ¬ę̗̪�¯Ưћ

4Ů˭č:ŤШ
Ȓˍ˿˰˾ʭȕ�ϗ�ɕȋ� 

êµɯζŒ?ʭăȭóĴ
ћ˿ōzʎ PM2.5ɪŖЬΉʭͳŻћ̛ăȭŮ˭ʠ


ћ)ˑ�Ʀǅəɱ�ͦ?əћo
ª)ȁȹΨΰƐƦǅ�ŚȭŮ˭ɱăĝћǆ˿

ȁȹşƻƐƦǅzʭŮ˭ĳ"ц�£ģ�ĥĵͬ�b�͸Ā�ʁˁ˘>ʘŷŸ��

ƆŸǨПȁȹşƻŮ˭�
Ȓˍ˿˰˾ȧŸћʪʎ̶Û;ʘć΂ћʪɰ­Ɖ�Ȯ�

û��Ů̲˹̨Ɉ�ˢƟȑʭ��ћʕ̷Ǟ�íвɨˬ͔ʫñ˖�όŖˊϟ� Tau

͔ʫˢʥ΍zʎћ4�ȸǯ�̸ʭ˼Ǽћ	ʘTřă�ĵё´̪Л)ǛˈͭĨ�


Ȓˍ˿˰˾ȧŸÆІ͂ɍюʦʥůʭ΍�ћɱǩɕȋë�ͯŮ˭Ǟ¾şΝ
Ȓˍ

˿˰˾ȧŸћâȝǵˁ˘>ʘІ͂ɍюʦðâγȢ�ʁȓŞ 3xTg-ADĵёћ͐ʙ

°ÈÁgʭǓŞŷŸǨПȁȹşƻŮ˭?ƨʹŮ˭ĳ
Ȓˍ˿˰˾ȧŸʭŤШ� 

ǵˁ˘Q΁ɱêĵё̯ϙ
ћǨПȁȹşƻŮ˭Ũĳ)�ƟȑʭŤШѝ 

1. Ȯ�û�ƟȑMDAɪŖ�� 

2. ̶Û;ʘƟȑ LC3b͟ʎϪ�Ј 

3. Ů̲˹̨Ɉ�Ɵȑ Iba-1͟ʎϪ�� 

4. І͂ɍюʦʥů�íвɨˬ͔ʫ(amyloid-β, Aβ)�̉ Tau͔ʫ 

        (total Tau protein, t-Tau)͟ʎϪ�� 
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ˡ�˝ Ǎʉáг 

2.1 Ů˭ǨПĳTřʭŤШ 

˙ȭȴǿĳǔln͜ʖ¬"вTřυƋ�ĵʭΑƼћ
ʛ͜ʖ˻̋0Ͳћ˙ȭ

ȴǿǭŤШĻ8êϚňë�ʭ 90%"MʭTř(Kurt, Zhang et al. 2016)ћiʏǯч

ώǌʬ͊"°ϿǱǨПǔчǔěiȑɚɪŖʭ˙ȭȴǿʁʠ
(Akimoto 2003)ћâ

ȝ�´ίŴ˙ȭȴǿƐυƋʭTřǇƉ�˙ȭȴǿʁ�¿äƄŮ˭�ȭʆȴǿʁ�

ÆϷƍϹˢˢϬľ(Akimoto 2003)ћ̛ς�ʁΙϚǭĳ"цυƋ�º˓Ŗʭʪɰ­

ƉÆȮ�û�(Craig, Brook et al. 2008)ћψ̛şΝцh�º˻̋¬ÚĞ˰˾ʭʥ΍�

ɉ͙ʥęˁ˘ƟzћĻȫ̓żʩʦ(Cui, Huang et al. 2014)�̦ϙʤʥ(Kurt, Zhang et 

al. 2016)�Ű͘ˤʤʥ(Kaufman, Adar et al. 2016)Æʠëʭ˙ȭȴǿǯЂћЋȝ�

ÿћ�ʪʎĻ8êчŖ˙ȭȴǿ�ʭĻȫzʎ;ʽ�̪�Ј�ˍ˿ʥ΍�̯ϙʪɰ

ˢ
Ȓˍ˿˰˾ʥ΍ (CALDERon-GARCIDUEnas, Reed et al. 2004, Calderón-

Garcidueñas, Mora-Tiscareño et al. 2008, Mateen and Brook 2011)ћ´̪Ĵ̸ćǥʦ

(Dementia)�ίŖ;ʽГˋ(MCI)�І͂ɍюʦ(Alzheimer’s disease)�ŊϬȊȪʦ

(Parkinson’s disease)ˢˍ˿μ�Ÿʤʥ(Gatto, Henderson et al. 2014, Tonne, Elbaz et 

al. 2014, Zanobetti, Dominici et al. 2014, Tzivian, Dlugaj et al. 2016)� 
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2.1.1 Ů˭č:ŤШ
Ȓˍ˿˰˾ 

͸Āˁ˘Ђɂê˙ȭȴǿ
ʭŮ˭̺
Ȓˍ˿˰˾ʥ΍ʭЂ̟ћ;ɱǨПŮ

˭ǭşΝ
Ȓˍ˿˰˾ʭʪɰ­Ɖ)¬Ȯ�û�ћψ̛ĳ̯ϙυƋƯģ(Fagundes, 

Fleck et al. 2015)ћ�´̪şΝ̯͘ГúʭƯY(Blood–brain barrier, BBB)ћ>Ūǯ

ģʁǩĥǜŤШ̯ϙ� 

Ů˭č:şΝˍ˿ȧŸǯ)�œ˔´̪ʭʶƩρũѝl �ǞŮ˭˿ʙÖˍ �˿

�«ˍ˿�ƍκΜˍ˿ʶƩëψg
Ȓˍ˿˰˾(Heusinkveld, Wahle et al. 2016, 

Kreyling 2016)ћˡ�ǞŮ˭͟Фʭ´ɜŸ�ęʁΙД͌Ů˭ψg
Ȓˍ˿˰˾̛

ʶƩŤШ̯ϙћ�όʶƩρũZЉǔŮ˭˭ũĵǔ 100 Ċ˫ǟƑǯ´̪ʪʖ

(Calderón-Garcidueñas, Solt et al. 2008, Wang, Xiong et al. 2017)�Ћ��θʭʶƩρ

ũћϗǯœ˔´̪ʭЁƩρũѝˡ�˔ρũǞʙђϙÁgŮ˭ǟћђϙ�ʯ˹̨ʭ

Gʪɰ­Ɖâĕƍ˹̨ɩ˶XϏ�̯ϙ(Cheng, Saffari et al. 2016)ўˡ�˔ǞÁg

Ů˭ŨћşΝ̦ϙʭʪɰ­Ɖћ̛Gʪɰ­Ɖʭ˹̨ɩ˶(IL-1β, IL-6, TNF-α)s͐

ʙ͘ɐŭʔϊν�̯ϙ(Wang, Xiong et al. 2017)ћυƋˍ˿ʪɰ(Chiu, Von Hehn et 

al. 2012)ћǬ˺şΝ
Ȓˍ˿˰˾ȧŸ� 
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2.2 ȁȹşƻŮ˭̺
Ȓˍ˿˰˾ȧŸ 

ȁȹşƻɼɽƐƦǅʭŚȭǞϚň¬ύΥЇζ˙ȭʭ�ͦȴǿʁ(Hesterberg, 

Long et al. 2012)ћ
ʛ͜ʖ˻̋ƐľåВʩʦˁ˘̒ǩǔ 2012ŒȜŞįȁȹşƻ

Śȭ(diesel engine exhaust, DEE)}ɱˡ�˵̸ʩʁћ̛ DEE
¿ǯȭʆʁčȰȮ

�ʁ��Ȯ�ˇ��Ȯ�˄ћÆ˭ʆʁˢ(Ris 2007)ћ4oƋ{ƍȨ@ǭД͌ȁȹ

ÉΙ�şƻɼɽʆȼ̛ǯƐ�ºћo
ʭ˭ʆʁķ˕ɱȁȹşƻŮ˭(diesel exhaust 

particulates, DEPs)ћ˭ũ˱ê 30~500 nm�Ё�ȁȹşƻŮ˭
ŰɱˇэŮ˭ћ͟

ФЇ͌Āʔ̿пɳ(aromatic hydrocarbons)�Ϭľ�˄�ʁˢʁΙ�Ȅƽµɯ σϙ

ʭ˙ȭȴǿƦǅɕrΗǏŗ˾ͲΗǏƟzζ�Ƌʭ˙ȭŮ˭ʙΨΰƐʗʖћЗµ

ɯȁȹΨʭȨ@�чћ4ȁȹϲÎϪ9iϙȹÉ��Ƌћ²âȁȹΨăϙ{Ǟăí

ĠΓΨћoƦȭϪϐăǔ�̶̼ĵĠΨ¬ȕΨћ	ăíĠΓΨĀʘǔăʻϊαƍǞ

Ͽ˓έΓћǆƦǅϪ¬ŤШ˧æʷʠ´ ћͭ²ÿŁȌ
>ʘ�Ϩíȕp�Ā�ʘȁ

ȹşƻ;ɱ��?ə(Taxell and Santonen 2017)ћâȝȁȹşƻƐƦǅ�Ů˭ĳ�

̼ăʻ¬�ŁƐυƋʭTřΊаǞ�ĥŴͪʭ� 

ǨП σʷЂ˙ȭȴǿǭǃ΍ĵёă̯
͘ˤʭĜǋŸ(Suwannasual, Lucero 

et al. 2018)ћ>̯͘Гú¯Ưћ̪ΎŮ˭ǩǜ˚ο�̯ϙћĴ̸Ů˭̞ЖʭëǓş

Νĺϙʭʪɰ(Chuang, Wu et al. 2018)�͸ĀʿǱǨПȁȹşƻŮ˭��ʁĪтд

ˌћDEP ǭø�̯
ʭGʪɰ­Ɖâĕ(Gerlofs-Nijland, van Berlo et al. 2010, van 

Berlo, Albrecht et al. 2010, Levesque, Taetzsch et al. 2011)�Ů̲˹̨Ɉ�(Levesque, 

Taetzsch et al. 2011, Cole, Coburn et al. 2016, Costa, Cole et al. 2017)�̫ΙόȮ�Ɵ

ȑ(Cole, Coburn et al. 2016, Costa, Cole et al. 2017)ћ̛�ƆŸÅÁǨПǔ DEPЋ�

ø�Gʪɰ­ƉƟȑ�Ů̲˹̨ʥ΍ƟȑÿћêчɪŖ��ʪʎІ͂ɍюʦʃğʥ
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ʐ΍��ţƋ(Levesque, Surace et al. 2011)�Зɶ͸ĀǍʉ¬ǵĪтġb�ʭˁ˘

(ͽͨ͟ 1)ϚʪʎŮ˭̪ĂşΝ
Ȓˍ˿˰˾ʭȮ�û�¬ʪɰ­Ɖћ4˼Ǽ��

� ћ̸	Ů˭č:êς�ŨşΝІ͂ɍюʦˢˍ˿μ�Ÿʤʥʭȕ�&ɶ�ɕȋћ

âȝНͦϑʠʭ
Ȓˍ˿ȧŸʖʁƟȑ?ͭĨŮ˭ƐυƋʭˍ˿ʥ΍ћǵˁ˘Ђ

ɂêȮ�û��Ů̲˹̨Ɉ��̶Û;ʘ¬І͂ɍюʦʥʐ΍�� 

2.2.1 Ȯ�û� 

ȮȭǞцhʖ�­ƉʭϨ̪ͦϪ?əћ̯ϙƐНʭȮȭϪ9iΧ̝ȮϪʭ 20

їћ)́ƞ̯hͤЙʭˍ˿̂Υϊ;��όћâȮȭ̪Ăêцhʗʖ̶ʙð̺Т̶

ʙðћ�¿ΞȮЌКĕ(superoxide anion, O2�−)�ȯȮ̶ʙð(hydroxyl radical,�OH)�

όȮ�ȯ(hydrogen peroxide, H2O2)ˢɈŸȮ�ʁ(reactive oxygen species, ROS)ћE

ǭĳʖʁцυƋΑФʭŤШ(Cobley, Fiorello et al. 2018)�ê˭̄цʭǯȮ(΄ό˓


ћЋ��̪ͦϪʗʁ ATP(adenosine triphosphate)ÿћϗǭʗʖč̶ʙð�ɈŸȮ

�ʁ�ɈŸȰ�ʁ(reactive nitrogen species, RNS)ˢ�ʗʁћêȜōȆ+�ћǯȮ(

΄ό˓Ɛʗʖʭ ROS ǭ͡ƘȮ�˰˾
Æћ
7Ϫʭ ROS ͪ͡ɱ̪Ắƞˍ˿

ȜōʭʪļÆϊ;ћ4ʠ ROSόϪћΞόƘȮ�˰˾ʭɕЋ̪�ǟћķǭţƋȮ

�û�(oxidative stress)ћǭĴ̸͔ʫΙ�̫Ιˢă{ĕόȮ�ћʕ̷ǄƸ DNAћ

şΝȮ�ƯY�˹̨΍Ÿ(Salim 2017)ћ	Ȯ�û��Kƞ̍ŸʭʆƄћǭ�ǒυ

ƋцhʭƯģʪʖ(Borza, Muntean et al. 2013)�âȝћħ¿̫Ι�ч̝̪̺̝ȮŸ�

šƘȮ�̪�ʭ̯ϙķƋ�ǜ¯Ȯ�û�ǄƸʭʵȑ(Hulbert, Pamplona et al. 

2007)ћo
ƥˤͶƈ�͙ɱ�;ʽʭɍрι�Ƿ$ȃ͡;ɱĳȮ�û�Ǭpǜƃ

Ÿћ	Ǟоb͡ʪʎ�̪͠μʭ̯�(Wang and Michaelis 2010)� 


Ȓˍ˿˰˾
ʭˍ˿˹̨̱¿ǯăϪʭĀ`�кÆ̫̤ϟ(polyunsaturated 
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fatty acids, PUFAs)ћâȝ̯ϙʭ̫ΙόȮ�ǞȮ�û�ʭ�ͦYģ��(Sultana, 

Perluigi et al. 2006)�ʠˍ˿˹̨̱
ʭ PUFAs¯̶ʙðǄƸǟћ̫Ι
ʭˇˇИ

ϸǭ͡ƒǒћ>̱ʭɉ�ŸЈ7�Ͻŀê̱
ʭ�ɈŸЈ7��ŤШɟοŸ(Anzai, 

Ogawa et al. 1999, Yehuda, Rabinovitz et al. 2002)ˢћς�ϚǭŤШ˹̨̱ʭĜǋŸ

(Farooqui and Horrocks 1998)�˂üˍ˿˹̨ʭ˗ğʆƄћư̄şΝ̯ϙ�̪Гˋ�

PUFAs ¯̶ʙðǄƸŨǭţƋч­ƉŸʭͫМĕϣвћ�Ɲ��ϣ

(malondialdehyde, MDA)�4-̕ð-2-þɲϣ(4-hydroxy-2-nonenal, HNE)Æ�ɲϣ

(acrolein)ћMDAǞ̫ΙόȮ�ʭȘ˵ʗʁћζŒ?͡śȿϊʘê͹0̫ΙόȮ�

ʭ˓Ŗћ�;ɱǞ̵Ŕ�´УʭƟȑ(Giera, Lingeman et al. 2012)� 

ʔö
ʭÿ?ʁΙgC�ǭ>̯ϙʗʖȮ�û�ć͞ћč˷ÿ̄�ʥȧћ!ƍ

Ǟ˙ȭȴǿ
ʭŮ˭ћ�ǯ͸ĀцÿƍǞцhˁ˘ʪʎћǨПăȭŮ˭�ȁȹşƻ

Ů˭ǭ>Ȯ�û�ʭʷЂƟȑ͟ʎϪ��(Block, Wu et al. 2004, van Berlo, Albrecht 

et al. 2010)ћ�˨ÅÁǨПăȭΞ˹Ů˭ʭˁ˘
ћʪʎăёă̯ʭ˳ʆц�ɍр

ιʭȮ�û�ʷЂƟȑǯд͌ʭ��(Guerra, Vera-Aguilar et al. 2013)ћ²�˨ǨП

ÅÁȁȹşƻŮ˭ʭˁ˘ʪʎћĵёʭÖʏ�ɍрι�ă̯ʯΙˢ̯�ʭMDAɪ

Ŗ�ǯø�ʭŽţ(Cole, Coburn et al. 2016)� 

âȝћȮ�û�Ǟ�K´)͹0
Ȓˍ˿˰˾ȧŸʭâĕћ͸Āˁ˘�ʪʎŮ

˭̪ĂşΝ̯ϙʭȮ�û�ћª̫ΙόȮ�Ǟ̯ϙ¯Ȯ�û�ŤШ�ʭ�ͦʗʁ

��ћǆǵˁ˘į�ʘMDA?͹0̯ϙ¯ȁȹşƻŮ˭ǨПŨʭŤШ� 
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2.2.2 Ů̲˹̨Ɉ� 

Ů̲˹̨Ǟ�˔ă̯hʭeʣ˹̨ћľǔˍ˿̲˹̨ʭ�˔ћêѕѓв�ʁʭ

̯
ћ9ˍ˿̲˹̨ʭ 5~12ї�Ů̲˹̨ǭǁƞê�̼ˍ˿`�Ёћ>ˍ˿`Ȝ

ōφƩћ�΂˦
Ȓˍ˿˰˾ʭʪļ� 

čºцh�̼ʭeʣ˹ ћ̨̀ ă̯ω�ÿ?ʁΙʭ�ɩEǭ>Ů̲˹̨Ɉ��

ʠ
Ȓˍ˿˰˾hǯ¯Yʭ˻̋�˹̨�ʟō͔ʫћƍǞǯŮ˭�˹͆gCǟћķ

ǭşΝʪɰ­Ɖћ̛.ŻʆƄ(ramified)ʭŮ̲˹̨ǭγ΍ɱɈ�ʭíƄ(activated, 

amoeboid)ћɈ�íƄʭŮ̲˹̨ǭ¨ĲƔ̯
Ĵ̸ʪɰʭʁΙћͣυɈŸȮ�ʁ

¨ǄƸς�ʁΙћƍǞ�ʘ½Û;ʘɕЋς�ʁΙћ�ŨŮ̲˹̨sįς�ʁΙʭ

ϙ{˅ɿ͟ʎêo˹̨̱�ћƋɱƘ¦Âʎ˹̨ћčȝ�?ћķ̪Áşo'ʭeʣ

˹̨?ε;ς�Ƙ¦ћ���ʪɰ­Ɖћ	�˨цhˁ˘ʪʎћŮ̲˹̨Ǟĵё̯

ϙ¯Ů˭ǨПŨʗʖGʪɰ­Ɖ˹̨ɩ˶ʭ�ͦ?ə(Bolton, Smith et al. 2012)�̉

˼?΁ћŮ̲˹̨âʪɰ­Ɖ̛Ɉ�ћɈ�ŨʭŮ̲˹̨ª���ʪɰ­Ɖ� 

Ů̲˹̨Ɉ�͡{ɱM1ÆM2jвћM1Ɉ�ǞqíʭɈ�íƄћǭ{ȽG

ʪɰ­Ɖʭ˹̨ɩ˶јčѝIL-1β, IL-6, IL-12, TNF-αљ�ȰȮ�ʁ NO�ɈŸȮ�ʁ

ROSˢ?ĳƘʟōʁΙћ�Ј7ˍ˿ɝлâĕ(neurotrophic factors)ћ̀ϿǱľǔȝ

Ɉ�ʆƄћ�ǭĴ̸̯hÂʎƆŸʪɰ­Ɖ�˂üˍ˿˹̨ʭ˼Ȏ�>Ūˍ˿˹̨

ć¨�̪ўM2Ɉ��ǭ�Ţ½Û;ʘћ�͐ʙ{ȽƘʪɰ­Ɖʭ˹̨ɩ˶јčѝ

IL-10, TGF-βљћ?΂˦�I΋ƍJŬ̯hʪɰ­ƉƐŌ?ʭYģ(Cherry, Olschowka 

et al. 2014)�âȝћ̀ˍ˿˰˾ƞ̍¯�şΝʪɰʁΙʭ�ɩћ>ŪŮ̲˹̨ƞ̍

ÂʎɈ�ʆƄћ�´̪υƋˍ˿`ʭƯYћªˍ˿`¯ƯǭŨ̌̍�ɩŮ̲˹̨Ɉ

�ћţƋžŸŭʔ� 
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˙ȭȴǿ˿ʙ)��˔´̪ʭρũ?Ɉ�Ů̲˹̨ (Block and Calderón-

Garcidueñas 2009)ѝ˙ȭȴǿ
ʭƋ{ʶƩëɈ�Ů̲˹̨�͐ʙ?̶˰˾Ÿʪɰ

­Ɖʭ˹̨ɩ˶?Ɉ�Ů̲˹̨�˙ȳ
ʭŮ˭ƍȭʆʁʶƩ˂üˍ˿˹̨̛ş

ΝŮ̲˹̨ʭɈ�ћǬ˺υƋƆŸʪɰ­Ɖ�Ȯ�û��̱ ˿ȧŸ�Yģ̯͘ˤ �s

Iba-1(Ionized calcium-binding adaptor protein-1)Ǟ�˔6ǔŮ̲˹̨ʭ˹̨Ι͔ʫћ

ʠŮ̲˹̨ū.ŻʆƄγ΍ƋɈ�ʆƄǟћ˹̨̱ǭʗʖʰƴћIba-1ǭø�̢�

͔ʫʭɈŸћ©̺�˹̨̱Νʰƙʭό˓ћâȝō͡ʘ?ʠ;Ů̲˹̨Ɉ�ʭƟ

ȑ�ê˹̨ˁ˘
ʪʎћǨПȁȹşƻŮ˭̪>Ů̲˹̨Ɉ�(Block, Wu et al. 2004)ћ

̛œ˨ÅÁǨПȁȹşƻŮ˭ʭцhˁ˘ʪʎћĵё̯
ʭɍрι�Öʏˢ̯�ћ

o Iba-1ʭ͟ʎϪάƪ�˻д͌άч(Bolton, Smith et al. 2012, Win-Shwe, Fujimaki 

et al. 2012, Cole, Coburn et al. 2016)ћ�ʙŤ[{ǺʪʎŮ̲˹̨ʭˈǯγ΍ƋɈ

�ƄʭŽţ(Cole, Coburn et al. 2016)ћ²ÿ)ȭˤɭɂƍ°ÈÁgȾˢŷŸǨПʭ

ǓŞǨПȁȹşƻŮ˭�êĪт�ʁ̯
ʹ�ʷ3ʭ˼Ǽ(Levesque, Taetzsch et al. 

2011, Bolton, Marinero et al. 2017)� 

âȝǨПŮ˭̪>̯ϙʭŮ̲˹̨Ɉ�ћ´̪şΝʪɰ­Ɖћǆǵˁ˘șɗϪ

Iba-1ê̯
ʭ͟ʎϪ)͹0ǨПŮ˭ŨʭŤШ� 
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2.2.3 ̶Û;ʘ 

êʖʁц
ћœ�Ɛǯ˹̨˔вϚǯ̶Û;ʘћ̶ Û;ʘǞ�˔́ƞ˹̨hŹ

ğʭȕ�ћ�©̺�͸Ā˹̨ʖʐʭϨͦό˓ћ�Ɲѝ˹̨{��˻̋Ϩ˻�ʖϿ

ƪ�ˢћ>˹̨ƶǯЄˎ�̪ћ¨ϑƉÄϒǯģʭʔö(Cuervo 2004)ћ˹̨ê)�

�ɩǟǭÐ�̶Û;ʘѝзмʆƄјčѝ̩ ðϟÆ͍͉˯ˢл{�Σǟљ(Mizushima, 

Yamamoto et al. 2004)�˹ ̨hʗʖɈŸȮ�ʁΙ(Scherz-Shouval, Shvets et al. 2007)�

̐ȮƯY(Mazure and Pouysségur 2010)�̨Ú¯Ư(Song, Zhao et al. 2013)�͔ʫΙ

̞Ж(Liu, Gao et al. 2010) �s̶ Û;ʘ{ɱ�ăвѝńă˹̶̨Û(Macroautophagy)�

Ůĵ˹̶̨Û(Microautophagy)�{ĕ1DĔ%ʭ˹̶̨Û(Chaperone-mediated 

autophagy, CMA)ћo
ńă˹̶̨Û(macroautophagy)Ǟʖʁцh̶Û;ʘʭ�ͦ

ρũ�ʠ˹̨Ʃǂ�Ð�̶Û;ʘʭͳ͓ǟћчðȪцƍhΙ̂ǭͣυz˕ɱ½Û

ɀ(phagophore)ʭИḺ̌˼ȎћĚǭ¨Уζ϶΀ƙʡʭ͔ʫƍ¯Ưʭ̨Úћ½Ûɀ

Ŝ2(elongation)ŨǭįșɕЋʭʁΙ�æΝ?ţƋ̶Ûц(autophagosome)ћ̶ Ûц

sÆ˹̨hʭɜ�ц(lysosome)͕¹ţƋ̶Ûɜ�ц(autolysosome)ћ¤´�ʘɜ�

ц
ʭ͔ʫΙȲͯϞ˶įς�͔ʫЈͯƋ̩ðϟˢʁΙћǬŨ͡áǂs�ʘɱ˹

̨ʭл{(Zare-shahabadi, Masliah et al. 2015, Pellacani and Costa 2018)�ʷάǔ²ÿ

j˔̶Û;ʘћńă˹̶̨Û͡;ɱÆІ͂ɍюʦǬǯЂ̟(Lee, Giordano et al. 

2012, Tung, Wang et al. 2012)� 

̶Û;ʘūÐ��ĜƋТōͤЙћʄɏ͸Ā̶ÛʷЂ͔ʫ(autophagy-related 

(ATG) proteins)ʭ©̺�LC3(microtubule-associated protein 1-light chain 3)Ǟ�Æ˹

̨ŮˤǯЂʭ͔ʫћ̺½ÛɀʭŜ2�̶ÛцÆɜ�цʭ͕¹ǯЂ(Bernard and 

Klionsky 2014)�Í��ʁ
ћLC3ĤǗǯ�K�íћ{�ɱѝLC3a, LC3b, LC3cћ
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LC3a Æ LC3b ê˻̋
ʭ͟ʎϪάĀћo
 LC3b άì�{ŉê˹̨Ι¬˹̨ȃ

ʠ
ћâȝ͡;ɱǞϑʠʭɗϪƟȑ(Koukourakis, Kalamida et al. 2015)�ê̶Û;

ʘЀĐ��ћ¦Đʭ LC3 ͔ʫ(Pro LC3)ǭ͡ʃğʭ͔ʫ�|�Ƌ LC3-Iћ̶Û;

ʘЀĐŨћLC3-IǭÆˊ̫�Ϡ̩(phosphatidylethanolamine, PE)nΩţƋ LC3-IIћ

ДŨ LC3-II ǭÆ̶Ûцʭ̫Ι̱ʃʟë˼¹ћςĳŨ̶̍ÛцÆɜ�цʭ͕¹Ȟ

уТōϨͦћâȝōʘ LC3II/LC3I?(̶͟Û;ʘʭɈŸћǞ�K(̶͟Û;ʘ

ƋɹАȤʭƟȑ�̶̀Û�̪;ʘ͡Ɨ�ћ´̪>Ū̯ϙʭʟō͔ʫɵȾ͡¨Ћћ

ʕ̷Ǟ˹̨Ƞ�(Orrenius, Kaminskyy et al. 2013)� 

˙ȭȴǿşΝʭȮ�û�´̪ǭ>̶Û;ʘ�̪Г ћ̀ψ̛şΝІ͂ɍюʦ�

ŊϬȊȪʦˢʤʥ(Numan, Brown et al. 2015)�̛ʵ�ЂɂêŮ˭ĳ
Ȓˍ˿˰˾

̶Û;ʘ�ŤШʭ�ʁцhˁ˘άĶћцÿ˹̨ĪтʪʎћȁȹşƻŮ˭>̶Û;

ʘƟȑ͟ʎϪЈ7(Bai, Chuang et al. 2018)ћǵĪтġb�ˁ˘�Ɵzћ)ȭˤɭ

ɂȁȹşƻŮ˭�ĄŨћêă̯ʯΙϙ{ʪʎ LC3-II/LC3-I ʭ˼Ǽд͌άƪ�˻

7ћ΁ǛŮ˭)Ǿρũ˂ü̶Û;ʘћ>Ū̯ϙʭɕЋȕ�ć΂�âȝǵˁ˘ș�

ʘ LC3b?ƨʹŮ˭ĳ̶Û;ʘʭŤШ� 
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2.3 І͂ɍюʦ(Alzheimer's disease, AD) 

І͂ɍюʦǞōͨʭ�˔ćǥʦћľǔ�˔ɥψŞʭˍ˿μ�Ÿʤʥћiʏņ

ǯΞόʬ͊)�"°ɒ¯oģћʦʆ�ƝɥψŞëÔćͶƈ�;ʽ�̪ć΂(Förstl 

and Kurz 1999)ћǬŨć¨ʖɈ̶ʐ̪�ћǭυƋς�ʦʆ�ͦǞâɱ̯ϙˍ˿˹

̨¯�˂üћɱ�´ξʭό˓ћʵ�!ɵǯǇʭȺʨǓȾ� 

êˍ˿ʥʐę
ћІ͂ɍюʦqíʭʥʐ΍�ǯ�ѝ�Ǟʠ�íвɨˬ�с͔

ʫ(amyloid precursor protein, APP)͡ʃğϞ˶(β-secretase, γ-secretase)|�ŨţƋ�

íвɨˬ͔ʫ(amyloid-β, Aβ)ћo
ʙ 42 K̩ðϟƐ˻Ƌʭ Aβ(Aβ42)͡;ɱǬp

ʢȲŸ¬ьŸ(Selkoe 2001)ћάǜ̞ЖƋȶ˖ʁћ̛|�z?ʭ Aβ sʙÕц

(monomers)�7̞ʁ(oligomers)�¦̏́(fibrils)ˢЪŕπɥ̞ЖȶɨƋǬŨʭ�í

вɨˬ͔ʫǎô(amyloid-β plaques)(Carvajal and Inestrosa 2011, Selkoe 2011)ў�Ǟ

ʠ˹̨
ʘ?́ƞ˹̨Ůˤ(microtubule)˼Ȏʭ Tau͔ʫόŖˊϟ�Ũћǭ>ŪŮ

ˤ�̪ʟōћ�̞ЖţƋʭˍ˿̏́̎˼(neurofibrillary tangles, NFTs)�ςj˔͔

ʫ̞Жʁĳɍрι�Ƿ$ȃÆhʯĽˢ̯�ʭYģǬɱÞϨ(Duyckaerts, Potier et al. 

2008)ћŤШˍ˿˹̨ЁͳŻʭXϏћυƋ˛Ͱʥ΍ћψ̛Ĵ̸ˍ˿˹̨ʭv�

(Braak and Braak 1991, Nelson, Alafuzoff et al. 2012)ћ�şΝІ͂ɍюʦˢˍ˿μ�

Ÿʤʥ� 

ʵ�ǍʉņʪʎǨПŮ˭̪ĂşΝ
Ȓˍ˿˰˾ʭʪɰ­Ɖ̺Ȯ�û�ћ̛

ǯ�Ķˁ˘ʪʎʪɰ­Ɖ̺Ȯ�û�!̪Ͱʪ Aβ͔ʫʭʥ΍(Zhao and Zhao 2013, 

Heneka, Carson et al. 2015)��ƆŸÅÁǨПȁȹşƻŚȭʭˁ˘ʪʎăёб͋ʭ

Aβ42д͌ø�(Levesque, Surace et al. 2011)ћêĵё̯hʪʎƆŸÅÁǨПɪ̈ό

ʭ PM2.5ŨǭĴ̸ Aβ40ø�(Bhatt, Puig et al. 2015)ћЋȝ�ÿћ�˨>ʘІ͂ɍю
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ʦȓŞðâγȢёŷŸÅÁǨПȁȹşƻŚȭћʪʎŮ˭̪Ă�τ̯
 Aβǎôʭ

ţƋ(Hullmann, Albrecht et al. 2017)��ό˙ȭȴǿÆ Tau͔ʫʥ΍ʭǍʉʷĳά

Ķћ�˨ǨПчɪŖ(1 mg/m3)ȁȹşƻŮ˭ʭ�ʁˁ˘ʪʎ̯ϙʭόŖˊϟ�

Tau(phosphorylated tau, p-Tau)͔ʫǯд͌ø�(Levesque, Surace et al. 2011)��̼?

΁ћІ͂ɍюʦż̚ʭ̯
ћp-Tauʭ¿ϪȨȜōʭƋŒă̯ϗͦчz 3̷ 4L�

Ā (Iqbal, Liu et al. 2010)ћ̛̉ tau(t-Tau)͔ʫʭόŖ͟ʎ�ǭşΝoˊϟ�

(Liazoghli, Perreault et al. 2005, Chesser, Pritchard et al. 2013)ћâȝ t-TauÆ p-TauϚ

ǞϑʠʭɗϪƟȑ� 
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2.3.1 ̫ΙόȮ�̺І͂ɍюʦ 

̶ʙðƐşΝʭȮ�û�ņ͡;ɱÆ͸Āˍ˿μ�Ÿʤʥʭʪʥȕ�ǯЂћ

�	êo̯ϙʪʎ̫ΙόȮ�ʭʖʁƟȑάчћ�¿І͂ɍюʦ(Butterfield, Lange 

et al. 2010)�ŊϬȊȪʦ(Ruipérez, Darios et al. 2010)ˢˍ˿μ�Ÿʤʥ�Ȯ�û�

´̪ʙʪɰ­ƉşΝћ�ǭĴ̸ʪɰ­Ɖ(Reuter, Gupta et al. 2010)ћЋȝ�ÿћϗ

ǭυƋ˭̄ц�̪Гˋ(Lee, Giordano et al. 2012)�̶Û;ʘć΂(Scherz-Shouval, 

Shvets et al. 2007, Mizushima, Levine et al. 2008)�Aβ͔ʫʭţƋ(Behl 1997, Abramov 

and Duchen 2005, Shelat, Chalimoniuk et al. 2008)�Tau͔ʫʭόŖˊϟ�¬ˍ˿̏

́̎˼ʭʗʖ (Mondragón-Rodríguez, Perry et al. 2013, Alavi Naini and Soussi-

Yanicostas 2015)�o
̫ΙόȮ��ͪ͡ɱІ͂ɍюʦʭ�Ǳʥ˓(Sultana, Perluigi 

et al. 2013)ћ͸Āˁ˘ʪʎћІ͂ɍюʦż̚ă̯ʯΙ¬ɍрιʭ̫ΙόȮ�άº

Œє	ǳ̓ʥ̚д͌άч(Montine, Reich et al. 1998, Calingasan, Uchida et al. 1999)ћ

�˨ˁ˘êІ͂ɍюʦȓíĵё
ʪʎћ̫ΙόȮ�ǭşΝ Aβǎôʭ˸˖(Smith, 

Hirai et al. 1998, Praticò, Uryu et al. 2001)ћ̛̫ΙόȮ��Æˍ˿̏́̎˼ʭţƋ

ǯЂ(Liu, Smith et al. 2005)� 
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2.3.2 Ů̲˹̨̺І͂ɍюʦ 

êІ͂ɍюʦʭʥ˓ʠ
ћŮ̲˹̨ʭɈ�Ƅǭū̪ĂI΋ˍ˿ʭ M2 íƄ

πɥγɱşΝƆŸʪɰʭ M1 íƄћȝÿћêІ͂ɍюʦ�ʁȓŞ̯hʪʎћM1

ÆM2ʭǌϪд͌чǔºŒєʭϩʖíĵё(Wang, Tan et al. 2015)�œ˨ˁ˘êІ

͂ɍюʦʥ"ʭ̯hћʪʎɈ�ʭŮ̲˹̨ǯøʖʭʎΏ�ʪɰ­ƉƟȑʭ͟ʎø

�(Olmos-Alonso, Schetters et al. 2016, Martin, Boucher et al. 2017)� 

Aβǎô�ˊϟ� Tau͔ʫţƋʭˍ˿̏́̎˼ĳǔ
Ȓˍ˿˰˾?΁Ǟ�˔

ʟōʭ͔ʫћ̪ĂşΝŮ̲˹̨ʭɈ�ћBɷ�ºʭɈ�íƄћ´̪¨ɕЋʟō͔

ʫƍǞâς�͔ʫƞ̍ʖƋ̛şΝƆŸɈ���˨цhˁ˘͟ˌћêĵё̯
ʭ

Aβ ȶɨÄæʪʎΞό 50%ʭŮ̲˹̨ǯøʖʭʎΏ(Kamphuis, Kooijman et al. 

2016)ўʃ�ʭǞћʙǔ Aβ ͔ʫʭ�ɩћŮ̲˹̨ϗǭοό½Û;ʘ¨ǄƸȜō

ʭˍ˿`(Neniskyte, Neher et al. 2011)� 

êІ͂ɍюʦȓíĵёʭ̯
ʪʎћŮ̲˹̨ʭɈ�bǔˍ˿̏́̎˼ʭʗ

ʖ(Yoshiyama, Higuchi et al. 2007)ћ̪ĂşΝ Tau͔ʫʭˊϟ�(Gorlovoy, Larionov 

et al. 2009)ћϨͦʭǞћŮ̲˹̨ϗ̪�ʘ̨½Æ̨»;ʘ?ƾǉ Tau͔ʫ̞Жʁћ

ς΁ǛɈ�ŨʭŮ̲˹̨´)�τ Tau ͔ʫʥ΍ћŏ�ʟōʭ Tau ͔ʫƾǉ��

ºʭ̯�(Asai, Ikezu et al. 2015)� 

̉˼?΁ћŮ̲˹̨ʭɈ�̪Ă�τˍ˿¯Ư¬І͂ɍюʦʭʥ˓� 
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2.3.3 ̶Û;ʘ̺І͂ɍюʦ 

̶Û;ʘć΂ͪ͡ɱǞІ͂ɍюʦ�Ǳʭʥ˓(Nixon, Wegiel et al. 2005, Nixon 

and Cataldo 2006)ћ>Ū̯
ʭʟō͔ʫɵȾȜōë͡ɕЋћƞ̍˸˖Ĵ̸ˍ˿˹

̨¯Ư(Wolfe, Lee et al. 2013, Chuang, Wu et al. 2018)�êˍ˿`
ћ̶ÛцǭūΫ

˛ʭǴ˞ЀĐʖƋћsť˹̨ǵцˑ�ʭό˓
πɥƋɹ(Maday, Wallace et al. 

2012)ћ)ɕЋʭˍ˿`
ʟō͔ʫƍ¯Ưʭ˭̄ц(Ashrafi, Schlehe et al. 2014)ћ

Ɛ)ʠ̶ÛцΫ˛ϊαʭ�̪ǯ̐Ў�ɜ�цϟ��iǟћķǭυƋ͸Ā�Ƌɹʭ

̶Ûĵɀ(autophagic vacuoles, AV)˸˖êΫ˛(Li, Liu et al. 2017)��˨ˁ˘ʪʎê

І͂ɍюʦȓíĵёʭɍрιˍ˿`
ћʪʎăϪʭ�Ƌɹ̶Ûĵɀ˸˖êΫ˛

(Sanchez-Varo, Trujillo-Estrada et al. 2012)ћυƋˍ˿˹̨ɾл�̽¬όŖ̰̭� 

̶Û;ʘЋ�̪ĂɕЋ Aβ¬όŖˊϟ� Tauˢʟō͔ʫ)ÿћϗǯo'ʭЂ

̟Ÿ�êІ͂ɍюʦȓíĵёʭ̯
ћʪʎ�Ƌɹʭ̶Ûĵɀ´̪Ǟ Aβ ʭ?ə

(Mizushima 2005, Nixon, Wegiel et al. 2005)�̶Ûɜ�ц˰˾ʭʟō�͡;ɱÆ Tau

͔ʫĩ̞ц��´ɜ̞ЖцʭţƋǯЂ(Hamano, Gendron et al. 2008, Congdon, Wu 

et al. 2012)ћê̶Û;ʘć΂ʭĵё̯
ʪʎόŖˊϟ� tau͔ʫʭ˸˖ћ̛ʠĵ

ёʭ̶Û;ʘáŬǟћp-Tau¤ăŎɖĶ(Inoue, Rispoli et al. 2012)ћ�Ī�ћ̶Û

;ʘÆ Tau ͔ʫʭʥ΍Ǟ�ʷŤШʭћόŖˊϟ�ʭ Tau ͔ʫǭ>Ū˹̨фǽĿ

ͯћψ̛Ɨ�̶Ûцʭϊα¬ƋɹћĴ̸�Ƌɹʭ̶Ûĵɀ˸˖êˍ˿˹̨ʭΫ

˛ћυƋ˛Ͱ�̪ʟōћşΝˍ˿ǓФʭʤʥ(Li, Liu et al. 2017)� 

Ћ��θ´̪>̶Û;ʘć΂ʭ¦âÿћŒє¬Ȯ�û��ǭĳoυƋŤШ�

̶Û;ʘêŒίʭˍ˿˹̨ʠ
άɱɈΦћˁ˘дˌ Beclin-1 ˢ̶ÛʷЂ͔ʫʭ

͟ʎϪǭД͌Œє�Ј(Boland, Kumar et al. 2008, Lipinski, Zheng et al. 2010)ћЋȝ
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�ÿћȮ�û��Ǟ�KǭşΝ̶Û;ʘƍ>̶Û;ʘć΂ʭâĕ(Mizushima, 

Levine et al. 2008, Moreno, Villar et al. 2018)� 
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2.4 І͂ɍюʦ�ðâγȢĵё(3xTg-AD mice) 

ǵˁ˘>ʘ�ðâγȢĵё(3xTg-AD mice)?ƨʹȁȹşƻŮ˭ĳĵё̯ϙ

ʭŤШћȝ˔ĵёǞ) C57BL/6 ;ɱϩʖíʭІ͂ɍюʦȓíʭðâγȢĵёћ

ǞʻĀІ͂ɍюʦȓíĵё
ћĶǌ̪ĂД͌ŒєøϿ͟ʎzj˔І͂ɍюʦʥ

ʐ΍�ʭÉ˔ћŌǯ APPSwedish�TauP301L )¬ PSEN1 M146V �˔˛΍ðâ(Oddo, 

Caccamo et al. 2003)�3xTg-AD ĵё 3KǮăǟ̪Ăê̯ϙʯΙ˹̨hͭĨ� Aβў

6KǮǟêǑʯΙÆɍрι
ͭĨ� Aβǎôћ	̪êɍрιVɗ�ˊϟ� Tau͔

ʫў�� 18̷ 26KǮăǟћͭ Ĩ�ˊϟ�Tau͔ʫņʪļƋˍ˿̏́̎˼(Billings, 

Oddo et al. 2005, Mastrangelo and Bowers 2008)�ȝÿћȝ˔ĵёД͌ŒєʭøϿћ

̯hʭ̶Û;ʘɈŸǯд͌�Јʭ΢�(Villamil-Ortiz and Cardona-Gomez 2015)ћ

´)ͯϧȝ˔ĵёǭД͌ŒєøϿћj˔ʥʐ΍�ʭ͟ʎϪǭΟ?Οчћ	ɍрι

Ǟоb¯ŤШʭ̯��êŸ�ǓФћ3xTg-AD ȥёάlёpάÞϨ�ˍ˿ʥʐ͟

ʎ¬͙ɱʟō(Giménez-Llort, Arranz et al. 2008, Sterniczuk, Antle et al. 2010, Stover, 

Campbell et al. 2015)� 

Ћ�І͂ɍюʦ�qíʭʥʐ΍�)ÿћȝ˔ʤʥёÆTřĵёê
Ȓˍ˿

˰˾��ǯ�º�͒�Д͌Œєʭø�ћ�ðâγȢĵё̯h̶Û;ʘƟȑ LC3

¬ Beclin-1ʭ͟ʎϪάϩʖíʭĵё7(Villamil-Ortiz and Cardona-Gomez 2015)ћ

ǝʆ˹̨Ɵȑ(GFAP)�Ů̲˹̨Ɵȑ(Iba-1)ˢÆˍ˿ʪɰʷЂʭ͔ʫȨϩʖíĵ

ёд͌άч(Chen, Liang et al. 2013)�̛�ðâγȢĵё�͡;ɱpǯ;ʽ�̪�

ʭ̐Ўћ�˨ǋ¹íˁ˘Ɵzћς˔ĵё̯
ʭ Tau ͔ʫʥ΍Æ;ʽ�̪̐ЎÂ

ʎȜʷЂŸћ	ʷЂŸά Aβʥ΍ϗŢ(Huber, Yee et al. 2018)��˨ȖǒŞˁ˘ϊ

ʘk̳βĮκĢ(8-arm radial maze, RAM)͹0 3xTg-AD ĵёʭͶƈ�̪ћʪʎê
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2KǮăǟķzʎ©̙¬Ł;Ͷƈ�ʭ̐Ў(Stevens and Brown 2015)ћ²ÿћ͸Ā

ˁ˘>ʘͅȪȲκɆ(Morris water maze, MWM)?{Ǻĵёʭ˙Ё©̙Ͷƈћ˼Ǽ

ê 6KǮăǟzʎ©̙ͶƈʭƯY(Billings, Green et al. 2007, McKee, Carreras et al. 

2008, Stover, Campbell et al. 2015)ћ̛ʘ?͹0;ʽ�̪ʭǑ�ʁ;ʽͺт(novel 

object recognition task, NOR)ћ�Ǟê 6 KǮăǟʪʎĵёzʎ;ʽǓФʭ�Σ

(Blanchard, Wanka et al. 2010, Chen, Liang et al. 2013)� 

âȝʷάǔTřĵёћ3xTg-AD ȥёǩϑ¹ʘ?ƨʹ
Ȓˍ˿˰˾ȧŸǓФ

ʭʷЂˁ˘� 
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2.5 °ÈÁg(Oropharyngeal Aspiration, OA) 

ê˙ȭŮ˭ȴǿʁʭȧʐˁ˘
ǯ͸Ā�ºʭǨПǓŞћ�ƝƆŸʭiΧŸ

ÅÁǨП(whole-body inhalation)�ђϙÁg(nose-only inhalation)ћƍǞŷŸʭȭˤ

ɭɂ(intratracheal instillation)�ђϙɭɂ(nose instillation)�°ÈÁg(oropharyngeal 

aspiration)ˢˢ��̛̼ͱћȭˤɭɂÆ°ÈÁgˢǨПǓŞНͦêίŖъϡʭŽ

ȼ�ψ ћ͙�įșǨПʭŮ˭êɵ͆щȲƍˊϟщ̆͝ɐ(phosphate-buffered saline, 

PBS)
ϨǑƊɋћs˽�Īт�ʁ(Shang and Sun 2018)�ˁ˘Ɵzћȭˤɭɂ¬°

ÈÁgˢǓŞ̪>Ů˭{5ǔ 60~80%ʭÅÁύ
ћʷάǔÅÁǨПZ9̦ϙʭ

32%ћȝÿћ˿ ÅÁǨПψgʖʁцhʭŮ˭´̪âђϙẖ̏ȩ̛͡ЅƹƍɕЋћ

24ĵǟŨZIʜ˱ 57%ʭŮ˭êцhћ̛ʶƩįŮ˭ɂg̦ϙʭŷŸǨПǓȾ̪

ĂIʜ 80%ʭŮ˭(Foster, Walters et al. 2001)� 

°ÈÁgȾǞįĪт�ʁъϡŨћʘϾĕįĵёђĕƢ8�̻Юƛz?ћsȻ

̻͌ЮȄϙɂĮɜɐ(De Vooght, Vanoirbeek et al. 2009)ћςKǓȾη>ĵёʘÙŇ

?ÅÁ�Ѕǒ½Ý­Ɖћ>Ūɜɐ̪Ă˿ʙÈÒϙ×ψÅÁύ̛Тжύ�̛°ÈÁ

gʷάǔȭˤɭɂƕ͛˩Õ�ъϡ˓Ŗά7�CgŸ�ά7ћ	°ÈÁgʭŮ˭̪

ƚώ̦ϙɒ͒ћ�άì�ë{5(Lakatos, Burgess et al. 2006)�²ÿћˁ˘ʪʎĳǔ

Ċ˫ʁΙ̛ͱћϨͤ°ÈÁgÆʿǱÅÁǨПĳĵё̦ϙυƋʷ3ʭʪɰ­Ɖ

(Kinaret, Ilves et al. 2017)� 

̀¹�θћʷάǔÅÁǨП¬ȭˤɭɂћ°ÈÁgȾǩϑ¹;ɱǵȘŷŸǨП

Ů˭ʭǨПǓȾ� 
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ˡ�˝ ǸǏ̺ǓȾ 

3.1 Īт�ʁ 

ǵĪтϕʘ 3xTg-ADȥё;ɱĪт�ʁћʙǔȝ˔ĵёľǔʃȡÉ˰ћНͦ

̶͙̊Ȣћ¦ʙϘϱ˝ǈƣéЏ̊Ȣ¬йлћ�й̥ǔΒéȾ"åĤĪтˁ˘Њå

ĤĪт�ʁ
Ű¡ϙͷǕћŨđ͵å˜µɯăęϥęЊĪт�ʁ
Ű̊Ȣ˻(ɱ

ψ͙цÿ¯ˮ(In vitro fertilization, IVF)ћ�> IVFƐ̊Ȣzʭ 3xTg-ADĵёƞ̍

ψ̶͙ɶϜ˔ћǵˁ˘¤>ʘ̶ɶϜ˔� 3xTg-ADĵёψ͙Īт�ǨПĪтЀĐ

��χįĵёˑáå˜µɯăęln͜ʖęЊăȐ 9 Ȑĵ�ʁƏйл�ĵ�ʁƏ

�ʔöɛŖƪ�ǔ 22±2℃�ɫŖ́ƞǔ 55±10%ћ�ͷǯǘā 12-12ĵǟcχǱ�

ŭʔћȦχğǱǩƮ÷Ǐ�йǏ¬иʘȲћ�ǯå˜̹ɯăęϥęЊʈϥŋψ͙Ȧ

χ@ȗћˈ;Īт�ʁTřʆȼ� 

ǵˁ˘Ɛǯ>ʘʭĪт�ʁ¬ƺ;��ʁĪтʮêå˜̹ɯăęϥęЊǦl

͜ęЊĪт�ʁɷ΋¬>ʘđÊǭ(Institutional Animal Care and Use Committee, 

IACUC)ºƁ�ψ͙(ºƁǪ͓̅ѝ20160545)� 
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3.2 Īтɉ˓̺ǽȎ 

ǵˁ˘>ʘ 6-8 χă� 3xTg-AD ȥёћǨП˻)°ÈÁgʭǓŞϨͤǨП

DEPћ�χǨПjȘћ̉nǨП�χўƪ�˻�Ǟ)ʷºǓŞ¬ЯʊǨПºц˖�

ˊϟщ̆͝ʖʐжщȲ(PBS)�ĜƋ�χ�ǨПŨsǔ 24ĵǟŨψ͙ʅʂ�Īтǽ

Ȏčè 1� 

ʅʂǓŞ{ɱj˔ћˡ�˔ɱ) CO2ъϡŨųτǒЮћ®z̯˻̋{ɱÖʏ�

ă̯ʯΙ�ĵ̯�ɍрι¬хΙˢ̯�ћ)¬Ű̴�̴̦ˢÚĞћ̑ǔŮϪКŰˤ


�)ɐƄȰųτuxћʅʂ˼ǹŨsγˑ̷ќ80 ℃t˥IĘʶ̷{Ǻ��ł�

̯įʘǔMDA�{Ǻћ¶�̯�ʘǔWestern blotĪтўˡ�˔�Ǟ) CO2ъϡ

Ũψ͙ɭɉћъϡŨb)¿ǯ̣˶Ƙy͘�(Heparin)ʭ�ϟǻȅȪ�ɂĮɐ

(Lactated ringer's B injection)ūłŰġƆƆɂĮћįiΧ͘ɐɭɄz?ŨsɂĮ

Bouin Ȫäğɐ)äğiΧʭÚĞ¬˻̋ћäğŨ®z̯�Ű�̦ˢÚĞɎɀǔ

10%ʚϠŨ�ưǠ�ǘћДŨ®zÚĞ�JǋћǬŨν̷å˜µɯăęϥęЊ�ʁ


Űψ͙�î�|ɿ¬ǿ̾� 
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3.3 ȁȹşƻŮ˭ 

ǵˁ˘>ʘ�ȁȹşƻŮ˭Ǟū̔ååĤȑɚǦƕ͛ˁ˘Њ(National Institute 

of Standards and Technology, NIST, USA)ƐΛΕʭ Standard Reference Material® 

1650b�Ȅƽ̔ååĤȑɚǦƕ͛ˁ˘ЊʭΗǏћSRM1650bǞūϊγ 200ĵǟŨ

ȁȹşƻʭ˒ϧˤ
ǂЖћ´)(͟ϨíȁȹşƻŮ˭ћőì˭ũɱ 0.18 µmћ͟

Ф˖ɱ 108 m2/g�ǵˁ˘ǭį DEP ϨǑƊɋǔˊϟщ̆͝ʖʐĪтȲ(Phosphate 

buffered saline, PBS)
s˽�Īт�ʁћ�όƌM�ȸǯɗϪ DEPê PBS
ʭ˭

ũћǯǍʉƟzћSRM 1650bʭ DEP)ɪŖ 2 mg/mLϜ̑ǔ PBS
Ũћőì˭

ũ˱ɱ 620nm (Bengalli, Zerboni et al. 2019)�ȝí͓�ȁȹşƻŮ˭ʭ PAHΙϪ

{ǌč͟ 2ƐˌћPAH̉¿Ϫ˱ɱ 202.1 ng/mgћo
) phenanthrene�fluoranthene

¬ pyrene ¿ϪǬĀћϨϬľ̉¿Ϫ�ɱ 2.011 ng/µgћϯ�ϻ�ϳ9ăϙ{Ȩ@

(Bengalli, Zerboni et al. 2019)� 

ĪтЀĐ�ћį DEP) PBSɀͣƋɪŖɱ 1 µg/µLʭƊɋɜɐћưǠì�Ũ

) parafilmĦĭ�ǧĘǔќ20 ℃t˥ћȦȘǨП�ǭį DEPƊɋɜɐ)ΞЧɁơ

ʴȏƞ̍Оʴ�ĵǟћ)Ј7Ů˭êɜɐ
ʗʖ̲˼ʭŽţ(Jiang, Oberdörster et al. 

2009)�BƽĪтǽȎћȦȘǨПǟ)°ÈÁgȾɂĮ 50 µL� DEPƊɋɜɐ˽�

ǨП˻�ʁћƪ�˻�ȦȘɂĮ 50 µLʭ PBSћȦχǨПjȘћnǨП�χћǆȦ

Еĵё̉�Ϫɱ 300 µg DEP� 
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3.4 °ÈÁgȾ 

ǵĪт�ʘ 4 %ʭƂȬī(isoflurane)ĳ�ʁψ͙ÁgŸъϡ�оbћbįĵё

ǅgaɡ isofluraneʭъϡ̮
ъϡ˱�{ϺћƩ͌įĵё®zћʘϾĕĈ8ђĖ

ЅǒÅÁύ�ºǟį̻ЮĈzЄțĵёʭ½Ý­ƉћȝǟsʘŮϪÁˤį 50 µLʭ

ɐцȻ̻͌ЮȄϙ̆̆ɂgÈÒћȝǟâɱĵё͡ηʘ°ÅÁ�	ɵȾψ͙½Ýʭ

�;ћǆɜɐǭȻ͌ÈÒ×gÅÁύ¬̦ϙћŦĵё°
ʭɐцʮ×g̦ϙŨ¤Ɩ

ђĕ̺̻ЮǅЀћįĵё́ƞʶ˜ʭĒ��ˢŦĵёźŬƁ·ћˈ;ɵʧ́ƍ�ϑ

­Ɖsįĵёǅá˪
.Żћ¤ĜƋ�ȘǨП� 
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3.5 ̫ΙόȮ�Ɵȑ—MDA{Ǻ 

ʠŮ˭ψgцhǭʗʖăϪɈŸȮʁΙћυƋȮ�û�¨ǄƸ͔ʫΙ�̫Ιћ

ʕ̷Ǟ DNAћŤШˍ˿`˹̨ͳŻXϏГˋћψ̛Ĵ̸ˍ˿μ�Ÿʤʥ�Ȯ�û

�ǄƸ̫Ιǟǭʗʖ̫ΙόȮ�ʭʎΏћă̯ªǞ�Kħ¿̫ΙʭÚĞћâȝТō

ĥǜ¯�Yģ��̼ōʘʭ̫ΙόȮ�ƟȑǞ��ϣ(malondialdehyde, MDA)ћĚ

Ǟ̫ΙόȮ�­Ɖ
�Ș(΄ʁ(Kesavulu, Rao et al. 2001)ћǵˁ˘>ʘ LC-MS/MS

ɗğ̯˻̋
ʭMDAɪŖћ?͹0̯
̫ΙόȮ�ʭÞϨŖ� 

3.5.1 MDAȑɚɜɐ̺ DNPHɜɐϜ̑ 

į 2 µL ʭ TEP(1,1,3,3 tetraethoxypropane)̺ 8 mL ʭ¨КĕȲɓ¹ћϜͣƋ

1mMʭMDA stocking solutionћƩ͌s® 100 µLʭMDA stocking solution̺ 5 mL

ʭ 1%˒˄ϟɓ¹ì�ћ�ǔġɛ�­Ɖ 2ĵǟћ¤ĜƋ 20nmol/mlʭMDA working 

solutionћAŨ̍Ϝ̑ȗϪ̄�ʘ� 

) М ĕ Ą ː ː ® 0.016 g ʭ DNPH(2,4-Dinitrophenylhydrazine, 

C6H3(NO2)2NHNH2)ˬǴ(¿ȲϪ 33%)Ũћ�g 12 mLʭ 2 Mщϟɜɐ
ћ)Оʴ

ȏê 25 ℃�Оʴ 2ĵǟћˈ;ˬǴĜiɜͯŨ¤ĜƋ 5 mM pH0.09ʭ DNPHɜ

ɐ�MDA working solution̺ DNPHɜɐ>ʘ�ìЫОʴì�s>ʘ� 

3.5.2 ȑɚÉȗϪ̄¬ȑɚɔ�Ⱦ 

ʙǔǵĪт�ʘ{Ǻ DNPH ̺ MDA �˼¹ʁ?ɗğȔǵ
 MDA �ɪŖћ

4ȔÉ
ʭðΙǇƉ´̪ǭŤШ MDA-DNPH �¿Ϫћǆ{�Ϝ̑ȑɚÉȗϪ̄

¬�ʘ̯˻̋;ɱðΙ�ȑɚɔ�ȾȗϪ̄ћ?ͲˣðΙǇƉʭŤШ� 

ȑɚÉȗϪ̄(Standard calibration curve, SCC)ѝ 

>ʘ 1%˒˄ϟ˒ϧ�θʭ MDA working solutionћs�ʘ 100%ʭ��
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(Acetonitrile, ACN)Ϝ̑Ƌ{ǺʘʭmKȑɚÉɪŖяћ;ɱȑɚÉȗϪ̄ћɪŖ{

�ɱѝ2, 1, 0.5, 0.25, 0.125, 0.0625 nmol/mL�Ϝ̑ĜƋŨì�g 25 µLʭ DNPHɜ

ɐћ�ê 25 ℃��ϓc͒ψ͙͚ʖ­Ɖ 10{ϺŨs�ȕ{Ǻ�ȗϪ̄ʭȵğFǌ

R2Ыăǔ 0.995Ƒ´)͡>ʘ� 

ȑɚɔ�Ⱦ�ðΙ�ϜȗϪ̄(Matrix matched calibration curve, MCC)ѝ 

>ʘÆȔǵºÉ˰�ǳ˿͒ʐ�ĵёʯΙ�ĵ̯�ɍрιˢ̯ϙ˻̋;ɱȝȗ

Ϫ̄ʭðΙ�{�®ʯΙ 8 mg�ĵ̯ 6 mg�ɍрι 6 mgћɓ¹Ƌ 20 mgʭɓ¹Ȕ

ǵћψ͙MDA͈®Ũћ®ɓ¹̯˻̋��ɕɐÆMDAȑɚÉϜͣƋȑɚɔ�Ⱦ

ȗϪ̄ћɪŖ{�ɱѝ2, 1, 0.5, 0.25, 0.125, 0.0625, 0 nmol/mL�Ǭ˺ì�g 25 µL

ʭ DNPHɜɐћ�ê 25 ℃��ϓc͒ψ͙͚ʖ­Ɖ 10{ϺŨs�ȕ{Ǻ�ȗϪ

̄ʭȵğFǌ R2ºȔЫăǔ 0.995Ƒ´)͡>ʘ� 

ɱ͹0̯˻̋ƐυƋʭðΙǇƉћį�ʘ)�lŞͲˣѝ 

ðΙǇƉ(%)= MCC�ǐʊ#SCC�ǐʊ
SCC�ǐʊ

×100% 

̀ðΙǇƉ%ǔ±15%ǟћ(͟´)ŴʞðΙĳɪŖ˼ǼʭŐƿћ´>ʘȑɚ

ÉȗϪ̄?ͲˣŨ̍ȔǵɪŖ�̀ðΙǇƉăǔ±15%ǟћ�Н>ʘȑɚɔ�Ⱦȗ

Ϫ̄?Ͳˣ� 

3.5.3 MDA͈® 

ǵˁ˘©̙ Tukozkanˢ"ˁ˘ʭ͈®ǓȾ(Tukozkan, Erdamar et al. 2006)ћį

ĵ̯�ă̯ʯΙ¬ɍрιˢș{Ǻʭ̯�)МĕĄːː® 10 mgћ�g 250 µLʭ

1.15%ȱ�ϰ(Potassium chloride, KCl)ɜɐћ)ˁˉȉ?ˉ˅˻̋ћ>˻̋ìΙ�ћ

Ʃ͌s�g 100µLʭ 6MȯȮ�Ϯ(Sodium hydroxide, NaOH)ɜɐћ)шŸɜɐ?

Ȳ̺͔ͯʫΙ˼¹ʭMDAћДŨǅ̑ǔ�ɌÚ
ê 60 ℃��ɻ 45{ϺћĜƋ­
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ƉŨћ�g 250 µLʭ 100%ACN?˒ϧņȶɨʭ͔ʫΙћįƐŪƊɋɜɐɓ¹ì

�Ũћêġɛ�) 12200 rpmКŰ 10{ϺћКŰŨĵŰÁ®�ɕɐ̷ǑʭŮϪК

Űˤ�
ћ¤ĜƋMDA�͈®�șψ͙�ȕ{ǺǟћÁ® 25 µL��ɕɐћ�g

�θϜ̑Čʭ DNPHɜɐ 25 µLћê 25 ℃�ϓc͒ψ͙͚ʖ­Ɖ 10{Ϻћ­ƉĜ

ƋŨ¤´) LC-MS/MSψ͙MDA-DNPH{Ǻ� 

3.5.4 LC-MS/MS{ǺǓȾ 

ǵˁ˘>ʘɐʷĽǺ�̟ΙΈ\ (Liquid chromatography-tandem mass 

spectrometry, LC-MS/MS)?{ǺMDA-DNPH� 

ɐʷĽǺʭϙ{�Ɲ̶�ψȔ˰˾(Autosampler, San Joes, CA, USA)�àˑ�

ʷȇŖŏɊ(Thermo Scientific Accela 1250 quaternary pump)ћ̛ĽǺˤȀϕʘhũ

4.6 mm�ϿŖ 15 cm�õa˭ũ 5 µmʭ Syncronis C18ˤȀ(Thermo Fisher Scientific 

Inc., Waltham, WA, USA)�ǯȕʷɱ¿ǯ 0.1%�ϟ(Acetic acid, AA)ʭ ACNћȲʷ

ɱ¿ǯ 0.1% AAʭ¨КĕȲћȦKȔǵ�{ǺψȔϪɱ 25 µLћ{ǺǟЁɱ 15{

Ϻ�{Ǻǟʭˑ�ʷɪŖȇŖ¬ɉτč�ѝêˡ 0 {ϺǟǯȕʷȨ@ɱ 50%�ɉ

τɱ 300 µL/minћˡ 5{ϺǟįǯȕʷȨ@ø�̷ 95%�ɉτɱ 300 µL/minћˡ

11 {ϺǟǯȕʷȨ@Ј̷ 50%�ɉτɱ 300 µL/minћêˡ 11.10{ϺǟǯȕʷȨ

@ɱ 50%�ɉτø�̷ 500 µL/minћêˡ 14.10{ϺǟǯȕʷȨ@ɱ 50%�ɉτЈ

̷ 300 µL/min�ͽͨ͟ 3� 

ΙΈ\ʭɘКə>ʘ�ɻŞМÜɮɘКȾ (Heated Electrospray Ionization, 

HESI)ћįȔǵɐɠȭ�ţƋŌМ̓ʭКĕћsʘ�ȤàȍʾŞ�φΙΈ\(Triple-

quadrupole mass analyzer)�ƲϜϕƷ­Ɖʲɗ(Selected reaction monitoring, SRM)ȓ

Ş?ψ͙ΙΈ{Ǻ�HESI©ǌͷğč�ѝÜɮМû(Spray voltage)ɱњ3000 V�ȩ
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˹ˤɛŖ(Capillary temperature)ɱ 200 ℃�ȭ�ɛŖ(Vaporizer temperature)ɱ 200 ℃�

ή�ȭû�(Aux gas pressure)ɱ 5 arb�Хȭцû�(Sheath gas pressure)ɱ 35 psi�

SRM¬HESI©ǌč͟ 4¬͟ 5Ɛ �̩ǬŨ�ʘXcalibur 2.2(Thermo Fisher Scientific 

Inc.)į˼ǼèΈʭɁϴ�Ф˖ψ͙˖{̺{Ǻ� 
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3.6 ͥǓяùȾ 

ǵˁ˘>ʘͥǓяùȾ?{Ǻĵё̯
Ů̲˹̨Ɉ�Ɵȑ Iba-1�̶Û;ʘƟ

ȑ LC3b�І͂ɍюʦʥů t-Tau͔ʫ¬ Aβ42͔ʫ� 

ͥǓяùȾǞ�˔�ğϪʭ{ǺǓȾћ�ʘ͔ʫΙʭ{ĕϪ�Ƙцĳʃğ͔ʫ

Ιʭİ�Ÿ?{Ǻʵȑ͔ʫê˻̋ƍ˹̨
ʭ͟ʎϪ��̛̼ͱћͥǓяùȾ{ɱ

ȔÉ�͒ʐ�y̲МɃ(running)�γɤ(transfer)�Ѕǀ(blocking)��Ƙц�дŤ{

Ǻˢϙ{ћȞуč�ѝbįȔÉ
ʭ͔ʫΙ͈®z?�	˂üo˼Ȏћ�ʘy̲М

Ƀį�º{ĕϪʭ͔ʫΙê̲ц
{ЀћƩ͌γˑ�äʷέц�ћs�ʘʃğʭɜ

ɐЅǀäʷέц�´̪ʭ͔ʫТʃʟ˼¹6ћ>ŪŨ̍˼ǼǩɕǤћƩ�?Bŕ>

ʵȑ͔ʫƩ��˵Ƙц̺�˵ƘцћǬŨ�ʘдŤͺ�¬ɷ̲˰˾?дˌʵȑ͔

ʫʭ6̺̑¿Ϫ� 

3.6.1 ͔ʫΙ͈®¬͔̉ʫΙğϪ 

ː®ș{Ǻ�̯�¸ 15 mgʭ˻̋ћ�g 60 µLʭ͔ʫͯ͢ɐŨ�ʘˁˉȉ

?ìΙ�̯˻ �͔̋ ʫͯ͢ɐʙ͔ʫ�Ɨ��(Protease inhibitor cocktail, EDTA-Free, 

100X in DMSO, MCE)�ˊϟ�Ɨ��(Phosphatase inhibitor Cocktail I, 100X in 

DMSO, MCE)���̩à�ϟ(Ethylenediaminetetraacetic acid, EDTA, 0.5M, pH8.0)

¬ RIPA ͯ͢ɐ (Radioimmunoprecipitation assay buffer, RIPA Buffer, PH7.4, 2X 

concentrate, BIO BASIC)ƐϜ̛̑Ƌ�į̯˻̋ˁˉŨћvortex 20ˏ>oɓ¹ì�ћ

sǅg−20 ℃t˥hψ͙˻̋ͯ͢ћБǘ) 12200 rpm�4℃�КŰ 20{ϺћÁ®

�ɕɐ̑ǔŮϪКŰˤ
IĘǔ−80℃t˥ћŦŨ̍ψ͙͔̉ʫΙğϪ¬ͥǓяù

Ⱦ{Ǻ� 

ǵĪт>ʘ Bradford protein assay?ğϪ̯˻͈̋®zʭ͔ʫΙɪŖ�b)ʀ
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͘ɕ͔ʫȑɚÉ(Bovine Serum Albumin Standards, BSA, Thermo Fisher Scientific)?

Ϝ̑ȗϪ̄ћɪŖя{�ɱѝ1, 0.5, 0.25, 0.125, 0.0625, 0 mg/mLћsįϜ̑ČʭȦ

KɪŖя¸® 20 µLћ{��g 980 µL �ņ˒ϧƋ�Lʭ Bradford ǿ�(Bio-rad 

Protein Assay Dye Reagent Concentrate, BIO-RAD)ʠ
ɓ¹ì�ћºǟћșğϪ�

͔ʫΙȔǵ�® 1 µL̺ 999 µL�ņ˒ϧƋ�Lʭ Bradfordǿ�ɓ¹ì��į�

θ̺ǿ�Ϝ̑ČʭȗϪ̄¬͔ʫΙȔǵÁ® 150 µL̷ 96Ėʳʠ
ћ�S�Ϩͤћ

ǬŨ�ʘϞ˶eʣ{ǺɗΌ\(BioTek™ Epoch™ Microplate Spectrophotometer)ǔ

ɁϿ 595 nm�?ɗϪÁcPћȑɚÉȗϪ̄� R2Ɖчǔ 0.995)�Ƒ´͡ʘ?Ͳ

ˣȔǵ͔ʫΙɪŖ� 

Bƽ�θʭğϪ˼ǼћȦKȔǵì�g¨КĕȲ¬͔ʫΙȔǵ̆͝ɐ(T-Pro 

Laemmli SDS sample Reagent reducing 4X)ɓ¹ì�ћǔ 95 ℃�ɻ 5{Ϻ)ƒǒ͔

ʫΙʭИ˄ϸћǬŨȔÉ
ʭ͔ʫΙɪŖì΂ǋɱ 4 µg/µLћǧĘǔ−20 ℃t˥
ћ

ʠĄEǭψ͙Ũ̍ͥǓяùȾ�{ǺȞу� 

3.6.2 ͥǓяùȾȞу̺ɉ˓ 

ǵĪт)��ɴð˄ϟϮ̞�ɲϦ̩y̲МɃ (Sodium dodecyl sulfate 

polyacrylamide gel electrophoresis, SDS-PAGE)?ψ͙Τ̲ћBƽș{Ǻ�͔ʫ{ĕ

Ϫ?ϕğ SDS-PAGE{К̲ʭɪŖћt-Tau(55 kDa)>ʘ 10%ʭ{К̲ћLC3b(14, 16 

kDa)�Iba1(17 kDa)�Aβ42 oligomer(37 kDa)>ʘ 15%ʭ{К ћ̛̲ ɪ̲̈�ìɱ 4%�

²ÿћƐǯʵȑ͔ʫʮ) β-actin;ɱ internal controlћˈIͼȘȔǵ͔ʫΙʭ�̸

Ÿ̺ĪтÉΙʭ˗ğŸ� 

�ʘ¨КĕȲ�30% Acrylamide (30% Acrylamide/Bis Solution, 37.5:1, BIO-

RAD)�1.5 M Tris-HCl (Resolving Buffer, 1.5 M Tris-HCl pH8.8, BIO-RAD)�10% SDS 
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(10% (w/v) sodium dodecyl sulfate (SDS) solution, BIO-RAD)�10% APS (Ammonium 

persulfate solution)¬ TEMED (Tetramethylethylenediamine)Ϝ̑{К̲ћ{К̲ɭg

ʌʓŨћ̆Ɔ�g 75%ϝˮû̲ћŦ{К̲yäŨENƤϝˮsɭgɪ̲̈ћ�ƭ

gĸȈћ>ɪ̲̈{БƋ 10KWellћ)EŨ̍�gȔǵψ͙Τ̲�Ŧ SDS-PAGE

yäĜƋŨћy̲ʭǬł¶jUʭwell�g͔ʫΙȑͶ(Prestained Protein Ladders)ћ


ЁBŕ�g�θ͒ʐČʭ͔ʫΙȔǵ¸ 5 µLћ>ŪȦ�KWellϚǯ 20 µgʭ͔

ʫΙћƩ͌įМɃȏɂɡ running buffer¤´ЀĐΤ̲ћˡ�АȤ)Мû 60 VΤ 30

{Ϻћˡ�АȤ)Мû 100 VΤ 120{Ϻћį͔ʫΙê{К̲h{Ѐ� 

МɃΤ̲ĜʝŨћНįņêy̲
{КĜƋʭ͔ʫΙγɤ�äʷέц��ǵĪ

т>ʘĖũɱ 0.45 ƍ 0.2 µm ʭ̞R�Ȭ�ɲγɤ̱(Polyvinylidene fluoride 

membranes, PVDF transfer membrane)?ψ͙γɤ�γɤ�ћbʘ 100%ʭʚϠɎɀ�

ưǠ PVDF ̱ћ)Ɉ� PVDF ̱�ʭȜМðéŨƑ´>ʘ�į̲ĵŰëūʌʓ�

®�ћ̺ɍ̃�ɬ˴�PVDF̱Bŕǅg�ǛȺĈ
ĈČŨǅgγɤȏћêγɤȏ


ɂɡ¿ǯ 20%(v/v)ʚϠʭ transfer bufferћ)Мû 100Vγɤ 60{Ϻ� 

γɤĜƋŨћBɷ�ºʵȑ͔ʫʭ6̑į̱|Ѐћ)¿ǯ 0.1% Tween-20 ʭ

TBS(tris-buffered saline)̆͝ɐ()�˩˕ TBS-T)Ʉɑ�Ʃ͌>ʘ 5%ʭ̬̫ċˬê

ġɛ�ưǠ�ĵǟћȝȞу˕ɱЅǀ(blocking)ћʵʭǞЅǒ̱�ȸǯ͔ʫΙʭë

Ǔћ)eь�Тİ�ŸʭƘцυƋ̧ǣPόч�ЅǀĜƋŨʘ TBS-TɢɄ 3Șћ

ȦȘ 5{ϺћƩ͌į�˵ƘцϜ̑ǔ TBS-T
ћ̺̱�ºê 4℃�ưǠ�ǡ�ǵĪ

т>ʘ��˵Ƙцč�ѝt-Tau (Anti-Tau antibody, GTX112981, GeneTex)�LC3B 

(LC3B (D11) XP® Rabbit mAb, #3868, Cell Signaling TECHNOLOGY)�Iba1 (Anti-

Iba1 antibody, GTX100042, GeneTex)�Aβ42 (Anti-beta Amyloid 1-42 antibody [mOC64], 

ab201060, abcam)�β-actin (Anti-beta Actin antibody, GTX629630, GeneTex)ћЋ� β-
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actin) 1:10000ʭȨ@˒ϧǔ TBS-T
)ÿћoнʮ) 1:1000˒ϧǔ TBS-T
�

БǘћºȔʘ TBS-T į�˵ƘцɄɑŨћsƮ�ʷĳƉ��˵Ƙцǔġɛ�ưǠ

90{Ϻ�ǵĪт>ʘ��˵Ƙцč�ѝRabbit IgG antibody (HRP)(GTX213110-01, 

GeneTex)�Mouse IgG antibody (HRP)(GTX213111-01, GeneTex)ћʮ) 1:10000˒ϧ

Ϝ̑ǔ TBS-T 
�ǬŨʘ TBS-T į�˵ƘцɄɑŨћį PVDF ̱ɀêÂ̾�

ECL(Clarity Western ECL Substrate, BIO-RAD)
ǌˏћ>ʘuc͖cŤ[{Ǻ˰˾

(UVP BioSpectrum 810 Imaging System)ψ͙ɷ̲� 

ê{Ǻ t-Tau͔ʫǟћâo{ĕϪ̺ β-actinʷζћЛ)ê|̱ʭȞуįj̚{

ЀћНͦêº�ɿ̱�{Ǻ t-Tau͔ʫ̺ β-actin͔ʫћâȝê t-Tau͔ʫɷ̲ĜƋ

Ũћ>ʘƘц¨Ћͺ� (RapidStrip Western Blot Stripping Buffer, Omics Bio)êġɛ

�ưǠ 20 {ϺћįƘц˼¹ʁ¨ЋŨћêB�θȞуψ͙Ɏɀ�˵Ƙц�TBS-T

Ʉɑ�Ɏɀ�˵Ƙц�TBS-TɄɑ�Ɏɀ ECL�ɷ̲ˢȞуĜƋ β-actin͔ʫʭ{

Ǻ� 

3.6.3 �ğϪ{Ǻ 

ɷ̲ĜƋŨћ>ʘè[{ǺΪц ImageJ (National Institutes of Health, Bethesda, 

MD, USA)?{Ǻ͔ʫΙȆŌʭĦŖћǬŨǌƽ)ʵȑ͔ʫ͟ʎϪʷĳǔ β-actin͔

ʫ͟ʎϪ?͟ˌ�ğϪʭ˼Ǽћ̛ LC3b͔ʫ�) LC3b-II/ LC3b-I?͟ˌ� 
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3.7 ˻̋ʥʐ 

įɭɉŨ	JǋĜʝ�̯˻̋�̦ ʙå˜̹ɯăęϥęЊĪт�ʁ
Űψ

͙ˀ͗�î�|ɿ¬͑ǲˮ--˲ǿ̾(hematoxylin and eosin stain, H&E stain)ћ)ͭ

ĨȜōƍʥ΍�˻̋íƄћ�đ͵Īт�ʁ
Ű͏-ēʈϥŋĳǿ̾�̯ϙ¬̦

̴|ɿψ͙ʥʐ˻̋�ΌћBɷʥ΍ÞϨ˓Ŗ˽�{ǌ� 

3.8 ˾ͲǓȾ 

ǵˁ˘>ʘ SAS 9.4˾ͲΪц?ψ͙˼Ǽǌƽ�˾Ͳ{Ǻ�âȔǵǌʵĵћǆ

ϕʘɵȥǌ{ǺǓȾ�Wilcoxon rank sum test?Ȩάƪ�˻̺ǨП˻ʭŅʟћ�

įд͌Ȳɚͷɱ 0.05�˼Ǽǌƽì)őìP±ȑɚ΀¬
6ǌ?͟ˌ� 
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ˡà˝ ˼Ǽ 

4.1 ̯ϙMDA 

ǵˁ˘)̫ΙόȮ�Ɵȑ MDA ?ƨʹŷŸǨПȁȹşƻŮ˭Ũĳ�º̯�

ʭȮ�ƯYћɗğʭ̯��ƝʯΙ�ĵ̯�ɍрι� 

4.1.1 ðΙǇƉ 

ðΙǇƉ�ŤШ˼Ǽč͟6Ɛ ћ̩ȑɚÉȗϪ̄(SCC)̺ðΙ�ϜȗϪ̄(MCC)

j̚� R2ʮăǔ 0.995ћ˿όͲˣŨʪʎðΙǇƉɱ−4.83%ћ̛ʠðΙǇƉĵǔ

±15%ǟћ(͟ǵȘĪтɵǛд�ðΙǇƉћâȝ)ȑɚÉ�ȗϪ̄(SCC)?Ͳˣ¸

̯��MDA¿Ϫ� 

4.1.2 MDAɪŖ 

MDA-DNPH�ĽǺè(Chromatogram)čè 2Ɛ ћ̛̩ ɞʜǟЁ(Retention time)

ɱ 10.02{Ϻ�˼ǼʪʎǨП˻�MDAɪŖìчǔǨП˻ћ4Zêɍрι
j˻

Ёώд͌Ņʟ(p=0.0051)ћʯΙ(p=0.1282)�ĵ̯(p=0.0927)�ɵд͌Ņʟћͽ˹¸

̯�ʭɪŖč͟ 7¬è 3Ɛˌ� 
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4.2 ̯ϙ͔ʫΙ͟ʎϪ 

ǵˁ˘șƨʹǨПŷŸǨПȁȹşƻŮ˭ĳ�º̯�ʭ
Ȓˍ˿˰˾ȧŸƟ

ȑ͟ʎϪʭŤШћɗğʭ̯��ƝʯΙ�ĵ̯�ɍрι��ğϪ˼Ǽ�ʘʵȑ͔ʫ

�͟ʎϪЋ) internal control ͔ʫ�͟ʎϪ?Ͳˣћ̛ LC3b ͔ʫ�) LC3b-II/ 

LC3b-I?͟ˌћƐǯǌƽsЋ)ƪ�˻͟ʎϪʭőì?S˾Ͳ¬è͟Âʎ� 

4.2.1 ¸̯�Ů̲˹̨Ɉ�ʷЂ͔ʫ Iba-1͟ʎϪ 

¸̯�� Iba-1͔ʫ͟ʎϪčè 4�5�6ƐˌћŷŸǨПȁȹşƻŮ˭Ũћƪ

�˻¬ǨП˻�Ёìȸǯд͌Ņʟ(ʯΙѝp=0.4712ўĵ̯ѝp=0.0927ўɍрιѝ

p=0.2980)ћͽ˹ǌƽč͟ 8Ɛˌ� 

4.2.2 ¸̯�̶Û;ʘʷЂ͔ʫ LC3b͟ʎϪ 

ȝƟȑ) LC3b-II/LC3b-I?ψ͙�ğϪћ¸̯�� LC3b͔ʫ͟ʎϪčè 7�

8�9Ɛ ћ̩ŷŸǨПȁȹşƻŮ˭Ũћƪ�˻¬ǨП˻�Ёìȸǯд͌Ņʟ(ʯΙѝ

p=0.2298ўĵ̯ѝp=0.4712ўɍрιѝp=0.2298)ћͽ˹ǌƽč͟ 9Ɛˌ� 

4.2.3 ¸̯�І͂ɍюʦʥů Aβ42͔ʫ͟ʎϪ 

¸̯�� Aβ42͔ʫ͟ʎϪčè 10�11�12ƐˌћŷŸǨПȁȹşƻŮ˭Ũћ

ƪ�˻¬ǨП˻�Ёìȸǯд͌Ņʟ(ʯΙѝp=0.0927ўĵ̯ѝp=0.9362ўɍрιѝ

p=0.8102)ћͽ˹ǌƽč͟ 10Ɛˌ� 

4.2.4 ¸̯�І͂ɍюʦʥů t-Tau͔ʫ͟ʎϪ 

¸̯�� t-Tau͔ʫ͟ʎϪčè 13�14�15ƐˌћŷŸǨПȁȹşƻŮ˭Ũћ

ƪ�˻¬ǨП˻�Ёìȸǯд͌Ņʟ(ʯΙѝp=0.2980ўĵ̯ѝp=0.9362ўɍрιѝ

p=0.9362)ћͽ˹ǌƽč͟ 11Ɛˌ� 
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4.3 ˻̋ʥʐ|ɿ 

ʥʐ|ɿȄƽ�ºЩʵ�ÞϨŸ{ɱ�˵?ψ͙͹{(Shackelford, Long et al. 

2002)�˼ǼʪʎǨП˻�̦ϙʥʐ|ɿʪʎίŮ(slight)ʭʪɰ­Ɖ�ˇ˭ȶ˖ћ

͹{ʮɱj{ћ̛ϙ{ƪ�˻̦ϙǯǬĵ˓Ŗ(minimal)�ʪɰ­ƉћoнʮɵǛд

ʭʥʐ΍�ў̯ ϙʭʥʐ|ɿ{ɱă̯ʯΙ�ĵ �̯ɍрιˢ̯�ψ͙ͭĨ̺�Όћ

|ɿ˼Ǽдˌƪ�˻̺ǨП˻ê¸̯�ʮɵǛдʭʥʐ΍�ћͽ˹˼Ǽč͟ 12Æ

è 16�17�18�19Ɛˌ� 
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ˡ�˝ ʹ΃ 

ǵˁ˘>ʘІ͂ɍюʦ�ðâγȢĵёŷŸǨПȁȹşƻŮ˭ћǨП˼ǹ 24

ĵǟŨʅʂ�ǂЖĵёʭ̯ϙȗцћɗϪă̯ʯΙ�ĵ̯�ɍрι
̫ΙόȮ�Ɵ

ȑMDA�Ů̲˹̨Ɉ�Ɵȑ Iba-1�̶Û;ʘƟȑ LC3b��íвɨˬ͔ʫ Aβ42Æ

̉ Tau͔ʫʭ͟ʎϪћ)¬ͭĨ̯¬̦ϙʭ˻̋ʥʐ�Īт˼Ǽʪʎћ̺ƪ�˻ʷ

ȨћǨП˻�ă̯ʯΙ�ĵ �̯ɍрιʭ̫ΙόȮ�ƟȑMDA¿ϪǯάчʭŽţћ

4³ǯɍрιǯд͌ŅʟћoнƟȑêj˻�Ё�Ǟìȸǯд͌Ņʟ�ê̦ϙʭ˻

̋ʥʐ|ɿ
ћȦЕǨП˻ìǯίŮʭʪɰ­Ɖ¬̾˶ȶ͌ћϙ{ƪ�˻�ǯǬĵ

˓Ŗʭʪɰ­Ɖћ̛̯ϙʭʥʐ|ɿ
ћj˻ìȸǯǛдʭʥʐ΍�� 

5.1 ȁȹşƻŮ˭ʃŸ¬ǨПǓȾ 

êǨПŮ˭ʭÅÁȧʐˁ˘ʠ
ћǨПǓŞ´{ɱƆŸ̺ŷŸǨПћƆŸǨП

�¿iΧŸÅÁǨП¬ђϙÅÁǨПћȝвǓȾ´)ϕƷǨПɪ̈ŨʭŮ˭ɪŖ

ƍʺĪʆȼʭŮ˭ɪŖћ>Īт�ʁêǨП˰˾
̶ʙÅÁћʷĳëћÅÁǨПE

НͦάϿʭĪтǟЁƑ̪ͭĨoȧŸ­Ɖў̛ ŷŸǨП�¿ȭˤɭɂ¬°ÈÁgћ

�θj˔ǓŞǞįșǨП�Ů˭ϨǑƊɋǔɐцʠ
ћˈIɓ¹ì�Ũs˽�Ī

т�ʁћȝ˔ǓȾά̪ˈ;�ʁʭǨП�ϪƍɪŖћ	Ů˭ê̦ϙ{ŉʭ˧æś�

ɕЋʊ7ћ̪êʿǟЁͭĨŮ˭êʖʁцhƐşʪʭǇƉ�ǵĪтġb�Ā>ʘȭ

ˤɭɂȾ?ĳ�ʁψ͙ǨПћ�όƌMʪʎћʙǔȝ˔ǓȾǞʶƩįŮ˭Ɗɋɜɐ

ɂgȭˤћĳĪт�ʁʭCgŸάч�ƕ͛ãЛћ	άǜâƕ͛ÏаĴ̸Īт�ʁ

�ϑʕ̷Ƞ�ћ̛°ÈÁgǞįŮ˭Ɗɋɜɐɂg°Èϙћ>�ʁ̶ɶ×ψÅÁ

ύћǞ�K̪ĂϔūĪт�ʁǵ̪ʭǓŞћª�Н[ÅÁǨП̼̝Ζ"�¬ǟЁћ

âȝǞʷĳϑ¹ʭǨПǓȾ� 
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ȁȹşƻŮ˭)˭ũɱ 15-30 nmʭ`˶ˇ˭ɱ
ŰћÿĽʙǯȕˇ�¹ʁ�

˄ϟщ�˃ϟщ�Ϭľ¬Āʔ̿пɳˢʁΙƐ˻ƋћȁȹşƻŮ˭´)ʶƩΛΕȑ

ɚÉћƍǞʙȁȹşƻɼɽʭĹȭ
͎Ж�œ˨ÅÁǨПȁȹşƻĹȭʭ�ʁǨП

Īт
ћŮ˭ɪŖă˱ê 300̷ 2000 µg/m3�Ёћ˭ũ˱ɱΞ˹Ů˭ʭˢ˵ћ�

όǽͷȁȹşƻĹȭǨП˰˾ʷĳãЛ	̝ǟћūşƻʭí͓�ɼɽ©ǌ�ǨП̮

ŝ̑ϚН΅ƅͷͲћâȝ�ǯˁ˘ʶƩΛΕȁȹşƻŮ˭ȑɚÉ?ψ͙ŷŸǨП� 

ʵ�ʷЂˁ˘Ɛ>ʘʭȑɚÉăĀ?̶̔ååĤȑɚǦƕ͛ˁ˘Њћí͓�

Ɲ SRM 2975�SRM 1650��ºí͓ʭȁȹşƻŮ˭?ə��ºћSRM 2975ū)

ȁȹɱ��ʭŁȌʘΨʭόɬ˰˾ʠ
ǂЖћ(͟ίíȁȹşƻƐƦǅʭŮ˭ћ̛

SRM 1650�ǞūϨíȁȹşƻɼɽŨʭ˒ϧˤ̄
ƐƱЖћ̪Ă(͟Ϩíȁȹş

ƻŮ˭�ȹÉ�şƻÆƦǅƕ͛ʭŅʟ´̪ǭĴ̸ DEP˭ũ�͟Ф�ęʁɪŖÆ

Ƌ{ʭ�ºћSRM 2975ʭĀʔ̿пɳ¿Ϫɱ 81.69 ng/mg�ϬľɪŖɱ 9454 ng/µgћ

̛ SRM 1650bʭĀʔ̿пɳά SRM 2975чz 2~3L(202.1 ng/mg)�ϬľɪŖ�

ά7(2011 ng/µg)(Bengalli, Zerboni et al. 2019)�͸ĀцÿĪт�ʘ̦ϙ˹̨?ˁ˘

SRM 2975Æ SRM 1650bʭȧŸ­ƉћʪʎǭşΝ ROS�RNS�Gʪɰ­Ɖâĕ

ʭø�ћЗɶˇŮ˭ÆϬľϚǭυƋŮ˭ʭȧŸћ4œ˨ˁ˘ƟzћŮ˭͟ФʭĀ

ʔ̿пɳĳǔşΝÅÁύʭʪɰ­ƉǩɱϨͦ(Bonvallot, Baeza-Squiban et al. 2001, 

Totlandsdal, Herseth et al. 2012, Totlandsdal, Låg et al. 2015)ћâȝ PAH¿Ϫάчʭ

SRM 1650bǩϑ¹ǵȘʭˁ˘� 

²ÿћǵˁ˘ʭǨПǓŞǞįȁȹşƻŮ˭ˬǴϨǑƊɋǔ PBS ɜɐʠ
ћ

�)ŮϪÁˤ˽�Īт�ʁћЗǔȦȘǨП�Ϛ)Оʴȏƞ̍Оʴ)ɓ¹ì�ћ4

�ȸǯϭĳêɜɐ
ʭŮ˭˭ũ��ęʁΙ˻ƋSǩͽ˹ʭ{ǺћЋ�êɐц
Ů

˭´̪̞ЖƋô�Ɗɋɜɐ˽�Īт�ʁǟ´̪ȣʜǔŮϪКŰˤúÿћŮ˭�ʭ
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ʁΙǞ¾Ǻz�ʕ̷Ǟ PBS ɜɐìǯ´̪ĳʖʁцυƋȧŸ­Ɖћς�ϚǞНͦ

̙ƇʭŤШâ˶� 

̀¹�θћǵˁ˘ϕʘά̪şΝʪɰ­ƉʭȁȹşƻŮ˭ SRM 1650bћ�)

ʷĳϑʠʭŷŸǨПǓȾ?ψ͙ǨП� 
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5.2  3xTg-ADĵё 

ǵˁ˘>ʘ 6-8χăʭ�ðâγȢȥё;ɱĪт�ʁћȝ˔ĵёǞ�˔̪ĂД

͌Œєø�̛ʪļzj˔І͂ɍюʦʥůʭʤʥёћoϩʖíɱ C57BL/6 ĵё�

˙ȭŮ˭ʭȧʐęˁ˘
ћĀǌˁ˘ì>ʘ�̼É˔ʭĪт�ʁћčѝC57BL/6ĵ

ё�BALB/cĵё�Sprague Dawleyăёˢˢћ4êƨʹȧʐȕ�ǟ̪̀ϕƷϑʠ

ʭðâγȢёƍ͸άĥǜͭĨ�цhʭȧŸ­Ɖ�êŮ˭̺
Ȓˍ˿˰˾ȧŸʭ

ʷЂˁ˘
ћœ�ȸǯ>ʘʃğʭðâγȢё?ψ͙Īтћ�˨Maja Hullmannˢ

"ʭˁ˘�ʘºȔɱІ͂ɍюʦ�ʁȓŞʭ 5XFADðâγȢĵёћ>oÅÁǨП

Ů˭ɪŖɱ 0.95 mg/m3ʭȁȹşƻĹȭћʪʎȁȹşƻŮ˭̪Ă�τĵё̯ϙʭ

Aβ42ǎôʖƋ¬ĵёʭϊ��̪ƯY(Hullmann, Albrecht et al. 2017)�b�>ʘ�

̼ĪтёƐͭĨ�ʭŮ˭ȧŸ­ƉĀɱʪɰ­Ɖ¬Ȯ�û�ˢʎΏћ̀>ʘ¹ϑ

ʭʤʥȓŞё�͸̪ͭĨ�ʃğʤʥƟȑʭ΍�ћ�ƨʹo
´̪ʭȧʐȕγћǵ

ˁ˘�ǞоȘ�ʘ 3xTg-ADĵё?ƨʹŷŸǨПȁȹşƻŮ˭ĳ
Ȓˍ˿˰˾ȧ

ŸʭŤШ� 

ɶ̛ћǵˁ˘Zê 3xTg-ADĵё̯ϙʪʎŷŸǨПȁȹşƻŮ˭ǭĴ̸ɍр

ιʭ̫ΙόȮ�ћoн
Ȓˍ˿ȧŸƟȑ�ɵд͌΍�ћ̺b�ƌM�ʘ C57BL/6

ĵёψ͙ºȔĪтͷͲ�˼ǼʷȨћŮ˭ǇƉǩ�Ǜд�̉˼?΁ȝȘ˼Ǽ��ˠ

¹ЬǱћƌM;ɱ´̪ʭ¦âɱŒίʭ�ðâγȢĵёˍ˿I΋ȕ�ά=��˨ˁ

˘Ȩά 6KǮă�12KǮă�18KǮăʭ�ðâγȢĵё¬oϩʖíĵё̯ϙʭ

̶Û;ʘƟȑћʪʎЗɶ 3xTg-ADĵё̯
ʭ̶Û;ʘǭД͌Œєø�̛д͌�

Јћ4ê 6 KǮăǟћ3xTg-AD ĵё̯
ʭ̶Û;ʘƟȑ­̛Ȩϩʖíĵёд͌

άч(Villamil-Ortiz and Cardona-Gomez 2015)ћ͟ˌŒίʭ 3xTg-ADĵё̯ϙ̶Û
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;ʘάɈΦћ´̪ά̪ĂƚƘ
Ȓˍ˿˰˾Ɛ¯�ʭ�ɩ�ɕЋʟō͔ʫƍÿ?ʁ

Ιћ>Ūǵˁ˘ƐϪɗ�ȧŸƟȑɵд͌΍��̛ˍ˿ʪɰʭϙ{ћЗɶ 3xTg-AD

ĵё̯
ʭŮ̲˹̨�ǭД͌ŒєøϿ̛Ο?ΟɈ�ћ4ê 2 KǮăǟÆϩʖí

ĵё�ɵŅʟ(Belfiore, Rodin et al. 2019)ћ�ķǞ΁>ʘąόŒίʭ 3xTg-ADĵё

ǳű̪ͭĨ�ǛдʭȧŸ­Ɖ� 

ǳ?´)ϕʘŒєάϿʭ 3xTg-AD ĵё?ψ͙Īтћă˱Нͦ 12 KǮă)

�ћȝǟĵё̯ϙʭ̶Û;ʘ¯Ư�ˍ˿ʪɰ�άÞϨћǔȝ˔ĵё̶ɶʪļʭʥ

˓̛ͱћ�ǞľǔІ͂ɍюʦǡǱћƍ͸άǜͭĨŮ˭ƐşΝʭˍ˿ȧŸћ4Нͦ

ɂƁʭ 3xTg-ADĵёʷάǔoϩʖíĵёʭĘɈǘǌд͌άʿћ	lȥё�Ё�

ǯд͌Ņʟћȥё˱ɱ 744Ą̛lёɱ 450Ąћâȝ>ʘŒєάϿ� 3xTg-ADĵ

ёǟЫ²ÿ̙ƇoȠ�ʊʭÏа(Rae and Brown 2015)� 
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5.3 Ů˭ĳ
Ȓˍ˿˰˾ȧŸʭŤШ 

5.3.1 ̫ΙόȮ� 

ǵˁ˘ƨʹȁȹşƻŮ˭ĳǔ
Ȓˍ˿˰˾
Ȯ�û�ʭŤШћâɱ̯ϙǞ

ħ¿̫ΙʭÚĞћ	ƘȮ��ʷάцho'ÚĞ�άɱ�ΣћâȝǞ̶ʙð�ͦǄ

Ƹʭʵȑћ�ʗʖMDA�HNEˢ�Ș(΄ʁћo
MDA͡śȿʘǔ͹0̯
ʭ

̫ΙόȮ�˓Ŗћǆǵˁ˘) MDA ;ɱʖʁƟȑψ͙Ȯ�û�ʭϪɗћ˼Ǽʪ

ʎћǨП˻ɍрιʭMDAɪŖд͌άчћă̯ʯΙ¬ĵ̯�ȸǯд͌Ņʟ� 

ʵ�ņǯ͸Ā�ʁˁ˘ΆĪăȭŮ˭ǭşΝ̯ϙʭȮ�û�ћ̛Ђɂêȁȹ

şƻŮ˭ʭˁ˘�ǯʷ3ʭ˼Ǽ�Ȯ�û�ê Coleˢ"ˁ˘> C57BL/6ĵёÅÁ

ǨПǔɪŖ 250-300 µg/m3ʭȁȹşƻŚȭǨП 6ĵǟћ˼ǼʪʎĵёʭMDAê

Öʏ�ɍрι�ĵ̯�ă̯ʯΙ�˳ʆцʮǯд͌��(Cole, Coburn et al. 2016)ћ

̛b�ǵĪтġ)ºȔǓŞ¬ЯʊǨПȁȹşƻŮ˭ʪʎћMDAê C57BL/6ĵё

ʭɍрι¬ĵ̯ǯд͌��ћ̺ǵˁ˘˼Ǽʷ3� 

ɗϪ MDA ʭǓȾǯ͸Ā˔ћǬōʘʭǞ˄(ŇȨĎϟ­Ɖͺт (2-

thiobarbituric acid reacting substances test, TBARS assay)ћĀ͡ʘSɗϪ͘ɐ
ʭ̫

ΙόȮ�˓Ŗћȝͺтǭêȗц
�g˄(ŇȨĎϟ(Thiobarbituric acid, TBA)ћ>

oÆMDA­ƉʖƋMDA-TBAʭͤ¹ʁћs){ccŖɗğȾ(Spectrophotometric 

assay)?ψ͙Ϫɗћ�ός˔ǓȾ͡Ɵz�pİ�Ÿћâɱʖʁȗцh´̪ǯo'

˼Ȏʷ3ʭϣвǭÆ TBA˼¹ћ	­ƉʖƋʭ�¹ʁÁcŖÆMDA-TBA ʷ3ћ

>Ū̫ΙόȮ�˓Ŗǭ͡ч0(Meagher and FitzGerald 2000)ћɱ�dǰ TBARSͺ

тʭЉ�ћŨ̍ʭˁ˘ʪļz�ʘ MDA Æ DNPH ʭ͚ʖ­Ɖћo͚ʖʁs�ʘ

чǇɐʷĽǺȾ high-performance liquid chromatography (HPLC){Кћ´)ǩɚˈ
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ëɗϪʖʁȗц
ʭMDA(Cordis, Das et al. 1998, Pilz, Meineke et al. 2000)�ǯ͸

Āˁ˘Ȩά TBA̺ DNPHj˔Ϫɗ˻̋
 MDAɪŖʭ˼ǼŅʟћʪʎ TBAȾ

ʭˈǯч0ʭŽţ(Ceconi, Cargnoni et al. 1991, Pilz, Meineke et al. 2000, Tukozkan, 

Erdamar et al. 2006)ћâȝǵˁ˘�ʘ HPLC-MS/MS?{Ǻ DNPH̺ MDAʭ͚

ʖʁMDA-DNPH� 

σōêψ͙ΙΈ{Ǻǟћǭ�ʘ̺ŦɗʁΙʷ3ŸΙ��º̓ΙȨ��ŐƿŦ

ɗʁɞʜǟЁ	̪͡ʷº{ǺȆ+ɗŪʭ�ęʁʠ;hϙȑɚћ˿όͲˣȂȜz

ȜˈɪŖћɶǵˁ˘�ǳ>ʘhϙȑɚÉћǱ͸ǳ?̪�ʘ¹ϑʭhϙȑɚÉ(čѝ

Dideuterated MDA, D2-MDA)ψ͙άɚˈʭMDAɪŖɗϪ(Mendonça, Gning et al. 

2017)� 
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5.3.2 Ů̲˹̨Ɉ� 

Ů̲˹̨Ǟă̯
Ϩͦʭˍ˿̲˹̨��ћ �ˍ˿`ʭφƩ¬XϏћ>ˍ˿

˰˾̪ĂȜōëʪļ�̛ʠ̯ϙ¯�Ů˭�˿͘ɐϊα?ʭ˹̨ɩ˶�ɩǟћŮ̲

˹̨ǭɈ��ϧǅGʪɰ­ƉʁΙ¨âƉ̯ϙʭʆƄћ	Ů̲˹̨͡;ɱǞĵё

̯ϙǨПȁȹşƻŮ˭ŨGʪɰ­Ɖ˹̨ɩ˶ʭ�ͦ?əћâȝǵˁ˘�ʘŮ̲

˹̨Ɉ�Ɵȑ Iba-1?͹0ŷŸǨПȁȹşƻŮ˭Ũ̯ϙʭˍ˿ʪɰ­Ɖ�ɶ̛ћ

ˁ˘˼Ǽ�ǳê,:̯�ʪʎ Iba-1ʭ͟ʎϪǯд͌΍�� 

ˍ˿ʪɰǞ�˔ТʃʟŸʭ­Ɖћʠʖʁц¯�ÿ?�ɩķǭÐ�ʭI΋ȕ

�ћŷŸʭˍ˿ʪɰ­Ɖ´)I΋ˍ˿ћ4ʠˍ˿ÂʎƆŸʪɰʆƄћķ͡;ɱǭ

şΝˍ˿μ�Ÿʤʥ�͸Āцhˁ˘
ʪʎћǨПŮ˭ǭ>�ʁ̯ϙʭ IL-1α, IL-

1β, TNFα, IL-6ˢGʪɰ­Ɖâĕ��ћς�˼Ǽ΁Ǜʪɰ­Ɖ´̪Ǟ˙ȭŮ˭ȴ

ǿʁŤШ
Ȓˍ˿˰˾ʭ�ͦρũћêǨПȁȹşƻŮ˭ǓФʭˁ˘�ʪʎћÁg

DEPsĵёʭÖʏ¬ɍрι Iba-1͟ʎϪд͌άчћ�ό)�ʭˁ˘ĀɱÅÁǨПћ

ǨПŮ˭ɪŖч	ǟЁϿћ´̪ɵȾ̺ǵȘʭ°ÈÁgŷŸǨП˼ǼʷȨ�̛ǵĪ

тġb�ʭˁ˘�ʘȭˤɭɂȾǨПȁȹşƻŮ˭ћʪʎȦȘǨП 50 µg�̉�Ϫ

100 µg ʭ7ɪŖ˻ћĵё̯ϙʭʪɰ­ƉʷЂʭ˹̨ɩ˶�ȸǯд͌ø�ћ̛į

�ϪƬч̷ȦȘǨП 150 µg�̉�Ϫ 300 µgǟћƑ̪êʯΙʭ IL-1β, TNFα, IL-6

ͭĨ�д͌ø�ћâȝƫɗǵĪтȦȘǨП 50 µgʭ�Ϫ´̪ɵȾşΝ̯ϙд͌ʭ

ʪɰ­Ɖ� 

Ů̲˹̨ʭɈ�{ɱpˍ˿ȧŸʭM1íƄћ¬pˍ˿J΋�̪ʭM2íƄћ

M1ʭŮ̲˹̨ĳǬ~ʭƃǿƍƯYǯ­Ɖћ̪{ȽGʪɰʭ˹̨ɩ ј˶čѝIL-1β, 

IL-6, IL-12, TNF-αљşΝˍ˿ʪɰ)ƚƘˍ˿¯Ưћ4ʠ̯ϙƞ̍¯��ɩћǭ>

Ūˍ˿ÂʎƆŸʪɰћâ̛Ϳʪˍ˿ȧŸ�M1ÆM2��Ǟ�˔Ǜˈʭ{вћĚ
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ǭȄƽ�ɩͳ͓ʭŢŖ�˻̋ʭ6̑�ʔöʭȆ+>ŪŮ̲˹̨ʭɈ�ǭR¼M1

íƄƍM2íƄћˁ˘Ɵzћĵё̯
ʭŮ̲˹̨ǭД͌Œє�І͂ɍюʦʭʪļ

πɥʙM2Ɉ�γ΍ɱM1Ɉ�(Jimenez, Baglietto-Vargas et al. 2008)�Iba-1ЗǞ�

Kōʘǔ͟ˌŮ̲˹̨Ɉ�ʭƟȑћ4ɵȾƟzǞÌ�вíʭɈ�ћǳ?´)ϭĳ

pˍ˿ȧŸʭM1Ů̲˹̨ψ͙ϪɗјčѝCD36, CD14, CD11c, MHC-IIљћʶƩ{

ǺM1Ů̲˹̨{Ƚʃğ�pˍ˿ȧŸʁΙјčѝiNOS, TNFα, NADPHȮ��љћ

!ƍǞɗϪ(͟Ů̲˹̨ƆŸɈ�ʭƟȑMHC-II ћsͭ Ĩ�θʁΙǞ¾âŮ˭̛

ǯ΍�ўЋȝ�ÿћϗ̪�ʘŮ̲˹̨ʭíƄ΍�?{εoǞ¾Ɉ�ћ@č�ʘe

ʣ˻̋ǿ̾Ⱦ(IHC)nğ6 Iba-1 ̺ CD68 ςjKƟȑʭ6̑ћƍǞͲˣŮ̲˹̨

ĦŖ�˹̨цʭФ˖ÆçŖ?͹0oɈ�ʭʆƄћ̀¹)�{ǺǓȾћƍ͸̪ǩɕ

ȋ͹0Ů˭ĳŮ̲˹̨şΝʭˍ˿˰˾ȧŸ� 
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5.3.3 ̶Û;ʘ 

̶Û;ʘǞ�˔́ƞʖʁцhŹğʭȕ�ћ̀ˍ˿˰˾
ʭ̶Û;ʘʪʖǃ

΍ћ�ǭŤШˍ˿ʪ̥�(΄ћ̶Û;ʘ�΃όϪƍ̐�ϚǞǯģʭћ̶̛Û;ʘ

ć΂´̪Ĵ̸϶΀ƙʡ͔ʫʭ˸˖ћâȝ͡;ɱêˍ˿μ�Ÿʤʥ
ƓɣϨͦʭ

ͮ̾� 

êǵˁ˘
ћĵё˿ό�χʭŷŸǨПȁȹşƻŮ˭Ũћ�ȸǯĳ̯ϙ̶Û;

ʘƟȑ LC3bʭ͟ʎϪυƋд͌ŅʟћƌM;ɱ´̪ʭ¦âǞŷŸǨПŮ˭ʭǟЁ

�Σ)Ύ̶Û;ʘ¯Ư��˨ˁ˘�ʘ̫ĀϤ(lipopolysaccharide, LPS)ɜɐşΝĵ

ё̯ϙŷŸ¬ƆŸʭˍ˿ʪɰћˁ˘˼Ǽʪʎћʠ̯ϙâʪɰ­ƉşΝ̶Û;ʘǃ

΍ǟћɍрιʭ̶ÛƟȑ­ƉȨă̯ʯΙϗ?Ūųћ	̯ϙНͦêƞ̍ʪɰ�KǮ

Ƒ´̪>Ū̯
ʭ̶Û;ʘ¯Ư(François, Terro et al. 2014)ћɶ̛ǵȘŷŸǨПʭ

ǟ˓Źƞ�χћϗ�Σ)ͭĨ�̶Û;ʘƟȑʭ΍�ћȝÿћ͸Āˁ˘ʪʎ̶Û

цÆɜ�цʭɈŸǭД͌Œєø�̛�Јћɶ̛ǵˁ˘>ʘʭ¥ǞȜPTřǟʭ

�ƋŒĵёћǆ´̪â̯ϙʭ̶Û;ʘĜÑћЛ)ͭĨ�Ů˭ĳ̶Û;ʘʭŤШ� 

LC3 Ǟ�˔Æ½ÛɀʭŜ2�̶ÛцÆɜ�цʭ͕¹ǯЂʭ͔ʫћō͡ʘ?

(̶͟Û;ʘʭɈŸћľǔ̶Û;ʘό˓
ƋɹАȤʭƟȑ�ê�ʘͥǓяùȾ{

Ǻ LC3ǟћǭǯjK�º{ĕϪʭ͔ʫȆŌzʎћ{�Ǟ 16 kDaʭ LC3-I ¬ 14 

kDaʭ LC3-IIћȄƽǵˁ˘ʭğϪ˼Ǽћ´)ʹ�ĵё̯
 LC3b-1Ȩ LC3b-11ʭ

͟ʎϪчz͸Āћς̺�"ʭˁ˘˼Ǽʷˠ(Mizushima 2004)� 

�̼Ā�ʘ LC3-II/LC3-I?͟ˌ LC3ʭ͟ʎϪћLC3-IIǭÆ̶Ûц̱˼¹ћ

̛Ěʭ͟ʎϪÆ̶ÛцʭǌϪǯЂ�êj˔Žȼ�´)ʹ� LC3 ʭ˸˖ћˡ�˔

ɱ̶Û;ʘɈ�ћˡ�˔ɱ̶Ûɉ(autophagic flux)͡ЅǒυƋßɀñ˖(Klionsky, 

Abdelmohsen et al. 2016)ћƮ±ͻ΁ћʠ LC3͟ʎϪø�ǟћ´̪(̶͟Û;ʘȜ
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êψ͙ћ�´̪(̶͟Û;ʘ
ρ͡ЅˋɵȾĜƋћâȝНͦo'ʭ̶Û;ʘʷЂ

Ɵȑћč Beclin-1ƍ p62ћƑ̪Ă�Ν�ǒ̶Û;ʘǞ¾�̪¯Ư� 

¤E)Western blot?ȗɗ LC3-IIÆ LC3-Iћ�) LC3-IIÆ LC3-IʭȨP?(

͟ LC3ʭ͟ʎϪņ˿ǞŧōʘʭǓȾћ4&ǯ��ɂƁ�Щѝˡ�ћ̯
ʭ LC3-

I͟ʎϪϐăǔ LC3-IIћ̛	ςj̚ʭ͔ʫ{ĕϪʷζћâȝê˻̋ìɦ
´̪Л

)ɗŪ LC3-II(Chu, Plowey et al. 2009)ўˡ�ћLC3-IȨ LC3-IIǩĥǜê SDS̆͝

ɐ�­ͧx͕ʭό˓
Јͯћ	Ƙцĳǔ LC3-I Æ LC3-II ʭͫÆ��ʱʷº

(Mizushima and Yoshimori 2007)ћâȝζŒ?ʭʷЂǍʉ;ɱ�Ɖ) LC3-I;ɱğ

Ϫʭ{ȥћƉ) LC3-II Ћ)o'ǩ˗ğʭhϙĳɷ͔ʫ(čѝtubulin ƍ β-actin)?

͟ˌ LC3ʭ͟ʎϪ(Klionsky, Abdelmohsen et al. 2016, Yoshii and Mizushima 2017)� 
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5.3.4 І͂ɍюʦʃğʥʐ΍� 

вɨˬ͔ʫñ˖̛ƋʭǎôÆˍ˿̏́̎˼ǞІ͂ɍюʦʭ�ͦʥůћвɨ

ˬ͔ʫǎôǭЅƹˍ˿`�ЁʭXϏћ̛ˍ˿̏́̎˼�ǭ>ˍ˿`Ŀͯ�ɵȾX

ϏͳŻψ̛üȠћ	̶Û;ʘ¯Ư¬Ů̲˹̨Ɉ�Ϛ̪Ă�τςj˔ʥůʭÞϨ

˓Ŗ¬ŤШ˧æ�p 42K̩ðϟʭвɨˬ͔ʫ Aβ42ǭūÕц(monomers)�7̞ʁ

(oligomers)�¦̏́(fibrils)ˢЪŕπɥ̞ЖȶɨƋǬŨʭвɨˬ͔ʫǎô(plaques)ћ

ЗɶǬ˺ʭǎôíƄƑ̪ĂЅƹˍ˿ͳŻXϏћ4͸Āˁ˘ʪʎћ
ЁíƄʭ´ɜ

Ÿ7̞ʁ Aβ ǩpˍ˿ȧŸћâo´)ͿĴǙǱʭ Aβ ʥ΍(Walsh, Klyubin et al. 

2002, Kayed, Head et al. 2003)ћǆǵˁ˘)7̞ʁ Aβ42;ɱƟȑўˍ˿̏́̎˼Ǟ

â˹̨Ůˤ�ʭ Tau͔ʫόŖˊϟ�Ũ(p-tau)̞ЖƋ�´ɜʭ̞¹ʁћ̛êІ͂ɍ

юʦ
ћTau͔ʫʭø�ǭşΝ̶Χˊϟ�(Liazoghli, Perreault et al. 2005)ћ	ǭĴ

̸ Tau͔ʫʭ̞Ж(Chesser, Pritchard et al. 2013)ћ�ķǞ΁̉ Tau͔ʫ��bǔˊ

ϟ� Tau͔ʫ��ћâȝǵˁ˘)̉ Tau͔ʫ;ɱƟȑ�ɶ̛ћȄƽǵȘʭˁ˘˼

ǼʪʎћŷŸǨПȁȹşƻŮ˭�ȸǯΎ̯ϙʭ7̞ʁ Aβ¬̉ Tau͔ʫʭ͟ʎϪ

ǯд͌ʭǃ΍� 

ʵ�˙ȭȴǿŮ˭ʭȧʐˁ˘
ћάĶˁ˘ƨʹŮ˭ĳ Aβ ¬ Tau ͔ʫʭŤ

ШћâɱςjK͔ʫʷάǔʪɰ­Ɖ�Ȯ�û�ˢћľǔάŨ˞ʭƟȑћНͦϑʠ

ʭǨПȆ+¬Īт�ʁƑ̪ʹ�­Ɖћ@čƆŸÅÁǨПɪŖ˱ɱ 1000µg/m3 ʭ

ȁȹşƻŮ˭ћʪʎăё̯ϙʭ Aβ42¬όŖˊϟ� Tauǯд͌ë��ћƍǞ�ʘ

І͂ɍюʦ�ʁȓŞ
ʭ 5XFADðâγȢёћʪʎÅÁǨПȁȹşƻŮ˭Ũћĵ

ё̯ϙ Aβǎôǯд͌ø�ʭŽţ�Ћȝ�ÿћǵĪтġb�ˁ˘�ʘ C57BL6ĵ

ёћ)ºǔǵˁ˘�ǨПȆ+ψ͙ǨПћʪʎĵёă̯ʯΙʭ t-TauÆ p-TauϚǯ

д͌��ʭŽţћɶςȘʭˁ˘˼Ǽ�ТčȝћƌM;ɱǞâɱ 3xTg-ADĵёʭ
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êŒίǟǱʭˍ˿I΋ȕ�Tiћ	ǨПȆ+´̪�Σ)ŤШ̷čȝŨ˞ʭʃğ

ʤʥƟȑƐ̸� 

 

5.3.5 ˻̋ʥʐ 

ǵˁ˘ĳɍрι�ă̯ʯΙ�ĵ̯¬̦ϙψ͙�˻̋ʥʐ|ɿћ�) H&Eǿ

̾ͭĨʥʐ΍�ћ˼ǼʪʎêǨП˻̦ϙʭǁȭˤ¬͘ˤÄæʪʎίŮʭÕȃʏ

Ɏɧћ)¬¿ǯˇ˭ʭńÛ˹̨ћ�Ό˼ǼɱίŮʭʪɰ­Ɖ¬ˇ˭ȶ˖ћ̯ϙ�

ȸǯǛдʭʥʐ΍�� 

ǵȘ˻̋ʥʐ˼Ǽ̺b�ƌMʭˁ˘˼Ǽʷ3ћêŷŸǨПȁȹşƻŮ˭Ũ

υƋ̦ϙʭʪɰ­Ɖ¬Ů˭ñ˖(À!̖ 2016, Ρΐē 2017, ǶɅò 2018)ћ�(

͟°ÈÁgȾˈĪ>Ů˭×ψÅÁύ
�êцhυƋ­Ɖ�ˁ˘ƟzǨПǔăȭ

Ů˭´̪ǭĴ̸ÅÁύ�̦ϙʤʥø��ǭĴ̸ʪɰ­Ɖʭʗʖ(Kim, Kabir et al. 

2015)ћâŮ˭ƐʗʖʭGʪɰâĕ´̪ǭД͌цhŭʔυƋ̯ϙʪɰ­Ɖ�ø�

Ȯ�û�ћǬ˺ŤШ�
Ȓˍ˿ʭϊ;�˼Ȏ(Levesque, Surace et al. 2011)ћêȁ

ȹşƻŮ˭ʭʷЂцhˁ˘
�ǯʷ3ʭ˼Ǽ(Hartz, Bauer et al. 2008, Levesque, 

Taetzsch et al. 2011)ћ�êĵёʭ̦ɀɭɄɐ
ʪʎд͌ëʪɰ­Ɖ(Kim, Lee et al. 

2016)�^ˤƌMʪʎȁȹşƻŮ˭ǭ>ɍрιʪʖȮ�û�ʭʎΏћ4Ǟǵˁ˘

�ȸǯʪʎ̯ϙǯ,:ʥʐ΍�ћ͟ˌǵȘʭŮ˭ǨП�Σ)Ύ
Ȓˍ˿˰˾ʗ

ʖ˻̋ƍ˼Ȏ�Ǜдëǃ΍� 
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ˡm˝ ˼΃̺ŝΊ 

)°ÈÁgȾǨПȁȹşƻŮ˭ǭ>ĵё̦ϙʗʖʪɰ­Ɖћ�υƋ̯ϙʭ

Ȯ�û�ћ̛ƥˤͶƈ̺ę̗ʭɍрιǞоb¯�ŤШʭ̯�ћυƋ
Ȓˍ˿˰˾

ʭȮ�û�´̪ǞâɱʠŮ˭ψg̦ϙŨşΝʪɰ­ƉћGʪɰ­Ɖâĕˢ˹̨

ɩ˶˿ʙ͘ɐŭʔϊν̷̯ϙ�şΝȮ�û��ɶ ћ̛ǵȘʭĪтͷͲ�ɵȾͭĨ

�̯ϙˍ˿ʪɰ�̶Û;ʘ�Aβ¬ Tau͔ʫʭ΍�ћƌM;ɱ´̪ʭ¦âǞǵȘ

>ʘ�Œί 3xTg-ADĵё̯
ʭˍ˿I΋ȕ�Tiћʕ̷_ǔb�ˁ˘ō>ʘʭ

C57BL/6ĵёћȝÿћǵȘЗɱϨͤǨПћʷάǔ�ȘŸǨПǩǜͭĨ�ʖʁцʭ

ȧŸ­Ɖћ4ȦȘǨПʭɪŖ´̪ό7ћĴ̸̯ϙʭȮ�û��Σ)şΝˍ˿ʪɰ

­Ɖ¬Ũ̍ʭ
Ȓˍ˿˰˾ȧŸƟȑ΍�� 

ǳ?ˁ˘´)ȄƽǵȘʭĪтͷͲψ͙JǃћоbǞƬчȦȘʭǨП�Ϫћ�

>ʘ 12KǮă)�ʭŒ̘ 3xTg-ADĵёћЋȝ�ÿћƉƛϿǋKǨПʭǟ˓ћƍ

Ǟ̙ƇǬŨ�ȘǨПŨʭʅʂǟЁяћ24 ĵǟŨʅʂ´̪�Σ)şΝǾ�
Ȓˍ

˿ȧŸ­Ɖ�̀&Ƨʘ°ÈÁgȾˢŷŸǨПǓȾћ´)ǔ¿ǯŮ˭ʭƊɋɜɐ
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� 2����
	� SRM1650b� PAH�����(NIST 2013) 

PAH 
Mass Fraction(a) 

(mg/kg) 

Phenanthrene(b,c,d,e,f,g,h,i,j,k) 65.6 ± 3.6 

1-Methylphenanthrene(b,c,d,e,k,l,m) 32.1 ± 1.4 

2-Methylphenanthrene(b,c,d,e,k,l,m) 72.3 ± 1.2 

3-Methylphenanthrene(b,c,d,e,k,l,m) 56.7 ± 1.9 

9-Methylphenanthrene(b,c,d,e,k,l,m) 36.6 ± 1.6 

Fluoranthene(b,c,d,e,f,g,h,i,j,k) 48.1 ± 1.1(n) 

Pyrene(b,c,d,e,f,g,h,i,j,k) 44.1 ± 1.2 

Benzo[ghi]fluoranthene(c,e,f,g,h,i,j,k) 11.1 ± 0.7 

Benzo[c]phenanthrene(b,c,d,e,f,g,h,i,k) 2.65 ± 0.24 

Benz[a]anthracene(b,c,d,e,f,g,h,i,j,k) 6.45 ± 0.39 

Chrysene(b,d,g,o) 13.4 ± 0.6 

Triphenylene(b,d,g,o) 9.49 ± 0.63 

Benzo[a]fluoranthene(b,c,d,e,f,h,k) 0.384 ± 0.023 

Benzo[b]fluoranthene(c,e,f,g,h,i) 6.77 ± 0.92 

Benzo[j]fluoranthene(c,e,f,h) 3.24 ± 0.50(n) 

Benzo[k]fluoranthene(b,c,d,e,f,g,h,i,j,k) 2.30 ± 0.18(n) 

Benzo[e]pyrene(b,c,d,e,f,g,h,i,j,k) 6.36 ± 0.37 

Benzo[a]pyrene(b,c,d,e,f,g,h,i,j,k) 1.25 ± 0.12 

Perylene(c,d,e,k) 0.167 ± 0.019(n) 
Indeno[1,2,3-cd]pyrene(b,c,d,e,f,g,h,i,j,k,o)

 4.48 ± 0.21 

Benzo[ghi]perylene(b,c,d,e,f,g,h,i,j,k,o) 6.04 ± 0.30 

Dibenz[a,c]anthracene(c,e,f,g,h,i) 0.439 ± 0.048 

Dibenz[a,h]anthracene(c,e,g,i) 0.365 ± 0.082 

Dibenz[a,j]anthracene(c,e,g,i) 0.387 ± 0.068(n) 

Benzo[b]chrysene(b,c,d,e,f,g,h,i,k) 0.301 ± 0.019(n) 

Picene(b,c,d,e,f,g,h,i,k) 0.506 ± 0.058(n) 
(a) The certified mass fraction values, unless otherwise footnoted, are weighted means of the mass fractions from multiple analytical 

methods. The uncertainty listed with each value is an expanded uncertainty about the mean with coverage factor, k = 2, calculated 

by combining within method variances with a between method variance following the ISO/JCGM Guide. 

(b) GC/MS (Ia) on a proprietary relatively nonpolar phase after PFE at 100 °C and 13.8 MPa with toluene. 

(c) GC/MS (Ib) on 50 % phenyl-substituted methylpolysiloxane phase, same extract as GC/MS (Ia). 



doi:10.6342/NTU201901961

 

 68 

(d) GC/MS (IIa) on a proprietary relatively nonpolar phase after PFE at 200 °C and 13.8 MPa with toluene. 

(e) GC/MS (IIb) on 50 % phenyl-substituted methylpolysiloxane phase same extract as GC/MS (IIa). 

(f) GC/MS (IIIa) on 50 % phenyl-substituted methylpolysiloxane phase after PFE at 100 °C and 13.8 MPa with DCM. (g) GC/MS 

(IIIb) on dimethyl 50 % polysiloxane liquid crystalline stationary phase with same extract as GC/MS (IIIa). (h) GC/MS (IVa) on 50 

% phenyl-substituted methylpolysiloxane phase after PFE at 200 °C and 13.8 MPa with DCM. (i) GC/MS (IVb) on dimethyl 50 % 

polysiloxane liquid crystalline stationary phase with same extract as GC/MS (IVa). (j) GC/MS (Environment Canada) on a 

proprietary relatively nonpolar phase. 

(k) GC/MS (VIII) on non-polar extra low bleed proprietary phase after PFE with toluene at 100 °C with 13.8 MPa; 100 °C with 20.7 

MPa; 200 °C with 13.8 MPa; and 200 °C with 20.7 MPa. 

(l) GC/MS (Va) on 50 % phenyl-substituted methylpolysiloxane phase after PFE at 100 °C and 13.8 MPa with DCM. 

(m) GC/MS (VIa) on 50 % phenyl-substituted methylpolysiloxane phase after PFE at 200 °C and 13.8 MPa with DCM. 

(n) The certified value is a weighted mean of average mass fractions, with one average from each of two or more analytical 

methods. The expanded uncertainty is the half width of a symmetric 95 % parametric bootstrap confidence interval which is 

consistent with the ISO/JCGM Guide with an effective coverage factor, k, equals 2. 

(o) GC/MS (VII) on 50 % phenyl-substituted methylpolysiloxane phase after PFE at 100 °C with DCM. 
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� 3�LC-MS/MS�����
� 

Time 

(min) 

Mobile phase A (%) 

0.1% AA in ACN 

Mobile phase B (%) 

0.1% AA in H2O 

Flow rate 

(µL/min) 

0.00 50 50 300 

1.00 50 50 300 

5.00 95 5 300 

10.50 95 5 300 

11.00 50 50 300 

11.10 50 50 500 

14.00 50 50 500 

14.10 50 50 300 

15.00 50 50 300 

 

� 4�HESI�� 

Device Value 

Spray voltage (V) 3000 

Vaporizer temperature (℃) 200 

Sheath gas pressure (psi) 35 

Auxiliary gas pressure (arb) 5 

Capillary temperature (℃) 200 

 

� 5�SRM�� 

Analyte 
Precursor ion 

(m/z) 

Product ion 

(m/z) 

Collison Energy 

(V) 

Tube Lens 

(V) 

MDA-DNPH [M+H]+235.0 
116.2 32 46 

131.2 28 46 
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� 6����� 

Analyte Standard calibration curve r2 Matrix matched calibration curve r2 Matrix effect (%) 

MDA-DNPH y=5884086x+39606 r2=0.9991 y=5599679x+1185836 r2=0.9972 -4.83 % 
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� 7�����MDA	� 

Brain region 
Control (nmol/mL) 

Mean ± SE(Median) 

Exposure (nmol/mL) 

Mean ± SE (Median) 
p-value 

Cerebral cortex    

 0.013 ± 0.002 (0.012) 0.025 ± 0.007 (0.020) 0.1282 

Cerebellum    

 0.013 ± 0.001 (0.013) 0.020 ± 0.004 (0.018) 0.0927 

Hippocampus    

 0.014 ± 0.002 (0.016) 0.058 ± 0.011 (0.060) 0.0051* 

Data are represented as mean ± SE for cerebral cortex, cerebellum and hippocampus (ncontrol=6; 

nexposure=6). Wilcoxon rank sum test was used to compare control and exposure group. *p<0.05 

compare to control group. 
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� 8����� Iba-1�
�
�(Fold of control) 

Brain region 
Control 

Mean ± SE (Median) 

Exposure 

Mean ± SE (Median) 
p-value 

Cerebral cortex    

 1.00 ± 0.22 (0.99) 0.73 ± 0.15 (0.77) 0.4712 

Cerebellum    

 1.00 ± 0.20 (0.86) 1.54 ± 0.15 (1.48) 0.0927 

Hippocampus    

 1.00 ± 0.13 (0.93) 0.79 ± 0.17 (0.70) 0.2980 

Data are represented as mean ± SE for cerebral cortex, cerebellum and hippocampus (ncontrol=6; 

nexposure=6). Wilcoxon rank sum test was used to compare control and exposure group. *p<0.05 

compare to control group. 

 

� 9����� LC3b�
�
�(Fold of control) 

Brain region 
Control 

Mean ± SE (Median) 

Exposure 

Mean ± SE (Median) 
p-value 

Cerebral cortex    

 1.00 ± 0.21 (0.79) 0.68 ± 0.09 (0.71) 0.2298 

Cerebellum    

 1.00 ± 0.17 (0.97) 0.76 ± 0.08 (0.79) 0.4712 

Hippocampus    

 1.00 ± 0.15 (0.88) 1.27 ± 0.26 (1.16) 0.2298 

Data are represented as mean ± SE for cerebral cortex, cerebellum and hippocampus (ncontrol=6; 

nexposure=6). Wilcoxon rank sum test was used to compare control and exposure group. *p<0.05 

compare to control group. 
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� 10����� Aβ42�
�
�(Fold of control) 

Brain region 
Control 

Mean ± SE (Median) 

Exposure 

Mean ± SE (Median) 
p-value 

Cerebral cortex    

 1.00 ± 0.10 (1.00) 0.68 ± 0.09 (0.71) 0.0927 

Cerebellum    

 1.00 ± 0.07 (1.03) 0.99 ± 0.09 (0.97) 0.9362 

Hippocampus    

 1.00 ± 0.08 (1.02) 1.08 ± 0.06 (1.05) 0.8102 

Data are represented as mean ± SE for cerebral cortex, cerebellum and hippocampus (ncontrol=6; 

nexposure=6). Wilcoxon rank sum test was used to compare control and exposure group. *p<0.05 

compare to control group. 

 

� 11����� t-Tau�
�
�(Fold of control) 

Brain region 
Control 

Mean ± SE (Median) 

Exposure 

Mean ± SE (Median) 
p-value 

Cerebral cortex    

 1.00 ± 0.12 (1.03) 0.99± 0.10 (0.90) 0.2980 

Cerebellum    

 1.00 ± 0.11 (0.93) 0.99 ± 0.08 (0.99) 0.9362 

Hippocampus    

 1.00 ± 0.12 (1.00) 1.06 ± 0.10 (1.15) 0.9362 

Data are represented as mean ± SE for cerebral cortex, cerebellum and hippocampus (ncontrol=6; 

nexposure=6). Wilcoxon rank sum test was used to compare control and exposure group. *p<0.05 

compare to control group. 
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� 12����������� 

Organ Histopathological lesions 
Control 

Mean ± SD 

Exposure 

Mean ± SD 

Lung 

Inflammation, mononuclear cells, bronchioles, 

alveoli and blood vessels 

5/8 

1.0 ± 0.0 

8/8 

2.0 ± 0.0 

Pigmentation, carbonaceous materials, bronchioles 

and alveoli 

0/8 

- 

8/8 

2.0 ± 0.0 

Brain - 
0/8 

- 

0/8 

- 

(-): No significant lesions. 

Severity of lesions was graded according to the methods described by Shackelford et al. (2002) 

(Toxicologic Pathology 30: 93-96, 2002). Degree of lesions stained with HE was graded from one to five 

depending on severity: 1=minimal (<1 %); 2=slight (1-25 %); 3=moderate (26-50 %); 4=moderate/severe (51-

75 %); 5=severe/high (76-100 %). 
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� 1������ 
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� 2�MDA-DNPH��� 

MDA-DNPH 

Retention time=10.02 min 

Standard concentration: 0.0625nmol/mL 
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� 3����MDA�� (A)	��� (B)�� (C)��� 

Results are represented as mean ± SE (ncontrol=6; nexposure=6). Wilcoxon rank sum test 

was used to compare control and exposure group. *p<0.05 compare to control group. 
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� 4�	���� Iba-1����� (A)�
����� Iba-1�� (B) Iba-1�

��
���  

Results are represented as mean ± SE (ncontrol=6; nexposure=6). Wilcoxon rank sum test 

was used to compare control and exposure group. *p<0.05 compare to control group. 
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� 5���� Iba-1����� (A)�
����� Iba-1�� (B) Iba-1���


���  

Results are represented as mean ± SE (ncontrol=6; nexposure=6). Wilcoxon rank sum test 

was used to compare control and exposure group. *p<0.05 compare to control group. 
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� 6����� Iba-1����� (A)�
����� Iba-1�� (B) Iba-1��

�
���  

Results are represented as mean ± SE (ncontrol=6; nexposure=6). Wilcoxon rank sum test 

was used to compare control and exposure group. *p<0.05 compare to control group. 
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� 7�	���� LC3b����� (A)�
����� LC3b�� (B) LC3b�

��
���  

Results are represented as mean ± SE (ncontrol=6; nexposure=6). Wilcoxon rank sum test 

was used to compare control and exposure group. *p<0.05 compare to control group. 
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� 8���� LC3b����� (A)�
����� LC3b�� (B) LC3b���


���  

Results are represented as mean ± SE (ncontrol=6; nexposure=6). Wilcoxon rank sum test 

was used to compare control and exposure group. *p<0.05 compare to control group. 
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� 9����� LC3b����� (A)�
����� LC3b�� (B) LC3b��

�
���  

Results are represented as mean ± SE (ncontrol=6; nexposure=6). Wilcoxon rank sum test 

was used to compare control and exposure group. *p<0.05 compare to control group. 
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� 10�	���� Aβ42����� (A)�
����� Aβ42�� (B) Aβ42��

�
���  

Results are represented as mean ± SE (ncontrol=6; nexposure=6). Wilcoxon rank sum test 

was used to compare control and exposure group. *p<0.05 compare to control group. 
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� 11���� Aβ42����� (A)�
����� Aβ42�� (B) Aβ42���


���  

Results are represented as mean ± SE (ncontrol=6; nexposure=6). Wilcoxon rank sum test 

was used to compare control and exposure group. *p<0.05 compare to control group. 
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� 12����� Aβ42����� (A)�
����� Aβ42�� (B) Aβ42���


���  

Results are represented as mean ± SE (ncontrol=6; nexposure=6). Wilcoxon rank sum test 

was used to compare control and exposure group. *p<0.05 compare to control group. 
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� 13�	���� t-Tau����� (A)�
����� t-Tau�� (B) t-Tau�

��
���  

Results are represented as mean ± SE (ncontrol=6; nexposure=6). Wilcoxon rank sum test 

was used to compare control and exposure group. *p<0.05 compare to control group. 
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� 14���� t-Tau����� (A)�
����� t-Tau�� (B) t-Tau���


���  

Results are represented as mean ± SE (ncontrol=6; nexposure=6). Wilcoxon rank sum test 

was used to compare control and exposure group. *p<0.05 compare to control group. 
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� 15����� t-Tau����� (A)�
����� t-Tau�� (B) t-Tau��

�
���  

Results are represented as mean ± SE (ncontrol=6; nexposure=6). Wilcoxon rank sum test 

was used to compare control and exposure group. *p<0.05 compare to control group. 
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� 16���
����
 (A.B)��� (C.D)��� H&E stain; A and C: scale bars measure 200 µm, B and D: scale bars measure 

50 µm. 

 

(A) (B) 

(C) (D) 
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� 17������
 (A.B)��� (C.D)��� H&E stain; A and C: scale bars measure 200 µm, B and D: scale bars measure 50 µm. 
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� 18�	�����
 (A.B)��� (C.D)��� H&E stain; A and C: scale bars measure 200 µm, B and D: scale bars measure 50 

µm. 
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� 19������
 (A.B)��� (C.D)��� H&E stain; A and C: scale bars measure 200 µm, B and D: scale bars measure 50 µm. 
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