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Abstract 

Air pollution is a problem that has received much attention today. Many studies in 

the past have shown that exposure to atmospheric particulate matter (PM) can produce 

adverse health effects such as cardiovascular disease and respiratory system. To date, 

numerous studies have repeatedly pointed out that exposure to PM may affect the central 

nervous system (CNS), which in turn causes neurodegenerative diseases including 

Alzheimer's disease (AD). There are two main pathological signs of AD: (1) amyloid 

plaque formed by deposition of amyloid-beta (Aβ); (2) Neurofibrillary Tangles (NFTs) 

formed by the aggregation of phosphorylated Tau protein (p-Tau). These two changes 

cause neuronal dysfunction and necrosis, and studies have shown that the increase of 

oxidative stress, microglia activation, and autophagy in central nervous system also play 

a role. 

At present, most toxicological studies use concentrated particle exposure systems to 

exposure atmospheric PM. Although it can provide a higher concentration, it does not 

reflect the actual exposure of the real world. Therefore, this study will use the Taipei Air 

Pollution Exposure System for Health (TAPES) as an exposure device. At the same time, 

this study used 6-month-old triple-transgenic AD mice (3xTg-AD mice) as experimental 

animals. This strain can develop similar pathology of human AD. Therefore, we hope to 

understand the neurotoxicity of the CNS after exposure to PM by the above experimental 

animal model. 

In this study, 6-month-old 3×Tg-AD female mice were exposed for 3 months to 

atmospheric PM in Taipei. We measured the markers related to the pathology of AD (Tau, 
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p-Tau, and Aβ42), the activation of microglia (Iba-1) and the autophagy (LC3B). 

Malondialdehyde (MDA) was also measured to assess the degree of oxidative stress. The 

above indicators were measured olfactory bulb, cerebellum, hippocampus and cerebral 

cortex. Before the sacrifice, the changes in spatial memory, learning ability and athletic 

ability were determined through two behavioral experiments (morris water maze and 

rotarod). 

The average concentration of PM2.5 in the first stage (108/10/01-108/12/31) was 

11.15 µg/m3, and the second stage (108/12/03-109/03/03) was 11.60 µg/m3. The results 

of morris water maze showed that there was no significant difference between the control 

group and the exposed group in the knowledge acquisition stage. In the space exploration 

experiment, the time spent in platform quadrant had significant difference in the two 

groups. However, the exposed group was higher than the control group. In the rotarod 

test, speed at fall (p<0.05) and latency to fall (p<0.05) on the second day were 

significantly different. However, the control group was lower than the exposed group. 

The results of oxidative stress index showed that MDA in the olfactory bulb (p<0.05) and 

hippocampus (p<0.05) increased significantly after 3 months of exposure, and the other 

brain regions showed an upward trend, but the trend was not significant. In protein 

analysis, there were no differences in the four brain regions for the Tau and LC3B proteins. 

The p-Tau protein in the exposure group was significantly higher in the olfactory bulb 

(p<0.05). The Aβ42 of exposure group in the hippocampus was significantly lower than 

the control group (p<0.05). The Iba-1 of exposure group in the cerebral cortex was 

significantly lower than the control group (p<0.05). 

The results of the above studies show that sub-chronic inhalation exposure to 
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atmospheric PM induces an increase in oxidative stress and an increase in p-Tau protein 

in the brain, both of which were significant in the olfactory bulb. It is obvious that the 

olfactory bulb may play an role in the translation of the PM into the brain. However, 

exposure to PM for 3 months did not significantly affect spatial learning, memory 

function, and exercise capacity of 6-month-old 3xTg-AD female mice. This study 

provides a supporting evidence linking the exposure to atmospheric PM and CNS toxicity. 

To further clarify the effects of PM on the CNS, future research is needed to extend the 

exposure time and use the aged mice. 

 

Keywords: Atmospheric fine aerosols, neurotoxicity, Alzheimer's disease, oxidative 

stress, behavioral experiments 
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干�˞��ƛģ向ǖĜ�Ż 

1.1. ƛģ 

ƁȣÍƿŻӔ尾判他©ʬΧɬ乃JѾƗŻ只Ҿ˸ɧ�介光五*已ŖӃũ
ƊÀ

Ĵ�ΧŝƁȣÍƿŻǔӃǖĜĐƽ҈¹
ƁȣÍƿŹsùӊȬ另ʺ(particulate matter, 

PM)	ȣ每(sùɊȤ	�ȤG冰	ʶȤGŹ	J̋ȤGŹ̙)	Ç何G´Ź	kJ

ƌә
Ĺ6�仁¹ǇÚȳ西ǖĜƶp PM外ͮ�łø功��Ź每AĪΧ�Ź每Çǩ

ǰɬ乃ȕ否
ĹǄœ外判他Ĵ尼	ʾÃÃDkJʺȐ*HÓΧ4每Ç5°8ɬ乃ȕ

否
ɷϤҀȴǖĜͰ(International Agency for Research on Cancer, IARC)2ŝ 2013

À乙PM夾ӆŝ干�ɀǢҀŹ
Ƿ二ӃũŻƽ�PM6hǧȫJ6Ͽȸͮĝ才(central 

nervous system, CNS)ȕ否ŻƽʽӊȬ另ʺ(fine particles, FPs)Ń̲ʽ另ʺ(ultrafine 

particles, UFPs)
ƛ́ǌȣɲʺȐHŝ 2.5	µm�ƯƃǌȣɲʺȐƜHŝ 0.1	µm
 

PMΧUÙπĝ才Jłø用ĝ才8ǔӃȲȳӃƚ2ͮ死�
火Ó�ƊÀĴ¹́

ǖĜƶp PM yɈΧ CNS 件Ã¯ȅ
ĪÇǖĜƶp PM yɈ向ȸͮəÚœȲȳ 

(neurodegenerative disease)�¼ƎɌȪ努ȴ(alzheimer's disease, AD)	Ŏƌ̆`ȴ8

ȳ寸西ÇӃ
Ƞ住ɷϤ�文ȴľ外(alzheimer's disease International, ADI)8才Ǩͽ

Ȗ��ƛ©ʬǜÇ;&ͬ4你ʇ AD�g�ƛĪęÇykƏ]ŔɗҨȳ̖8űѿY

Á
ƺ AD ƽ�ƛ仁¹4ӃũĪЋɍǖĜ8Ȳȳ
ғ火�ƛΧŝ PM Ŗӥɲ CNS

ȳӱ何Ľō�Š死
火Ó�ÇǖĜƉŠyɈόµŝȸͮ̒Ŵ(inflammation)kJȤG

ѱ�(oxidative stress)пǢȸͮȳӱ功ÓҵÊ
�ƛΧŝӊȬ另ʺϽ改向 AD8ǔӃ

ǖĜ¹ǌǇÚȳ西ǖĜ�ғɈӲ� AD Ż̒�yɈ向ƁȣÍƿÇӃ，΃ɄiǔӃ

ɲŹ伊ӳãҿ
QϻӃũŝȳ寸何Ľ8ǖĜƜ¹ı��ɋ伊ӳÑΙ(¼ C57BL/6H

Ι)� ΃ӄӼΦpǔӃ8ÚǌJȳ式ӱG
µÉ�ǖĜ乙ð�ƎɌȪ努ȴ ɺµ
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Ҩ̉ɲŹ收Á(triple-transgenic model of Alzheimer's disease, 3xTg-AD)Ĵʋɏ*ȣ

PMΧ AD8ϵ攻
 

1.2. ǖĜ�Ż 

�ǖĜ�ŻǌʋɏkłøYÁĮ休œϽ改*ȣӊȬ另ʺ 3 Ǻ[Χ 6 Ǻ[* 

3xTg-AD�ΙǔӃƎɌȪ努ȴȳ式	Ɓ̼西ˁ向ϔŽrɈ	J生ɲɈ�ŀ͔8ϵ

攻
 

µÉ�ǖĜ8ǖĜɪ回ǌ� 

1. ʋɏϽ改*ȣ另ʺӥɲ 3xTg-AD HΙŻ AD ȳ式ĄÃ 

2. 另ʺϽ改ΧƁ̼西ˁĸÇĎӱ�ĪgyɈ˓ÃϔŽrɈŀ͔
 

3. 另ʺϽ改Χ生ɲɈ�Çǩǰϵ攻
 

4. ʋɏĮ休œłøϽ改ϵ攻 AD8yɈ何Ľ
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干�˞��Xӌ¶Ӥ 

2.1. ӊȬ另ʺ8ɬ乃ȕ否 

ƁȣÍƿΧ�Ź每Żɬ乃¯ȅ�żˡŀӃũ�µǌóıƽê佐ƫŻÍƿ#y

Ɉ¾¸ɧƫŻǱ利
ƁȣËƿǌ�Ɓȣ6ȣΨ	ʡΨŹС	JŅ每均ʺ̙ŹСŖʾ

Ã8ʧ´Ź
ĹÃ¦ˏʀsù PM	ȣ每(¼ɊȤ	�ȤG冰	ʶȤGŹ	̋ȤGŹ

̙)	Ç何G´Ź(¼¹ѾƇԁŃAǄȽ)	Jƌә(¼公	完 	Ѣ)
Ƞ住才Ǩ�©ʬ

Ç 200ͬ4µǌƁȣÍƿŖ七ĴŻƄ內̙łø用ȲȳÓÊ$�̧ ˎ86ǜÇ 2.1ͬ

4ƽ�ŝ PMŖTɕ(Chuang, Yan et al. 2011)
 

PMykżʌ又ŜŔƽͮ由̼ʌҨGƯ«又p�ĪgĴ尼ykDǌ4ǌkJÕ

火ʯ�
ƛƃsùŅ每伸Ȗ伸ю	0央J΅央ǋɲ(Srimuruganandam and Nagendra 

2012)�ƯƃƜƽb/	ĕ交Ͻ	\Ē伸юŔȪȦ(Misra, Geller et al. 2001)
Ó PM2.5

¹ƽͮ�0央ǋɲ	΅央Ȼ交	ʐ我	Ŕ�ˏ生ѝ8伸ю由̖6Ŗʯ�Żȣ每向ɧ

͢ϏĚ：йÓÃ(Juda-Rezler, Reizer et al. 2011)
°ș�PM2.5µ�Ç何Ń水何G´

ŹʾÃ�sƷʶϜ沈	̔Ϝ沈	冰	ϡ	刃Ү,	Ɇ¹ґ	ƌә	J¹ѾƇǵԁ

(polycyclic aromatic hydrocarbons, PAH)�Ó"ǫŹСǓƽyɈІ¸˓Ãɬ乃ϵ攻Ż

Ǆœȯ式(Craig, Brook et al. 2008)
  

ғ火 PMϽ改yɈ外ŀļłø收Á	今ʫ	4每每但Żϵ攻�，ƽϵ攻ɬ乃ȕ

否ŻȁµƜƽĿĘŝ另ʺŻʺȐ*H(Brown, Gordon et al. 2013)
Ƞ住 PMȣɲʺ

Ȑ*H�yk乙 PM Dӆǌ(1) PM10�ƶʺȐHŝ 10µm�y功�łø用Ż另ʺ�

(2) PM2.5�ƶʺȐHŝ 2.5 µm�y¸łøș功�ʽWȣπĪϵ攻ƄAŻȣ每�引Ż

ʽʺȐ另ʺ�(3) UFPs�ƶʺȐHŝ 0.1 µm��ξǌ̲ʽ另ʺ(Block and Calderón-
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Garcidueñas 2009)
5Κ�ɋ PM10右βȱ¸4每ŻȣπŔƽWȣπ6�Īgyk

ͮ��ϮѰŃƠΜ̙由̖Ĵ叉ɢˎĭʻ另ʺ(Atkinson, Fuller et al. 2010)�ʺȐHŝ

5 ļ 10µm Ż另ʺyɈė但¸ȣπDŤ6�Ó 1 ļ 5µm 8̼Ż均ʺƜ外ė但¸ł

øHȣπŃ̒�ȣ每�引ŻƄŲ6(Löndahl, Pagels et al. 2006)
ÓHŝ 1µmŻ另

ʺǐÖ外ε元ļƄŲAĪgykҨʷļʽǡʾҠŔ孔Ѿĝ才6 (Valavanidis, 

Fiotakis et al. 2008)
µÉ�PM2.5kJ UFPsƽ化ÇyɈ˓Ãɬ乃Ǳ利ŻʺȐ
 

Ƞ住¹́ǇÚȳ西ǖĜ�Ͻ改 PM2ͮ五死�向¹νǩǰɬ乃ȕ否ÇӃ�sù

安qßɠʫ向Ʊ̬Ƨ夫̬ʫ	ʯ�łø用ȴź	休œłø用Ȳȳ少G	UÙπȲȳ

少G	ƄrɈ!ǯŃ由ÅÊ$(Samoli, Peng et al. 2008, Halonen, Lanki et al. 2009, 

Guaita, Pichiule et al. 2011, Perez, Tobías et al. 2012)
É��ÇǖĜ Ɖ�Ͻ改ŝɧ

佐ƫŻ另ʺ#yɈпǢ吞Ķp�每ǭê	ÅʯǐÖƽǠĶŃ吞ĶÊ$(Guaita, 

Pichiule et al. 2011)
g�伊ӳƧ¨ƛǖĜ Ӳ�另ʺyɈTɕƄ內̒ŴJƄrɈ

Ďӱ(Lei, Chen et al. 2004)�kJU΂ÙѱJÕhȸͮrɈĎӱ(Cheng, Hwang et al. 

2003, Chang, Hwang et al. 2005, Chang, Hwang et al. 2007)JUƧÄ҅rɈ!ǯ(Yan, 

Huang et al. 2008)
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2.2. ӊȬ另ʺϽ改向6ϿȸͮǄœ  

Ͻ改另ʺɢ�外ΧłøJUÙπĝ才件Ã5Ġɬ乃ϵ攻��Ɗ方 Ç¹́Ǉ

Úȳ西ŔǄ寸西ǖĜƶpϽ改另ʺ外Χ CNS ʯ�Ǆœ功ÓT̒ȸͮəGœȲȳ
 

另ʺ˓ÃȸͮǄœŻ何Ҩ͜ǌОү�˕ȐĐƽ已回ɃɁ
�ƛhǧ化ǌ4Ŗʌ

ŀ8˕ȐÇ!ǫ太ν(Madl 2012)
干�ν˕Ȑǌͧ另ʺŻʺȐHŝ 100 ňÐ

(nanometer, nm)ș�另ʺykżʌ元由 'ȸͮ古在ļΈͳ內�Χͳ內˓Ãϵ攻

(Calderon-Garciduenas, Solt et al. 2008, Wang, Xiong et al. 2017)�干�ν˕Ȑǌ另ʺ

ė但¸͊"�ʽǡĪŰ他͊Ӓ͑Ӓȸͮ(olfactory sensory neuron, OSN)̵Ǚ古在ļ

Έ͊ʬ(olfactory bulb)�化ƯΧͳ內˓Ã͇ȅ(Oberdorster, Sharp et al. 2004, Ajmani, 

Suh et al. 2016, Wang, Xiong et al. 2017)�干 ν˕Ȑǌ另ʺø�Ư�另ʺė但¸Ƅ

Ų�火Ưˏ由Ƅ內ÙȣƩ妄(blood-air barrier)�元由Ùʡ孔Ѿ«ˏ由ÙͳƩ妄(blood 

brain barrier, BBB)ļΈͳ內(Wang, Xiong et al. 2017)�ıͳ內ʯ�̒ŴK否�ȤG

ѱ�"I�功Óʯ�ȸͮəGœȲȳ(Oberdorster, Oberdorster et al. 2005)�干�ν

˕Ȑǌ另ʺø�Ư�另ʺĻэÕhȸͮĝ才TɕUÙπrɈ妄序�Ŕƽͧ另ʺ功�

Ƅ內8ƯTɕ©Ħœ̒ŴK否
̒ ŴK否ŖʯpŻʽǡэȽͮ�Ùʡ古ѝļUӬ�

«元由Ùʡ孔Ѿ乙ʽǡэȽ古在ļͳ內�Χͳ內˓Ãϵ攻(Wang, Xiong et al. 2017)
 

²́ǖĜ六ɟΧ"ǫŻ˕Ȑ˸p母Ӗ�ÇǖĜ夫ƶpͧ PM2.5向 UFP ̙ʽʺ

Ȑ8另ʺ�Ƅ內功�Ħ每Ư外T̒ȸͮ̒Ŵ(neuroinflammation)	ǋœȤÕ�ɺ

(reactive oxygen species, ROS)Ż安q	Jȸͮȳӱ�Ó"ǫK否ɢ外ʯ� ROS�

#外ʯ�ʽǡэȽ(cytokines)Īgykͮ�Ùʡ孔Ѿ功� CNS ÓпǢ6Ͽȸͮĝ

才Ȳȳ̒�(Block and Calderón-Garcidueñas 2009, Kim, Knight et al. 2012, Wu, Lin et 

al. 2015)
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|��ÇǖĜ˸pͧ另ʺ五ø�Ư�ˏ由ϩҕКĪң�͊Ӓȸͮ@功ļ͊ʬJ

͊Ӓ�Сɳ(Ajmani, Suh et al. 2016)Īgˏ由ʽǡȗŔȸͮń˩Ż˕Ȑǘ由͊ԂК

Ńєɦ功�ͳɉʡ(cerebrospinal fluid, CSF)6�µÉ另ʺóyͮ由民˕Ȑ功� CNS

Tɕȸͮȳӱ(Calderon-Garciduenas, Azzarelli et al. 2002)
µÉyɈµǌ͊ʬ¸另

ʺ古ѝļ CNS ˎʜ΁Ȑ"ċ任ǭǧŻĢØ�ƺ¸ AD JŎƌ̆`ȴ(Parkinson's 

disease)̙ȸͮəGœȲȳ8Å方ȳ̖ykӼΦļÇ͊ӒrɈ妄序Ż八Ą̒�
 

ÇɲŹǖĜƶpͧ另ʺˏ由łø用Ư外功�6Ͽȸͮĝ才(Elder, Gelein et al. 

2006)�¸łøϽ改佐҅另ʺŻǖĜ̒小ͲЍҵÊµ, α (tumor necrosis factor, 

TNFα)	�ʽǡ?Ƚ 1α (interleukin-1α, IL-1α)Ńȝµ,ǋG B ʽǡ κ 地ӂ安了,

(nuclear factor kappa-light-chain-enhancer of activated B cells, NF-κB)¸ͳ6Iɧ

(Campbell, Oldham et al. 2005)
¸ Fonken ̙4ŻłøϽ改佐҅另ʺǖĜ#̒小

TNFαŃ�ʽǡ?Ƚ 1β (interleukin-1 β, IL-1β)¸Ȫɥɚ6Ӳ他安q(Fonken, Xu et al. 

2011)�¸łøϽ改ȡŮTѵ另ʺŻǖĜ#ƉŠ TNFα ¸ƛ尿未�ϲ(prefrontal 

cortex)	ԍ未�С(temporal cortex)	ȼź每(striatum)ŃHͳ(cerebellum)6Ӳ他安q�

Īg#̒小әŝćȤGк(antioxidant)Ż干�ƤÙǚȽȤG�(heme oxygenase-1, 

HO-1)¸ˎĭͳɳ6"I(Kim, Kim et al. 2018)�¸ van Berlo̙4łøϽ改ȡŮT

ѵϳȣŻǖĜ#̒小Ͻ改Ư 4 Hș HO-1 ¸ͳ!ƣ每(pituitary)Ń͊ʬ"I(van 

Berlo, Albrecht et al. 2010)
 

|�由xXӌ#˸płøϽ改ȡŮTѵϳȣƯ另Лʽǡ(microglial)¸ͳ6五

эǋ(Levesque, Taetzsch et al. 2011, Cole, Coburn et al. 2016)�5右¼É#ÇǖĜƶ

p另ʺŻϽ改пǢƎɌȪ努ȴƶЀ估Ȼ成 β互�(amyloid β-peptide, Aβ)Ń Tau互�

¸ͳ6安q(Levesque, Surace et al. 2011)�ǐÖ外пǢÚǌŻĎӱ
Ĺ6sƷǋɲ

�	Ɓ̼西ˁ	Ɏ串Ɉ�kJўî͖Ź每Ɉ�!ǯ(Zanchi, Venturini et al. 2008, 
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Zanchi, Fagundes et al. 2010, Fonken, Xu et al. 2011)
ɢ�Ǆ寸西ǖĜ��ǇÚȳ西

ǖĜ°șƶpϽ改ŝƁȣÍƿ外Tɕȸͮ̒ŴK否(neuroinflammation)�Ī¸ͳ6

̒小ȤGѱ�"I	BBBTɕ͔͇(Bos, De Boever et al. 2012)
 

Ƞ住"ǫ̒小Ͻ改另ʺ外пǢ CNSŀļϵ攻�功ÓTɕȸͮəGœȲȳ
，

ƽ另ʺ向ȸͮəGœȲȳŻǢȳ何Ľ=ō�叉失�µÉ�ǖĜң�另ʺϽ改�母

另ʺ向 CNSǄœ8̼ŻӃƚ
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2.3. ƎɌȪ努ȴ(alzheimer's disease) 

ADƽ�νȸͮəGœȲȳ�Ĺ̒ȳ功̖И休g外Ç判他ș̼5Қ少GŻƴӞ

œȸͮrɈ妄序
你ʇ ADƯÅ方ȴź�ƽ̻ŊӄkɎßƊ方̒�ŻĬ八
判他Ȳ

ȳŻ̒Ȋ�ȴźyɈ外sù�把º	Şư	ĸďѶœ	水ŭ�ʀģϓ	ȈŞɘ΁	

八吐5һŋ	˦ ��¾ɲ�	˦ �ƍ方Ɏ串	ӄkÕ寸ŃÚǌʲʀ 
̙ļΈʗ方Ư�

ʇƃ外介光˦�Ħ每何Ɉ�化中пǢÊ$(Tabert, Liu et al. 2005, Waldemar, Dubois 

et al. 2007)
�ɋÓģ�+œ8己Úʫɧŝěœ
 

ADykDǌɭ̒ƤkJȆ上Ƥ
Ȇ上œƎɌȪ努ȴhǧƽ�ŝ¸ ΧƿØ每

8ɺµӱʲÓĄÃ5�ʀŻ互�ŖT̒�É νɺµDîƽ估Ȼ成互�ƛӥ互�

(amyloid precursor protein, APP)	ÅÑ互��末(presenilin 1, PSEN1)	JÅÑ互�

�末(prensinlin 2, PSEN2)
Óɭ̒Ƥǔ΃ŝȆ上Ƥ AD�ǌ�ν¹Ǣȳµ	功ȊИ

休	ʀġŝ 65͞k"ÑÀ48ͳ內ȸͮəGœȲȳ��ɋÓģ*¹ϻ8 ADǓә

ŝÉƤ
�ƛ2ŽŻǢȳµ,sùɺµӱʲ	Ѽ自�П	mҌʲʀŔſͮ·Þ̙�

ƊĴ̒小ƁȣÍƿ	ǭƌәŔ΅Ҽ̙Ѿ亦¯ȅ8Ͻ改� yɈ向 ADŻ̒�Ŕ少G

ÇӃ(Tyas, Manfreda et al. 2001, Lindsay, Laurin et al. 2002, Shi, Han et al. 2014, Jung, 

Lin et al. 2015, Wu, Lin et al. 2015, Uchoa, Moser et al. 2016)
ADĺƤȳ寸Ɖ小ǌ*

ͳ�С̨҅Ó¸ȸͮYǰƜ外p小ķӆȳ寸ȳӱ�DîƽʲʀŻȸͮȁӰω扮且

(neurofibrillary tangles, NFT)	Jȸͮ@ńӀµʲʀ Aβɹ但ĄÃ8˽͍(Selkoe 2001)�

，ĹǔӃ何Ҩ=ÇŶӔ
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2.3.1  ȸͮ扮且ɪ回 

ȸͮ扮且向由ƫ҃ϜG(phosphorylation)Ż Tau 互�ÇӃ�ƺȸͮ扮且ɪ回�

ξǌ Tau ɪ回
ȸͮ扮且�ÃΧҊʖ主(paired helical filaments, PHFs)ŖʾÃ�Ó

PHFs ŻÃDóǌ由ƫ҃ϜGŻ Tau互�(Grundke-Iqbal, Iqbal et al. 1986)
Tau互

�ƽ�νɧƫy它Ż另π(microtubule)ǔӃ互�(Weingarten, Lockwood et al. 1975)�

ͧ Tau 互�向ȸͮ另π且´Ư外Çķν、�
�νƽ元由҃ϜG Tau Ż由̖向另

π互�Ĵһŋ另πŻʾÃ�ωƴȸͮһŋJŏä(Drubin and Kirschner 1986, Caceres 

and Kosik 1990)
|�Ǻ、��Ɯƽ Tau外向生ɲӥɲ互�ӎŶ向另π且´Ż何外�

yɈ外毛Q̵Ǚ生ѝ(Ebneth, Godemann et al. 1998)
Óͧ Tau互�由ƫ҃ϜGƯ�

Ɯ外пǢ Tau向另πŻ且´毛Q
 

Tau互�Ż且件� Cοļ NοykDǌ 4Ǻɳɸ�(1)ùÇϜœŃӹœɳɸŻ

C�ο且件ɸ�ˏ由̼ʌ҃ϜGĴП打 Tau向另πŻ且´�(2)ĸÇ 3Ŕ 4ǺɈ向

另π且´Ż且件ɸ�(3)七�ΒˆŻ反ù丹ȥϜ(proline)Ż且件ɸ�Ĺˏ由҃ϜG̼

ʌʊĽ TauŃ另π8̼Ż且´�(4) N�ο且件ɸsù 0	1Ŕ 2Ǻ七ǩΒˆŻ˷

�Ź(Rosenberg, Ross et al. 2008, Metcalfe and Figueiredo-Pereira 2010)
�ʀŻ Tau

好ǧ҃ϜGĴП打rɈ�¸҃ϜGJx҃ϜG8̼ΈÃ�њ(Johnson and Stoothoff 

2004)
，ƽͧ TauµǌɺµǙӱ̙ϵ攻˓Ã由ƫ҃ϜGƯ�Ɯ外пǢ�Źǋœŀ

͔	ćǯ母	ϗп件ΚӱGŃƘ功 PHF ĄÃ�ǢıȸͮʽǡÊ$(Metcalfe and 

Figueiredo-Pereira 2010)
 

µÉ��ǖĜ元由包氏 Tau kJ҃ϜG Tau 互�ŝͳ6ŻƉ小包ĴʋɏĮ休

œ©ĦϽ改*ȣӊȬ另ʺƯΧ CNSǄœŻϵ攻
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2.3.2  ӆ估Ȼ成互�ɪ回(The amyloid cascade hypothesis) 

ӆ估Ȼ成˽͍�ξǌȸͮŴ˽͍(neuritic plaques)�ƽ¸ƎɌȪ努ȴʇƃͧ6

五̬ҚpŻķνȸͮȳ寸ȳӱ8��¸ˎĭĖ但Źͧ6hǧŻ互�СÃDƽD,

包*ǜ 4kDa Ż Aβ
Ó民互�ĴÕ 100�130kDa Ż APP a母ÓÃ(Glenner and 

Wong 1984, Masters, Simms et al. 1985)
AβÇķνhǧŻĄÁį住ȥɺϜŻƍ̓Ĵ

ɫɳD�сÇ 40ǺȥɺϜŻ Aβ40kJÇ 42ǺȥɺϜŻ Aβ42
Aβ40åʽǡAӖŜ

Ż Aβǜ 90%(Asami-Odaka, Ishibashi et al. 1995)�Ó Aβ42ƜåDūƤ Aβǜ 10% 

， Aβ42ƞƽ Aβ˽͍6化hǧŻÃD(Lippa, Nee et al. 1998)�Īg^ Aβ40ĐȈŞ

ϋ´ÃȁӰω(protofibrils)#夫ƽ˽͍ŻƛĦ
µǌˎĭȯœ Aβ42五ϔǌ^ Aβ40Đ

ĸÇǢȳœ(Hensley, Carney et al. 1994)
 

ͧŀļѾ亦Ŕƽѡ古̙ϵ攻�пǢAPP¸a母Ż由̖6�βJ&Dū�(secretas)

5�ʀE匹ƯǢı Aβ42由包ʯ�Ń不但�ĄÃӋδœ˽͍(diffuse plaques)ė但


ˎǺ̾ǃŻƤΨƽ水ȅŻ�，ƽ̙ļӋδœ˽͍ǭʾÃҋ次cĪӰωGș�夫外向

Ĺl互�Сĳ¼ϋ占Ż Aβ40 Ńͷ每(complement)�°ĄÃȸͮŴ˽͍
ȸͮŴ˽

͍外пǢ另Лʽǡ(microglial)ŃƾĄʽǡ(astrocytic)эǋ	ȤGѱ�ʯ�	Tau ϋ

占Ń҃ϜG�ıȸͮ@Ê$ŃǙӓrɈ妄序化ƯпǢ希ö(Robinson and Bishop 

2002)
 

AβykDǌ˧每(monomer)	Τϋ每(oligomer)	Ӱω(fiber)
ғ火�ƛ*¹ϻ

4六ҏƽǔƔ Aβ	kӰωƤΨĪĖ但Ã˽͍外Χȸͮ七ĴǄœ�，小¸#̱Ĵ̱¹

ǖĜ̻ŊӃũ Aβ	oligomer (�ykξǌȁӰω)(Lambert, Barlow et al. 1998, Walsh, 

Hartley et al. 1999)
ÇǖĜƶp Aβ oligomer向 APPҨ̉ɺµHΙ8Úǌʲʀ̒、

ÇӃ(Westerman, Cooper-Blacketer et al. 2002)�ĐÇǖĜ乙ȸͮ@ʽǡϽ改ŝɻ自
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Ż Aβ oligomerĪ̒小ʽǡ外ʯ�ȤGѱ�化中Ê$(Walsh, Hartley et al. 1999)
g

ÇǖĜð� APPHΙ̒小ͧlǹƉ小pȸͮrɈ妄序	Ǚӓ͔ȅJŴȴK否Ż°

șĪęÇĄÃ AβĖ但(Holcomb, Gordon et al. 1998)
ˎĭǖĜƉŠ AβǔӃŻȸ

ͮǄœŃȸͮӱGyɈĴÕ Aβ oligomer̙ƑӰωŻƤΨ�ÓҶ共˽͍ɹ但}ƽÈ

ǧĬ¤
 

�ƛɟΧ民ɪ回ҏō�ŋ百�，ɟΧ Aβ oligomer Ŗ七ĴŻȸͮǄœŻǖĜZ

光安¹
µÉ��ǖĜʋɏĮ休œ©ĦϽ改*ȣ PMƯ¸5°ͳɳ6 Aβ oligomer

ŻƉ小包
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2.4. 另ʺϽ改向ȤGѱ� 

Ƞ住"ǫǖĜƶp�另ʺ5百ͮ�¥á˕Ȑ功�Ħ每Ư外T̒ȸͮ̒ŴĪg

安q ROSTɕͳA ROS�њ功ÓıȤGѱ�(oxidation stress) "I
*ͳŻȤG

ѱ�安q五ƶp¸ȸͮəGœȲȳ8ȳ̖6ċ任他ǭǧŻµ,�由xǖĜ6ƶp

ƎɌȪ努ȴͳ6ȤGѱ�ʲʀ安q(Smith, Rottkamp et al. 2000)�ͧͳ6Ż ROSŻ

ʯ�*ŝ叉ɢ˓Ã�њ�пǢȤGѱ�"I�功Óϗп Tau 互�由ƫ҃ϜG	Aβ

Ė但	Зʺ每rɈ妄序kJÕ行rɈ妄序�化中T̒ƎɌȪ努ȴ(Liu, Li et al. 2015)� 

ROSŻʯ�ykįĴ尼yDǌ每AmҌ(A尼œ)向Ѿ亦Ļэ(�尼œ)�¸�ɋ

八ů!�ROS ƽ¸每AŻʺЗ每	AСχ̙ÇȤmҌ由̖6Ŗʯ�ŻɰʯŹ�Ĺ

6sƷ̲Ȥ分Ү,(superoxide anion, O2−)	由ȤG刃(hydrogen peroxide, H2O2)kJ

Õ�ɺ(free radical)�火Óͧŀļ�ǑѾ亦Ļэș�sƷΒҮќȉ	̞�З	ȳȁ

每͑ƿŔƽ*ȣӊȬ另ʺ̙�每A夫外ʯ� ROS�ͧ ROSŻʯ�Ń叉ɢ8̼ʯ�

�њș�夫外пǢȤGѱ�Ż"I�功ÓďѶ互�С	ɆСŃ DNATɕȤG͔ �͇

功Óıʽǡ且件ŃrɈŀļȷҵ�化中пǢʽǡÊ$
 

Ĺ6�µǌ*ͳƽ�Ǻ好ǧɧκȤkJùÇҦ反Ż¹5ΗŃɆƆϜ

(polyunsaturated fatty acids)Ż血Ō�Īg¸ćȤG�Yǰ#ǔΧ5ĥ�µÉ¹5Η

ŃɆƆϜŻ冰冰局ҒȈŞÃǌ ROSŻhǧďѶŻ�Ѐ
#µÉͧХŀĻэș�*

ͳykɈ外µǌ"ǫȯœÓХŀ ROSďѶ˓ÃȤGѱ�"I�功ÓT̒ɆС由Ȥ

G(lipid peroxidation)
 

°șÇǖĜƶp判他Õ�ɺʯ�安q�*ͳ6¹5ΗŃɆƆϜù包介光!ǯ

(Soderberg, Edlund et al. 1991)�ͧ ROSďѶ¹5ΗŃɆƆϜĄÃɆСÕ�ɺ(lipid 

free radical)�ɆСÕ�ɺ外«ȤGʯ�ɆС由ȤÕ�ɺ(lipid peroxyl radical)�Éș
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ɆС由ȤÕ�ɺ«ďѶ5ΗŃɆƆϜĄÃɆС由ȤGŹ(lipid hydroperoxides)�ˎ

Ǻ5Қ孔Ѿ8由̖ξǌɆС由ȤG、�Ż仍ҫK否
 

ɆС由ȤGƯŖĄÃŻhǧʯŹƽɆС由ȤGŹ(lipid hydroperoxides, LOOH)


，µǌ LOOH΃5һŋ�µÉ外«ĄÃ�ÈʯŹe�Ԋ(malondialdehyde, MDA)	

eԊ(propanal)	1Ԋ(hexanal)J 4-汽ɺL子Ԋ(4-hydroxynonenal, 4-HNE)(Benedetti, 

Comporti et al. 1980, Esterbauer, Cheeseman et al. 1982, Ayala, Muñoz et al. 2014)
Ĺ

6�ÇǖĜƶp MDAæjƽɆС由ȤG化ĸǢǙӱœŻʯŹ�Ó 4-HNE ƜƽǄ

œ化*Ż(Esterbauer, Eckl et al. 1990)
°ș�µǌMDAŻɧǄœkJK否œµÉ

五ϔǌƽ氏ŋɆС由ȤG化ǇÚŃ化yаŻƶЀ8�(Giera, Lingeman et al. 2012)
 

由xÇ仁¹ǖĜƶp*ȣ另ʺ	ȡŮTѵ另ʺ(diesel exhaust particles, DEP)Ń

ȡŮTѵϳȣ(diesel engine exhaust, DEE)�外Tɕ6Ͽȸͮʯ�̒ŴK否ŃȤGѱ

�"I(Levesque, Taetzsch et al. 2011, Costa, Cole et al. 2017)
仁¹ɲŹǖĜ且ţƉ

Š¸Ͻ改另ʺƯͳ6MDA外"I�¸ Costa̙4ŻǖĜ̒小MDA¸卡œHΙȪ

ɥɚ6安q 2.8Ƕ�Ó¸ϥœHΙȪɥɚ6安q 1.9Ƕ(Costa, Cole et al. 2014)
¸

Ǆ寸ǖĜ6�żʌ乙另ʺŃ5°ͳɳ、��且ţ̒小另ʺϽ改ƯMDA外¸Ȫɥɚ

kJHͳ"I�kJәŝćȤG�Ż̲ȤGŹŨG�(Superoxide dismutase, SOD)

外¸Ȫɥɚ6"I(Fagundes, Fleck Ada et al. 2015)�|�¸|�ГłøϽ改ǖĜ6

#̒小MDA¸Ȫɥɚ	ȼź每	�С(cerebral cortex)	HͳŃ͊ʬ6安q�¸Ȫ

ɥɚŃ͊ʬ6#Tɕ̒ŴK否ƶЀ"IkJ另ЛʽǡǋG(Cole, Coburn et al. 2016)
 

ɢ�另ʺϽ改ǖĜ8��̧ kȣπӛũYÁϽ改木ŮǲÎ(Residual Oil Fly Ash, 

ROFA)ŻǖĜ̒小 MDA ¸Ȫɥɚ	ȼź每ŃHͳ6"I(Zanchi, Venturini et al. 

2008, Zanchi, Saiki et al. 2010)�5右¼É�¸ Chen̙4ŻƱœłøϽ改ŝ伸ю市

ӅǖĜ6�且ţƶp¸Ͻ改Ư 6HșkJ 24HșƯMDA¸ͳ6"I(Chen, Lee et 
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al. 2007)
 

҆Óģ8�ͳ6ȤGѱ�安q五ϔǌƽȸͮəGœȲȳȳ̖"ǭǧŻµ,�µ

É�ǖĜ亡ʋɏĮ休œ©ĦϽ改*ȣӊȬ另ʺƯ¸5°ͳɳ6MDAŻ佐ƫ
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2.5. 另ʺϽ改向另ЛʽǡǋG 

ȸͮəGœȲȳŻȳ寸Ďӱɢ�ȤGѱ�ӱG��仁¹ǖĜ#ƉŠ另Лʽǡ

Żϻ�kJƤΨŻӱG#向ȸͮǄœÇӃ(J. 1932)
ÇǖĜ¸ ADŻ*ͳ6̒小另

ЛʽǡŖǦ�Żʽǡµ,(cytokines)JĹl；ǒ?СÇ安¹Ż小充
É小充mƉ

ADŻͳ6÷小休œŴȴ(inflammatory)ŻѾ亦
ˎνƘŴȴѾ亦ĸÇȸͮǄœ�y

kq今ŃqϬȲȳŻ功Ȋ
ĐÇǖĜƶp�另Лʽǡ外ϋ占¸ AβŻÞҖĪgǘ元

ȸͮŴ˽͍�元由 A#ŻƘŴœэǋ另Лʽǡ
�ÉykƉŠ另Лʽǡ¸ AD6Ö

Ӄǭǧ(McGeer, Itagaki et al. 1987, Veerhuis, Janssen et al. 1999)
 

另Лʽǡ¾ŝ6Ͽȸͮĝ才6�әŝȸͮЛʽǡŻ�ν
另Лʽǡ*ǜå*

ͳŻ 12%�ͧ6Ͽȸͮŀļ͔͇ŔďѶș˸Ĳӆæŝ�行ʽǡJ口Sʽǡ¸�ń

Ż；ǒ＝似
ƁȣÍƿykˏ由 ν何ĽэǋĸȸͮǄœ8另Лʽǡ�(1)ƁȣÍ

ƿÃDyɈżʌэǋ另Лʽǡ�(2)ĴÕ©ĦŴȴK否Żʽǡµ,yэǋ另Лʽǡ�

(3)ĴÕ�˩Ż均ʺ	øƐG´ŹŔʽǡµ,yɈżʌ͔͇ȸͮ@�化中外̒�休

œ̒ŴK否	ȸͮǄœǐÖ͇ȅͳÙπ(Block and Calderón-Garcidueñas 2009)
É

ș五эǋŻ另Лʽǡ外̒�ĄΨ"ŻӲ他ӱG��ȁ�ѧ]Ż	另HŻƤΨҨӱÃ

ǋGŻӱĄҤƤΨ
ˎ 成ŻӱG五ϔǌÇðŝ另ЛʽǡŻô行、�Ńǋɲœ(Streit, 

Graeber et al. 1988, Kreutzberg 1996, Streit, Walter et al. 1999, Blennow and Hampel 

2003, Liu and Hong 2003)
 

̱Ĵ̱¹ҿ住Ӳ��ȸͮŴȴ五ϔǌΧȸͮ@ƽ�ν局ǰ%(Hanisch and 

Kettenmann 2007, Tang and Le 2014)�Ó6Ͽȸͮĝ才6Ż另ЛʽǡŻǋG#五ϔ

ǌƽʲСŻ(heterogeneous)�ykDǌķǺƉƤ�ƘŴ M1ƉƤJ；ǒ M2ƉƤ


Ƞ住ĻэŻѾ亦kJµȽŻ5°另ЛʽǡykDǌ νǋG΁Ȑ�ͮĺэǋ



doi:10.6342/NTU201901973

 

 16 

(classical activation)	̃mэǋ(alternative activation)	Jѽ二œxǋG(acquired 

deactivation)(Colton 2009, Colton and Wilcock 2010)
ͮĺǋGźΨŻ另Лʽǡ#五

ξǌM1另Лʽǡ�l元由ϗп iNOSŃ NF-+B˕Ȑʯ�²νƘŴʽǡµ,�ĳ

¼ TNF-α	IL-1βŃ IL-6�J̲ȤGŹ	ROSŃ NO(Le, Rowe et al. 2001, Li, Huang 

et al. 2004, Block, Zecca et al. 2007)
ÓM2另ЛʽǡƜsù̃mэǋŃѽ二œxǋ

Gķν΁Ȑ�ƛ́� IL-4 / IL-13ϗп(Ponomarev, Maresz et al. 2007, Colton 2009)�

ỨƜ元由 IL-10 / ҨG�ƍµ, -β(transforming growth factor-β, TGF-β)΁Ȑ

(Sawada, Suzumura et al. 1999, Colton 2009, Colton and Wilcock 2010)ϗ̒
M2΁Ȑ

外Ƙ功ʽǡͩcŃ冷因Ċ材互�Żô行、��Ƙ功ʾҠǼ˰�ĪƵćM1ŻƘŴK

否�化中пǢ；ǒčĽŃȸͮ@Ɨ抑
 

̹Ү,多ʌD,-1 (ionized calcium binding adaptor molecule-1, Iba-1)ƽ另Лʽ

ǡŻЀɎŹ�¨ƛÇ；ǒʽǡG西ǖĜð� Iba-1ȯʲœć每ҿŠ另ЛʽǡŻĄΨ

ȯ式(Ito, Imai et al. 1998, Okere and Kaba 2000)
¸�ĭ另ʺϽ改ǖĜ6�̒小Ͻ改

ȡŮTѵ另ʺı另ЛʽǡǋG�g¸¹ГłøϽ改ȡŮTѵ另ʺǖĜ ̒小HΙ

ͳ68Ȫɥɚ	͊ʬ̙ͳɳ�Ĺ Iba-1ŻƉ小包΃ʊĽʾӲ他΃ɧ(Bolton, Smith et 

al. 2012, Cole, Coburn et al. 2016)
 

µÉ�ǖĜ氏包 Iba-1 ŝͳ68Ɖ小包�k̫âϽ改另ʺ8Ưͳ內另Лʽǡ

ŀļǋGĪϗ̒̒ŴK否ŻӱG
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2.6. 另ʺϽ改向Õ行、� 

Õ行、� (autophagy)ƽʽǡˇʾÃÕĆǯ母Ż由̖�Ĺ6局КÕ行每

(autophagosomes)皿Үʽǡ血Ŕʽǡ它СŻ�內DĪ向它�每ŔʡŲљ´kˏ由ʀ

舌a母�功ÚD母
ͧʽǡ�ŔʽǡAŀļĻэș�ĳ¼ɤ至	�ƍµ,ȀΣ

(deprivation)	AСχ否эŔȳȁ每͑ƿș�Õ行、�夫外五ӥɲ
ÓͧÕ行、�

ŀļ͔ȅŔƽÇɄ切ș�yɈпǢҀȴ	ȸͮœəGȲȳŃ古ƿȳŻ̒�
Χŝ4

ӆJ�Ź每ÖӃǭǧ(He and Klionsky 2009) 
 

元由互�СŃʽǡ血ŻĄÃŃǯ母8̼ŻɲΨ�ykωƴ�ʀŻʽǡ�ƍŃ

̒ğ
Ó互�Сǯ母Ż˕ȐykDǌƑ它�每J它�每ķν
ƛ́ƽ¸ɺҝmҌʜ

¤!ʽǡŻɧ克фœǯ母�ỨƜƽ¸否эK否!пǢʽǡ�互�Сǯ母(Aô、

�Ŕǡ可、�)ŃʽǡA互�С向ʽǡ血!Ż*包ǯ母(�Õ行)�°ș#¾¸它�

每ԉ´(sequestration)Ń�ĭȯŋǡС互�СŻǯ母(另Õ行ŃD,àƙ?пŻÕ

行 )(Larsen and Sulzer 2002)
µÉÕ行、�ykDǌ νӆƤ��Õ行

(macroautophagy)	另Õ行(microautophagy)	JD,àƙ?пŻÕ行(chaperone 

mediated autophagy)
�ɋŖξŻÕ行、��六ƽųƶ�Õ行
Óǔ΃ŝ另Õ行向

D,àƙ?пŻÕ行��Õ行五ϔǌ向 AD ƽ化ÇӃ含Ż(Hesterberg, Long et al. 

2012, Lee, Giordano et al. 2012)
 

�Õ行�ɋ六ƽ¸ɤ至ŔƽХŀ否эș*包互�Сǯ母Żhǧ˕Ȑ�Īgƽ

�Ǻ¹ē沙Ż由̖
Ǵ¨�互�С	ɆСŃŀ͔ŔrɈ�ПŻʽǡ血¼Зʺ每五尼

ÕAСχŻÕ行每(ĸ局КŻ更Ų且件)ô行
判Ư�Õ行每向ƈɀ它�每љ´�Õ

行每Ż�К¸љ´ƯÃǌ它�每КŻ�內D
љ´Ư�О´ŹϜGĪÃ有ĄÃÕ行

它�每
化Ư�ͧÕ行它�每AŻAȈŹ五ȧGș�ĹAК且件夫外母每�ӖpŻ
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AȈŹ五孔Ѿk˸ĲʽǡŖ好ŻȥɺϜŃɈ包(Dunn 1990, Dunn Jr 1994, Stromhaug 

and Klionsky 2001)
 

另πǔӃ互� 1A / 1B 地ӂ 3(light chain 3, LC3)ƽ�νy它œ互�С�D,包

ǜǌ 17kDa�˿甲¾¸ŝȃīɲŹʾҠŃɻ自ʽǡ6
ˏʀykDǌ νĮƤ�

LC3A	LC3B	J LC3C
ǔ^ĹгķνĮƤÓģ LC3BƉ小包΃¹g^΃ûFD

˼ŝʽǡС向ʽǡȝ6
µÉ�¹ϻǖĜ外ı� LC3B、ǌ包氏Õ行、�ŻФͧƶ

Ѐ(Koukourakis, Kalamida et al. 2015)
 

¸Õ行由̖6�Õ行每ô行ʽǡСÃD�sƷʽǡ它С互�Ńʽǡ血
°ș�

ʽǡ它СĄÁŻ LC3 (LC3-I)向҃Ɇ��考決(phosphatidylethanolamine)φ´ĄÃ

LC3-҃Ɇ��考決φ´Ź(LC3-II)�Ĺ五řÄļÕ行每К6
Õ行每向它�每љ´

ĄÃÕ行它�每�8Ư元由ǡôJǡ可ô行每AŹСĪka母�ǯ母
°ș�Õ行

每它�乎6Ż LC3-IIǯ母
µÉ�Õ行每ЀɎŹ LC3-IIŻ它�每Ҩ引KƼ�ɤ至

Ŕ否эϗпŻÕ行ǋœ�Īgk；ǒ®; (immunoblotting)Ŕ；ǒ先§

(immunofluorescence)呈氏LC32Ãǌ氏ŋÕ行ŃÕ行ǔӃ由̖ŻyаYŭ(Tanida, 

Ueno et al. 2008)
µÉ�ǖĜ包氏 LC3Bŝͳ68Ɖ小包�ңk̫âϽ改*ȣ PM

ƯΧÕ行、�ŻӱGkJϵ攻
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2.7. ƎɌȪ努ȴ ɺµҨ̉HΙ 

Ƞ住ǖĜyk̒小�4ӆ ADŻǢȳ互�Сǌ AβŃ Tau互�(Giménez-Llort, 

Arranz et al. 2008)
ŝƽсÇ APPswe	PS1M146V	TauP301L νҨ̉ɺµ8H

Ι��ξǌ ɺµҨ̉HΙ(triple-transgenic model of AD, 3xTg-AD)ƽ�ƛyk°

ș收Ѹ4ӆ AβŃ Tau互�ȳ寸ӱGJȳ̖ŻɲŹ收Á(Sterniczuk, Antle et al. 2010, 

Sterniczuk, Dyck et al. 2010, Giménez-Llort, Maté et al. 2012)
ÉƢĝ8HΙ尼Õ 

C57BL/6 (Oddo, Caccamo et al. 2003)
 

3xTg-AD HΙ化Åyŝ 3-4 Ǻ[*¸͖�С(neocortex)ӼΦļʽǡA Aβ�6 

Ǻ[șyŝȪɥɚӼΦļʽǡA Aβ kJ¸͖�С 4-5 ϲyӼΦļӆ估Ȼ互�˽

͍�12 Ǻ[*yŝȪɥɚӼΦļӆ估Ȼ互�˽͍kJȸͮӰω扮且
°ș�¸Ĺ

lȳ寸Yǰ#Ɖ小pÀӘJȳ寸8̼ŻǔӃœĳ¼ƾźʽǡŻ安¹kJ另Лʽǡ

ŻǋG(Billings, Oddo et al. 2005)
 

¸ÚǌϔŽYǰ�¸ 2 Ǻ[*șy̻Ŋp小Ɏ串��П小充	介光gŠӲə

G8ƛƅ˹�毛əJ毛Q8ƅοǋɲ(Becker, Dailey et al. 2005, García-Mesa, Pareja-

Galeano et al. 2014)
µÉ�ÉνHΙ¸�ƛ五ϔǌƽ收Ѹ4ӆ AD̒�8化İ伊

ӳɲŹ收Á
 °ș�ǖĜ ̒小 3xTg-AD�Ι΃°ӘCΙÇ΃ǌŠӲŻ Aβ互�

ė估JÚǌʲʀ (Clinton, Billings et al. 2007, Giménez-Llort, Arranz et al. 2008, 

Sterniczuk, Antle et al. 2010, Sterniczuk, Dyck et al. 2010, Stevens and Brown 2015, 

Stover, Campbell et al. 2015)
火Ó��ƛΧŝœîŖ˓Ã8ȌʲҏĸÇŶӔ
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干 ˞��ĒȖ向Yŭ 

3.1. 伊ӳǇ̖向ǁ件 

�伊ӳªϽ改 36ɣ 3xTg-AD �Ι�26ɣĲ�ǖĜı�Ĺг 10ɣƜĲ�伊

ӳƧĹlǖĜŖ�
住�ǖĜɪ回�乙ı� 6 Ǻ[*8 3xTg-AD �Ι(µϽ改由

̖6Ê$ 3ɣ�ª 23ɣ)�kʊĽʾJϽ改ʾDîǌ 12ɣJ 11ɣ
�伊ӳ8Ͻ改

ĝ才ǌ各tƁȣÍƿϽ改ĝ才(Taipei Air Pollution Exposure System for Health, 

TAPES) �乙伊ӳɲŹį平ʊĽʾJϽ改ʾŜͯŝ©ĦϽ改ӫA
ʊĽʾłøͮɧ

ȕɈƁȣ另ʺҜχ(high-Efficiency Particulate Air Filter, HEPA filter) 由ҜƯ8Ɓȣ�

Ͻ改ʾƜłøżʌŚĿŝ�Ǒ*ȣ8另ʺ
Ͻ改ș̼ǌ�M 24Hș��加 7M�

ª 3 Ǻ[8仍Ӟ©ĦĮ休œϽ改
方̼乙外功ÚҜɂʐ成�Ĕķ加ÄĿ成�ͽȖ

«功ÚƯӞÃDDŧ
 

ͧþÃ 3 Ǻ[Ͻ改Ư�功�各沉*西ɲŹ6U功Ú呈ǒ�Ʈ呈ǒþÃ由ƯƜ

功ÚɲŹÚǌ伊ӳ(Ncontrol = 17; Nexposure = 15)
�Úǌ伊ӳDǌķ̾ǃ�¨功Úǌ方

5MŻ˄`aɘǈ(morris water maze, MWM)nĹ¢Ȓ�M由Ư«伊Úή世Á̴ē

何ͼӳ(rotarod)
ƛ́ǌӼΦĹϔŽJƁ̼Ɏ串Ɉ��Ưƃǌ氏ͼĹ�њJÔǞ�
 

þÃÚǌ伊ӳƯ�乙HΙ七¶各沉*西CªМ�西ɠHɲŹŕ�ŝ 24HșƯ

功Ú折ǎ
折ǎYÁDǌķν�DîǌҚ助Ŀͳ(Ncontrol = 7; Nexposure = 6)JӛǇ

(Ncontrol = 5; Nexposure = 5)
ÉķνǓƽk�ȤG冰功Úˠ而
Қ助ĿͳŻʾîƮHΙ

功�大ƫˠ而方Ư�Ŝ"Қ助各(guillotine)ą今功ÚҚ助
判ƯĿpͳʾҠ«乙ͳ

內į住�{uͳʽDǌ͊ʬ(olfactory bulb, OB)	Hͳ(cerebellum, CE)	Ȫɥɚ 

(hippocampus, HI)kJ�С(cerebral cortex, CO)�Ǻͳɳ
ƯӞDŧYǰ��uͳ

乙功ÚȤGѱ�ƶЀ�{uͳƜŝƎɌȪ努ȴȳ式ƶЀDŧ"ı�
ӛǇŻʾî乙
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ı�ŅŋʡŅŋHΙͳ內	Ƅ內	JUӬʾҠ�判Ư乙成�ŉɑ各沉*西ɲŹ6U

功Úȳ寸Dŧ
ͻʽŻ伊ӳǁ件(Ξ 1)向Ͻ改ș̵̼(Ξ 2)¼ΞŖ�
 

3.2. 伊ӳɲŹ 

�伊ӳ亡ð� 3xTg-ADHΙ、ǌ伊ӳɲŹ�ȁ向％Ϟ˞三十ǖĜΝ半´、҈

̉JΖğ
ȁΖğŝɓΝŭ4ɷȆ伊ӳǖĜɠɷȆ伊ӳɲŹ6UƝ內ˌƻ�小Ú�

各沉*西ҩ西ɠɲŹ6U҈̉JΖğ
�ǖĜ乙ı� 6Ǻ[* 3xTg-AD�Ι
Ʈ

ĹÃƍÖ 3-4加*Ư�七¶各沉*西CªМ�西ɠHɲŹŕΖğ
¸ 6Ǻ[*ș乙

3xTg-ADHΙŜͯŝ TAPES A̻Ŋ功ÚϽ改�Éĝ才Þŝɷ�各沉*西CªМ�

西ɠ�早 901HɲŹΖ自ŕA�ÉѾ亦͢ƫʊĽŝ 22 ± 2 oCg巨ƫʊĽŝ 50 ± 5 

%�ĪˌÇ 12 Hș§四加方
方̼Õ�ӚǳЀ左可ǳɞYΖȖ  LabDiet® 

5001(PMI® Nutrition International, Brentwood, MO, USA)J可�xҮ,a(deionized 

water, ddH20)�Ĕ加Đ引ΡȖJ包氏每ǭ
É伊ӳŻŖÇɲŹ伊ӳǓ�ɷ�各沉*

西ҩ西ɠΫCМ西ɠ伊ӳɲŹ平抑Jı�ŉȄ外(Institutional Animal Care and Use 

Committee, IACUC)°只Ŗ功Ú(°只țЕ末�20160545)
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3.3. *ȣӊȬ另ʺϽ改 

�ǖĜ克�łøϽ改(inhalation)、ǌ*ȣӊȬ另ʺ8Ͻ改˕Ȑ
ŝ小>łøǄ

寸ǖĜ西6�ȣπӛũ(intratracheal Instillation)	(ơø�(oropharyngeal aspiration�

OA)	JłøϽ改ǌ΃ʀı�8Ͻ改YÁ
ÓłøϽ改�ykϽ改ВҸɳDǌϩ乎

Ͻ改(nose-only)向©ĦœłøϽ改(whole-body)
Ó�ǖĜɺŝk!ѭҖ克�©Ħ

œϽ改�(1) ǔ΃ŝȣπӛũJ(ơø��łøϽ改ƽ΃5ĸƕ�œ8Yŭykǯ

ê伊ӳɲŹ¸伊ӳ由̖65ФŔƽÊ$�(2) ҇火伊ӳɲŹŝ4每ÇȌ出�，¸˕

ȐYǰłøϽ改΃Ɉʹ´4每Ͻ改Żźů�(3) ǔ^ϩ乎Ͻ改Óģ©ĦœϽ改七乏

伊ӳɲŹŻѱ�΃H�µĹykıɲŹ¸Ͻ改乎AÕhǋɲ
µ�ǖĜ好ǧ功Ú 3

Ǻ[Į休œŻϽ改
ƺÉ克�©ĦœłøϽ改ƽɈɼ¸ʹ´ǖĜɪ回Żƛ˸!�七

乏伊ӳɲŹ化HŻѱ�
 

Ó¸另ʺœСYǰ�ǔ΃ŝ¹ϻǖĜ克�ͮ佐҅由8另ʺ��ǖĜӷ伊ӳɲŹ

Ͻ改各t*ȣ另ʺgͮ由ӳҿhǧϽ改另ʺǌ PM2.5
ƛ́ǖĜ¹ϻƽk̓ș̼A

ı伊ӳɲŹϽ改ɧ佐ƫ�，ĹϽ改źΨ向ȵ伊Ͻ改伊Ψ¾Ç�ŋȌ出��ǖĜǌ҅

̓ÉȌʲƺ克� TAPES 功ÚϽ改
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3.3.1  各tƁȣÍƿϽ改ĝ才 (TAPES) 

�ǖĜı� TAPESΧ伊ӳɲŹ功ÚϽ改�Éĝ才Þŝ各t�6�ɳɷ�各沉

*西CªМ�西ɠ�早
Éĝ才8ЀŻƽǌ�ı伊ӳɲŹɈɼϽ改ŝͧ!�ǑѾ

亦Ż*ȣ伊Ψ�ңÉɈɼ收Ѹ4ӆ¸ÉѾ亦6ŻϽ改źΨ
ƺÉĝ才ı�Ƒ佐҅另

ʺÓĪƑ΃ɧ佐ƫŻ佐҅另ʺ�Ă色yk又ɢı�佐҅另ʺϽ改ĝ才пǢ向伊Ϥ

4ӆϽ改八ůŻȌʲ
 

�Ͻ改ĝ才ƽәŝѐ�ĲȣΖ自ĝ才(individual Ventilation System, IVC)�²Ǻ

Ζ自ӫ六ƽѐ�ĲȣĪg功ÚhɲÁŻ引ȣ
ĝ才�ɷ�各沉*西CªМ�西ɠ

�早�內ŚĿ�內*ȣ另 �̋ͮ 由h何正ͯA8ʻ由ҜχykҜ由*ʺȐ8另 
̋

�ĝ才ŖT功8*ȣ另ʺ6 PM10-2.5 w 0.4%	PM2.5 w 99.6%�ƺ�ǖĜ8伊ӳ

ɲŹ¹Ͻ改ŝ PM2.56
�Ǒ*ȣ另ʺͮ由h何Ư��ĝ才"內8Śȣ˧Þ乙ȣ每

�ûѝɖ�²ǺΖğӫA�«ͮ由!內Śȣ˧Þ乙ӫAƁȣŚp	又p
ÓȠ住

HEPA filterŻÞͯy乙²ΖğӫDǌʊĽJϽ改ӫ�ʊĽӫŻ功ȣ((inlet air) 外

正ͯ HEPA filter�ӷʊĽʾ8伊ӳɲŹø�向Ͻ改ʾǔ°ȣ每ÃD，水ȣ每另ʺ

8�Ǒ*ȣ
ÓϽ改ӫƜŝpȣ((outlet air)ˇ¿正 HEPA filter
ͻʽ TAPES 8件

˓Ξ¼Ξ 3 Ŗ�
�ǖĜŝ̻ŊϽ改ƛ外功Úĝ才ȕɈ̫âJǇ包Ȝ��̻Ŋ伊

ӳ
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3.3.2  *ȣ另ʺJĝ才Ѿ亦再氏 

�ǖĜǌ�母Ͻ改ӫA8Ͻ改八ů�乙ɟΧȣ每另ʺ佐ƫkJӫAѾ亦͢ƫ	

ѻƫɫ再氏
ŝϽ改ʾŻƁ乎AŜͯȣЛ再氏字(DustTrakTM II Aerosol Monitor 

8530, TSI, Shoreview, Minnesota, USA)��k再氏 TAPESA8 PM2.5佐ƫ�kС包

佐ƫ、ǌƉ�
�再氏字ð� 90 ƫżĢ§˼ȉȁ寸kĔD找�丙ͽȖóș再氏

Ͻ改乎A PM2.5佐ƫ�°șŜ�͢ѻƫǨkĔ;D找�丙ͽȖ再氏ӫA͢ƫJѻƫ

Żźů
 

µ字血żӭǷyɈ向ȵ伊佐ƫÇ�ŋ̖ƫ8Ȍʲ�µÉɢ�kȣЛ再氏字

PM2.5佐ƫ���ǖĜ°ș功ÚVɲҜɂʐ成�37 mm8ӡǅѬҜɂ(Pall Corporation, 

Port Washington, New York, USA)ŝʐ成ƛ好ÖQП寸 24HșƯ«功ÚҜɂʐ成ƛ

ȹǭ
ȹǭƯ8ҜɂkЛʜɽƨͯŝĩ曲БɫƗ¾�Ʈ̻Ŋʐ成Ư«乙Ĺȓpͯ�

再氏字AkǇ包 1 L/min	�ûʐ成方̼ǌ 14 MŻ八ů!合占另ʺ
合占þÃƯ�

 好ÖQП寸 24 HșƯ«功ÚҜɂʐ成Ưȹǭ
乙kʐ成ƛƯ8ǭ包ȌʲJʐ

成Ɓȣ每但Ǩρ另ʺϽ改佐ƫ�CÁ¼!
 

另ʺ佐ƫ((g/m3) =	 )Ư氏Ҝɂǭ包−ƛ氏Ҝɂǭ包+−Ѿ亦Ɓ�ǟ支Ƿ
҆ʐ成Ǉ包(L)
/0001234

  

判Ư�乙ӡǅѬҜɂƗ¾ŝ-20°C¬Б�kðƯӞÃDDŧ
 

µ�ǖĜŝϽ改方̼ 12[ 13ZÖ 26Zµ再氏字ƺ妄ɖǼпǢ水ŭ功ÚҜɂ

ʐ成�ƺı�Ѿ亦Ɨ抑Ͱ8氏Ⱥ另ʺͽȖʎâҜɂʐ成ϻ住
ʎâYÁǌ¨ð�ƛ

方żӭ字血ϻ住向 出Ү各沉*西CªМ�西ɠ΃Ɗ8氏Ⱥ(6/	zƒ	̦ͬ)功

Ú¶夾Dŧ�克фǔӃœ΃ɧ8氏Ⱥͧ、ʎâ氏Ⱥ功Úʎρ�二ļżӭ-氏Ⱥ¶夾

Y̖Á
°成�ɟΧżӭ字血向Vɲʐ成ϻ住°成功Ú¶夾Dŧ�二żӭ-Vɲ¶

夾Y̖Á
乙ƺ妄方̼8氏ȺͽȖm�żӭ-氏Ⱥ¶夾Y̖Á二ļʎâżӭ字血ϻ
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Ƿ«m�żӭ-Vɲ¶夾Y̖Á二pʎâҜɂʐ成ϻ住
 

3.3.3  Ã¦Dŧ 

�ǖĜŝϽ改方̼kȣЛ再氏字óș包氏Ͻ改 PM С包佐ƫ��Đk 37 mm

8ӡǅѬҜɂ功ÚVɲʐ成
Ʈʐ成þÃƯ�乙ҜɂkЛʜɽƨĪgƗ¾ŝĩ曲Б

A
判Ư�«ɖÖ6�ǖĜɠk功ÚÃ¦Dŧ
hǧDŧǭƌә	a它œƌәkJ

a它œҮ,ÃDŻù包�Īg�"ǫù包ykʎâϽ改另ʺŻyɈĴ尼
 

ɖ成Ư�Ǵ¨乙ҜɂDǌķǺ內D功ÚDŧ
1/2九ҜɂǴ¨kϜ功ÚȧGƯ�

ð�Β͑污´ΒЄ每Сҽ字(inductively coupled plasma mass spectrometry, ICP-MS)

ɫǭƌәù包Dŧ
Óˤг 1/2九Ҝɂk 10mlȿa̤ĿƯ�Ĺ6 5mlð�Ү,ϲ

ŧ字(ion chromatography, IC)ɫa它œҮ,Dŧ�|� 5ml«k ICP-MSDŧa它

œƌә
"ǫǭƌәkJҮ,Ǔı�ЀŻDŧ�只ó¨ÚƸ克p亡DŧŻ́��«

功Úŋ包Dŧ
ƺ克ф¹ϻǖĜ*ȣ另ʺ外Dŧ8 23Ǻƌә�kJ 8νÃDDŧ

ʀġҮ,�ңÉʎâ�ǖĜ*ȣ另ʺyɈ8Ĵ尼
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3.4. ɲŹÚǌͼӳ 

�ǖĜɢ�kɆС由ȤGƶЀJƎɌȪ努ȴǔӃ互�Dŧ��乙°șɟΧɲ

ŹÚǌɫʋɏ�k方ɈɼӼΦpǔӃƉӼÚǌ西ŻĎӱ
�ɲŹÚǌͼӳDǌ

MWMJ rotarodͼӳ�ƛ́ϴų否�ŝʋɏɎ串JƁ̼西ˁɈ��ƯƃƜ�ŝ̫

â生ɲɈ�J生ɲȸͮľПœ
 

3.4.1  ˄`aɘǈ (Morris water maze, MWM) 

MWM hǧˌˡǌaÌkJɲŹÚǌ/Ǫ;ɜ妥Dŧĝ才(Noldus EthoVision 

3.1, The Netherlands)
伊ӳɲŹŝżȐ 100CD	ɧƫ 30CD͋Ą�Ø͌ЛaÌ

A功Ú伊ӳ�aÌªDǌ�Ǻ充Ǯ
干�充Ǯ¸ƛ�MŽҾʐ占̾ǃ伊ӳ外Ŝͯ

�元ŠŻ͋Ą͌Л�各�É�~外êŝaǰ 1CD�Ī¸a6q�抗ÐȻŔO�

ȻûFʧ´ıa÷ь�ØҎ；HΙżʌӼΦļ�各�Ħ�a͢Ɯωƴ¸ 24±1°C


aÌӀ池乙̯"�ǺyġŻ太áΞȞ、ǌƁ̼西ˁŻ令ӒЗȾ�˸ĲHΙɎ串�

~Żį住
ͻʽˌˡ件˓ΞġΞ 4
 

MWM伊ӳDǌķǺ̾ǃªǨ;M�ƛ�MǌŽҾʐ占̾ǃ(acquisition phase)

化Ư�MƜǌƁ̼ʋȾ伊ӳ(probe trial)
ŽҾʐ占̾ǃ(干�Ö�M)��各向令

ӒЗȾŻÞͯŅŋ��M外Ç�Èͼӳ(trial)ĔÈͼӳ乙人5°ɕҖ(5°充Ǯ8

Ӏ池6Җ)̻Ŋ
Ǵ¨乙伊ӳɲŹǰ³Ì衣И休Ŝ�a6�ӷĹ¸aÌA比Ū 60 

Ǘ天ĉ�各�ĪɎ別HΙÕ!aļŵ"�各Ŗ好ș̼�Éș̼ǌɛҎІ£方

(escape latency)
HΙŝ 60ǗA天ĉļ�各Ư�ӷHΙ¸�各"ɩȱ 15Ǘ�Ǥ

HΙ̲由 60Ǘ=�天ĉļ�各�ƜTпHΙ比³�各Ī¸�各"ɩȱ 15Ǘ�Ĕ

Èͼӳ̼皿 30 ǗӷHΙ¢Ȓ由ƯŊ̻Ŋ!Èͼӳ
ĔM�ÈͼӳƯ乙HΙ_呆

ɨĪȮɨ�«Ŝ¶Ιӫ¢Ȓ
干;MǌƁ̼ʋȾ伊ӳ�ʜ¤向ƛ�MŽҾʐ占̾
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ǃǔ°�ɶ�5°ƽaÌAĪ水Ŝͯ�各�ĔÈͼӳ判何人5°充ǮŜ�HΙ�

Ǩș 60Ǘ� �Mª�Èͼӳ�ĔÈͼӳ̼皿 30Ǘ
 

�Úǌ伊ӳ且đƯ�元由DŧɛҎІ£方(escape latency)	ʷɲ出Ү(distance 

moved)	҆ʷɲ出Ү(cumulative distance)	比Ū今ƫ(swim velocity)	�Ѐɩȱ�

各充Ǯș̼(time spent in target quadrant)	�Ѐɩȱ�各充ǮÈϻ(cross numbers in 

target quadrant)̙ɴϻ�Ĵ̫âĹɎ串Ɉ�ƽõµϽ改*ȣ另ʺÓ̒�ĎӱŔƽ

˓Ãϵ攻
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3.4.2  ήУÁ̴ē何ͼӳ 

�ͼӳhǧƽk了Ǭ伊ӳɲŹ̴ēŻYÁ�ӼΦĹ生ɲɈ�	�њ͑kJ生

ɲȸͮľПœ
伊ӳhǧˌˡǌʖ也�њ氏ŋ字(Rotarod treadmills UGO47600, 

Ugo Basile Biological research apparatus, Gemonio (VA), ITALY)�Ɉɼͮ�ʊĽǰ

ŦПцήУҨ今
�氏ŋ字ªÇ;Ǻ̴用�Ĕ用ϰƫǌ 6CD	ƍƫǌ 25CD	

本!ɧƫǌ 26 CD
ήУ!YˌÇ力本͑否血�ͧHΙ�ήУ力本乙外ӓ̒͑

否血ÕɲǛ別力本ǗϻJ力本Ҩ今ŝӲ�ǰŦ"�ġΞ 5
 

伊ӳªDǌķǺ̾ǃ�DîǌФ否方J伊ӳ方�ƛ́ƽǌ�ӷHΙ有入ˌˡ

Īgɒ汙Ĺ�死̴ēYÁ
¸Ф否方̼�乙氏ŋ字ˌŋ¸ŅŋҨ今 4 rpm
nĹ

ƁҨϻǗkƮήУҨ今һŋƯ�ČßHΙāS乙Ĺkƛͱ¨ČßήУ"ŻYÁ�

һŜ �ͯĪgǧıήУ8ҨɲY³向HΙÚȐY³ǔK�NɈҎ；HΙżʌ΂本


Ф否方ǌ方�MĔɣHΙ好ǧ功Ú 3ÈͼӳÓĔÈͼӳǌ 6D找�Ǥ¸É方̼H

ΙęÇ力本Ɯ乙ĹŜͯŝ一�ΙӫA�nĹ¢Ȓ 1D找Ư«功Ú!�Ǻͼӳ
Ǥ

HΙŝ 10 ǗA力本ƜmƉŜͯÞͯŔ̴ēYÁ5ͧ�去ǭ͖功Ú
ĔÈ功Ú!

�Èͼӳƛ�µǌHΙΧŝȣŁ΃ǌ下͑ǌĩ]ĹÕÚ΂本好ǧ乙ήУJ力本Ŧ

kɝσȧǄĪgˏǱƯ«̻Ŋ
 

伊ӳ方ǌ方 M�ĔM好ǧ功Ú 3Ǻͼӳ
向Ф否方85°ǌ�ήУ外k 1 

rpm/10secŻq今ƫ�ƈŊҨ今 4 rpmq今Ö化*Ҩ今 40rpm
6˕ǤHΙ力本Ö

!Y͑否血"Ɯ外ÕɲǛ別力本ŻǗϻJͧ!ŻҨ今
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3.5. ɲŹ折ǎ(sacrifice)JĿ成 

Úǌ伊ӳ且đƯ�乙HΙ七¶各沉*西CªМ�西ɠ 9 早HɲŹŕƮ 24 H

șƯ功Ú折ǎ
伊ӳɲŹkķνYÁ折ǎ�Ǔk�ȤG冰ȣ每(carbon dioxide, CO2)

ˠ而Ư«Dî功ÚӛǇJҚ助
 

ˠ而Қ助ʾ(Ncontrol= 7; Nexposure= 6) 內D�Ʈ伊ӳɲŹ大ƫˠ而ƯkҚ助~ą

今Қ助
DîĿpͳʾҠJ血Ō(以Ӭ	UӬ	ĞӬ)
ͳʾҠYǰ�ŝ±正 10% 

҃Ϝ沈И灰�寸沈a(phosphate buffered saline, PBS)8ɻ自�功Úͳ內Dɳ
¨乙

ͳ內Dǌ�	{u內�«ʽDǌ OB	CE	HI	CO �Ǻͳɳ�ƮþÃƯ乙ͳʾ

Ҡ±正ŝ另包ҮUπA«kʡΨ̋功ÚƱ今：ǽ
血ŌYǰ�以Ӭ	UӬ±正ŝ

另包ҮUπÓĞӬkЬςɂsϑA�8Ư«kʡΨ̋功ÚƱ今：ǽ
成�Ɨ¾Y

ǰ�乙ĹŜ�ćǽɂ工ĪĪƗ¾ŝ−80oC¬Б
 

ˠ而ӛǇʾ(Ncontrol= 5; Nexposure= 5) Yǰ�HΙ功�大ƫˠ而Ưð�s`ʡ

(bouin’s solution)功ÚӛǇ功ÓŅŋʾҠ
ͳʾҠþцĿpƯ�±正ŝ 50ʟIҮ

UπĪȩŲŝ 10%�ԊϒÃ8μɥť功ÚƗ¾
ŝɖ成ƛ功ÚͳʾҠDɳ«ŉɑ

各沉*西ɲŹ6U功Úȳ寸ʾҠDŧ
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3.6. ɆС由ȤG(MDA)Dŧ 

�ǖĜɴ平 TÜ KÖ ZKAN (Tukozkan et al., 2006) ̙48ǖĜ�̒小ı�É

Yŭǔ^¹ϻı�8ʶmS^ýϜYŭ(thiobarbituric acid reactive substances, 

TBARS) Ɉɼ΃ĸÇȯʲœ向e�Ԋ(malondialdehyde, MDA) 且´�ǯêɧâ8

ɵ尾 (Tukozkan et al., 2006)
 

�伊ӳ乙ı�ʡǔϲŧÝ含Сҽ字 (liquid chromatography-tandem mass 

spectrometry, LC-MS/MS) ĴDŧͳʾҠAɆС由ȤG8̖ƫ
Ĺȁ寸ƽð� 2,4-

�̔ɺǥ�(2,4- Dinitrophenylhydrazine, DNPH, Sigma)向 MDA且´ĄÃ MDA-

DNPH Ǧ�Ź�«元由 LC-MS/MS Ĵ功ÚDŧ
�伊ӳªDǌ *ē沙�(1) 乙

MDA�ͳʾҠ6̤ĿÓp�Īq� DNPH 它ʡı8ÚÃMDA-DNPH Ǧ�Ź


(2) ɞͯЀ左Ƣ8呈包ЗkJЀ左Ƣ千q8呈包З�°șңÉ̫âɺСȕ否
(3) 

Ʈ"ǫ呈包ЗJɺСȕ否Ǔˏ由Ư�功ÚСҽ字Dŧ
 

3.6.1  ͳʾҠAMDA̤Ŀ 

�ǖĜɴÒ Tukozkan̙4ǖĜ(Tukozkan et al., 2006)功ÚMDA̤Ŀ
乙亡

Dŧ8�Ǻͳɳ(CE, CO, HI, OB)kΒ,Mȹ²ȹĿ 10 mg8ͳʾҠ±正ŝ另包

ҮUπ6�°șq� 250 µL 1.15 %8̌G白(potassium chloride, KCl) Īkǖ佔月

ĴıĹoDʧ´ңkûСGͳʾҠ
ǌı且´¸MDA"8互�Сӹœa母�好

q� 100 µL 6 M刃ȤG北(sodium hydroxide, NaOH) Ö2ûFG8ʾҠ«Ŝͯŝ

ɨȭ血6ŝ 60oC !K否 45 D找
ƮK否þÃƯ�«q� 250 µL 100%��

(acetonitrile, ACN)ĴĖ估互�С
乙"ǫͼкûFʧ´Ư�k 15000 rpm, 25oCҮ

U 10D找
 

ҮUþÃƯ�Ŀp"叉ʡĪҨʷÖ͖Ż另包ҮUπ6�ıĹ向 5 mM 8
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DNPH它ʡʧ´�ĪŜͯŝɨȭ血6ŝ 25 �!功ÚǦ�K否 10D找�Ǧ�K否

þÃƯƮƯӞMDA-DNPHDŧ
功Ú"ǫē沙ƛ�好ǧ¨ɞͯ DNPHх、它ʡ


kȹҼɂ±正 DNPH (ùa包 33%)Ȼ�ĪkΒ,Mȹ包Ŀ 0.016 g
乙Ȼ�Ǹ�

50mlҮUπ6�Īq� 12 mL 2MŻ沈Ϝ(hydrochloric acid, HCl)óɞͯþ DNPH

它ʡ (pH)0.09)
乙É它ʡkͼπ肌吸血 (vortex) 向肌吸Ё死Ɨʧ´ûF水 

DNPH 均ʺŧp	Ė估̙小充�kЬςɂsϑҎ；§ЗʌӓĪ̮¾ŝƧͧ͢6
 

3.6.2  呈包Зƛͯ-ɞϒЀ左它ʡ 

功Ú呈包З包氏ƛ�好¨ɞͯ即ˡȁʡ (stock solution)JЀ左ı�它ʡ

(working standard solution)
乙 2 µL 1,1,3,3-��ȤɺeԀ(1,1,3,3 tetraethoxypropane, 

TEP)它母ŝ 8 mL ddH2O6ɞϒÃ 1mM8即ˡ它ʡ�«Ŀ 0.1 mL8 1 mM即ˡ

ȁʡq� 5 mL 1% (v/v)ʶϜ它ʡ6Ī¸Ƨ͢!K否 2Hș�óɞϒÃ 20 nmol/mL 

MDA Ѐ左ı�它ʡ�ƮƯӞɞͯЀ左Ƣ8呈包ЗkJͳʾҠ̤ĿƯЀ左Ƣ千q

ŭ8ɺСHɞ呈包Зı�
MDA Ѐ左ƢɞϒþÃƯ乙�Ьςɂsϑ毛Q§Зʌ

ӓĪ̮¾ŝ 4oC¬Бͧ6
 

3.6.3  ̫âɺСȕ否 

�ǖĜı� LC-MS/MSĴDŧͳʾҠAMDA8ù包�Ĺȁ寸ƽð�Β,比

Ү乙Ʈ氏ŹСҮ,G
¸É由̖6�ǤÇĹгŹС°ș功�Сҽ字6˓ÃҮ,G

ŀļϵ攻功Óϵ攻ŋ包Ż且ţ�óźů�ǌɺСȕ否(matrix effect)
�ƛǖĜʀ

�ŝ̫âɺСȕ否8YŭhǧÇķν(˛Ȇ心 2007)�πǀƯӛǇ(post-column 

infusion)Ŕ乙ɺС̤ĿŹq�2Ž包8Ʈ氏ŹЀ左Ƣ(post-extraction spike)^΃Ĺ

Ń̙包ȿƮ氏ŹЀ左ƢŻɐ末��ξǌЀ左千qŭ
�ǖĜı�"ǫƯƃĴ̫â

成�AęÇӲ他ŻŔƽсÇyőʰŻɺСȕ否
乙DîɞϒЀ左Ƣ8呈包З
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(standard calibration curve, SCC)kJͳʾҠ̤ĿƯЀ左Ƣ千qŭ8ɺСHɞ呈包

З(matrix matched calibration curve, MCC)�ңk^΃ķƃĹʔʫ二pɺСȕ否
 

ɞͯЀ左Ƣ8呈包З(SCC)� 

�呈包Зk 6Ǻ佐ƫҖϒÃ�̈ Ú乙 1 %牛ʶϜĿ 300	µlÕ�另包ҮUπ6�

Ĺг 5πǓq� 250	µl
乙ƛǫŖɞͯþÃ8 20 nmol/ml MDA Ѐ左ı�它ʡĿ

p 200	µl q�Ç 300	µl 牛ʶϜ8ҮUπ6
«²Ŀ 250	µl kă­牛ӖŻYÁɞ

ͯÃ!ǰ佐ƫ�8, 4, 2, 1, 0.5, 0.25 nmol/ml
牛ӖƯ8Ѐ左ı�它ʡĿ 20	µl«²

îq� 60 µl 8 100% ACN�ɞϒÃ LC-MS/MSDŧ�8佐ƫDîǌ�2, 1, 0.5, 

0.25, 0.125, 0.0625 nmol/mL
ŝ"何ƛ�乙"ǫDŧ�它ʡ²îq� 25 µL 5 mM 

pH)0.098 DNPH它ʡʧ´�ĪŜͯŝɨȭ血6ŝ 25oC!Ǧ�K否 10D找k

"
 

ɞͯЀ左Ƣ千qŭ8ɺСHɞ呈包З(MCC)� 

µ�呈包З好ǧ千q成�̤ĿŹ�ƺ乙亡Dŧ8�Ǻͳɳ²kΒ,ȹĿ 5 mg

ʧ´Ã 20 mg8ʧ´成�(pooled sample)�Īk"ǫ8̤ĿYŭĿpͳʾҠ̤Ŀ

ʡ
Ó"ǫŖ�8ͳʾҠĴÕŝǔ°Ƣĝ	œî	水ҼŹˇ寸8ɬ乃 3xTg-ADH

Ι
 

�呈包Зk 7Ǻ佐ƫҖϒÃ�¨Ú乙 1 %牛ʶϜĿ 250	µlÕ 6Ǻ另包ҮUπ

6
乙ƛǫŖɞͯþÃ8 20 nmol/ml MDA Ѐ左ı�它ʡĿp 250	µlq�� 250	µl 

牛ʶϜ8ҮUπ6
«²Ŀ 250	µlkă­牛ӖŻYÁɞͯÃ!ǰ佐ƫ�10, 5, 2.5, 

1.25, 0.0625, 0.3125 nmol/ml
牛ӖƯ8Ѐ左ı�它ʡ 10	µl«²îq� 40 µl 8

ͳʾҠ̤Ŀʡ�ɞϒÃ LC-MS/MS Dŧ�8佐ƫDîǌ�2, 1, 0.5, 0.25, 0.125, 

0.0625 nmol/mL
火化Ư�Ǻ佐ƫҖǌ 0 nmol/mL�k 10	µl8牛ʶϜJ 40 µl 8

ͳʾҠ̤ĿʡɞͯÓÃ
°成ŝ"何ƛ�乙"ǫDŧ�它ʡ²½q� 25 µL 5 mM 
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pH)0.098 DNPH它ʡʧ´�ĪŜͯŝɨȭ血6ŝ 25oC!Ǧ�K否 10D找k

"
 

ɺСȕ否Ǩρ� 

"ǫMCCJ SCC8Ęŋƚϻ(coefficient of determination, R2) 好*ŝ 0.995

k " Y y 五 ı � 
 Ó ɺ С ȕ 否 Ǩ ρ C Á ¼ ! � ɺ С ȕ 否 (%) 	=	

MCC8ʔʫ5SCC8ʔʫ
SCC8ʔʫ

×100%
ͧɺСȕ否?ŝ(15 %ș�mƉ�成�水ŠӲŔĸy

őʰ8ɺСȕ否Éșykı� SCC、ƯӞ8ŋ包Dŧį住
 

3.6.4  LC-MS/MS Dŧ 

�伊ӳı� LC-MS/MS DŧͳʾҠ8 MDA-DNPH 佐ƫ�Éʡǔϲŧĝ才

(liquid Chromatography)ˌˡsùÇÕɲ功成何(autosampler, San Joes, CA, USA)	

�ʷɲǔʚƫѳȨ(Thermo Scientific Accela 1250 quaternary pump)kJʡǔϲŧ

πǀ
Éπǀǌ Syncronis C18 πǀ(AȐ 4.6 mm×15 cm, 5 µm, Thermo Fisher 

Scientific Inc., Waltham, WA, USA)�Óʡǔϲŧĝ才元由B́Ϣ(six port divert 

valve) 仍ʌļСҽ字(mass spectrometer)
 

ʡǔϲŧĝ才Ŗı�8Ç何ǔǌ ACNù 0.1 %�Ϝ(acetic acid, AA)	aǔǌ

xҮ,aù 0.1 % AA�Ǉ今ǌ 300-500 µL/min�ĔǺ成�8Dŧ功成包ǌ 25 µL�

ʷɲǔʚƫ¼Ɖ 1Ŗ��¸干 0D找șÇ何ǔ^ĳǌ 50 %	Ǉ今ǌ 300 µL/min�

¸干 5D找ș乙Ç何ǔ^ĳ˸Iǌ 95 %	Ǉ今ǌ 300 µL/min�¸干 11D找șÇ

何ǔ^ĳǯÖɕƈŻ 50 %	Ǉ今ǌ 300 µL/min�¸干 11.10D找șÇ何ǔ^ĳǌ

50 %	Ǉ今˸Iǌ 500 µL/min�¸干 14.10D找șÇ何ǔ^ĳǌ 50 %	Ǉ今ǯÖ

ɕƈŻ 300 µL/min�Dŧș̼҆ªǌ 15D找
 

�ǖĜı�Сҽ字DŧÉŹС�Сҽ字Ż比Ү尼ı�qЋÁΒϮө比Үŭ



doi:10.6342/NTU201901973

 

 34 

(heated Electrospray Ionization, HESI)�«ð� ǃ�͜ȶÁÝ仍Сҽ字(triple-

quadrupole mass analyzer)功Úͪ忙ϗп代母(collision-induced dissociation, CID)�«

ɞ´克фK否再氏(selected reaction monitoring, SRM)收Á功ÚСҽDŧ�Ó HESI

ɴϻˌŋǌϮөΒѱ(spray voltage) 3000 V	_ʽπ͢ƫ(capillary temperature) 200oC	

Ϗ̒͢ƫ(vaporizer temperature) 200 oC	Ѩȣ每ѱ�(sheath gas pressure)35 psi	Ϙ

ñȣѱ�(aux gas pressure) 5 arb�¼Ɖ 2Ŗ��|� SRMɴϻ¼Ɖ 3Ŗ��且ţ

Ξҽ8ŬЭǰ但Ǩρ功Úŋ包�ΞҽǨρˍ每ı� Xcalibur 2.2 (Thermo Fisher 

Scientific Inc.)功ÚDŧ
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3.7. ƎɌȪ努ȴȳ式ǔӃ互�С8Dŧ 

�ǖĜkÜYҖеŭ(western blot)功ÚƎɌȪ努ȴȳ式ǔӃ互�СDŧ�"

ǫƶЀsù total Tau	p-Tau	A#	LC3B	Iba-1
western blot 8ȁ寸ǌð�ȯʲ

œŻć每向ĸ一�ćȁ8互�СŻȁ寸ͮ由÷ØƯ�ˏ由ϵΚĴDŧ他ØŻÞͯ

kJɽƫĴŋ包ȯŋ互�СŻƉ小八ů
western blot hǧDǌ *ē沙� (1) 乙

互�Сʧ´Ź΄�Л每"功ÚΒŪ̴Л�ı互�Сį住D,包*H5°Ĵ功ÚD

Ү
判Ư�«乙Л每"8互�СҨί(transfer)ÖҨίК(transfer membrane)"
(2) 

ǌҎ； transfer membrane "Ƒ且´�Ѐ互�Żć每木ȱ�ƺ¨功ÚƏ位 

(blocking)
«乙 membrane ȩЈļ�Ѐć每(¨�ɀć每«�ɀć每)它ʡA�且

´ÓÃć每-ćȁО´Ź
(3) q�向�ɀć每且´8̒§Ŕ÷ØŹС�化Ư功Ú

ɮ氏
 

3.7.1  成�ϒˡ-互�С̤Ŀ 

ŝ伊ӳƛ好ǧ¨功Ú互�С̤Ŀ�乙¨ƛĿ成8�Ǻͳɳ(OB, HI, CE, CO)²

ÕȹĿ 15±1 mgͳʾҠŝ另包ҮUπ6Īq� 60µl 互�С代母ʡ(lysis solution)

kǖ佔月ӯͩʾҠıĹûFʧ´
É代母ʡsùŜȉ；ǒė估ŭИ灰ʡ 

(radioimmunoprecipitation assay buffer, RIPA Buffer, PH7.4, 2X concentrate)	互��

čĽк(protease inhibitor cocktail, EDTA-Free, 100X in DMSO)	҃Ϝ�čĽк

(phosphatase inhibitor)kJ��決��Ϝ(ethylenediaminetetraacetic acid, EDTA, 

0.5M, pH8.0)
 

ûСGþÃƯ�乙成�Ŝ�−20oC¬БAkƮʾҠ代母
Ʈ皿Zk 12000rpm, 

4 ��ҮU 20D找
判Ư�Ŀp"叉ʡD正ͯŝ另包ҮUπ6ĪƗ¾ŝ−80 oC¬

Б�ƮƯӞ功Ú互�Сŋ包kJÜYеҖŭDŧ互�Ɖ小包
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3.7.2  ƛͯ-互�Сŋ包 

�伊ӳı��Ř年μ互�Сŋ包ŭ(bradford protein assay)ŝΒŪƛ¨ŋ包成

�A互�С8佐ƫ
�ŭƽð�^Øŭȁ寸Ĵ功Ú氏ŋ�ͧ bradford 向互�Сһ

ŋ且´Ư乙÷小ҢØƤΨ
gĹøÄ§ҽ¸ 595nm ˇĸÇ�ǺŬЭ�Éșykð

�§ҽ字Ĵ氏ŋ互�С佐ƫ
�ŭͻʽ8ē沙¼!Ŗǫ
 

Ǵ¨去¨Ƭ�呈包З�ªɞϒ 6Ǻ佐ƫВ˩Dîǌ 1	0.5	0.25	0.125	0.0625	

0 mg/mL
ɞϒYŭƽ乙²另包ҮUπq� 25µl ddH2O�判Ưq� 25 µlŻ 2 mg/mL

dÙ叉�互�(bovine serum albumin, BSA)ɞͯÃ呈包З佐ƫ化ɧҖ�«kă­牛

ӖŻYÁþÃ呈包З
"ǫǿɞ»Ż呈包ЗĔπĿ 20ul q�ùÇ 980ul 2牛Ӗ;

Ƕ8 bradford (protein assay dye reagent concentrate, BIO-RAD)ŻҮUπA
成�互

�С內D�q�¨ƛ̤Ŀp8"叉ʡ 1 µLĪq� 999 µL bradford6
 

乙"ǫq� bradford8毛包З向成�互�С²Ŀ 150 µL΄�Ö 96P此 (96-

well plate)6Ī功Ú ǭОͼӳ
化中ı�ϛȽ；ǒDŧ氏ӭ字 (elisa reader) 

(BioTek™ Epoch™ Microplate Spectrophotometer) ŝŬƍ 595 nmĴ氏包²ø§Ƿ�

ð�呈包ЗĴǨρ成�A互�С佐ƫ
"ǫ呈包З8Ęŋƚϻ(R2)好*ŝ 0.99 k

"Yyı�
 

ͮ由ŋ包Ư�ĔǺ成�8互�С佐ƫͮ由互�С成�И灰ʡ(laemmli SDS 

sample Reagent reducing 4X, T-Pro) J ddH2OŻПцƯǓǌ 4 µg/µL
乙成�kɘ

。另包ҮU何ą今ҮU�判Ư乙Ĺk 95oCqЋ 5D找Ĵ�Қ成�A互�С"Ż局

ʶҒı8oDӱœ�«k 12000 rpm, 4oC八ů!ҮU 10D找�化ƯƜ乙ϒˡ»8

成�Ɨ¾ŝ−20 oC¬Б
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3.7.3  ÜYҖеŭǇ̖ 

成�ƛͯþÃƯ�Ɯǧ功ÚΒŪ̴Л
¨k 75%ɝσJƳ形ɂ叉ЅǏЌc�

ĪĈϒЛ收ʾ正ˡþÃ
°ș�k ddH2Oӛ�ķǏЌc̼功Ú氏份
 

�伊ӳ8Л每ƽı���ԀɺʶϜ北ϋe子ԋ決йЛΒŪ(sodium dodecyl 

sulfate polyacrylamide gel electrophoresis, SDS-PAGE)Ĵ功ÚΒŪ̴Л�ÉЛ每ɞ

Y� ddH2O	30%e子ԋȥ示ʧʡ(acrylamide/bis solution)	1.5M 汽�ɺȥɺ�

Ԁ沈Ϝ沈(tris-HCL, pH8.8)	10%��ԀɺʶϜ北(sodium dodecyl sulfate, SDS)	

10% 由ʶϜϡ它ʡ (ammonium persulfate solution, APS)	��ɺ��決 

(tetramethylethylenediamine, TEMED)
Dǌ"Л-ѱ҅Л(stacking gel)J!Л-DҮ

Л(resolving gel)�ĔcЛ每ǜ 5 ml 乙Ĺӛ�ķǏЌ8̼
°ș�Л每(!Л內D)

Ƞ住5°�Ѐ互�СµÇ5°D,包ÓĸÇ5°8佐ƫ�total Tau (10%)	p-Tau 

(10%)	Aβ42 (15%)	Iba-1 (15%)	LC3B (15%)
 

Ʈ SDS-PAGEЛ每ɞͯgйŅþ©由Ư�乙̻Ŋ功Ú成�正΄
ĔcЛ每ª

Ç 10ǺPǉ(well)�乙ˇ寸»8成�²ũ� 5 µlļ6� well6�ĔǺ wellAŻ

成Ƣ互�包ǌ 20 µg/well
Ó�{ķY8 wellƜ外Ƞ住成�¹Τũ�互�СЀɎ

(RGB prestained protein ladders)J互�С成�И灰ʡ
 

þÃ成�正΄Ư�óy功ÚΒŪ̴Л
Éē沙DǌķǺ̾ǃ�干�̾ǃǌΒ

ѱ 60 £ȯ(V)�ș̼ǌ 30 D找�É̾ǃƽı成�功�DҮЛ8ƛ五ѱ҅Ãǔͧ

Ąź�kӷƯӞ功�DҮЛƯÇĐ»ŻDҮȕţ
干�̾ǃ̴ЛƜǌΒѱǌ 100 

V�ș̼ǌ 100D找�˸ĲhǧŻΒ及DҮJD,є、�ӷ互�С6D,包ɫD

Ү
 

ΒŪ̴ЛþÃƯ�乙Л每�ǏЌc6Ŀ!Ưį住互�СЀɎ乙¹г(Ƒ�Ѐ互
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�Сɳɸ)Eɢ�判Ư乙ǧ功Ú transfer 8ē沙
¨乙ϋɯǅ�子К(polyvinylidene 

fluoride membranes, PVDF transfer membrane)ȩ� 100%�考(methanol)6功Úэǋ


total Tau	p-Tau	Aβ42ı� 0.45 µmPȐŻ PVDFК�Iba-1	LC3BƜı� 0.2 µm


PVDF Кэǋ由Ư�k transfer buffer (ddH2O, 100% methanol, 10x transfer buffer 

solution)功ÚǊ女
乙 Šűü束�kҜɂ	PVDF К	Л每	Ҝɂ	Ȫ同Ż͂ă

įăŜͯ�"ǫ由̖好¸±正 transfer buffer Ī士由 ŠűüŻȈ血6功Ú
化Ư

乙ҨίЁ仍°¬skJҨ,Ŝ�¬ȭ6� Šűü正ͯþ©ƯŜ�ҨίЁ�kΒѱ

ǌ 100 V�ș̼ǌ 60D找功Ú transfer
 

transferþÃƯ�乙 Šűü人ΒŪЁĿpĪ乙 PVDFКkӾ,üp
į住²

�Ѐ互�8D,包功ÚEК�t-Tau	p-TauǓE¸ 35-75 kDa�Aβ42E¸ 25-75 kDa�

Iba-1	LC3BE¸ 25-75 kDa
k 5%之Ɇ�ȻĔǺК乏9 10c.c功Ú blocking�Ī

¸Ƨ͢!ûF͕Ț 60 D找�«k 汽�ɺȥɺ�ԀŃϋ/ʝ考ԇ 20( ξǌ±͢

20)ʧ´Ź(tris basewith tween, TBST)И灰ʡ功ÚĔÈ 5D找ª 3ÈŻαǊ
 

ʌ!Ĵ乙�ɀć每ɞͯŝ TBST Ư向 PVDF К¸ 4oC ¬Б6ûF͕Ț��伊

ӳı�8�ɀć每�anti-Tau antibody (predicted target size: 55 kDa, GTX112981, 

GeneTex)	anti-p-Tau (predicted target size: 55 kDa, phospho Ser199/Ser202 antibody, 

GTX24864, GeneTex)	anti-beta amyloid 1-42 antibody [mOC64] (predicted target size: 

37 kDa, ab201060, abcam)	anti-LC3B(predicted target size: 14, 16 kDa, LC2B (D11) 

XP@ Rabbit mAb, #3868, Cell signaling TECHNOLOGY)	anti Iba-1(predicted target 

size: 17kDa, GTX100042, GeneTex)Ǔk 1:1000牛Ӗɞͯŝ TBST6�anti-beta Actin 

antibody(predicted target size: 42 kDa, GTX629630, GeneTex) k 1:10000牛Ӗɞͯŝ

TBST6
 

Ʈ皿Z«人¬Б6Ŀp�k TBST°成αǊ 3È	1Èǌ 5D找�«ȩ��
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ɀć每ŝƧ͢!ûF͕Ț 80D找
�伊ӳı�8�ɀć每ǌ rabbit IgG antibody 

(HRP)(GTX213110-01, GeneTex) J mouse IgG antibody (HRP)(GTX213111-01, 

GeneTex)k 1:10000牛Ӗɞͯŝ TBST6�«k TBSTαǊ 3È	1Èǌ 5D找�

þÃć每-ćȁО´Ź
ʌ他ı�互�С÷Øͼк(electrochemiluminescence, ECL) 

(T-pro ECL kit)�乙 PVDFКŲ¸ ECL6ϻǗĴ功Ú÷Ø̒§�化Ưı�：§低

§ϵΚDŧĝ才(UVP BioSpectrum 810 Imaging System)Ĵ功Ú˓ϵDŧ
 

ɢ Iba-1Ɉɼżʌŝ°�九 PVDFК"°ș÷小Ôɲ互�(β-actin)��Ĺгƶ

Ѐ好ǧ«功ÚʌӞē沙Ĵѽ二 β-actin
Ǵ¨�乙˓ϵDŧƯ8 PVDFКk TBST

αǊ 3 È	1 Èǌ 5 D找�«ȩ�ć每xɢͼк(rapidstrip western blot stripping 

buffer)ŝƧ͢!͕Ț 10-20 D找
ʌ!Ĵē沙¼"ǫ8ҨίƯē沙�5°8ˇǌ

乙�ɀć每向 PVDF КŝƧ͢!ûF͕Ț 90 D找�ı�k 1:10000 牛Ӗgɞͯ

ŝ TBST6 β-actin8�ɀć每�ʌ他«引"k 1:10000牛Ӗgɞͯŝ TBST68

�ɀć每 mouse IgG antibody (HRP)(GTX213111-01, GeneTex)�化Ưk ECLĴ功

Ú̒§Īı� UVP功Ú˓ϵDŧ
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3.7.4  ƯӞDŧ-uŋ包Dŧ 

˓ϵDŧƯ�好ǧ乙Ŗѽ二8Ξѹ功Úuŋ包(semi-quantitation)Dŧ�ĹŖ

ı�ˍ每ǌ ImageJ (National Institutes of Health, Bethesda, MD, USA)
ð�Éˍ每

ȟ克Ŗ好ǧ8�Ѐɳɸ�Ī二pĹƓƫ§了ƫÆЗΞ«kAƬ8żЗ0ĸ

(straight)D皿²ŬЭ«住É二p民ɳɸ8§ɽƫǷ
É§ɽƫǷó向�Ѐ互�С

佐ƫ÷小�ǔӃ
Óϻ住÷小YÁ乙!ǫYÁƉ�8�t-Tau 互�Ɖ小包(t-Tau 

protein/β-actin)	p-Tau互�Ɖ小包(p-Tau protein/β-actin) 	Aβ42互�Ɖ小包(Aβ42 

protein/β-actin) 	LC3B (LC3B-II/ LC3B-I)	Iba-1(Iba-1 protein/β-actin)kJ p-Tau

互�ǔΧ p-Tau互�Ɖ小包(p-Tau/t-Tau)ĴƉ�8
 

3.8. ʾҠȳ寸  

˄`aɘǈ且đƯĿ二ʊĽʾJϽ改ʾ² 5 ɣŻͳ	U	Ƅ功Úȳ寸Ec�

�伊ӳŉɑɷ�各沉*西ҩ西ɠɲŹ6U�kӑ\σ-¡ǚƿØ(hematoxylin and 

eosin stain, H&E stain)乙�抓EcʀˊƿØ�YƖӼΦ�ʀJȳӱʾҠŻƤΨ且

件�Īŉɑɷ�各沉*西ҩ西ɠɲŹ6UҷҩȍΧ²ͳɳJĹl血Ō功Úȳ寸ʾ

Ҡ！ӭ
 

3.9. 才ǨYŭ  

�ǖĜı� SAS 9.4Ÿ才Ǩˍ每功Úϻ住Dŧ�µ成�ϻ΃Q�µÉı�水

�ϻ才Ǩ呈ŋ功Ú才ǨDŧ�kƦ全v̙̆ɀŃ呈ŋ(wilcoxon rank sum test)^΃

ʊĽʾ向Ͻ改ʾ8̼Ȍ �̡ϻ住k�ûϻ向Ѐ左因(mean ± Standard error)ĴƉ��

Ӳ他a左ˌ¸ 0.05
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干�˞��且ţ 

4.1. 伊ӳɲŹ每ǭJÊ$八Ą巴ǫ 

�ǖĜϽ改方̼伊ӳɲŹ8每ǭ¼Ξ 6 Ŗ��Dî夫�û每ǭJ6Þϻ每ǭ

ɫ巴ǫ
Ͻ改ƛHΙʊĽʾ8�û每ǭǜǌ 25.47 g�Ͻ改ʾƜǜǌ 25.53g�8Ư

ķʾŝŝ�̻ŊϽ改șÇ!ǯ8困͈8ƯƜ÷小ǔΧ΃һŋÃƍ
Ͻ改且đș�ʊ

Ľʾ8�û每ǭǜǌ 27.55g�Ͻ改ʾƜǜǌ 27.84g
 

�ǖĜȁ�示ǨÇ 36ɣHΙ(Ͻ改ʾ向ʊĽʾ² 18ɣ)功ÚǖĜ�火ŝϽ改*

ȣ另ʺ方̼ªÇ 4ɣHΙÊ$
ʊĽʾŝϽ改̻Ŋ干 68MÊ$ 1ɣ�Ĺг 3ɣǓ

ǌϽ改ʾgDîŝϽ改̻Ŋ干 11	45	88 MÊ$
ʊĽʾ8Ê$ʫǌ 6%Ͻ改ʾ

Ɯǌ 20%
ˤг 32 ɣ¾ǋHΙ�23 ɣ(N Ͻ改=11�N ʊĽ=12)Ĳ�ǖĜƯӞDŧ�9

ɣĲ�伊ӳƧĹгǖĜı�
 

4.2. 另ʺ佐ƫ向@ȽʾÃ 

4.2.1  Ͻ改方̼另ʺ佐ƫ 

�ǖĜ乙 3xTg-AD�ΙϽ改ŝƑ佐҅*ȣ另ʺ 3Ǻ[�µHΙp�Z方5°

8池ƺ
好¨̙Ʈ²ÕÃƍÖ 6 Ǻ[*Ư�«Dǌķʾk5°ș̼(干�ʾ�

2018/10/01~2018/12/31�干� �ʾ2019/12/03~2019/03/03)功ÚϽ改
ƮHΙŝ TAPES

Ͻ改 Ǻ[Ư�ͮ由~沉*西ɲŹ6U呈ǒþÃó七�功Ú 5MŻ MWMJ 3M

Ż rotarod�ªǨ 8MŻÚǌ伊ӳ
 

Ͻ改另ʺ佐ƫkVɲҜɂʐ成Ư�Īk另包M�功Úʐ成Ưȹǭ
ͮ由ǨρƯ�

干�ʾϽ改8 PM2.5�ûС包佐ƫǌ 11.15µg/m3�佐ƫВ˩ǌ 6.14 µg/m3Ö 17.39 

µg/m3
Ĺ6 2018/12/13ȣЛ再氏字̒�ƺ妄�功Ú呈ǼƯŝ 2018/12/26ɖ¶̻Ŋ
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ʐ成
ƺÉ方̼Ͻ改8PM2.5佐ƫkʎâYÁ功Ú
ʎâ由̖¼!�(1) 乙 2018/12/13

ƛȣЛ再氏字ŖǛ別8óș PM2.5 С包佐ƫӭǷ向 ȏ出Ү~沉*西CªМ�西

ɠ΃Ɗ8氏Ⱥɫɚ夾Dŧ
É ȏ氏Ⱥǌ6/	zƒ	̦ͬ氏Ⱥ� ƃDî出CМ

*早 2.35	2.37	1.42CĨ
�É ƃkɚ夾ƚϻ克p向�ǖĜʐ成·Җʐ成ϻ住

化ǔӃ8氏Ⱥ
ͮ由氏包DŧƯ�化İ氏Ⱥǌzƒ氏Ⱥ (y=0.5757x-1.8035�

R2=0.5021)
(2)Ǜ別 2018/12/13Ö 2018/12/268zƒ氏ȺŖ氏二8 PM2.5�ûС包

佐ƫ(28.42µg/m3)�乙Ĺ七�"ǫɚ夾Á6二pʎâ8Ҝɂ佐ƫ(14.56µg/m3)
Ó干

�ʾϽ改8�ûС包佐ƫ PM2.5 ǌ 11.60µg/m3�佐ƫВ˩ǌ 6.14 µg/m3 Ö 17.49 

µg/m3
ͻʽ佐ƫͽȖ¼Ɖ 4	5Ŗ�
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4.2.2  Ͻ改方̼另ʺ8@ȽʾÃ 

�ǖĜŉɑ6�ǖĜɠð� ICP-MS ɫǭƌәù包Dŧ
°ș�Dîð� IC

J ICP-MSDŧy它œŻҮ,Jy它œǭƌә8ù包
"ǫ另ʺʾÃ且ţ¼Ɖ 6	

7	8kJΞ 7Ŗ�
 

Ǵ¨ƽa它œҮ,8Dŧ且ţ�ʶϜȠҮ,Ż�ûС包佐ƫǌ

4672.019(ng/m3)�ǜå PM2.56a它œҮ,ù包8 65.99%
|��ϡȠҮ,J̔Ϝ

ȠҮ,8�ûС包佐ƫDîǌ 1531.560	558.619(ng/m3)�Dîǜå PM2.56a它

œҮ,ù包8 21.63%J 7.89%
҆ƌәŻ內D�̹ (Ca)8�ûС包佐ƫǌ

282.851(ng/m3)�ǜå PM2.56҆ƌәù包8 32.13%
|��北(Na)kJ白(K)8�

ûС包佐ƫDîǌ165.765	159.536(ng/m3)�DîǜåPM2.56҆ƌәù包818.83%

J 18.12%
ɢ҆ƌәù包���ǖĜĐ大�Dŧa它œƌә8ù包k方ʋɏÃD

向 PMǄœ8ǔӃ
Dŧ且ţƶp�白(K)8�ûС包佐ƫǌ 124.303(ng/m3)�ǜå

PM2.56a它œƌәù包8 34.93%
|��北(Na)kJ̹(Ca)8�ûС包佐ƫDî

ǌ 107.827	31.321(ng/m3)�Dîǜå PM2.56a它œƌәù包8 30.30%J 8.80%
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4.3. ɲŹÚǌ伊ӳ 

4.3.1  ˄`aɘǈ 

¸Ͻ改 Ǻ[Ư�伊ӳɲŹ乙功Úǌ方;MŻMWM�˄`aɘǈŽҾʐ占̾

ǃ(干�Ö�M)且ţ¼Ξ 8 Ŗ��¸ɛҎІ£方(escape latency)Żș̼(Day 1: 

p=0.5972�Day 2: p=0.3213�Day 3: p=0.1984�Day 4: p=0.4887)Ŕƽʷɲ出Ү 

(distance moved)Yǰ(Day 1: p=0.2766�Day 2: p=0.2485�Day 3: p=0.7169�Day 4: 

p=0.2485)¸Ͻ改ʾ向ʊĽʾ8̼Ǔ水Ӳ他Ȍ �̡Ɓ̼ʋȾ伊ӳ(干;M)Ż且ţ¼Ξ

9Ŗ��¸�Ѐ�~充Ǯș̼ (p=0.0272)¸Ͻ改ʾ向ʊĽʾ8̼÷小Ӳ他Ȍʲ
火

Ó¸�Ѐ�~充ǮÈϻ(p=0.0914)Ń比Ū今ƫ(p=0.6209)Ɯ¸ķʾ̼Ǔ水Ӳ他Ȍʲ�

ͻʽ且ţ¼Ɖ 9	10Ŗ�
 

|�¸˄`aɘǈŽҾʐ占̾ǃ且ţ¼Ξ 8 Ŗ��5πƽʊĽʾҏƽϽ改ʾ

ŻɛҎІ£方ș̼ǓÇ判他Mϻ安qÓÇ毛Q (Control group: Day1 vs. Day2: 

p=0.1634�Day 1 vs. Day 3: p<0.05�Day 1 vs. Day 4: p<0.05; Exposure group: Day1 

vs. Day2: p=0.1077�Day 1 vs. Day 3: p<0.05�Day 1 vs. Day 4: p<0.05)�ʊĽʾJϽ

改ʾǓ¸干 3 M	J干 4 MΈļ才ǨӲ他�Īg�ΞyŽķʾǓÇ他�ʜ´寸Ż

西ˁÆЗ�ͻʽ且ţ¼Ɖ 11Ŗ�
 

4.3.2  ήУÁ̴ē何ͼӳ 

Úǌ伊ӳɢMWM��ήУÁ̴ē何ͼӳ ŝϽ改þÃƯ功Ú�ªǌ方 M


乙k力本șήУҨ今(speed at fall) J力本ș̼(latency to fall) ĴɫƉ��且ţ¼Ξ

10
¸Ф否方̼	干�MJ干 M�ķʾŝÉķϻ住Ǔ水Ӳ他Ȍʲ
火Óŝ干�M

ș�力本șήУҨ今(p=0.0318l) J力本ș̼(p=0.0350)ǓÇӲ他Ȍʲ
ͻʽ且ţ¼

Ɖ 12Ŗ�
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4.4. Ͻ改另ʺƯͳ內MDA 

�ǖĜkɆС由ȤGƶЀ MDA ĴʋɏϽ改*ȣ另ʺ Ǻ[ƯΧ5°ͳɳŻ

ȤGѱ�͔͇8ϵ攻�氏ŋŻͳɳsƷ͊ʬ	Hͳ	ȪɥɚkJ�С
 

4.4.1  ɺСȕ否8̫â 

�ǖĜk LC-MS/MS功ÚMDAŋ包�¸ɺСȕ否8ϵ攻且ţ¼Ɖ 13Ŗ��

Ѐ左Ƣ8呈包З向Ѐ左Ƣ千qŭ8呈包Зķƃ8 R2Ǔ*ŝ 0.995�^΃ķƃ8ʔ

ʫyk二ļɺСȕ否ǌ−4.83 %�ͧɺСȕ否Hŝ±15 %ș�mƉĹ且ţ水ŠӲ8

ɺСȕ否gyǯêDŧșŻɺС3Ҙ�µÉ�ǖĜkЀ左Ƣ8呈包ЗĴǨρ²ͳ

ɳ8MDAù包
 

4.4.2  ²ͳɳ8MDA佐ƫ 

MDA-DNPH8ϲŧΞ(chromatogram)¼Ξ 11Ŗ��Óβȱș̼(retention time)

ǌ10.07D找�MDA¸²ͳɳŻ佐ƫ¼Ξ12	13Ŗ�
Ͻ改 Ǻ[Ư8͊ʬ(p<0.05)

JȪɥɚ(p<0.05)÷小Ӳ他Ȍʲ�͊ʬϽ改ʾ�û佐ƫǔ^ʊĽʾǜɧp 9Ƕ�Ȫ

ɥɚϽ改ʾ�û佐ƫǔ^ʊĽʾƜǜɧp 2.1Ƕ
火Ó¸HͳJ�СƜŝϽ改ʾ向

ʊĽʾ8̼Ǔ水才Ǩ"Ӳ他Ȍ �̡，y�Ξ6ӼΦpϽ改ʾ8佐ƫǓɧŝʊĽ 
ʾ

HͳϽ改ʾ�û佐ƫǔ^ʊĽʾǜɧp 8.2Ƕ��СϽ改ʾ�û佐ƫǔ^ʊĽʾƜ

ǜɧp 2Ƕ
ͻʽ²ͳɳŻ佐ƫ¼Ɖ 14Ŗ�
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4.5. ͳ內ƎɌȪ努ȴȳ式ǔӃ互�Ɖ小 

�ǖĜ亡ɏϽ改*ȣ另ʺ Ǻ[Χ5°ͳɳŻ t-Tau	p-Tau	A#1-42	LC3B	

Iba-1Ɖ小包8ϵ攻�氏ŋŻͳɳsƷ͊ʬ	Hͳ	ȪɥɚJ�С
 

4.5.1  ²ͳɳ t-Tau互�Ɖ小包 

²ͳɳ8 t-Tau 互�Ɖ小包¼Ξ 14	15	16	17 Ŗ��Ͻ改 Ǻ[ŝ͊ʬ

(p=0.6171)	Hͳ(p=0.7210)	Ȫɥɚ(p=0.8303)J�С(p=0.5203)¸Ͻ改ʾ向ʊĽʾ

8̼Ǔ水Ӳ他Ȍʲ
火Óyk̒小ǔ΃ĹlͳɳÓģ�͊ʬÇŠӲŻ"I困͈�Ͻ

改ʾŻ�ûƉ小包ǜ^ʊĽʾɧp 2 Ƕ
ͻʽ²ͳɳ8 t-Tau 互�Ɖ小包¼Ɖ 15

Ŗ�
 

4.5.2  ²ͳɳ p-Tau互�Ɖ小包  

²ͳɳ8 p-Tau 互�Ɖ小包¼Ξ 18	19	20	21 Ŗ��Ͻ改 Ǻ[Ż͊ʬ

(p=0.0383)¸Ͻ改ʾ向ʊĽʾ8̼ÇӲ他Ȍʲ�gϽ改ʾ�ûƉ小包ǜ^ʊĽʾɧ

p 1.98Ƕ
ÓHͳ(p=0.0538)	Ȫɥɚ(p=0.9431)J�С(p=0.3531)¸Ͻ改ʾ向ʊĽ

ʾ8̼Ǔ水Ӳ他Ȍʲ
ͻʽ²ͳɳ8 p-Tau互�Ɖ小包¼Ɖ 16Ŗ�
 

4.5.3  ²ͳɳ p-Tau互�向 t-Tau互�Ɖ小包^Ƿ  

Ͻ改 Ǻ[Ż͊ʬ (p=0.1747)	Hͳ (p=0.2840)	Ȫɥɚ (p=0.6171)J�С

(p=0.3531)¸Ͻ改ʾ向ʊĽʾ8̼Ǔ水Ӳ他Ȍʲ�，yk̒小Ͻ改ʾ8^Ƿǔ^ʊ

ĽʾǓĴŻ΃ɧ
ͻʽ²ͳɳ8 p-Tau互�向 t-Tau互�Ɖ小包^Ƿ¼Ɖ 17Ŗ�
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4.5.4  ²ͳɳ Aβ1-42 (oligomer)互�Ɖ小包 

²ͳɳ8 Aβ42 (oligomer) 互�Ɖ小包¼Ξ 22	23	24	25Ŗ��Ͻ改 Ǻ[

ŻȪɥɚ(p)0.0268) ¸Ͻ改ʾ向ʊĽʾ8̼ÇӲ他Ȍʲ�火ÓƽʊĽʾǔ^Ͻ改

ʾÇ΃ɧŻ困͈
ÓHͳ(p=0.8303)	͊ʬ(p=0.3531)J�С(p=0.0538)¸Ͻ改ʾ向

ʊĽʾ8̼Ǔ水Ӳ他Ȍ 
̡ͻʽ²ͳɳ8 Aβ42 (oligomer)互�Ɖ小包¼Ɖ 18Ŗ�
 

4.5.5  ²ͳɳ LC3B互�Ɖ小包  

²ͳɳ8 LC3B互�Ɖ小包¼Ξ 26	27	28	29Ŗ��Ͻ改 Ǻ[8Hͳ(p

)0.0538)	͊ʬ(p=0.1747)	Ȫɥɚ(p=0.9431)J�С(p=0.9431)¸Ͻ改ʾ向ʊĽʾ

8̼Ǔ水Ӳ他Ȍʲ
火Óyk�ϻ住̒小�¸�Ǻͳɳ6ɢȪɥɚ�Ͻ改ʾ8�û

Ɖ小包Ǔ^ʊĽʾĴŻɧ
ͻʽ²ͳɳ8 LC3B互�Ɖ小包¼Ɖ 19Ŗ�
 

4.5.6  ²ͳɳ Iba-1互�Ɖ小包  

²ͳɳ8 Iba-1互�Ɖ小包¼Ξ 30	31	32	33Ŗ��Ͻ改 Ǻ[8�С(p)

0.0184)¸Ͻ改ʾ向ʊĽʾ8̼ÇӲ他Ȍʲ�火ÓƽʊĽʾǔ^Ͻ改ʾÇ΃ɧŻ困

͈
ÓHͳ(p=0.6171)	Ȫɥɚ(p=1)J͊ʬ(p=0.8303)¸Ͻ改ʾ向ʊĽʾ8̼Ǔ水

Ӳ他Ȍʲ
ͻʽ²ͳɳ8 Iba-1互�Ɖ小包¼Ɖ 20Ŗ�
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4.6. ʾҠȳ寸Ec 

ͳ內Żȳ寸EcDǌȪɥɚ	Hͳ	*ͳ�С̙ͳɳ功ÚӼΦȳ寸ӱG�E

c且ţӲ�Ͻ改 3Ǻ[ŻʊĽʾ向Ͻ改ʾ¸²ͳɳǓ水ŠӲŻȳ寸ӱG�且ţ¼

Ξ 34	35	36	37	38
ȳ寸EcȠ住ϵ攻В˩kJӈǭœDǌ;ɀ功Ú̫â

(Shackelford et al., 2002)�Ƅ內Żȳ寸Ec且ţӲ�Ͻ改 Ǻ[ŻϽ改ʾĹ6Ç�

ɣÇƑȯʲœŻ̒Ŵ八Ą�ͻʽ且ţ¼Ξ 39Ŗ�
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干;˞��ɏ百 

�ǖĜı� 6Ǻ[*8 3xTg-AD�ΙĪk TAPES功Ú 3Ǻ[Ż©Ħœ仍ӞłøϽ

改
¸Ͻ改且đƯ功ÚMWMJ rotarod�Ʈǌ方�MŻÚǌ伊ӳ且đƯ«ŝ 24HșƯ

功Ú折ǎ
ɢ�ĿpͳʾҠĪ功ÚƯӞ互�СJȤGѱ�Dŧ��°șkӛǇŻYÁŅ

ŋʾҠңkĿpƄ內Jͳ內功Úȳ寸EcJƿØDŧ
MWM且ţӲ��¸ŽҾʐ占̾

ǃ伊ӳ¸ʊĽʾŃϽ改ʾ8̼ŝǓ水Ӳ他Ȍʲ�Ó¸Ɓ̼ʋȾ伊ӳŻ內D¸ƶЀ�Ѐɩ

ȱ�各充Ǯș̼(time spent in platform quadrant)ŝķʾ6ÇȌʲ(p<0.05)�Ͻ改ʾɩȱș

̼ɧŝʊĽʾ
ĹгƶЀƜǓ水Ӳ他Ȍʲ�rotarod內DƜӲ��¸干�Mͼӳș�力本

șҨ今(speed at fall) (p<0.05)J力本ș̼(latency to fall) (p<0.050)ŝʊĽʾǓӲ他êŝϽ

改ʾ
ȤGѱ�ƶЀ且ţӲ��MDAŝ͊ʬ(p<0.05)JȪɥɚ(p<0.05)¸Ͻ改 3Ǻ[Ư

ÇӲ他Ż"I�ĹгͳɳǓÇ"I困͈火ÓęÇ才ǨӲ他�¸ƎɌȪ努ȴǔӃ互�Сƶ

ЀYǰ�Tau J LC3B 互�Ż內D�¸�ǺͳɳǓ水Ӳ他Ȍʲ
p-Tau 互�Ż內D¸͊

ʬϽ改ʾӲ他ɧŝʊĽʾ(p<0.05)
Aβ42 互�內D�¸ȪɥɚϽ改ʾӲ他êŝʊĽʾ

(p<0.05)
Iba-1互�內D�¸�СϽ改ʾӲ他êŝʊĽʾ(p<0.05)
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5.1. ©ĦœłøϽ改 

Ǆ寸西如ɸ6�kłøYÁϽ改另ʺŔĹlӼΦŹСș�ʐ�8Ͻ改Yŭyk

Ͻ改ș̼ƍ̓奶ʰDǌƱœJ休œϽ改
¸Ͻ改另ʺ8ǖĜ6�ȣπӛũJ(ơø

�ǌƱœϽ改ķνʀġŻYÁ�Ó休œϽ改Ɯkı�©Ħœ另ʺϽ改ĝ才Ŕƽÿ

內œϩ乎Ͻ改ǌͮʀı�8YÁ
ȣπӛũƽƶ¨乙另ʺ它ŝ它ʡ6ĄÃӊȬ它

ʡƯ�«ı�ɟ世乙ɟͮ�ϭ內˷�ˠ而Ư8伊ӳɲŹȣπ
Ó(ơø� ƽ¨ϒ

ˡӊȬ它ʡ�Ī乙伊ӳɲŹˠ而�ǬıĹ右Ɉı�(內Ĵ功ÚƄ內引ȣ
ŝ伊ӳɲ

Ź̻(引ȣș乙×助kӾ,Ņŋĩ]ôҴKȉ�Ī¸Éșı�另包øπ乙它ʡ危

̯×Ƞũ�ơ˨內
"ǫˎķνƱœYŭ8ѭҖǌ另ʺ8佐ƫkJũ�8к包ǔ

Χ΃»˵˹JŅŋ
火Ó�水ŭ二Žƍ方Ͻ改Ż且ţĪӆ^伊Ϥ4每Ͻ改八ů
 

Ó¸ƍ方Ͻ改8Yŭ6�΃¹ǖĜı�佐҅另ʺϽ改ĝ才
Éŭƽ乙�ǑŚĿ

功Ĵ8另ʺ�元由由ΗŃ̙何Ľ乙另ʺ�ȁ�8ê佐ƫ佐҅ǌ�Ѐ佐ƫ�«乙Ĺ又

ÖϽ改乎6ı伊ӳɲŹø�
ғ火ÉŭɈɼ˸Ĳ̓ș̼ɧ佐ƫ8Ͻ改八Ą�火Óŝ

4ӆ�ǋ6¹ϻƽƍș̼ê佐ƫ8Ͻ改八ů
ı�佐҅另ʺϽ改ĝ才Ī水ŭʹ´

小>Ͻ改伊Ψ�ƺ�ǖĜŖ克ф8Ͻ改YÁǌżʌŚĿŝȵ伊�Ǒ8*ȣӊȬ另

ʺ
ÓϽ改YÁ�ykį住Ͻ改內ÞDǌ©ĦœJÿ內œϩ乎YÁ�©ĦœϽ改΃

ʹ´4每Ͻ改伊ůĪgǔΧϩ乎Ͻ改^΃5外ǮĽɲŹǋɲĪ；ŝ3Ҙ
ϩ乎Ͻ

改ŻYÁ好乙伊ӳɲŹŅŋ¸Ͻ改乎6�右改pϩ乎ĴϽ改另ʺ�ǔΧ©ĦœϽ改

外ı伊ӳɲŹʯ�΃*Żѱ�
 

�ǖĜk TAPES、ǌϽ改ĝ才�由xǖĜ̂ı�Éĝ才Į休œϽ改*ȣ另ʺ

ª 16加�ʋɏΧ干�Ƥ作Āȳ*Ι收ÁŻϵ攻
ͮ氏包Ư̒小��û另ʺ佐ƫǌ

13.30±8.65 µg/m3�ǖĜ且ţ̒小另ʺϽ改Ư�yɈ元由休œɧÙ作ȴ(chronic 
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hyperglycemia)向©Ħœ̒ŴK否�功Óϗп干�Ƥ作Āȳ*Ιʯ�Ùπĵ̒ȴ

(vascular complication)�¸ȳ寸且ţ̒小另ʺϽ改Ưʯ�UÔŴ(myocarditis)	hɲ

μƟƫ安qkJ以Ӭ͔͇(Yan, C et al. 2014)
°成�ÇǖĜı� 8ń*ŻÕ̒œɧ

Ùѱ*Ι(spontaneously hypertensive rats, SHR)ĪıĹk TAPES功Ú 3Ǻ[向 6Ǻ

[Ż©ĦœłøϽ改�亡ʋɏÉɲŹ收ÁĮ休œϽ改*ȣӊȬ另ʺƯ�ȤGѱ�ƶ

ЀŃƎɌȪ努ȴȳ式¸ͳ6ŻӱG
*ΙϽ改ƛ 3 Ǻ[ PM2.5 8�ûС包佐ƫǌ

8.6 µg/m3�Ͻ改Ư 3Ǻ[ PM2.58�ûС包佐ƫǌ 10.8 µg/m3
ǖĜ且ţӲ�Į休

œłøϽ改*ȣӊȬ另ʺ外ϗпͳ6ŻȤGѱ�"I向 Tau 互�安q�火Ó Ǻ

[*ȣӊȬ另ʺϽ改Ī�Χ SHRŻƁ̼西ˁJɎ串rɈ˓Ãϵ攻
 

|���伊ӳƧ¨ƛ ð�Éĝ才Χ 17加*8 3xTg-ADHΙ功Úǌ方 12加

8Ͻ改�Īңkʋɏ另ʺϽ改ΧƎɌȪ努ȴȳ̖ϵ攻8¨ӥǖĜ
ÉǖĜ8�û另

ʺ佐ƫǌ 7.6 µg/m3�ǖĜ且ţӲ�҃ϜG Tau互�ŝ�ɣϽ改ʾHΙ8*ͳ�С

ɮ氏ļɐ末(Chuang 2017)
µÉ�ǖĜ亡ı�ÉϽ改ĝ才�ĪkÀӘ΃Ñ8 3xTg-

AD�ΙĐ功�ē�母另ʺϽ改Χ6ϿȸͮŻϵ攻
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5.2. PM2.5佐ƫJȯœ 

�ǖĜ8另ʺ�ûС包佐ƫ干�ʾ(2018.10.01�2018.12.31)ǌ 11.15 µg/m3�Ó

干�ʾ(2019.12.03�2018.03.03)另ʺ佐ƫǌ 11.60 µg/m3
¨ƛÇǖĜ且ţƶp

TAPESA8 PM2.5佐ƫ΃°早ϲƧ�佐ƫê 21%(Yan, C et al. 2014)��ǖĜŝϽ

改ɕŊƛ kȣЛ再氏字氏包ɷ�各沉*西CªМ�西ɠ*早�8 PM2.5佐ƫ�且

ţӲ� TAPESA PM2.5佐ƫ΃�早Ƨ��ûǜê 19 %�É且ţ向¨ƛǖĜƽǔæ

Ż
ƺykƉ�ͧ另ʺͮ由π΁生ѝÖϽ改乎每Aș�ǜÇ 19 %8͔�
 

|��ǖĜϽ改8佐ƫƽêŝ6̦�ɷÚƹɠѾ亦Ɨ抑ͰŖĽŋƁȣƢСЀ

左ˊВ8 15 µg/m3 kJêŝǝɷɷȆѾ亦ƁȣƢСЀ左(National Ambient Air 

Quality Standards)ˊВ8 12 µg/m3�|�ŃfǑМ�ʾҠ(World Health Organization, 

WHO)8ƁȣƢС左ƜˊВ8 10 µg/m3ʌƊŻ
�ÉykҿŠ�ǖĜәŝêк包ł

øϽ改ǖĜ�元由ƍș̼ê佐ƫϽ改ĴʋɏΧ6ϿȸͮŻϵ攻
 

Ƞ住ÃDDŧ且ţӲ��¸a它œҮ,ʾÃkʶϜȠҮ,(SO4-2)	ϡȠҮ,

	�����J̔ϜȠҮ,(NO-3)ǌh
¸ƥ�kJ0央G̖ƫɧŻ*ȣ6�ӊȬ另ʺ*

內Dƽ水何ÃD
Ƞ住ǖĜƶp�PM2.5hǧŻa它œҮ,ÃDǌ SO4-2	����J NO-

3ǜå PM2.5Ż 20-45�(Malm, Sisler et al. 1994, Chan, Simpson et al. 1997, Turnbull 

and Harrison 2000)
ʶϜ沈(sulfate)	̔Ϝ沈(nitrate)Ńϡ沈(ammonium)ƽ*ȣ6�

Èʺ,化ʀġŻÃD�ˎĭ均ʺ¸*ȣ6Dî��ȤGʶ(SO2)�̋ȤGŹ(NOx)Ń

ȥ(NH3)ȣ每Żżʌ又ŜĄÃ
Ƞ住ǖĜ�ˎ νa它œҮ,hǧĴÕ布Ǎ伸юJ

�ˏϳȣ(Sun, Zhuang et al. 2004)
 

҆ƌәkJa它œƌәǓkk̹ (calcium, Ca)	北 (sodium, Na)kJ白

(potassium, K)ǌh
ǖĜƶp�ĚŮх、ħ米kJ̒ɲ何ŮŖ又ŜŻÃD必	Ca	
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Ԅ	ϟ	Ѣ	ӡ	΍	完	ϝ	Ъ	ҭ	ЮŃ皮̙@Ƚǌh(Ristovski, Agranovski et 

al. 1999)
Ó�ˏƽ PMŻhǧĴ尼�ĳ¼ϒɲ血ŃУǠ̙ħ米內¤Ż佔͔kJ用

΁心交ŻӊȬ(De Kok, Driece et al. 2006)
ĴÕ止ĒȖµ΁ǰ佔͔ÓĴŻˏʀ反ù

ùÇž(Si)	Ь(Al)	白(K)	北(Na)Ń̹(Ca)(Lindbom, Gustafsson et al. 2006)�ÓĽ

ɲŃУǠ佔͔均ʺyɈùÇƌә�¼ϝ(Cu) 	Ы(Sb) 	皮(Pb) 	ҭ(Cd)ŃЪ(Zn) 

(Hjortenkrans, Bergbäck et al. 2006)
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5.3. 另ʺΧƁ̼西ˁJɎ串Ɉ�8ϵ攻 

�ǖĜı�MWMʋɏƑ佐҅*ȣ另ʺΧƁ̼西ˁ向Ɏ串rɈŻϵ攻�MWM

ƽϴųŻ否�ŝ̫âɲŹƁ̼西ˁJɎ串rɈ��伊ӳ且ţӲ� 6Ǻ[*8 3xTg-

AD�ΙϽ改*ȣ另ʺ Ǻ[Ư�¸ŽҾʐ占̾ǃʊĽʾŃϽ改ʾ8̼ŝɛ之І£

方	比Ū今ƫ	Jʷɲ出ҮĪ水Ӳ他Ȍʲ
¸Ɓ̼ʋȾ伊ӳ且ţӲ�ķʾ̼ŝ�Ѐ

�~充Ǯș̼ÇӲ他Ȍʲ(p<0.05)�Ó�Ѐ�~充ǮÈϻ	比Ū今ƫƜ水Ӳ他Ȍ 
̡ 

由x�伊ӳƧ̂ð� 17加*8 3xTg-AD�Ι功Úǌ方 12加8©ĦœłøϽ

改�Ͻ改且đƯ MWM 且ţӲ�ķʾŝŽҾʐ占̾ǃJ̼ʋȾ伊ӳ68ŖÇɴϻ

ǓęÇӲ他Ȍʲ
°ș��伊ӳ|ÇǖĜı� 8ń*Ż8 SHRĪıĹk TAPES功

Ú 3 Ǻ[©ĦœłøϽ改�MWM 且ţӲ�¸ɛҎІ£方Żș̼Ŕƽʷɲ出Үŝ

Ͻ改ʾ向ʊĽʾ8̼Ǔ水Ӳ他Ȍʲ�Ɓ̼ʋȾ伊ӳƜ¸�Ѐ�~充Ǯș̼	�Ѐ�

~充ǮÈϻ	J比Ū今ƫ¸Ͻ改ʾ向ʊĽʾ8̼Ǔ水Ӳ他Ȍʲ
 

łøϽ改佐҅*ȣ另ʺŻǖĜÇĭı�Sȑ手ɘȇ、ǌ̫â西ˁJɎ串Ɉ�

ŻÚǌ伊ӳ�ǖĜ且ţƶp¸ŽҾʐ占̾ǃșɛҎІ£方ș̼安qg功�冷因ǉ

(8Èϻ安q�|�Ɓ̼ʋȾ伊ӳș干�È功��Ѐǉ(ŻɛҎІ£方ș̼安q

g功��死�ЀŻÈϻ!ǯ(Fonken, Xu et al. 2011)�¸ Fonken̙4ŻǖĜƽı�

C57BL/6 HΙϽ改ŝ佐҅另ʺ��ûС包佐ƫǌ 16.85 µg/m3�Ͻ改ș̼ǌ�MϽ

改 6Hș	�加 5MªϽ改 10Ǻ[�É��¸łøϽ改ŝȡŮTѵϳȣŻǖĜ�

¸ MWM 且ţƶpŽҾʐ占̾ǃșɛҎІ£方Żș̼¸ɧк包ʾӲ他安q�，ƽ

¸Ɓ̼ʋȾ伊ӳșĪęÇӲ他Ȍʲ(Win-Shwe, Yamamoto et al. 2012)�¸Win-Shwe

̙4ŻǖĜƽϽ改ŝ反ùňÐ另ʺŻȡŮTѵϳȣ(nanoparticle-rich diesel exhaust, 

NRDE)�ÓϽ改佐ƫǌ 122.08 µg/m3g另ʺʺȐǌ 25.52 nmªϽ改 Ǻ[�¨ƛ
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ǖĜǓ̒小另ʺϽ改外ϵ攻Ɓ̼西ˁŻ且ţ�ǐÖ̒小Ͻ改ș̼΃ƍ外ϵ攻Ɏ串

Ɉ�͔͇
火�ǖĜƽı�Ͻ改ŝƑ佐҅*ȣ另ʺ Ǻ[��ûС包佐ƫǜǌ 11 

µg/m3�Ó¨ƛ²́ǖĜŖϽ改8另ʺ҆包^�ǖĜɧ�µÉϽ改另ʺŻ佐ƫ	҆

包	ș̼kJʺȐ*HǓ外ƽ˓ÃɲŹƁ̼西ˁɎ串͔͇ʯ�ȌʲŻȁµ
gÚǌ

伊ӳ3Ҙµ,΃¹�g^΃ȈŞŀļǺ每Ȍʲ8ϵ攻
 

�ǖĜ且ţ回Šk�ûС包佐ƫǌ 11.15 µg/m3J 11.60 µg/m38*ȣʽӊȬ另

ʺϽ改 Ǻ[yɈ水ŭпǢ 3xTg-AD�ΙÇŠӲ8Ɓ̼西ˁJɎ串rɈ͔͇
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5.4. 另ʺΧ生ɲɈ�8ϵ攻 

�ǖĜı� rotarodĴ̫âϽ改另ʺΧ生ɲɈ�ŔÔ�Żϵ攻�伊ӳ且ţӲ�

6Ǻ[*8 3xTg-AD�ΙϽ改*ȣ另ʺ Ǻ[Ư�力本șήУҨ今J力本ș̼ɢ

�干�M�六ęÇ才Ǩ"ǰŻӲ他ȕ否�Īg¸干�MƜƽ÷小Ͻ改ʾ΃ɧŻ八

ů
 

8ƛð� ADʇƃŻƈɀ生ɲ�ϲŻȸͮȳ寸西Dŧ�̒小¸Ȳȳ̒�Żʗ

方p小生ɲrɈ妄序(Suva, Favre et al. 1999)
火ÓƊÀĴ�Ç̱Ĵ̱¹Żҿ住Ɖ

Š生ɲ妄序yɈ#ƽ ADÅ方ȳ寸西Ż�Ǻȯ式
¸�́ʋɏ AD由̖6生ɲȴ

źӱG(motor signs, MOSIs)ŻǖĜ̒小�13�Żʇƃ¸干�È呈ǂșÖQÇ�Ǻ

MOSI�¸化Ư�È呈ǂ6功Ȋļ 36�Żʇƃ
ˎĭ生ɲȴźsƷģϓ	ǰ內Ɖ

八存片	生ɲ免ИŃ肌Ӯ�火Óˎĭȴźƞ¸ȲȳƯ方Żѩʫǯê(Scarmeas, 

Hadjigeorgiou et al. 2004)
 

Ӄŝ"ǫŻŶ百�ƛҏęÇ死EŻ̜Ȟ�µÉ仁¹ʋɏ ADŻǖĜ外ð�伊

ӳɲŹĪkÚǌ伊ӳĴӼΦ生ɲɈ�向 ADŻǔӃœ
Ç仁¹ǖĜƶp ADɺµ

Ҩ̉HΙJ˘�ƤΨHΙĸÇ生ɲɈ�"ŻȌʲ�火Ư�ƛŻǖĜ且ţĪęÇ�

ǢŻŋ百
¸ APP751 / PS1KI (局Ҩ̉ɺµ)Ń 5xFADHΙ收Ƥ6�̒小Ĺ生ɲƉ

小Ɉ�判他ÀӘ安qÓ光Ȍ�yɈ夾µŝ Aβė但Ź安qTɕŻ̵Ǚȳӱ

(Wittnam, Portelius et al. 2012)
，ƽ|��ГǖĜӲ��ǔ^ʊĽʾ TauJNPL3HΙ

收Ƥ¸ rotarod	�Ú\ͼӳ(balance beam)JÛǁͼӳ(coat hanger tests)̙生ɲɈ

�̫â氏ͼ6六Ç^΃»ŻƉ小�lǹµÉʎ百yɈƽ�ŝ Tau互�Żȁµ

(Morgan, Munireddy et al. 2008)
Ó¸ 3xTg-ADǖĜ6�̒小ÉɺµƤHΙ^Χ

平ʾ¸ rotarodͼӳ6ÇĐ»ŻƉ小�°ș¸MWMŻŪ今#ǔ^ʊĽʾĐą
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(Filali, Lalonde et al. 2012, Stover 2019)
ÇǖĜð� rotarod Ĵʋɏ¸5°ÀӘ

(2	6	9	12Ń 15Ǻ[)kJ5°œîŻ 3xTg-AD"生ɲɈ�Ń生ɲ西ˁŻӱ

G�ǖĜ且ţ̒小ɢ� 2Ǻ[*8�ŻŖÇÀӘǔ^ʊĽʾÓģҨɺµHΙ生ɲ

Ɉ�Ɖ小ŻĐ»ĪgĸÇ^Χ平ĐɡȋŻ生ɲ西ˁÆЗ�Ó卡œHΙŻ生ɲɈ�

Ɯ^ϥœHΙĴŻ»(Oore, Fraser et al. 2013)
 

�"ǫǖĜykŽ用�3xTg-AD收ƤŻ生ɲɈ�ǔ^�ɋ˘�ƤHΙyɈ΃

»�µÉ�ǖĜ乏9Ż另ʺĻэ5ĥ水ŭӼΦļķʾ¸生ɲɈ�ÇӲ他ŻȌî
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5.5. 另ʺΧMDA8ϵ攻 

�ǖĜı� MDA 、ǌ̫âͳ6µϽ改*ȣ另ʺŖϗ̒ȤGѱ�8ƶЀ
µͳ

內ƽ�ǺɧκȤĪùÇҦ反Ż¹5ΗŃɆƆϜŻ血Ō�火Óǔ΃ŝ每AĹl血ŌÓ

ģćȤG�ƞǔΧ5ĥ
ÇǖĜƶp�µǌÇǖĜƶp判他Õ�ɺʯ�安q�ͳ6

¹5ΗŃɆƆϜù包介光!ǯ(Soderberg, Edlund et al. 1991)�µÉ¹5ΗŃɆƆϜ

ȈŞŀļÕ�ɺďѶÓʯ� MDA�功Óϗп Tau 互�由ƫ҃ϜG	�Ƥӆ估Ȼ互

�Ė但	Зʺ每rɈ妄序kJÕ行rɈ妄序�化中T̒ƎɌȪ努ȴ(Liu, Li et al. 2015)�

µÉ6Ͽȸͮĝ才ŻȤGѱ�安q五ƶp¸ȸͮəGœȲȳ8ȳ̖6ċ任他ǭǧŻ

ĢØ
 

�ǖĜ¸Ͻ改*ȣ另ʺ 3[Ư�氏ŋ5°ͳɳŻɆС由ȤGƶЀMDAŻ佐ƫ�

氏ŋŻͳɳsƷ͊ʬ	Hͳ	ȪɥɚkJ�С�ǖĜ且ţӲ�Ͻ改 Ǻ[ƯMDA¸

ȪɥɚkJ͊ʬÇ才Ǩ"Ӳ他ŻȌʲ(p<0.05)
ĹгͳɳÇŠӲŻ"I困͈�火ÓĪ

�ļΈ才Ǩ"ŻӲ他Ȍʲ
 

由xǖĜk SD*ΙϽ改佐҅另 �̋ǖĜ且ţ̒小¸另ʺϽ改Ư HO-1¸͊ʬ	

ȪɥɚŃ�С6Ӳ他"I�Ī˸p另ʺˏ由łø用Ư�øƐ¸另ʺ"ŻÃD�sƷ

ƌәŃ我ŹС�ˎĭÃDyk元由͊ȸͮżʌϵ攻͊ʬŃȪɥɚ�«元由΀ȸͮ古

п功��С�功ÓTɕ̒ŴK否ŃȤGѱ�(Guerra, Vera-Aguilar et al. 2013)
|��

Cole̙4ŻǖĜkłøϽ改ŝ佐ƫ 250-300 µg/m3ŻȡŮTѵϳȣϽ改 6Hș�ǖ

Ĝ且ţӲ� MDA ŃƘ̒ŴʽǡэȽ¸͊ʬŃȪɥɚӲ他"I(Cole, Coburn et al. 

2016)
 

"ǫ且ţǓɈɼ向�ǖĜ且ţǔ:ł否
�ǖĜ且ţӲ�Ͻ改 3Ǻ[Ư�MDA

¸²ͳɳǓÇ安qŻ困͈Īg¸͊ʬŃȪɥɚĸÇ才Ǩ"Ӳ他�µÉ�ǖĜӲ�ͮ
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由 3Ǻ[*ȣ另ʺϽ改�͊ʬ	Ȫɥɚǔ^ĹlͳɳĐȈŞŀļȤGѱ�ďѶŻͳ

ɳ
 

�ƛ*內DǖĜ¸氏包ɆС由ȤGƶЀ MDA ș�化ʀı�Ż氏包YÁǌʶm

S^ýϜK否氏ͼ(2-thiobarbituric acid reacting substances test, TBARS assay)�Éν

YŭǌD§§ƫ氏ŋŭ (Spectrophotometric assay)�MDA q�ʶmS^ýϜ

(thiobarbituric acid, TBA)、�ʯ� MDA-TBAŻq´Ź�ÉYŭғ火ҟ˧g«小œ

ɧ�，ƽ5ĸÇ一�œ�TBA外向Ĺ�ùÇԈɺG´ŹK否�̈ ƛÇǖĜ̒小¸ TBA

外向ƑɆСǔӃӆæe�ԊŻŹС且´�功ÓпǢɧâɆС由ȤG̖ƫ(Ceconi, 

Cargnoni et al. 1991)
ǌ�ëŢɧâɆС由ȤG̖ƫ�µÉÇǖĜ̻̒pı�ɧȕʡ

ǔØҽŭ(high performance liquid chromatography, HPLC)Ĵ氏包ÙʡŃʾҠ6MDA

ŻYŭ(Young and Trimble 1991, Tukozkan, Erdamar et al. 2006)
�ŝ TBA5右向

MDA K否�#ҏ向仁¹ĹlG´ŹK否�µÉÇǖĜ̒小ı� DNPH 向 MDA 功

ÚǦ�K否�ĹǦ�Ź¸ HPLCŻDŧ6ykĐ左死五âǨ(Cordis, Das et al. 1998)
 

¨ƛǖĜ^΃ TBA向 DNPHķνYŭ8̼ŻȌʲ�且ţ̒小ı� TBAŖɮ氏

pĴŻ佐ƫӲ他ɧŝı� DNPHŖɮ氏pĴŻ佐ƫ(Tukozkan, Erdamar et al. 2006)�

¸ Ceconi ̙4ŻǖĜ#̒小ǔ°且ţ�且ţƶpı� TBA Ŗɮ氏pĴŻUӬ6

MDA佐ƫ#ƽɧŝı� DNPHŖɮ氏pĴŻ佐ƫ(Ceconi, Cargnoni et al. 1991)�É

�¸ Pilz̙4ŻǖĜ#̒小ķνYŭ8̼MDA佐ƫÇ 100ǶŻȌʲ(Pilz, Meineke 

et al. 2000)�外Çˎ成ŻȌʲyɈ�ŝ TBA向MDA且´șɄiȯʲœŔ TBA外Ń

且件ӆæMDAŹС且 �́µÉ�伊ӳı� HPLC-MS/MSĴDŧ DNPH向MDAŻ

Ǧ�ŹMDA-DNPH
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5.6. 另ʺΧ҆ Tau互�8ϵ攻 

Tau 互�ƽ�ν另πǔӃ互��Ɉɼ¸*ͳ6Пʊ另π互�(tubulin)ʾÃ另π

(Weingarten, Lockwood et al. 1975)�¸�ʀ八ů!�Tau互�ŻrɈǌһŋ另π	

Пʊ̵ǙŏäŃһŋ̵Ǚ�ͧ Tau互�ʲʀƉ小ș�Tau互�yɈ向ӥɲ互�(Motor 

protein kinesin)ӎŶĴͿ另π且´�功ÓпǢ̵Ǚ生ѝ毛Q(Ebneth, Godemann et al. 

1998)�µÉ t-Tau 互�五令ǌ�Ǻ̵Ǚ͔͇ŻЀɎ(Hampel, Blennow et al. 2010)
 

�ǖĜ¸Ͻ改*ȣ另ʺ 3Ǻ[Ư�氏ŋ5°ͳɳŻ t-Tau互�Ɖ小包�氏ŋŻ

ͳɳsƷ͊ʬ	Hͳ	ȪɥɚkJ�С��ǖĜ且ţӲ�Ͻ改 Ǻ[ t-Tau互�Ɖ

小包¸͊ʬ6Ӳ他"I火ÓĪęÇΈļ才Ǩ"Ӳ他Ȍʲ
|��Ĺlͳɳ8 t-Tau

互�ƜęÇŠӲӱG
，ƽ¨ƛϽ改ŝ 7.7 Ƕ佐҅另ʺŻǖĜ且ţ̒小ͳ6 t-Tau

互�水Ӳ他Ȍʲ(Bhatt, Puig et al. 2015)�̧ Bhatt̙4ŻǖĜϽ改佐ƫǌ 65.7µg/m3�

ĔMϽ改 6Hș��加Ͻ改 5M�ªϽ改 9Ǻ[�|�¸k SD*ΙłøϽ改ŝǵ

̥市ӅŻǖĜ且ţӲ�Ͻ改Ư t-Tau 互�¸Ȫɥɚ6#ęÇӲ他Ȍʲ(Ho, Yang et 

al. 2012)
µÉ��ǖĜ̒小͊ʬyɈƽϽ改 PMƯ΃下͑Żͳɳ
 

  



doi:10.6342/NTU201901973

 

 61 

5.7. 另ʺΧƎɌȪ努ȴȳ式互�С8ϵ攻 

�ǖĜ氏包8ƎɌȪ努ȴȳ式ǔӃ互�СÇ p-Tau kJ A#42
ǖĜƶp¸Ǝ

ɌȪ努ȴͳ6Ŗ氏ŋ t-Tau互�佐ƫ^ʊĽʾɧp 4-5Ƕ(Hu, He et al. 2002)�，ƽ

ƎɌȪ努ȴͳ6Ż t-Tau互�佐ƫ向ĹlȸͮəÚœȲȳ功Ú^΃ș�Ĺȯʲœ外

!ǯ�ı t-Tau互�水ŭ�Ĵ左死ɳDƎɌȪ努ȴ向ĹlȸͮəÚœȲȳ(Blennow 

and Hampel 2003)�ƺ�伊ӳ#ɟΧ p-Tau互�功Úʋɏ
 

仁¹ǖĜƶp Tau互�由ƫ҃ϜGϋ占Ã PHF�化中ĄÃ NFTs (Verwilst, Kim 

et al. 2018)
Tau互�62ͮ五̒小¹Ǻ҃ϜGÞҖ�¸5°҃ϜGÞҖŻ҃ϜG

ΧĹrɈJĹǢȳ、�ĸÇ5°Żϵ攻�ÇǖĜƶp¸҃ϜGÞҖ

Ser199/Ser202/Thr205	Thr212	Thr231/Ser235	Ser262/Ser356Ń Ser422Ż p-Tau

互�外čĽ另πǔӃ互��ʀŻϋ´(Alonso Adel, Mederlyova et al. 2004)�¸҃Ϝ

GÞҖ Thr231	Ser396Ń Ser422Ż p-Tau互�Ɯ外Ƙ功 p-Tau互�Żϋ占ÓĄÃ

主źŹ
�ǖĜ氏ŋ8҃ϜGÞҖÞŝ Ser199/Ser202Ż p-Tau互�Ɖ小包�Çǖ

Ĝƶp҃ϜGÞҖ Ser199	Ser202 Ń Ser409 hǧ¸ȸͮӰω扮且ƛ方五̒小

(Kimura, Ono et al. 1996)�¸Maurage̙4ŻǖĜ#ƶp҃ϜGÞҖ Ser199ƽȸͮ

Ӱω扮且ŻÅ方҃ϜGÞҖ�Īϔǌ҃ϜGÞҖ Ser199yk、ǌ Tau互��ʀ҃

ϜGŃȳ寸҃ϜGŻƶЀ(Maurage, Sergeant et al. 2003)
 

�ǖĜ且ţӲ�Ͻ改 3 Ǻ[8 p-Tau 互�Ɖ小包¸͊ʬ6Ç才Ǩ"Ӳ他"I

(p<0.05)
火ÓÇǖĜƶp Tau 互�Żɕp�ÃÞͯƽÞŝA͊�С(Entorhinal 

cortex)判Ư«җ˼ļĹlͳɳ(Hu, Wu et al. 2017)�，�ǖĜƞ右Ç¸͊ʬ̒小 p-

Tau互�Ɖ小包安q
Ó˓ÃȌʲŻȁµyɈǌ另ʺˏ由łø用功�*ͳ�͊ʬƽ

化¨ʌӓ另ʺŻͳɳ(Calderon-Garciduenas, Azzarelli et al. 2002, Wang, Xiong et al. 
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2017)�µÉ仁¹ǖĜ˸p͊ʬƽ¸另ʺϽ改ƯȈŞʯ�ȸͮ̒ŴK否Żͳɳ

(Levesque, Surace et al. 2011, Levesque, Taetzsch et al. 2011)
ĪgÇǖĜ˸p�͊ʬ

yɈƽ另ʺҨʷÖ*ͳ8ǭǧ˕Ȑ
Óȸͮ̒ŴK否向ϗп Tau 互�由ƫ҃ϜG

ÇӃ(Metcalfe and Figueiredo-Pereira 2010)�|�ƊÀ#Ç仁¹ǇÚȳ西ŃɲŹ伊ӳ

ǖĜҿ伊¸ƎɌȪ努ȴ͊ʬ6ӼΦļȸͮȳ寸西ŃD,"ŻĎӱ(Zelaya, Perez-

Valderrama et al. 2015, Lachen-Montes, Gonzalez-Morales et al. 2016)�¸ Attems̙

4ŻǖĜ˸p͊ʬʾҠykͧ、ƎɌȪ努ȴÅ方̬ҚʾҠ�µǌ AβĖ但向҃Ϝ p-

Tau 互�ϋ占¸͊ʬŃĹlͳɳŻӈǭ̖ƫ8̼ĸÇǔӃœ(Attems, Walker et al. 

2014)�µÉ�ǖĜ且ţ回Š͊ʬyɈƽłøϽ改*ȣ另ʺ化¨ďѶŻͳɳ�功Ó

ϗп p-Tau互�Ɖ小包安q
 

¨ƛǖĜk F344 CΙ休œłøϽ改ŝȡŮTѵϳȣŻǖĜ̒小҃ϜGÞҖ

Ser199Ż p-Tau互�¸�С安q(Levesque, Surace et al. 2011)�¸ Levesque̙4Ż

ǖĜϽ改佐ƫǌ 991.8 µg/m3�Ͻ改ș̼ǌ 6Ǻ[��ǖĜ且ţӲ� p-Tau互�¸

Ͻ改BǺ[Ż�ǺͳɳǓ水Ӳ他Ȍʲ��ǖĜ且ţ5Ӳ他8ȁµyɈǌϽ改佐ƫ

΃ê5ĥkı p-Tau互�Ɖ小包¸Ͻ改 3Ǻ[Ư安q�Ŕ�ǖĜŖ氏ŋ p-Tau互�

Ɖ小包Ż҃ϜGÞҖǌ Ser199/Ser202�Ī水̒ŭ二ŽĹl҃ϜGÞҖŻ҃ϜG̖

ƫ�µÉ�ĴǖĜyk氏ŋ5°҃ϜGŻÞҖ功Úʋɏ�功Ó�母ȤGѱ�Χ p-

Tau互�Żϵ攻
 

Tau互�҃ϜGƽ元由 Tau互�э�Ń Tau互�҃Ϝ�П打�ÇǖĜ˸p Tau

互�э�Ń Tau互�҃Ϝ�Ż�ПƽпǢ Tau互�由ƫ҃ϜGŻǭǧȁµ(Hanger, 

Anderton et al. 2009)�µÉ¨ƛǖĜ¸ƎɌȪ努ȴͳ6̒小 Tau互�э�ǋœ安q

Ń Tau互�҃Ϝ�ǋœǯê(Trojanowski and Lee 1995)�ɢÉ8�ÇǖĜƶpÕ行

、�Χ Tau 互�Ż叉ɢÇ他ǭǧ、��Õ行、�ŻrɈŀ͔外пǢ Tau 互�ϋ占
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ÓĄÃ PHF(Hamano, Gendron et al. 2008, Wang and Mandelkow 2012)�ǐÖÇǖĜ

ƶpÕ行、�ŻrɈŀ͔外ÅŝŔƽ°ș向 Tau 互�由ƫ҃ϜG̒�(Peric and 

Annaert 2015)
 

¸ Aβ42內D�Ƞ住�ǖĜęÇǕp另ʺΧĹ�Ã件ÃӲ他Żϵ攻
yɈµǌ

�ǖĜŖ˸ĲŻĻэ5ĥkӓ̒Χ Aβ42�ÃŻϵ攻
°ș��ǖĜŖӃũ8 A#42

ƽәŝΤϋŹ(oligomer)
Aβykµǌ5°Żƍƫ	D,包	R-五DǌêϋŹ

(monomer)	Τϋ每	җ˼Ƥɞ每(diffusible ligands)	ȁӰω(fibril)J˽͍(Plaques)


A#Τϋ每ξǌ A#Ż�ϋ每ŃBϋ每ĄÁ
AβǦ�Żyҗ˼ɞ每ƽ�Τϋ每Ŗ件

Ã�ĹD,包В˩人 17ļ 42 kDa
化Ưͮ�ˎĭΤϋ每5ΧҚɹ材ƯĄÃȁӰω�

Ó民ƤΨƽ¸Ã有估Ȼ成ȁӰωĄÃ8ƛp小Żϼșœ且件
ÓÇǖĜƶp�¸Ą

ÃӰωŔ˽͍8ƛ AβŻƤΨ外÷小ɲΨŻӱɲ(Rangachari, Moore et al. 2007)
µ

É�右氏包ΤϋŹyɈ΃ӄӃũļȵ�另ʺΧ Aβ42�ÃŻɔӌ�ƯӞǖĜykΛ

ͼӃũ另ʺΧӰωŔ˽͍ƤΨ8ϵ攻
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5.8. 另ʺΧ另ЛʽǡǋG8ϵ攻 

另Лʽǡ¾ŝ6Ͽȸͮĝ才6�әŝȸͮЛʽǡŻ�ν
另Лʽǡ*ǜå*

ͳŻ 12%�ͧ6Ͽȸͮŀļ͔͇ŔďѶș外ǋGĪg˸Ĳӆæŝ�行ʽǡJ口S

ʽǡ¸�ńŻ；ǒ＝似ӖpƘŴµ,
�ǖĜ元由包氏 Iba-1 ĴʋɏHΙŀļ另

ʺϽ改Ư�Χͳ內5°ͳɳ另ЛʽǡǋGŻϵ攻
ǖĜ且ţ̒小�ɢ�¸�СÇ

Ӳ他ȌʲgʊĽʾɧŝϽ改ʾ��ĹlͳɳƜęÇӲ他ŻȌʲ
 

由xÇ¹́ǖĜƶp�Ͻ改�ˏǔӃƁȣÍƿ(traffic-related air pollution, 

TRAP)外Ǣı另ЛʽǡǋG (Block, Zecca et al. 2007, Block and Calderón-

Garcidueñas 2009, Cheng, Saffari et al. 2016)
̂ÇǖĜ且ţӲ��Ͻ改 TRAPŻ

C57BL / 6J CΙ外判他ÀӘÓ安qŻ*ͳ�С另ЛʽǡŻK否œ (Mumaw, 

Levesque et al. 2016)
ÇǖĜð� 3Ǻ[J 18Ǻ[Ż C57BL / 6J�ΙϽ改ňÐɀ

(ʺȐHŝ 0.2(m)Ż另ʺ(佐ƫǌ 342±49 (g/m3)10ǺҞƲ�且ţ̒小À地HΙ¸

Ȫɥɚ二 CA1 ɳɸȸͮŲ̈̌҅ǜ 25%	Iba-1 安q 50%	步Ѩӹœ互�(myelin 

basic protein, MBP)毛Q 50%(Woodward, Pakbin et al. 2017)
°ș�#ǖĜ乙 C57BL 

/ 6HΙƱœϽ改ŝȡŮTѵ另ʺ(diesel exhaust, DE) (佐ƫ 250-300(g/m3�ƴӞ 6

Hș)̒小ɆС由ȤGŃƘŴʽǡµ,(IL-1α�IL-1β�IL-3�IL-6�TNF-α)Ӳ他安

q¸²ν*ͳɳɸ(ȯîƽ͊ʬŃȪɥɚ)
°ș�#̒小 Iba-1 JŞÞ互�

(translocator protein, TSPO)Ɖ小包Ż安qķ́ƶЀǓӲ� DE 另ʺϽ改Tɕ另Л

ʽǡǋG(Cole, Coburn et al. 2016)
 

µÉȠ住"ǫǖĜyk̒小��ǖĜ8另ʺ佐ƫҏ水ŭӓ̒ĥɼŻĻэǢı

另ЛʽǡǋG水ŭ人�ǖĜŖı�Ż伊ӳɲŹ收ƤӲ他ŻӼΦļ
|��ɢ�ı

� western blot 包氏 Iba-1 ŻƉ小包�¹́ǖĜ#ı�；ǒʾҠG西ƿØŭ
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(immunohistochemistry, IHC)、ǌӼΦ Iba-1ŻYÁ
 

5.9. 另ʺΧÕ行、�8ϵ攻 

ÓÕ行、�ƜƽʽǡʾDÕĆǯ母Ż由̖
ͧʽǡ�ŔʽǡAŀļĻэș�

Õ行、�夫外五ӥɲ
ÓͧÕ行、�ŀļ͔ȅŔƽÇɄ切ș�yɈпǢҀȴ	ȸ

ͮœəGȲȳŃ古ƿȳŻ̒�
�ǖĜ元由包氏 LC3BĴʋɏHΙŀļ另ʺϽ改

Ư�Χͳ內5°ͳɳÕ行、�Żϵ攻
ǖĜ且ţ̒小�¸5°ͳɳ六ęÇӲ他Ż

Ȍʲ
Ćǹʎ百否ͧƽϽ改ș̼kJ佐ƫҏ5ĥkǢıÕ行、�ŀ͔
 

LC3ƽ�νy它œ互�С�D,包ǜǌ 17kDa�˿甲¾¸ŝȃīɲŹʾҠŃ

ɻ自ʽǡ6
¸Õ行由̖6�Õ行每ô行ʽǡСÃD�sƷʽǡ它С互�Ńʽǡ

血
°ș�ʽǡ它СĄÁŻ LC3(LC3-I)向҃Ɇ��考決φ´ĄÃ LC3-҃Ɇ��

考決φ´Ź(LC3-II)�Ĺ五ϋ占ļÕ行每К6
Õ行每向它�每љ´ĄÃÕ它�

每�ĪgÕ行每AʾD五它�每a母�ǯ母
°ș�Õ每它�乎6Ż LC3-IIǯ母


µÉ�Õ行每ЀɎŹ LC3-IIŻ它�每Ҩ引KƼ�Õ行、�Żǋœ�Īgˏ由；ǒ

®;Ŕ；ǒ先§呈氏 LC3 2Ãǌ氏包Õ行ŃÕ行ǔӃ由̖ŻyаYŭ(Tanida, 

Ueno et al. 2008)
�ǖĜk；ǒ®;ŭ western blotĴ包氏 LC3BŻƉ小包�，Ƞ

住ǖĜˎķƃŻD,包ƑʀǔƊµÉ人ʾҠ6˸ĿŻˎǺē沙夫Ƒʀǭǧgµ

LC3-I ŻƉ小包ˏʀ*ŝ LC3-II µÉ¸ŋ包"΃ǌúӄ(Mizushima and Komatsu 

2011)�ˎҖ#¸�ǖĜŻ伊ӳ由̖J且ţ6̒小
 

western blot 由̖6¸ SDS-PAGE "�LC3-II ^ LC3-I Цʷ二Đą
µÉ�

LC3Ż；ǒ®;ˏʀʯ�ķǺʜ七�LC3-I(18kDa)Ń LC3-II (16kDa)
 Ƞ住ǖĜ

̒小 LC3-II Ŕ LC3-II / LC3-I ^ĳŻ包向Õ行每Żϻ包ǔӃ(Kabeya, Mizushima 

et al. 2000)
，hǧ好ǧũ只Żƽ�ŝÕ行每ƽ҂Ψ且件�LC3-II¾¸Żș̼ǔ
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Χ΃̓
µÉ�LC3-IIƉ小包右ɈmƉͧșŻÕ行ǋɲÓ5ɈƉ�ˏ由Õ行˕Ȑ

Żˏ包Ż*H
|��LC3-II¸；ǒ®;Dŧ6yɈ^ LC3-IĐ下͑µÉyɈ外

Ç LC3-IIŻϻ包ǔΧɧâŻ八ů(Kabeya, Mizushima et al. 2004)
зπ¾¸ˎ太

νyɈŻǮĽ�，ˏ由；ǒ®;氏包 LC3-II �ŝ死ŋȃīɲŹʽǡŻÕ行、�

ǋœҏƽ小>ҟ˧gŋ包ŻYŭ
 

ɢ�k；ǒ®;ŭ包氏 LC3 ĴʋɏÕ行、���ҏykΒ,Ӳ另形ӼΦÕ

行每ƤΨ西ŻӱG(Ashford and Porter 1962)
Ŕƽð�先§G´Ź˧7҄�ƪ決

(monodansylcadaverine, MDC)ƿØĴӼΦÕ行ŲŻƤΨӱG(Biederbick, Kern et al. 

1995)
Ó¸�ŹƶЀYǰ�ҏyk包氏ȃīɲŹ目ŎӶȽ石Ѐ(mammalian target 

of rapamycin, mTOR)	Becline-1 JÕ行、�ʌŀ血Õ行ŀ每(autophagy receptor, 

p62)̙Õ行ǔӃ互�NɈĐþцŻʋɏÕ行、�
mTORˏ由Õ行何Ľ"比ŻƔ

末古п˕ȐП打Õ行(Kim and Guan 2015)�Ó Becline-1Ń LC3П打Õ行每ĄÃ

(Sahni, Merlot et al. 2014, Lee and Lee 2016)�|� p62 向Õ行每Żǯ母ÇӃ

(Katsuragi, Ichimura et al. 2015)
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5.10. ʾҠȳ寸8ϵ攻 

�ǖĜͳ內ȳ寸Ec且ţӲ�Ͻ改 3Ǻ[ŻʊĽʾ向Ͻ改ʾ8̼水ŠӲŻȳ

寸ӱG�Ó¨ƛı� TAPES功ÚϽ改Ż8ǖĜ#Çǔ°Ż且ţ(Wu 2016, Chuang 

2017)
，ƽ¸¹́łøϽ改ŝ佐҅另ʺ8ǖĜ˸pϽ改Ư¸Ȫɥɚ6 CA1 Ń

CA3ɳ̒小件˓"ŻĎӱ�¸Ȫɥɚ CA1ɳ勻шǙ日(Apical dendritic spine)ɽƫ

ǯêkJCA3ɳшǙDW毛Q
ˎ 成Żȸͮ@Ż件˓ӱG否民ı��`ƿØ(nissl 

stain)�Ó水ŭ˧k�ǖĜŖı�8 H&EƿØ!ӼΦļ
ĪgǤ好ǧĐ功�ē�

母 A#˽͍ė但8八ů�yı�ǿţǚƿØ(congo red stain)
 

�ǖĜƄ內ȳ寸Ec且ţӲ�¸ 3Ǻ[ʊĽʾ向Ͻ改ʾÇĭ另̒Ŵʯ��，

ƽĪęÇȳ寸"Ӳ他ŻȌî
向¨ƛı� TAPES功ÚϽ改ǖĜÇǔ°Ż且ţ(Wu 

2016, Chuang 2017)
 

Ƞ住¹́ð�佐҅另ʺ功ÚłøϽ改8ǖĜ�且ţ̒小Ͻ改ʾŻƄ內¸H&E

ƿØ!ӼΦļ͉6œʬŃ�行ʽǡ安q�ÓʊĽʾęÇӼΦļŴȴŔĹlʽǡŻ

ӱG(Saldiva, Clarke et al. 2002)�¸ Saldiva̙4ŖϽ改佐҅另ʺŻ�ûС包佐ƫ

ǌ 262.21 µg/m3�˓Ã且ţ"ȌʲŻȁµyɈǌ�ǖĜ8Ͻ改佐ƫǔΧ΃ê�µ

É水ŭ¸Ƅ內ǕļŠӲŻȳ寸且ţ
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5.11. 另ʺϽ改向͊ʬ8ǔӃ 

¸ƎɌȪ努ȴŻȳ̖6�ÇǖĜ˸p͊Ӓĝ才�ПƽÅ方ŻƶЀ(Gloor 

and Guberman 1997)�ǐÖ^ϔŽ妄序ĴŻҏÅ
Īg̒小͊ʬyɈƽhǧǴ

¨ŀļ�Ĵ͇ȅŻͳɳ
Ĺ6hǧŻȁµƽ͊Ӓĝ才ĪęÇŀļęÇÙͳƩ妄

ŻƗ抑�ŖkƭȈŞÃǌ�ĴŹ�ƕŻ̘(Κƽ另ʺkJȳǄ
µÉ��ƛƭ

¹ǖĜϔǌ͊Ӓĝ才yɈƽ̬ҚŃűѿ否�Ż�ǺǙȷҖ
°ș��ǖĜ8ǖ

Ĝ且ţ¸Ͻ改*ȣ另ʺʾ8ȤGѱ�kJ p-TauǓ¸͊ʬǔΧʊĽʾ΃ɧ
µ

É��打乙ɟΧ另ʺϽ改向͊ʬɫɏ百
 

Ƞ住ϩ內Ż母Ǿ件˓yk̒小��ĭ�尼œŻŹСƑʀȈŞ元由ӽAȸͮ

ҨʷÖ*ͳ�Ĺ6͊ȸͮ五ϔǌƽǘ元œ化了Ż
ϩ乎ƯǟɳɸŻ͊"�

(olfactory epithelium)sùȁ̒œ͊Ӓŀ每ȸͮ@(olfactory receptor neurons, 

ORN)�lǹ外乙̵Ǚŏäͮ�єŦ功�͊ʬ(Halász 1990)
ĪgÇǖĜ¸ AD

ʇƃŻ ORN6̒小由ƫ҃ϜG TauŻʽ主(Tabaton, Cammarata et al. 1991)
ɢ

É8��ÇǖĜӼΦļ¸ 71%Ż ADʇƃ6̒小͊"�Ç AβŻė但�Ó¸�

ʀȳĳƜǌ 22%(Arnold, Lee et al. 2010)
ɢ�"ǫŻȳ寸ȯ式��¸ AD6 

ÇƤΨ西"ǰŻĎӱ�΄Ɇ互� E(Apolipoprotein E, ApoE)¸͊ȸͮđ五̒小

gĸÇ ApoE；ǒK否œŻ ORNϻ包¸ AD6͒^Χ平ʾɧp 3.5Ƕ

(Yamagishi, Takami et al. 1998)
 

¸�ǖĜ6�̒小Ͻ改*ȣ另ʺƯ͊ʬȤGѱ�Ç安qŻ八ů
Ó¸Ĺl

ǖĜ#̒小ȤG由̖Żǋœ安q�ĳ¼¸ ORNŻ 3-̔ɺΌȥϜ(3-

nitrotyrosine)；ǒK否œ安q�Ó¸Χ平ʾ右¸ÙπA�ʽǡ6̒�；ǒK

否
°ș��行ʽǡȩЈ#¸ AD͊"�ʽǡ̒�ȤGѱ�安qŻ八ů
°成
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µǌȤGѱ�Ŗϗп8ƌәʶ互�#¸ AD6Ç安qŻ八ů(Chuah and Getchell 

1999)
 

|��ÇǖĜð�@Ƚ冰 13 (CMD = 36nm; GSD = 1.66)ı*ΙϽ改 6H

ș�Ī¸Ͻ改 1,3,5Ń 7MĿpƄ	*ͳ	HͳŃ͊ʬ
8Ưˏ由°ÞȽ^С

ҽŭ氏ŋ冰 13佐ƫ�Ī向Χ平(干 0M)Ż冰 13ǟ支Ƿa�^΃
¸Ͻ改Ư 7

M�佐ƫ人 1.39�g/ g (干 1M)ǯÖ 0.59�g/ g
Ó¸͊ʬ�¸干 1M6千qŻ

冰 13佐ƫӲ他gƴӞ安qÖ 0.35�g/ g�ļ干 7M安qÖ 0.43�g/ g
µÉ�

É́ǖĜ˸p UFPĖ但¸͊ԂК"ĪŰ他͊ȸͮҨʷÖ͊ʬ(Oberdorster, 

Sharp et al. 2004)
 

印´�ǖĜkJ"ǫǖĜ且ţ�yk̒小͊ʬƽӼΦϽ改*ȣ另ʺ向6Ͽ

ȸͮĝ才ǄœǭǧŻĢØ
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5.12. ǖĜǮĽkJƬӔ 

�ǖĜı� TAPES功Ú 3Ǻ[8©ĦœłøϽ改�Éĝ才ƽżʌŚĿ�ǑƁ

ȣ功ÚϽ改�yɈ�ŝϽ改佐ƫ΃ê5ĥkı6Ͽȸͮʯ�ӈǭŻ5ĠK否�Īg

另ʺ功�每A8к包΃5ȈŞ˵ʊ��ĴǤǧ功�ēʋɏȵ伊*ȣ另ʺΧŝ6Ͽ

ȸͮŻȕ否�yɈ好ǧŏƍϽ改Żș̼k安qϽ改҆к包ŔƽÇ΃ƍŻK否ș̼

ƜyɈ外ÇĐŠӲŻȕţʯ�
 

|�由xǖĜ#ƶpϽ改另ʺıͳ6ȤGѱ�"I�功Óϗп Aβ˽͍Ė但	

Зʺ每rɈ妄序kJÕ行rɈ妄序�化中TɕƎɌȪ努ȴ
�ĴǤǧ功�ē�母ȵ

伊*ȣ另ʺΧƎɌȪ努ȴŻϵ攻�yk«ɟΧ"ǫ˸JŻˎĭƎɌȪ努ȴǔӃƶ

Ѐ功Úʋɏ
�ǖĜhǧDŧ AβΤϋ每�µÉƬӔ�ĴǖĜyk˽͍ƤΨǌh


°ș��ǖĜŝȳ寸Yǰ右k H&EƿØɫʋɏ��Ĵyk̒ȊĹlƿØYŭkӼ

ΦĐ¹ƤΨ西8ӱG
 

Ó¸�ǖĜ6ÇHΙŻÊ$八Ą̒��µÉ5Ɉ又ɢ¾ǋ!ĴŻHΙƽõǺ

每�ĦΧϽ改另ʺŖ件ÃŻϵ攻Ǟŀƫ΃ɧ�ŖkyɈ¾Ç克成ɯȌ(selection 

bias)
ɢÉ8��µ�ǖĜı� ɺµҨ̉ƎɌȪ努ȴHΙ(3xTg-AD mice)功ÚϽ

改�ÉƢĝHΙ外判他ÀӘ̒ȊÓĄÃӆ估Ȼ互�˽͍ŃȸͮӰω扮且�ĪgÚ

ǌ	ϔŽ向ƎɌȪ努ȴʇƃǔæ�Ó�ǖĜŖı�8HΙәŝ6ÀµÉ�ĴǖĜy

kı�ÀӘ΃Ñ8HΙ功ÚϽ改yɈɈӼΦļ΃ǌӲ他8ӱG
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干B˞��且百�

�ǖĜǌʋɏȵ伊Ѿ亦6*ȣӊȬ另ʺΧ6Ͽȸͮ˓ÃŻϵ攻�Īı 6 Ǻ[

3xTg-AD�Ιk TAPESϽ改ŝ*ȣӊȬ另ʺ 3Ǻ[
ǖĜ且ţӲ�Į休œê佐ƫ

8©Ħ仍Ӟœ*ȣӊȬ另ʺϽ改�外ϗпͳ68ȤGѱ�"I向 p-Tau互�安q


ȤGѱ�ƽŝȪɥɚJ͊ʬÇӲ他"I�p-Tau互�Ɯƽŝ͊ʬÇӲ他
µÉ�ǖ

Ĝʎ百�͊ʬyɈƽ另ʺ生ѝÖͳ68ǭǧ˕Ȑ
火Ó 3 Ǻ[8*ȣӊȬ另ʺϽ

改ƜĪ�Χ 3×Tg-AD �Ι8Ɓ̼西ˁ	Ɏ串rɈkJ生ɲɈ�件ÃӲ他8ϵ攻
 

�ǖĜ˸płøϽ改*ȣӊȬ另ʺ˓Ã6Ͽȸͮʯ�yɈŻϵ攻�，�伊ӳ

Ŗʋɏ向6ϿȸͮǄœǔӃŻƶЀ=5ĥ
ĪgȠ住"ǫǖĜ且ţƬӔ�Ĵyı

�ÀӘ΃ÑHΙŔƽŏƍϽ改方̼�ңkĴĐ功�ēĴҪ叉*ȣӊȬ另ʺΧ6Ͽ

ȸͮŻϵ攻
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Ɖ 1	LC-MS/MSʷɲǔ佐ƫʚƫ 

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 

 

Ɖ 2	HESIɴϻ 

Device Value 

Spray voltage (V) 3000 
Vaporizer temperature (�) 200 

Sheath gas pressure (psi) 35 

Auxiliary gas pressure (arb) 5 
Capillary temperature (�) 200 

 

Ɖ 3	SRMɴϻ 

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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� 4�� ��(2018.10.01~2018.12.31)PM2.5�
����(µg/m3) 

µg/m3 
Sampling 

duration 

2018.10.01 2018.10.15 2018.10.29 2018.11.12 2018.11.26 2018.12.03 

2018.10.15 2018.10.29 2018.11.12 2018.11.26 2018.12.03 2018.12.13 

Manual sampling 

(Teflon filters) 
PM2.5 

12.41 7.44 13.91 9.28 17.39 6.14 

Dust monitor 

(DustTrak) 
21.13 13.97 28.85 20.48 27.00 22.09 

 

µg/m3 Sampling duration 
2018.12.13 2018.12.26 

Mean±SE (Median) 
2018.12.26 2018.12.31 

Manual sampling 

(Teflon filters) 
PM2.5 

14.56 8.10 11.15±3.73 (12.41) 

Dust monitor 

(DustTrak) 
NA NA 22.25±4.82 (21.61) 

��NA
�����������		������� 
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� 5�� ��(2019.01.01~2019.03.03)PM2.5�
����(µg/m3) 

µg/m3 
Sampling 

duration 

2019.12.31 2019.01.21 2019.02.02 2019.02.18 
Mean±SE (Median) 

2019.01.21 2019.02.02 2019.02.18 2019.03.04 

Manual 

sampling 

(Teflon filters) PM2.5 

9.35 17.49 11.49 14.10 13.11±3.04 (12.79) 

Dust monitor 

(DustTrak) 
11.15 13.86 12.80 15.67 13.39±1.66 (13.35) 
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� 6�*</2(2018.10.03~2019.03.03)	�PM2.5�5�E�,� 

 Mean (ng/m3) 
Median 

(ng/m3) 

SD 

(ng/m3) 
Min (ng/m3) Max (ng/m3) 

Na+ 118.756 122.427 19.377 76.067 143.938 

NH4+ 1531.560 1461.005 524.992 691.103 2275.551 

K+ 122.041 106.543 69.766 49.756 258.000 

Mg2+ 17.923 17.017 10.273 9.787 41.825 

Ca2+ 27.446 12.132 35.958 7.276 115.018 

Cl- 31.917 17.229 21.418 9.953 76.779 

NO3- 558.619 397.636 473.991 189.465 1440.941 

SO42- 4672.019 4632.348 1520.488 2012.873 6476.064 
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� 7�*</2(2018.10.03~2019.03.03)	�PM2.5C�G,� 

 Mean (ng/m3) 
Median 

(ng/m3) 

SD 

(ng/m3) 
Min (ng/m3) Max (ng/m3) 

Al 66.437 72.612 27.419 28.712 110.664 

Fe 94.476 91.291 30.342 64.478 152.478 

Na 165.765 168.533 32.559 119.415 229.598 

Mg 38.938 37.658 12.237 22.830 59.574 

K 159.536 154.795 101.930 53.215 368.256 

Ca 282.851 254.045 101.792 170.876 511.445 

Sr 1.315 0.834 2.169 0.398 6.902 

Ba 3.049 2.126 4.429 1.040 14.509 

Ti 5.796 5.756 2.003 3.992 10.448 

Mn 8.553 8.256 2.904 4.610 13.173 

Co 0.092 0.098 0.022 0.066 0.139 

Ni 3.959 3.583 1.686 2.356 7.330 

Cu 5.677 4.282 2.898 4.158 12.601 

Zn 20.182 18.021 5.909 13.275 31.714 

Mo 0.486 0.422 0.210 0.282 0.976 

Cd 0.203 0.163 0.123 0.073 0.456 

Sn 2.138 1.979 0.886 0.999 3.373 

Sb 0.913 0.720 0.549 0.351 2.152 

Tl 0.064 0.048 0.033 0.027 0.127 

Pb 10.163 7.071 5.716 3.612 21.284 

V 5.934 5.726 1.731 3.598 8.652 

Cr 2.962 2.740 1.174 2.238 5.843 

As 0.882 0.803 0.348 0.390 1.545 
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� 8�*</2(2018.10.03~2019.03.03)	�PM2.5�5��G,� 

 Mean (ng/m3) 
Median 

(ng/m3) 

SD 

(ng/m3) 
Min (ng/m3) Max (ng/m3) 

Al 10.544 10.501 7.035 4.120 25.289 

Fe 17.345 19.952 8.337 6.760 27.656 

Na 107.827 116.026 15.624 77.818 130.834 

Mg 16.468 16.550 6.961 9.439 33.720 

K 124.303 138.819 72.487 45.728 278.878 

Ca 31.321 23.096 19.314 17.652 74.286 

Sr 0.928 0.361 2.126 0.166 6.413 

Ba 2.316 1.242 3.901 0.842 12.456 

Ti 0.466 0.433 0.203 0.275 0.827 

Mn 4.582 4.841 1.895 2.292 7.632 

Co 0.033 0.036 0.010 0.016 0.047 

Ni 1.234 1.162 0.408 0.669 1.962 

Cu 3.065 2.570 2.267 1.492 8.643 

Zn 23.654 22.879 7.058 15.364 37.518 

Mo 0.241 0.248 0.075 0.115 0.360 

Cd 0.176 0.146 0.103 0.056 0.351 

Sn 0.337 0.330 0.163 0.097 0.611 

Sb 0.452 0.401 0.258 0.145 1.003 

Tl 0.044 0.035 0.020 0.017 0.073 

Pb 5.720 4.020 3.605 1.496 13.419 

V 3.670 3.630 1.346 1.749 5.803 

Cr 0.423 0.448 0.128 0.241 0.678 

As 0.708 0.689 0.257 0.271 1.087 
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� 9�.
�%!�F*43  

Parameters 
Control 

Mean ± SE (Median) 

Exposure 

Mean ± SE (Median) 
p-value 

Escape latency (sec) 

Day 1 51.63 ± 10.85 (55.85) 47.94 ± 14.20 (53.24) 0.5972 

Day 2 43.50 ± 15.08 (48.09) 37.23 ± 16.65 (34.45) 0.3213 

Day 3 25.95 ± 19.44 (17.47) 29.04 ± 12.95 (24.68) 0.1984 

Day 4 25.43 ± 14.67 (22.07) 28.26 ± 12.52 (28.54) 0.4887 

Distance moved (cm) 

Day 1 829.28 ± 180.86 (876.36) 746.49 ± 235.62 (711.44) 0.2766 

Day 2 763.29 ± 274.59 (794.38) 623.34 ± 313.85 (549.04) 0.2485 

Day 3 409.64 ± 275.66 (261.79) 459.12 ± 185.39 (508.41) 0.7169 

Day 4 414.02 ± 229.68 (352.13) 477.87 ± 179.57 (457.51) 0.2485 

Swimming velocity (cm/s) 

Day 1 16.25 ± 2.77 (16.11) 16.53 ± 3.04 (17.26) 0.9212 

Day 2 17.46 ± 3.08 (17.79) 17.83 ± 4.10 (18.78) 0.7667 

Day 3 17.50 ± 3.71 (16.81) 17.33 ± 3.04 (16.71) 0.9737 

Day 4 16.49 ± 2.41 (16.70) 17.50 ± 3.19 (16.98) 0.4483 

0�� mean ±	SE'��(Ncontrol=17�Nexposure=15)��Wilcoxon rank sum test �

7;H,
(�,* p <0.05� 
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� 10�.
�%!)$8I 

Parameters 
Control 

Mean ± SE (Median) 

Exposure 

Mean ± SE (Median) 
p-value 

Time spent in  

platform quadrant (%) 
27.52 ± 9.44 (27.18) 37.29 ± 9.26 (35.03) 0.0272* 

Quadrant area crossing 

(times) 
6.42 ± 1.90 (7.13) 7.78 ± 0.95 (7.88) 0.0914 

Swimming velocity 

(cm/s) 
19.54 ± 3.67 (19.27) 18.32 ±3.38 (17.56) 0.6209 

0�� mean ±	SE'��(Ncontrol=17�Nexposure=15)��Wilcoxon rank sum test �

7;H,
(�,* p <0.05� 

 

� 11�.
�%!�F*43 �@-#B 

Escape latency(sec) 
Day 1 

Mean ± SE (Median) 

Day 2-4 

Mean ± SE (Median) 
p-value 

Control    

Day 1 vs. Day 2 

51.63 ± 10.85 (55.85) 

43.50 ± 15.08 (48.09) 0.1634 

Day 1 vs. Day 3 25.95 ± 19.44 (17.47) 0.0036* 

Day 1 vs. Day 4 25.43 ± 14.67 (22.07) 0.0008* 

Exposure    

Day 1 vs. Day 2 

47.94 ± 14.20 (53.24) 

37.23 ± 16.65 (34.45) 0.1077 

Day 1 vs. Day 3 29.04 ± 12.95 (24.68) 0.0246* 

Day 1 vs. Day 4 28.26 ± 12.52 (28.54) 0.0086* 

0�� mean ±	SE'��(Ncontrol=17�Nexposure=15)��Wilcoxon rank sum test �

7;H,
(�,�+��+���&D=�/@-�>�:+��"��* p 

<0.05� 

 



doi:10.6342/NTU201901973

 

 98 

 

� 12�9?�1�A6I 

Parameters 
Control 

Mean ± SE (Median) 

Exposure 

Mean ± SE (Median) 
p-value 

Latency(s) to fall 

Day 0  

(Adaptation period) 
336.81 ± 70.01 (360.00) 331.43 ± 78.47 (360.00) 0.6042 

Day 1 299.22 ± 56.49 (305.50) 297.23 ± 7.06 (360.00) 0.5308 

Day 2 326.44 ± 68.31 (360.00) 358.10 ± 7.70 (360.00) 0.0350* 

Day 3 349.00 ± 39.60 (360.00) 359.27 ± 3.95 (360.00) 0.1104 

Speed at fall (rpm) 

Day 0  

(Adaptation period) 
4.00 ± 0.00 (4.00) 4.00 ± 0.00 (4.00) 1 

Day 1 33.50 ± 5.82 (34.00) 33.43 ± 8.96 (40.00) 0.5307 

Day 2 36.44 ± 7.25 (40.00) 39.80 ± 0.79 (40.00) 0.0318* 

Day 3 38.81 ± 4.03 (40.00) 39.90 ± 0.54 (40.00) 0.1200 

0�� mean ±	SE'��(Ncontrol=17�Nexposure=15)��Wilcoxon rank sum test �

7;H,
(�,�* p <0.05� 
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 13����� 

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

MDA-DNPH y=5884086x+39606 r2=0.99909 y=5599679x+1185836 r2=0.99718 -4.83 % 

 


 14�
���MDA�� 

Brain region 
Control (nmol/mL) 

Mean ± SE (Median) 

Exposure (nmol/mL) 

Mean ± SE (Median) 
p-value 

Olfactory bulb 0.027 ± 0.020 (0.019) 0.243 ± 0.301 (0.129) 0.0124* 

Cerebellum 0.013 ± 0.003 (0.012) 0.107 ± 0.130 (0.019) 0.1282 

Hippocampus 0.021 ± 0.015 (0.018) 0.044 ± 0.009 (0.045) 0.0453* 

Cerebral cortex 0.019 ± 0.021 (0.012) 0.038 ± 0.017 (0.039) 0.0927 

��� mean ±	SE�
	(Ncontrol=7�Nexposure=6)��Wilcoxon rank sum test ����������* p <0.05�
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� 15��1#� t-Tau)��&-(Fold of control) 

Brain region 
Control (nmol/mL) 

Mean ± SE (Median) 

Exposure (nmol/mL) 

Mean ± SE (Median) 
p-value 

Olfactory bulb 0.275 ± 0.097 (0.276) 0.546 ± 0.401 (0.310) 0.6171 

Cerebellum 0.910 ± 0.158 (0.952) 0.944 ± 0.194 (0.982) 0.7210 

Hippocampus 0.780 ± 0.191 (0.715) 0.765 ± 0.231 (0.833) 0.8303 

Cerebral cortex 0.923 ± 0.101 (0.966) 0.865 ± 0.108 (0.902) 0.5203 

+�� mean ±	SE"�
(Ncontrol=7�Nexposure=6)��Wilcoxon rank sum test 
2

;?(	%�(�* p <0.05� 

 

� 16��1#� p-Tau)��&-(Fold of control) 

Brain region 
Control (nmol/mL) 

Mean ± SE (Median) 

Exposure (nmol/mL) 

Mean ± SE (Median) 
p-value 

Olfactory bulb 0.353 ± 0.166 (0.300) 0.698 ± 0.256 (0.612) 0.0383* 

Cerebellum 0.730 ± 0.192 (0.771) 0.936 ± 0.159 (0.992) 0.0538 

Hippocampus 0.989 ± 0.298 (0.980) 0.943 ± 0.168 (0.946) 0.9431 

Cerebral cortex 0.812 ± 0.154 (0.873) 0.879 ± 0.183 (0.929) 0.3531 

+�� mean ±	SE"�
(Ncontrol=7�Nexposure=6)��Wilcoxon rank sum test 
2

;?(	%�(�* p <0.05� 

 

� 17��1#� p-Tau)�8 t-Tau)��&-
�(Fold of control) 

 
Control 

Mean ± SE (Median) 

Exposure 

Mean ± SE (Median) 
p-value 

Olfactory bulb 1.243 ± 0.330 (1.310) 1.650 ± 0.546 (1.751) 0.1747 

Cerebellum 0.815 ± 0.217 (0.854) 1.048 ± 0.366 (0.933) 0.2840 

Hippocampus 1.313 ± 0.486 (1.059) 1.366 ± 0.493 (1.197) 0.6171 

Cerebral cortex 0.893 ± 0.198 (0.950) 1.015 ± 0.153 (1.014) 0.3531 

+�� mean ±	SE"�
(Ncontrol=7�Nexposure=6)��Wilcoxon rank sum test 
2

;?(	%�(�* p <0.05� 
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� 18��1#� A#1-42)��&-(Fold of control) 

Brain region 
Control (nmol/mL) 

Mean ± SE (Median) 

Exposure (nmol/mL) 

Mean ± SE (Median) 
p-value 

Olfactory bulb 0.801 ± 0.320 (0.849) 1.031 ± 0.103 (1.069) 0.3531 

Cerebellum 1.063 ± 0.256 (0.944) 1.053 ± 0.098 (1.018) 0.8303 

Hippocampus 1.107 ± 0.160 (1.131) 0.853 ± 0.162 (0.865) 0.0268* 

Cerebral cortex 0.947 ± 0.098 (0.936) 1.145 ± 0.166 (1.123) 0.0538 

+�� mean ±	SE"�
(Ncontrol=7�Nexposure=6)��Wilcoxon rank sum test 
2

;?(	%�(�* p <0.05� 

 

� 19��1#� LC3B)��&-(Fold of control) 

Brain region 
Control (nmol/mL) 

Mean ± SE (Median) 

Exposure (nmol/mL) 

Mean ± SE (Median) 
p-value 

Olfactory bulb 0.522 ± 0.176 (0.587) 0.722 ± 0.188 (0.767) 0.1747 

Cerebellum 0.523 ± 0.223 (0.431) 0.818 ± 0.163 (0.880) 0.0538 

Hippocampus 0.649 ± 0.170 (0.718) 0.678 ± 0.189 (0.637) 0.9431 

Cerebral cortex 0.638 ± 0.182 (0.708) 0.685 ± 0.117 (0.711) 0.9431 

+�� mean ±	SE"�
(Ncontrol=7�Nexposure=6)��Wilcoxon rank sum test 
2

;?(	%�(�* p <0.05� 

� 20��1#� Iba-1)��&-(Fold of control) 

Brain region 
Control (nmol/mL) 

Mean ± SE (Median) 

Exposure (nmol/mL) 

Mean ± SE (Median) 
p-value 

Olfactory bulb 0.609 ± 0.241 (0.665) 0.613 ± 0.174 (0.603) 0.8303 

Cerebellum 0.658 ± 0.220 (0.715) 0.606 ± 0.205 (0.614) 0.6171 

Hippocampus 0.644 ± 0.141 (0.721) 0.696 ± 0.272 (0.717) 1 

Cerebral cortex 0.933 ± 0.257 (1.007) 0.452 ± 0.276 (0.368) 0.0184* 

+�� mean ±	SE"�
(Ncontrol=7�Nexposure=6)��Wilcoxon rank sum test 
2

;?(	%�(�* p <0.05� 
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4 1��6�;?��>�/'5�!�<��=$��39* 0���:@

���7� 

 

 

 

4 2��6�;?��>�/'5�!�<��=$��39* 0���:@

���.,

Brain
cerebellum, olfactory bulb, hippocampus, cortex 

(N=6/ambient; 7/filtered) 

LC-MS/MS
MDA

Protein analysis
Total tau, P-tau, beta-amyloid, LC3B, Iba-1

Brain, lung
(N=5/each group) 

Histopathology
H&E stain

Ambient air (N= 18)

6 month-old female 3xTg-AD mice (N=36)

3-Month inhalation exposure

Morris water maze / Rotarod
(NAmbient air = 15; NFiltered air =17)

9 month-old female 3xTg-AD mice (N=36)

Filtered air (N= 18)

PM2.5 components

IC, ICP-MS

*Death: NAmbient air = 3; NFiltered air =1

Inhalation

5 days 24 hrs

MWM
sacrifice

3 months

6 months

3 days

Rotarod
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9 3�TAPES 1;9�(A)'�+��% PM �5�E	��68 HEPA 8B� (B)?D+��% PM �(5�E	�)
$�68

HEPA� 
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9 4�MWM:F,/;-9� (A) >",/;-9 (B) ��
 �#2!��#2!&��C3��0�2!�*�2!�*��

���7.��=�
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] 6�cs�;�
\v8t�(D /�cs1�T)� (A)v8��%:(Mean)/

� (B)v8��$b(Median)/��Ncontrol=17; Nexposure=15��Wilcoxon rank 

sum test �[csJ�D(J� 

(A) 

(B) 
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] 7�GdNU(2018.10.01~2019.03.03)PM2.5��
+�(A) �X)p	 (B) m0
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MDA-DNPH 

Retention time=10.07 min 

Standard concentration: 0.5 nmol/mL 
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� 34��� 3�������� (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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� 35��� 3�������� (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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� 36��� 3��������� (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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� 37��� 3�������� (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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� 38��� 3��	����� (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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� 39��� 3��

��	����� (A) scale bars measure 200 µm (B) scale bars measure 50 µm. 
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