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皮膚の状態だけでなく腸内環境も関連があるといった報告がなされており,
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�¾Êçɖ;Д͉ (Atopic Dermatitis: AD) x~χʫæòͲæʛңĽγ}Ͷ͖]����ɤɖ

;Дͳəwt�ԍAD }͹Ͷ{~Ňͱυ}ңũƏɒ�;ДȨǄЪƔ}˰ɪzy,  ˱pzщƼ

]чƝͼ{Ӄïhvu�xϷw��vx�ԋ͝ ʼ͋w~n}ƊƼ~͕Ǻf�vuzuԍҒȬ

w~ԋ;Д}͖ɢqbwz`АŎ͠Ǖ�ӃҜ]t�xu±pǏƦ]zf�vx�ԋАŎϏЪ

Ɣ�ĉhp AD }þӆæʞƵ]ˋɇf��ԍАŎ͠Ǖ�ʧw�ɯ̂xhvԋĆğ{ˉͿzА

ŎϏЪ}ǖ́�Ĭjӵƭ�͔Ѿ�ʖƑj�“ÍáÆ�¢¼�§±”]̛΂f�vu�ԍÍáÆ

�¢¼�§±}èΦwt�Þ§¾Ë�ßä (Lactoferrin, LF) ~ԋd��w}ΒΩy�ԋƶɘ

�ТπͶzy}�áà¦çͶ͖�ϥƫfl�dx]ǏƦf�vu�ԍ�pԋŌƟΒΩⅰ}Ǽ

ӻ{xuv�ԋAD Ø½àÔ�±ԇNC/Nga Ô�±Ԉ{ LF �ɵïhpӔ{ԋLF Ӡɵïϱx

̆ҋhv;Д͉}ҴͶȵ]ĝíj�dx]Ζf�pԍndwɫp~ԋLF {��;Д͉ʞƵ

Ų˘~АŎϏЪƔ]Ӄïhvu�}w~zuyxʍ̵hԋd��}Ô�±y�ʊƑhpσĪ

xȋАŎǿ͔{tuvϏЪƔђ˗xĎѳ͔Ѿђ˗�л±pԍ16S rRNA ҪĘǰ}Ϝϯͼђ˗

{��АŎϏЪƔ}˰қђ˗}ϔ˘ԋσĪõϏЪƔ{~ǚŹ]ы��zy±p]ԋȋАŎǿ

͔}ϏЪƔw~ԋLF ɵïϱwϏЪƔ}ǝ˱ɖ]ǖŮhԋϏЪƔ˰қ� LF ˍɵïϱx~ͯ

z�dx]ʷ�y{z±pԍȋАŎǿ͔Ďѳ͔Ѿђ˗}ϔ˘ԋ£¼«çà�ÕäĎѳϓ҅{

ȕj�Ďѳ͔Ѿ}ͅȵ] LF }ɵï{�±vǖŮj�dx]Ζưf�pԍ�pԋϏЪ}ŪƝ

xƜĎѳ͔Ѿͅȵ}΄Ӄђ˗�лuԋϏЪƔxĎѳ͔Ѿ}ӃҜ{tuvђ˗�л±pԍd�

�}ϔ˘y�ԋLF ~;Д͉}ҴͶȵ�ĝífl�Ų˘]t�ԋȋАŎwϏЪƔ}˰қǚŹ

�Ȼ^Ҁdjdxԋèҭ}Ďѳ͔Ѿͅȵ�ǚŹfl�dx]ʷ�y{z±pԍ 

 

Keywords: �¾Êçɖ;Д͉æÍáÆ�¢¼�§±æÞ§¾Ë�ßäæАŎϏЪƔæĎѳ 

͔ђ˗ 

 

  



 

 132 

1. Єʿ 
1.1. �¾Êçɖ;Д͉{tuv 

�¾Êçɖ;Д͉ԇAtopic Dermatitis: ADԈx~÷{ŅҞǂwǝ`ы����áà¦çɖ

}ɤɖ;Дͳə}èΦwt�ԍͶ͖xhv~χʫæòͲæʛңĽγ}Ͷ͖]���ԋADə

ⅰw~ĹȨⅰ{̆�vйõIgEҶ}ǖŮ�йõǦҲ͞ʦ}ǖŮzy]ѥ����ԍʳˏŊǂ

w~φ38êĆ]ADəⅰwt�xє��vx�(1, 2)ԋ20˽ďí}ʳˏĆ{Ӊ��ԋn}x�

n10Ć{1Ć]ADəⅰwt�xʍ̵f�vu�ԍͳəⅰ}ǝ`~ǰħwt�dx�Ǟ^z͕

ɏwt�(3)ԍƖ`y�ԋAD}͹Ͷ{~Ë�Þ¨ßäҪĘǰ}ͯȨ{��;ДÆß�}ȿğ

Ź�;Д}ü͒]Ӄïj�xf�v^p]ԋË�Þ¨ßäҪĘǰ]˻Ȩwt�{�Ӄ��k

AD�͹Ͷj�Ħ�t�ԋɑkh�ɑӪ}щϋw~zu(4)ԍҒȬw~;Д�АŎ{Ō͡hv

u�ĆğȨǄЪ�AD�Ƥ��áà¦çͳə}͹Ͷ{Ӄïhvu�dx]ʁʗf�vx�ԋ

ADəⅰ}͉ͶҭĜw~ԁСÌ¿�͞ЪԇStaphylococcus aureusԈ]ǖŮj�dx(5)ԋĹȨⅰ

xADəⅰw~ȯňˋԋӞȬˋx�{АŎϏЪƔ}˰қ]ͯz�dx�(6, 7)ԋADəⅰ}А

Ŏw~ϏЪƔ}ǝ˱ɖ]ĝudx(8)ԋȯȌˋ}АŎϏЪƔ}ǝ˱ɖ]̩͡}IgEķ}̒Ǻ{

̬`Ӄïhvu�dxzy]ǏƦf�vu�(9)ԍ�pԋLactobacillus rhamnosus GG}ɵï~

ûȯň{xuvAD}þӆŲ˘�ˉhvx�ԋn}Ӕ{АŎwL. crispatus �L. salivariuszy

�Ƥ�9˟}LactobacilusȕЪ�Bifidobacteriaceae genomosp. C1]ǖŮj�dx]ǏƦf�v

u�(10-12)ԍd}�v{ԋAD}͹Ͷ{~ĆğȨǄЪƔ}˰ɪzy]Ӄïhvu�dx]Ζ

ưf�vu�]ԋ̱ q{ʷΕzƊƼ~͕Ǻf�vuzuԍn}p�ԋ͝ ʼ͋w~ˡˏͼz̓

ͷ̘~Ӂ͹f�vx�kԋAD͹Ͷ}×£Á²Ö}ђʷx̓ͷ̘}Ӂ͹~Ҵщzѭӯwt�ԍ 

 

1.2. ÍâÆ�¢¼�§±x��ÍáÆ�¢¼�§±} AD {Ȇj�Ų˘ 

� ˏΒΩw~ԋАŎ͠Ǖ�ʧw�ɯ̂}ètwt�TÍáÆ�¢¼�§±r{Ί΂hԋAD

Ͷ͖ϥƫ}ƗЇɖ�˳ύhpԍÍáÆ�¢¼�§±x~ԋĆğ{ˉͣzЪ�΃ʌϓƕʖƑj

�ÍâÆ�¢¼�§±{ȆhԋĆğ{ˉͣzɅӥ�ïw�АŎϏЪ}ǖ́�ĬhĹȷϚʀ{

ȁïj�͔Ѿ}dx�ʁjԍèПͼ{ÍáÆ�¢¼�§±{~ԋ¢ß¬ςzy}ǝςӳ�ӵ

͔ⅡϚzy]ͣu���ԍˏ ΒΩw~Þ§¾Ë�ßä (Lactoferrin: LF) xuvԋ÷{È¾�

�¯zy}Ưûӳ}û{Ƥ���ҺϔƝ·äÇ§Ѿ�ͣupԍLF~ԋ¾Þä±Ë�ßä�

¢Ò¾Þä±Ë�ßäγԋċ}ҺϔƝ·äÇ§Ѿ{̆ҋhv�Һ�¢ä{Ȇj�яƫɖ]

100Ĳďìӽudx]Ώ��vx�(13)ԋn}Һ�¢ä�¥áç¾j�Ģͣ{�±vԋƶɘ

�ТπͶzyчʦ}�áà¦çͶ͖]ϥƫf��dx]ǏƦf�vu�(14, 15)ԍ�pԋċ

}ǝ`}ϏЪ}͡Ё{ɑщzҺŘ�ǤvdxwԋҺщ̎ɖ}ӽuϏЪ}ǖ́�ɴšhԋûҲ

Ъ�ÉË�²±Ъzy}Һщ̎ɖ}ĝuϏЪ}΄Ȇ̆�ǖŮfl�dx]Ζf�vx�
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(16)ԋn}Ų˘{�±vŎЙЈЀ{Ȇj�ЈЀвΧϥƫŲ˘]t�dx�ǏƦf�vu�(17, 

18)ԍûҲЪ�ÉË�²±Ъ~ԋАŎwǖŮj�dxwAD}þӆæ̓ͷŲ˘�ʀtdx]ʷ

�y{z±vu�ԍĦw�Ņ{Ҕ�p�v{ԋûȯň{xuvAD}þӆŲ˘�ʀtûҲЪ

xhv Lactobacillus rhamnosus GG]ʃc���(10)ԍ�pċ}Ѯ˝w~ԋɪĆADəⅰ{

Lactobacillus LS01 DSM 2275xBifidobacterium BR03 DSM 16604�̭ƝhpЪ̪�ɵïj�

dxwԋй̿LPSx��̡ɖŹTϏІʦ]̲Ȍhԋ�áà¦çƏɒ]ɴšf��dx]ʷ�

y{z±vu�(19)ԍōğͼ{~ԋ 1×109 CFU(colony-forming units)/gͅȵ}L. LS01 DSM 

2275xB. BR03 DSM 16604�12ҝӂϓƕɵïhpÍâÆ�¢¼�§±ɵïϱxԋ̻Ǯ}��

ϓƕɵïhpÍÞ³Òϱ}͉ͶɖŢ̓ԇ�áàªäԈ}Ɂf�Ζjй̿LPSͅȵx̡ɖŹT

ϏІʦ�ԋѮ˝Ӂǫʼԋ12ҝӂ}ɵïϑýʼԋϑýy�2yˈɉ}3t}·�ÖÓ�ä¾{x

uvϓʼͼ{̆ҋhpԍn}ϔ˘ԋ�áàªä}Ɂf�Ζjй̿LPSͅȵx���áàªä

�}ŇͱƏɒ}Ɂf�Ζj̡ɖŹTϏІʦ}óʯ]ÍâÆ�¢¼�§±ɵïϱwÍÞ³Ò

ϱ{̆ҋhˉɠ{̲Ȍhpԇǀ1Ԉԍd���ԋÍâÆ�¢¼�§±ɵïϱw~�áà¦ç

Əɒ]ɴšf�͉Ͷ]ɴšf�pdx]ʷ�y{z±pԍd}�v{AD}͹Ͷ�̓͸{~

͕Ǻ}АŎϏЪ]Ӄïhvu�ƗЇɖ]t�dxԋ�pԋLF}ɵï{��чʦ}�áà¦

çͶ͖]ϥƫf��dxzyy�ԋɫp~LF{~АŎϏЪƔ�ĉhv�áà¦ç�ϥƫf

l�Ų˘�ˉj�ƗЇɖ]t�}w~zuyxʍ̵hpԍ 
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ǀ1� ÍâÆ�¢¼�§±ɵï{��й̿LPSͅȵx̡ɖŹTßäÇϏІʦ}ʍΤ(19) 

Aԓй̿LPSͅȵ� Bԓ̡ɖŹTϏІʦ� ͻԓÍâÆ�¢¼�§±ɵïϱ� ԂԓӠɵïϱ 

n�o�ɵïӁǫʼԋɵïӁǫɉ3£ˈʼԋɵïϑýɉ2£ˈʼ}ķ�̆ҋhvu�ԍ 

�  

1.3. ˏΒΩ}΂ͼ 

d���ˏΒΩw~ԋLF {���áà¦çͶ͖ʞƵŲ˘] AD {Ȇhv�ˉŲwt�}y

�Ѯ˝j�p�ԋ�¾Êçɖ;Д͉Ø½àÔ�±}ԋNC/Nga Ô�±xƩ���ɶƊԇˏΒ

Ωw~¸Áɻŗ͔}ǑȦԈ{Əɒhv AD ˱;Д͉�ҀdjÔ�±�ͣuԋLF �þӆͼ{

ɵïhpϱxɵïhzy±pϱx}̆ҋ�л±pԍLF ɵï{��;Д͉Ͷ͖}ϥƫŲ˘�

Ѯ�pϔ˘ԋLF ɵïϱw~Ӡɵïϱ{̆�vԋ;Д͉}ҴͶȵ]ĝíhpԍŅлΒΩy�ԋ

AD }͹Ͷx̓͸{~АŎϏЪƔ]Ӄīhvu�dxԋ�p LF ~ÍáÆ�¢¼�§±xh
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vАŎ͠Ǖ�ʧw�dx]ʷ�y{z±vu�dxy�ԍd} AD Ͷ͖ϥƫŲ˘~АŎϏЪ

Ɣ}˰ɪ}ǚŹ�АŎϏЪƔ]͢͡j�Ďѳ͔Ѿ{�±vȻ^Ҁdf�vu�ƗЇɖ]t

�xϷw���ԍˏ ΒΩw~Ô�±y�ʊƑhpσĪxȋАŎǿ͔{tuvԋҁôś¯ç§

 ä­ç�ͣupϏЪƔђ˗xԋ¥ÙÊÞßçӝ̝̊ŵԌӴлʼӂǇѾҶŘ˗̘ԇcapillary 

electrophoresis time-of-flight mass spectrometry :CE-TOFMS) {��Ďѳ͔Ѿђ˗{��ԋLF

ɵï{��АŎ͠Ǖ}ǚŹ�Ϝϯͼ{Ř˗hpԍ 

 

2. Ȇѷxɯ̘ 
2.1. Ȇѷ 

� AD ͹ͶϱԋLF ɵïϱԋ«ä¾âçàϱ} 3 ϱ} NC/Nga Ô�±ԇ9 ҝԄԋ♀ԋƜϱ N=4Ԉ

y�ʊƑf�pσĪƍ�ȋАŎǿ͔�Ȇѷxhpԇǀ 2Ԉԍ AD ͹Ͷϱ~ 6 ҝԄy� 9 ҝԄ

�w} 3 ҝӂ{�p±vԋҝ 5 ƻЄӡƍ�ⅲ{«ÀÈÜ�¸Áɻŗ͔�ɶƊxhvǑȦj�

dxw AD ˱}Ͷ͖�͹ͶflpԍLF ɵïϱ~ɶƊǑȦ} 2 ҝӂŦwt� 4 ҝԄy� 9 ҝ

Ԅ�w LF �Ϙϙͼ{ɵïhԋAD ϱxƟ˱{¸Áɻŗ͔}ǑȦ�л±pԍ«ä¾âçàϱ

~ LF }ɵï�ɶƊ}ǑȦ�л�k{ӷЁhpԍAD ]͹Ͷhvu�dx}Εѥxhvйõ

IgE ķ}̵Ǻ�лuԋAD }Υȵ}ўĩ~;ДΟż{��;Дǜѐ±«�ԇχʫæ͹ѿԋ̤

Џԋʹ;æü͒ԋϒϫŨә} 4 Ө΂{tuvԋ͍Ͷ͖ԇ±«� 0ԈԋҊȵԇ±«� 1Ԉԋõγ

ȵԇ±«� 2Ԉԋӽȵԇ±«� 3Ԉ} 4 ̂Ӑ{Řӳhԋn��}Ɲѕ�КȲ±«�xhpԈx

;ДÆß� (TEWL) }ķԋ;Д̋ŘҶ{�±vл±pԍσĪԋƜ±«�{tuv~чʦƻ

̵ǺæʊƑhp]ԋˇϑÓ�ä¾wɋ��p�}}��ĥͣhpԍzxԋÔ�±}ӷЁy�

Ɯ±«�}̵Ǻԋ­äÍà}ʊƑ�w~ŌƟΒΩŅwt�˟ȹėΘÞ�¢ä{�±vǼʰf

�pԍ 

 

 

ǀ 2� ­äÍßä¨±©°Úçà 
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2.2. ҁôś¯ç§ ä­ç�ͣupϏЪƔђ˗ 

2.2.1. DNA ɻŗx PCR ̘{�� 16S rRNA ҪĘǰ}ǖȩ 

ŕϔü͒flpσĪ­äÍàԋȋАŎǿ͔­äÍà{ 0.1 mm ¤Þ±Éç² 0.1 g x 3.0 mg

¤Þ±Éç² 4 t�ŮwԋShake Master (Bio Medical Science) �ͣuvΔΓ�л±p}rԋ

Ë�Äçàæ§ââÑàÖ̘�ͣuv DNA �ɻŗhpԍRNase A (Takara Bio Inc.) w RNA

�ŘђhvӋƋhpɉԋɋ��p DNA y� 16S rRNA ҪĘǰҮś�ǖȩj�p�{ PCR �

л±pԍǖȩ}p�}ÍÞ�Ôç{~Æ§¼ß�͕ͯͼz 16S rRNA ҪĘǰ}ÛÁÆç­à

Í Þ � Ô ç w t � 27 Fmod (5’-AGRGTTTGATYMTGGCTCAG) x 338 R 

(5’-TGCTGCCTCCCGTAGGAGT) �ͣup(20)ԍDNA Óß×Þç´{~ TaKaRa Ex Taq Hot 

Start Version DNA Polymerase (Takara Bio Inc.)�ͣupԍPCR w 16S rRNA ҪĘǰҮś�ǖȩ

j�Ӕ{ԋn�o�}­äÍà{Ȇhvҧřz­�§àʦ�ʍǺj�p�ԋQuantitative PCR 

(qPCR) �ͣuv DNA }ǖȩ˃ϣ�ʏ^ԋPCR }­�§àʦ� 13 y� 27 ­�§à�w}

7 Φӳ}˔Ē{љǺhpԍPCR ~½�Ã�¹Ùç� 96˚C w 2 Řл±pɉ{ԋ½�Ã�¹Ù

ç� 95˚C w 30 Πԋ�Áçßä¨� 55˚C w 30 Πԋ âäªç¯Üä� 72˚C w 1 Řԋd

��� qPCR {�±v̒Ǻhp­�§àʦлuԋˇɉ{ âäªç¯Üä� 72˚C w 10 Ř

л±pԍPCR ɉ}̀ͬÍÞ�Ôçzy}ΐu DNA ʭ͓�Ƒ�Ӌ`p�ԋAgencourt AMPure 

XP (Beckman Coulter) �ͣuvρц�л±pԍɋ��p̻̪� BioAnalyzer (Agilent) {vӝ

̝̊ŵhԋ΂ͼ}Ӏf} DNA ʭ͓ԇφ 300 bp ӀԈ]ǖȩf�vu�dx�Εѥhpԍ  

 

2.2.2. GS Junior {��¯ç§ ä¯ä¨ 

� GS junior {��¯ç§ ä±{ɑщz�¸Í·çxԋ­äÍàѴŞ{ɑщz·¨Үś

(MID) �ČŮj�p�{Ő� PCR �л±pԍPCR ˔Ē~½�Ã�¹Ùç� 96˚C w 2 Řл

±pɉ{ԋ½�Ã�¹Ùç� 96˚C w 30 Πԋ�Áçßä¨� 55˚C w 45 Πԋ âäªç¯

Üä� 72˚C w 1 Řԋd��� 3 ­�§àлuԋˇɉ{ âäªç¯Üä� 72˚C w 10 Ř

л±pԍPCR ɉ}̀ͬÍÞ�Ôç�Ƒ�Ӌ`p�ԋAgencourt AMPure XP �ͣuvρц�л

uԋɋ��p DNA ̻̪� BioAnalyzer {vӝ̝̊ŵhԋ΂ͼҮś]ǖȩf�vu�dx�

Εѥhpԍ�pԋPicogreen (Molecular Probes Inc.) {v DNA ͅȵ�̵ǺhԋBioAnalyzer }

ϔ˘x}Ǟ^z΄ҥ]zuy�Εѥhpԍ  

BioAnalyzer w̵Ǻhpϔ˘y�ɋ��p΂ͼ DNA ʭ͓}ͅȵ��x{ԋDNA Řǰ}ŪƝ

]γh`z��v{­äÍà}ͅȵ�Ѯʧæ̭Ɲhp}rԋ Ôà°Üä PCR �л±pԍ 

PCR ˔Ē~½�Ã�¹Ùç� 94˚C w 4 Řл±pɉ{ԋ½�Ã�¹Ùç� 94˚C w 4 Řԋ�

Áçßä¨� 58˚C w 4 Ř 30 Πԋ âäªç¯Üä� 68˚C w 30 Πԋd��� 50 ­�§à

л±pԍ PCR ɉÉç²�ƻƐhԋÉç²ƻƐҶ]ьǺ}λƿwt� 50 ês200 êÉç²



 

 137 

{Ɛ�±vu�dx�Εѥhpɉԋ454 GS Junior (Roche) �ͣuv¯ç§ ä±�л±pԍ 

 

2.3. CE-TOFMS {��Ďѳ͔Ѿђ˗ 

� ŕϔü͒flpσĪƍ�ȋАŎǿ͔­äÍàƜ10 mg{50 %×·ÄçàԇŎҭ˲̹͔Ѿw

t�methionine sulfoneԋD-camphor-10-sulfonic acid (CSA) ԋ2-morpholinoethanesulfonic acid 

(MES) �n�o�200 µM Ƥ�Ԉ�400 µḽƝhԋ3 mm°à«Á�Éç²4ıx0.1 mm°à

«Á�Éç²φ0.1 g�Ůwԋ1,500 rpmԋ3ŘΔΓj�dxwĎѳ͔Ѿ�ɻŗhpԍ̻̪�

15,000×gԋ5 ŘҦɐŘәhԋì̯�Ӊǜ͆ңË�à·ç�ͣuv͆ңj�dxwԋ·äÇ§

Ѿ�Ƒ�Ӌupԍ�̪�ΈΪü͒˷w40˚Cԋ3ʼӂü͒flvͅⅠhԋŎҭ˲̹wt�

3-aminopyrrolidinextrimesate�Ƥ�ҁψ̋ 40 µlwŐ̻ђhp�}�­äÍàxhpԍn�

�}­äÍà}ѾҶӝШ̆x¥ÙÊÞßçӝ̝̊ŵhpӔ}̝ŵʼӂ�capillary 

electrophoresis time-of-flight mass spectrometry (CE-TOFMS) �ͣuv̵Ǻhpԍђ˗ͣµË¾

���wt�MasterHands (Version 2.17.0.8) (21)�ͣuv̵Ǻf�pÔ±±Ð§¾à½ç·

}ƜÊç§}ΧŘķ�ηŗhpԍ�pԋ­äÍàxƟʼ{̵Ǻf�p˲̹͔Ѿ}ѾҶӝШ̆

x̝ŵʼӂx}̆ҋ{�±vĎѳ͔Ѿ}ƟǺ�л±pԍƜĎѳ͔Ѿ}ͅȵ~Ŏҭ˲̹}ΧŘ

ķƍ�­äÍàxhvͣupσĪ�h`~ȋАŎǿ͔}ѾҶ�ͣuvηŗhpԍzx

CE-TOFMS{��Ďѳ͔Ѿ}̵Ǻ~ɧɨϲǔǞǴʠζæ×½��ΒΩΟ}Αăžˀ̈{��

л��pԍĈƻ}̵Ǻ{xuvԋ1­äÍàtp�ȫǆ556͔Ѿ�ƟǺhԋn}vr213Ďѳ

͔]95%ďì}­äÍàw˫ŗf�pp�ԋd��}½ç·�ђ˗Ȇѷxhpԍ 

 

2.4. ϖѕђ˗ 

� ϏЪƔђ˗wɋ��pǒǌҮśɜǏ~µË¾���wt� QIIME(Version 1.7.0) (22)�ͣ

uvђ˗hpԍǒǌҮś}΄Ɵɖ] 97%ďì}�}w OTU �˰μhԋRibosomal Database 

Project }ҮśɜǏ�ͣuvƜ OTU {ˇ�ҒϦz͔͡Φ�ʍǺhpԍ�pƜ­äÍàԋƜϱ

}ßç¿ʦ}ҥu�х˻j�p�ԋƟǺf�p OTU }ʦ~Ɯ­äÍà�Ɯϱ{xb�ŪƝ

{ʑηhϏЪƔ½ç·xhpԍd��ϖѕђ˗µË¾���wt� MeV (Version 4.9) (23) 

x�� XLSTAT(Version 2015.2)�ͣuvϖѕђ˗�л±pԍAD ϱԋLF ϱԋ«ä¾âçà

ϱ} 3 ϱӂ}̆ҋ{~ Kruskal-Wallis ˫Ǻԋÿɉ˫Ǻ{~ Tukey ̘�ͣupԍĎѳ͔Ѿ½ç

·}÷ɪŘŘ˗x�� PLS ŝŞŘ˗{~ SIMCA (Version 13.0.3)�ͣupԍAD ϱx LF ϱ}

2 ϱӂw}ˉɠμ˫Ǻ{~ԋMeV �ͣuv Mann-Whitney } U ˫Ǻ�л±pԍ�pԋ��Ì

ђ˗»çàwt� Metabolite Set Enrichment Analysis (MSEAԋ24)�ͣuvԋˉɠμ}t±p

Ďѳ͔{tuvn��]y}Ç±���{ȕhvu�y�ʍǺhpԍĎѳ͔xϏЪƔ}΄Ӄ

ђ˗{~ԋJMP (Version 12) �ͣuv Spearman }өĜ΄Ӄīʦ�ηŗhpԍd��ϖѕђ
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˗}ϔ˘ԋP < 0.05 }ǐƝ{ˉɠμ]t�xјҌhpԍ 

 

2.5. ϏЪx��Ďѳ͔Ѿ}΄Ӄђ˗ 

� 2.2.wɋ��pϏЪƔ½ç·x 2.3.wɋ��pĎѳ͔Ѿ}½ç·}΄Ӄђ˗�лvp�ԋ 

σĪx��ȋАŎǿ͔ϏЪ}vrԋȕáÏàwŘӳhpϏЪƔx Mann-Whitney } U ˫Ǻ{

xuv 3 ϱӂwˉɠ{ŪƝ{ҥu]t±pĎѳ͔Ѿx}΄ӃӃī{tuvђ˗hpԍђ˗{

~ϖѕђ˗µË¾���wt� JMP (Version. 12) �ͣuԋƜϏЪ}˫ŗŪƝ½ç·xƜĎ

ѳ͔}ͅȵ½ç·} Spearman }өĜ΄Ӄīʦ�ԋϠɂ�wηŗhpԍ 

 

3. ϔ˘ 
3.1. ȆѷÔ�±}Ɯ±«�̵Ǻϔ˘ 

� AD ϱԋLF ϱԋ«ä¾âçàϱ 3 ϱ} NC/Nga Ô�±ԇƜϱ N=12Ԉn�o�}Ô�±}

TEWL ķԋ;Д̋ŘҶԋ;Дǜѐ±«��̵Ǻhpԍ«ä¾âçàϱw~ğо{͉Ͷ]ы

��zu}{ȆhvԋAD ϱw~ğо{;Д͉]ы��pԋLF ϱw~Ͷ͖]ϥƫhԋğо

}˱ǰ~͉Ͷ]Ҁd±vuzu«ä¾âçàϱ{Ғudx]�y±p (data not shown) ԍ;

Д}ǜѐ}�z�kԋTEWL }ķx��;Д̋ŘҶ{tuv� AD ϱw~ĝíhvup]ԋ

LF ϱw~Ǝʯ{xuv«ä¾âçàϱ{Ғuķ]ɋ��p (data not shown) ԍ�pԋйõ

IgE ķ{tuv� LF ϱwĝíľơ]ы��pdxy� (data not shown) ԋLF ϱ{xuv AD

ϱ{̆ҋhvңũŇͱ]ɴšf��ľơ]t±pdx]ʷ�y{z±pԍƜϱ 12 ığ}õ

y�ԋ«ä¾âçàϱ{~ TEWL ķ]ȫǆͼz 4 ığ�ԋAD ϱ{~;Дǜѐ±«�]ӽu

�vy� 4ığ�ԋLFϱ{~;Дǜѐ±«�]ĝu�vy� 4ığ�ҩ�ΒΩȆѷxhpԍ 

 

3.2. σĪϏЪƔђ˗ 

3.2.1. σĪϏЪƔ˰қ}̆ҋ 

σĪϏЪƔ{xb� 3 ϱn�o�}ßç¿ʦx��n�{Ƥ���ϏЪΦ}ǝ˱ɖ�Ε

y��p�ԋá�Ë�§¯Üä£çÌxƩ���ԋßç¿ʦ{Ȇh˫ŗf�pЪΦ}ʦ�о

j˃ϣ�Ģɪhpԍ3 ϱ{xuvŌҙhvɋ��vu� 3000 ßç¿ʦʼ{˫ŗf�pЪΦ

ʦ�Kruskal-Wallis˫Ǻ�ͣuv̆ҋj�xˉɠμ]���zy±p (P=0.939) ԍd���ԋ

ϏЪƔ}ǝ˱ɖ~ 3 ϱӂwμ]zudx]Ζf�pԇǀ 3Ԉԍ 
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ǀ 3� 3 ϱex}ϏЪΦ}ǝ˱ɖԇá�Ë�§¯Üä£çÌԈ 

ѿ~ AD ϱԋӞ~ LF ϱԋϡ~«ä¾âçàϱ�оjԍX ҉~Ѭ��p 16S rRNA ҪĘǰҮ

ś}ˏʦԋY ҉~˫ŗf�pϏЪΦ}ʦ�Ζhvu�ԍ 

 

­äÍàex{ϏЪƔ}˰ɪ�Ζj˧¨ÞËy�~ԋ�x�y}­äÍà{xuv

Lactobacillus ȕЪx Lachnospiraceae ΟЪ]Ŋğ} 7 Ū�y�Ƅ�vu�dx]�y±pԍ�

pԋ;Дzyw͉Ͷ]Ҁ^�Ӕ{͉ͶҭĜwǖŮhvu�xє��� Bacteroides ȕЪ(25)

}ŪƝ�Ŋğ} 3 Ū�y�Ƅ�vu�dx]�y±pԇǀ 4Ԉԍ  
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ǀ 4� Ɯ­äÍà}σĪϏЪƔ˰қԇȕáÏàԈ 

ȡy� AD ϱ 4 ­äÍàԋLF ϱ 4 ­äÍàԋ«ä¾âçàϱ 4 ­äÍà}n�o�y�˫

ŗf�pϏЪΦԇȕáÏàԈxn}ʦ� 100Ԇ}Χ�ìc˧¨ÞËwоhpԍ 

 

�pԋȕex{ȫǆŹhp˧¨ÞËy��ԋAD ϱԋLF ϱԋ«ä¾âçàϱn�o�{

ʷ�yzҥu~ы��zuԇǀ 5Ԉԍ 
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ǀ 5� Ɯϱ}σĪϏЪƔ˰қԇȕáÏàԈ 

ȡy�ADϱԋLFϱԋ«ä¾âçàϱ}n�o�y�˫ŗf�pϏЪΦxn}ȫǆʦ� 100%

}Χ�ìc˧¨ÞËwоhpԍ 

 

3.2.2. UniFrac distance �ͣupϏЪƔ}ђ˗ 

� ­äÍàӂ}ϏЪƔ˰қ}ӳěȵ�ўĩj�p�ԋUniFrac ђ˗�л±pԍUniFrac ђ˗

x~­äÍàŎ{Ƥ���ϏЪϱ}υϖͼz҃әxϱк˰қy�ԋϏЪƔƟǙ}˰қ}ӳě

ȵ�ʦķŹj�ђ˗}ɯ̘wt�(26)ԍd}ɯ̘�ͣuvԋϏЪƔ}ӳěȵ� 2 ͋}҃ә{

Ⅵ^ʑwv 2 ˹łæ3 ˹ł}ȶ˲ì{Íâº¾j�dx]w^�ԍ�±vd}ȶ˲ìw~ԋ

2 ͋}҃ә]Ғu�y 2 ­äÍà}ϏЪƔ]Ғěhvu�dx�оjԍ 

ϏЪƔ{Ƥ���Ъ}Φӳ}��Ϸɦhp unweighted UniFracђ˗y�ɋ��p÷ȶ˲Ř

˗x��υϖ˵}ϔ˘y�ԋ3 ϱӂw§Þ±·ç~Řәf�kԋϏЪƔ�˰ɪj�Ъ}Φӳ

{~΄ҥ]ы��zudx]Ζf�pԇǀ 6Ԉԍd}dxy�ԋƜϱ}Ô�±σĪϏЪƔ{

Ƥ���ЪΦ~ӳěhvu�dx]Ζf�pԍ 
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ǀ 6� unweighted UniFrac }ϔ˘  

AԓUnifrac distance �ł{hp÷ȶ˲Ř˗}ϔ˘ԍƜ͋~­äÍà�оjԇѿԓADԋӞԓ

LFԋϡԓ«ä¾âçàԈԍBԓ UniFrac distance �ł{hpυϖ˵ԍ 

 

ϏЪƔ{Ƥ���ЪΦxn}ŪƝ�Ϸɦhpweighted UniFracђ˗y�ɋ��p÷ȶ˲Ř

˗x��υϖ˵}ǀ}ϔ˘y��ԋ 3 ϱw§Þ±·ç~Řәf�kԋϏЪƔ}ЪΦxn}

ʦ{xuv�΄ҥ~ы��zudx]Ζf�pԇǀ 7Ԉԍd}dxy�ԋ3 ϱ}ϏЪƔ˰қ~

ϏЪƔ�˰ɪj�ЪΦ}ѐ͋w�ԋƜp}ϏЪ}ŪƝ�Ϸɦhpϱк˰қ}ѐ͋w�ӳěh

vu�dx]Ζf�ԋAD ͹Ͷ� LF }ϓƕɵï{ęvσĪԇǞАԈõ}ϏЪƔ}ǚŹ~ȋ

fudx]Ζưf�pԍŅлΒΩw~ԋLF ~ÐÍ¯äŖ͟�л±p�}~ÍáÆ�¢¼�

§±Ų˘]ĝ`ԋА̻ɖ«ç¼�ä¨xƩ���ȋАŎ{ŉ��w̨Źf�zu͕˿z«ç

¼�ä¨�ʰhp�}}�v]ӽuʧАĢͣ�оjdx]ǏƦf�vu�(27, 28)ԍn}p

�ԋd}�vzϔ˘]Ζf�pͥ͟}�xtxhvԋLF ]Ђw̨Źf�vh�uԋǞА�

wŠҤhzy±pƗЇɖ]Ϸw���ԍ  
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ǀ 7� weighted UniFrac }ϔ˘ 

Aԓ UniFrac distance �ł{hp÷ȶ˲Ř˗}ϔ˘ԍƜ͋~­äÍà�оjԇѿԓADԋӞԓ

LFԋϡԓ«ä¾âçàԈԍBԓUniFrac distance �ł{hpυϖ˵ԍ 

 

3.3. ȋАŎǿ͔ϏЪƔђ˗ 

3.3.1. ȋАŎǿ͔ϏЪƔ}̆ҋ 

3.2 }ϔ˘���wvԋ LF ]ǞА�wȒuvuzuƗЇɖ�ϷɦhԋσĪwѮ˝w^�

ǞА���ìʯ}ԋȋА}Ŏǿ͔{tuv 16S rRNA ҪĘǰђ˗�л±pԍ 

á�Ë�§¯Üä£çÌy�ԋ3 ϱ}vr LF ϱ]ˇ�ϏЪƔ}ǝ˱ɖ]ӽ`ԋAD ϱ]

ˇ�ĝudx]Ζf�pԇǀ 8Ԉԍd}dxy� LF }ϓƕɵï]ԋϏЪƔ}ǝ˱ɖ�ǖŮf

lvu�dx]Ζưf�pԍ 
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ǀ 8� 3 ϱex}ϏЪΦ}ǝ˱ɖԇá�Ë�§¯Üä£çÌԈ 

ϡ~«ä¾âçàϱԋѿ~ AD ϱԋӞ~ LF ϱ�оjԍX ҉~Ѭ��p 16S rRNA ҪĘǰҮ

ś}ˏʦԋY ҉~˫ŗf�pϏЪΦ}ʦ�Ζhvu�ԍ 

 

­äÍàex{ϏЪƔ}˰ɪ�Ζj˧¨ÞËy�ԋığμ~t��}}ȋАŎҭw~ԋ

Lactobacillus ȕЪ� Lactobaillaceae ΟЪ]Ǟ^zŪƝ�Ƅ�vu�]ԋ LF ϱw~

Lactobacillaceae ΟЪ ]Ȍz`ԋS24-7�Lachnospiraceae ΟЪ]ċ}ϱ���ǝuľơ]t�

dx]�y±pԍèʯ AD ϱw~ Lactobacillaceae ΟЪ]ǖŮj�ľơ{t�dx]�y±

pԇǀ 9Ԉԍ 
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ǀ 9� Ɯ­äÍà}ϏЪƔԇȕáÏàԈ 

ȡy�«ä¾âçàϱ 4 ­äÍàԋAD ϱ 4 ­äÍàԋLF ϱ 4 ­äÍà}n�o�y�˫

ŗf�pϏЪΦxn}ʦ� 100%}Χ�ìc˧¨ÞËwоhpԍ 

 

�pԋȕex{ȫǆŹhp˧¨ÞËy�� LF ϱw~ Lachnospiraceae ΟЪ]͕ɏͼ{ы

��ԋAD ϱw~ Lactobacillus ȕЪ}ŪƝ]Ȍz` Lactobacillaceae ΟЪ]ǝuzyԋ3 ϱn

�o�]͕ɏͼzϏЪƔ}˰қ�ʀ±vu�dx]Ζf�pԇǀ 10Ԉԍ 
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ǀ 10� Ɯϱ}ϏЪƔԇȕáÏàԈ 

ȡy�«ä¾âçàϱ 4 ­äÍàԋAD ϱ 4 ­äÍàԋLF ϱ 4 ­äÍà}n�o�y�˫

ŗf�pϏЪΦxn}ʦ� 100%}Χ�ìc˧¨ÞËwоhpԍ 

 

3.3.2. UniFrac distance �ͣupϏЪƔ}ђ˗ 

� ϏЪƔ{Ƥ���Ъ}ΦӳɜǏ}��Ϸɦhp unweighted UniFracђ˗}÷ȶ˲Ř˗}ϔ

˘y�~ԋLF ϱxċ} 2 ϱ ]Řәf�vu�dx]ʷ�y{z±pԇǀ 11Ԉԍd}dxy

�ԋLF ϱ~ċ} 2 ϱx~ͯz�ϏЪƔ}˰ɪ�ʀ±vu�dx]Ζưf�pԍ  
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ǀ 11� unweighted Unifrac }ϔ˘  

Unifrac distance �ł{hp÷ȶ˲Ř˗}ϔ˘ԍ 

Ɯ͋~­äÍà�оjԇѿԓADԋӞԓLFԋϡԓ«ä¾âçàԈԍ 

 

ϏЪƔ{Ƥ���ЪΦxn}ʦ�Ϸɦhp weighted UniFrac ђ˗w� LF ϱ~ċ} 2 ϱx

~Řәf�ԋ͗Л}§Þ±·ç�ʀtdx]Ζf�pԇǀ 12Ԉԍd}dxy� 3 ϱ}vr

LF ϱ}ϏЪƔ]ԋƤ���ЪΦxn�o�}ʦ{xuvċ} 2 ϱxͯz�ԋȋАw~ AD

͹Ͷ{ęvϏЪƔ}ǚŹ� LF }ϓƕɵï{��ϏЪƔ]ǚŹhvu�dx]Ζưf�pԍ  

 

 

PC1 (35%)

PC3 (9.7%)

PC2 (14%)
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ǀ 12� weighted UniFrac }ϔ˘  

UniFrac distance �ł{hp÷ȶ˲Ř˗}ϔ˘ԍ 

Ɯ͋~­äÍà�оjԇѿԓADԋӞԓLFԋϡԓ«ä¾âçàԈԍ 

 

3.3.3. OTU áÏàw}ϏЪƔ}ҥu 

� d��w}ϔ˘y�ԋLF ɵï{��ϏЪƔ~ǞАŎw~ǚŹhzu]ԋȋАŎ{xuv

~ǚŹj�dx]Ζưf�pp�ԋ��ѣϏ{Ɯϱ{͕ͯͼzϏЪ�ʷ�y{j�p�{ԋ

OTU áÏàԇΦáÏàԈw}ђ˗�л±pԍ  

� Kruskal-Wallis ˫Ǻ{�±v 3 ϱӂwˉɠԇP < 0.05Ԉ{μ]t�dx]Ζf�p 47 t}

OTU �Êº§�ºÍhԋn��}͕ɏ�ʋ±pԍn}ϔ˘ԋLF ϱw̲Ȍľơ{t±p

Lactobacilaceae ΟЪxǖŮľơ{t±p S24-7 ~ԋn�o� 1 t} OTU {ͥ˕hvupd

x]Ζf�pԍ�pԋLachnospiraceae ΟЪ{tuv~чʦ} OTU ] LF ϱwǖŮhpϔ˘ԋ

Lachnospiraceae ΟЪŊğ}Ɲѕ]ǖŮhvx�ԋAD ϱwǖŮhvup Enterobacteriaceae Ο

Ъ~ 2 t} OTU wǖŮhvupdx]ʷ�y{z±pԇǀ 13Ԉԍ  

 

PC2 (12%)

PC3 (3.1%)

PC1 (79%)
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ǀ 13�  AD ϱԋLF ϱԋ«ä¾âçàϱ{xb� OTU }̆ҋ 

Kruskal-Wallis ˫Ǻw AD ϱԋLF ϱԋ«ä¾âçàϱ}uk�y{xuvǲǄ̆]ˉɠ{ͯ

z�OTU}ǲǄ̆�Èç¾ÔºÍwʏͩhpԍǀƚĺ~ԋƜOTU}ȕj�ϛ(class)ԋ΂(order)ԋ

Ο(family)ԋȕ(genus)ԋΦ(species)�Ζhvu�ԍ 
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3.4. CE-TOFMS {��Ďѳ͔Ѿђ˗ 

3.4.1. σĪĎѳ͔ѾæȋАŎǿ͔Ďѳ͔Ѿ}÷ɪŘŘ˗ 

�kԋσĪæȋАŎǿ͔n�o�{tuvxx�yzĎѳ͔ѾÍâË��à}ľơ�Ř˗

j�p�ԋ÷ɪŘŘ˗�л±pԍn}ϔ˘ԋĎѳ͔ѾÍâË��à~σĪxȋАŎǿ͔}ӂ

wŘәf��dx]Ζf�pԇǀ 14 AԈԍd} 2 ϱ}Řә{~αè÷ɪŘ}Ʌӥ]Ǟ^ux

Ϸw��ԋâç½�ä¨ǀ��d��αè÷ɪŘ~ Leucine zywt�dxԋ�pαĀ÷ɪ

Ř~ Muscimol zywt�dx]Ζf�pԇǀ 14 BԈԍ 
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ǀ 14� σĪĎѳ͔ѾæȋАŎǿ͔Ďѳ͔Ѿ}÷ɪŘŘ˗ԇPCAԈ}ϔ˘ 

Aԓ±«�Íâº¾ԇЦԓσĪĎѳ͔Ѿ� ԁԓȋАŎǿ͔Ďѳ͔ѾԈ 

BԓƼǰѸШҶÍâº¾� αè÷ɪŘԋαĀ÷ɪŘx�{ȁï͛}ӽu�vy� 3 ͔Ѿ�¢

áä°С}͋wΖhpԍ 

ǀõ Glu ~ glutamineԋCys-Gly ~ cysteinyl-glycine �оjԍ 

 

3.4.2. σĪĎѳ͔Ѿђ˗ 

i ) σĪĎѳ͔Ѿ}÷ɪŘŘ˗ 

AD ϱԋLF ϱԋ«ä¾âçàϱn�o�}σĪ}Ďѳ͔ѾÍâË��à}ľơ�ы�p

�ԋ÷ɪŘŘ˗�л±pԍn}ϔ˘ 3 ϱ~§Þ±·ç{Řәf�zy±pԇǀ 15 AԈԍâç

½�ä¨ǀy�ԋαè÷ɪŘ}Řә{~ Flavin adenine dinucleotide disodium salt hydrate 

(FAD) � Hexanoate zyԋαĀ÷ɪŘ}Řә{~ 2,3-Pyridinedicarboxylate zy]ȁïhvu

�dx]Ζưf�pԇǀ 15 BԈԍ 
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ǀ 15� σĪĎѳ͔Ѿ}÷ɪŘŘ˗}ϔ˘ 

Aԓ±«�Íâº¾ԇѿԓAD ϱ� ӞԓLF ϱ� ϡԓ«ä¾âçàϱԈ 

BԓƼǰѸШҶÍâº¾� αè÷ɪŘԋαĀ÷ɪŘx�{ȁï͛}ӽu�vy� 3 ͔Ѿ�¢

áä°С}͋wΖhpԍ 

 

ii ) σĪĎѳ͔Ѿ}ŝŞŘ˗ 

� σĪ{xuv 3 ϱӂw}Ďѳ͔ѾÍâË��à{~͕ɏͼzľơ]ы��zy±pp�ԋ 

AD ϱx LF ϱ} 2 ϱ{tuvŝŞŘ˗ (OPLS-DA) �л±pԍd} 2 ϱӂ}˔Ē}μͯ~

LF ɵï}ˉ͍}�q]ԋAD }͹Ͷ±«�{~Ǟ^zμͯ]ы��pԍOPLS-DA }ϔ˘ԋ

2 ϱӂ}Ďѳ͔ѾÍâË��à}Řә{ȁïhԋLF ϱwͅȵ}ӽu͔Ѿ~ SAH 

(S-Adenosyl-L-homocysteine) � GlutamineԋAD ϱwͅȵӽu͔Ѿ~ AcetylcholineԋTyrosine 

methyl ester zywt�dx]Ζf�pԇǀ 16 A, BԈԍ 
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ǀ 16� σĪĎѳ͔Ѿ AD ϱȆ LF ϱ}ŝŞŘ˗ԇOPLS-DAԈ}ϔ˘ 

PC1 }ȁï͛ > |0.2| }�}�¢áä°С}͋wΖhpԍ 

Aԓ±«�Íâº¾ԇѿԓAD ϱ� ӞԓLF ϱԈ 

Bԓ S Íâº¾� ˴҉~Êç§}Ɂȵԋϧ҉~ 2 Ѽʬӂ}΄Ӄɖ�Ζjԍ 

ǀõ Glu ~ glutamineԋIle ~ isoleucine �оjԍ 
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iii ) σĪĎѳ͔Ѿ}ˉɠμ˫ǺԇMann–Whitney } U ˫ǺԈ 

� Mann–Whitney } U ˫Ǻ�л±pϔ˘ԋσĪĎѳ͔Ѿ}vr 18 ͔Ѿ}ͅȵ{ AD ϱx LF

ϱ}ӂwˉɠzμ]t±pԇо 1Ԉ 

 

о 1�  AD ϱx LF ϱ}ӂwˉɠzμ]t±pσĪĎѳ͔Ѿ 

 

LF ϱ{xuv AD ϱ���ĝuͅȵq±p�}{~-�ԋӽy±p�}{~+�јhpԍ 

 

�pԋAD ϱx LF ϱ}ӂwˉɠμ}t±p 18 ͔Ѿ{tuvԋn��]y}�vzÇ±��

�{Ӄīj�Ďѳ͔Ѿy�Ѯ˝j�p�ԋMSEA �ͣuvÇ±���ђ˗�л±pԇǀ 17Ԉԍ

hyhԋy}Ç±���{Ӄhv�ˉɠμ~z`ԋd��}Ďѳ͔Ѿ]͕Ǻ}Ç±����

ˉɠ{ǚŹflvu�x~єwzudx]ʷ�y{z±pԍ 
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ǀ 17�  AD ϱx LF ϱ}ӂwˉɠμ}t±pσĪõĎѳ͔Ѿԇ18 ͔ѾԈ]ȕj�Ç±��

� 

MSEA �ͣuԋAD ϱȆ LF ϱ} Mann–Whitney } U ˫Ǻ{xuvˉɠμ}t±pĎѳ͔Ѿ

{tuvɮȕj�Ç±����þɞhpϔ˘ԍ 

 

3.4.3. ȋАŎǿ͔Ďѳ͔Ѿђ˗ 

i ) ȋАŎǿ͔Ďѳ͔Ѿ}÷ɪŘŘ˗ 

AD ϱԋLF ϱԋ«ä¾âçàϱn�o�}ȋАŎǿ͔}Ďѳ͔ѾÍâË��à}ľơ�

ы�p�ԋ÷ɪŘŘ˗�л±pԍn}ϔ˘ԋn}ϔ˘ 3 ϱ~§Þ±·ç{Řәf�zy±p

ԇǀ 18 AԈԍâç½�ä¨ǀy�ԋαè÷ɪŘ}Řә{~ proline zyԋαĀ÷ɪŘ}Řә

{~ creatinine zy]ȁïhvu�dx]Ζf�pԇǀ 18 BԈԍ 
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ǀ 18� ȋАŎǿ͔Ďѳ͔Ѿ}÷ɪŘŘ˗}ϔ˘ 

Aԓ±«�Íâº¾ԇѿԓAD ϱ� ӞԓLF ϱ� ϡԓ«ä¾âçàϱԈ 

BԓƼǰѸШҶÍâº¾� αè÷ɪŘԋαĀ÷ɪŘx�{ȁï͛}ӽu�vy� 3 ͔Ѿ�¢

áä°С}͋wΖhpԍ 
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ǀõ Ile ~ IsoleucineԋPro ~ prolineԋGly ~ glycine �Ζjԍ 

ii ) ȋАŎǿ͔Ďѳ͔Ѿ}ŝŞŘ˗ 

� ȋАŎǿ͔{xuvԋAD ϱx LF ϱ} 2 ϱ{tuv OPLS-DA �л±pԍn}ϔ˘ԋ2 ϱ

ӂ}Ďѳ͔ѾÍâË��à}Řә{ȁïhԋLF ϱwͅȵ}ӽu͔Ѿ~ 2’-deoxyionsine �

Alpha-MethylserineԋAD ϱwͅȵ}ӽu͔Ѿ~ Taurocholate zywt�dx]Ζf�pԇǀ

19 A, BԈԍ 

 

 



 

 158 

 
ǀ 19� ȋАŎǿ͔Ďѳ͔Ѿ AD ϱȆ LF ϱ}ŝŞŘ˗ (OPLS-DA) }ϔ˘ 

PC1 }ȁï͛ > |0.2| }�}�¢áä°С}͋wΖhpԍ 

Aԓ±«�Íâº¾ԇѿԓAD ϱ� ӞԓLF ϱԈ 

BԓS Íâº¾� ˴҉~Êç§}Ɂȵԋϧ҉~ 2 Ѽʬӂ}΄Ӄɖ�Ζjԍ 

 

iii ) ȋАŎǿ͔Ďѳ͔Ѿ}ˉɠμ˫ǺԇMann–Whitney } U ˫ǺԈ 

Mann–Whitney } U ˫Ǻ�л±pϔ˘ԋȋАŎǿ͔õĎѳ͔Ѿ}vr 25 ͔Ѿ}ͅȵ{ AD

ϱx LF ϱ}ӂwˉɠzμ]t±pԇо 2Ԉ 

 

о 2�  AD ϱx LF ϱ}ӂwˉɠzμ]t±pȋАŎǿ͔õĎѳ͔Ѿ 
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LF ϱ{xuv AD ϱ���ĝuͅȵq±p�}{~-�ԋӽy±p�}{~+�јhpԍ 

 

�pԋMann–Whitney } U ˫Ǻwˉɠμ}t±pĎѳ͔Ѿ{tuvԋn��]y}�vz

Ç±���{Ӄīj�Ďѳ͔Ѿy�Ѯ˝j�p�ԋMSEA �ͣuvÇ±���ђ˗�л±

pԍn}ϔ˘ԋ£¼«çà�Õä͡Ɲɪϓ҅ԋ·äÇ§Ѿ͡Ɲɪϓ҅�¾ßÍ¾Ë�äĎѳ

zy}Ç±���{Ďѳ͔Ѿ]ӗõhvu�dx]Ζf�pԇǀ 20Ԉԍ͕{£¼«çà�Õ

ä͡Ɲɪϓ҅{tuv~Ďѳ]ˉɠ{ǚŹhpƗЇɖ]t�dx]ʷ�y{z±p

(P=0.0167)ԍ 
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ǀ 20�  AD ϱx LF ϱ}ӂwˉɠμ}t±pȋАŎǿ͔õĎѳ͔Ѿԇ25 ͔ѾԈ]ȕj�Ç

±��� 

MSEA �ͣuԋAD ϱȆ LF ϱ} Mann–Whitney } U ˫Ǻ{xuvˉɠμ}t±pĎѳ͔Ѿ

{tuvɮȕj�Ç±����þɞhpϔ˘ԍ 

 

� p ԋ £ ¼ « ç à � Õ ä ͡ ɪ ϓ ҅ } Ӄ Ҝ ͔ Ѿ w t � tyrosine, dihydroxy 

phenylalanine(DOPA), dopamine, noradrenaline, adorenaline }ͅȵ� AD ϱx LF ϱw̆ҋhp

ϔ˘ԋѧНμ]zuĎѳ͔Ѿ{Ӄhv� LF ϱ{xuv AD ϱ{̆�vǖŮľơ{t�ԋLF

}ɵï{�±vd}ϓ҅]ąҞhvu�ľơ]t�dx]Ζưf�pԇǀ 21Ԉԍ 
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ǀ 21� £¼«çà�Õä͡ɪϓ҅ӃҜĎѳ͔Ѿ}ͅȵ 

˧¨ÞË~ͅȵ}ȫǆķ�оhԋMann-Whitney } U ˫Ǻ{xuv P < 0.05 q±p�}{*

�јhpԍԇѿԓAD ϱ� ӞԓLF ϱԈ 

 

3.5. ȋАŎǿ͔ϏЪƔ−Ďѳ͔Ѿӂ}΄ӃӃī 

Spearman }өĜ΄Ӄīʦ�ͣup΄Ӄђ˗}ϔ˘ԋϏЪ−Ďѳ͔Ѿӂwˉɠ{ԇP < 0.05Ԉ

΄ӃӃī]ѥ����ϒ�Ɲ�l~ 548 ϒt±pԍOPLS-DA }ϔ˘y� AD ϱ{xuvͅ

ȵ]ӽy±p taurocholate~ɹƝǇЃ̍Ҳ}èΦwԋèҭ}АŎϏЪ{�±v taurinx cholate

{ЋɹƝf��dx]Ώ��vu�p�(29)ԋtaurocholateԋtaurinԋx�� cholate x΄ӃӃ

ī�ˉj�ϒ�Ɲ�l{Ί΂hpԍhyhԋd�� 3 ͔Ѿ{Ōҙhvˉɠ{΄Ӄj�ȕ~�

��zy±pԍLF ϱw AD ϱ{̆�vǖŮhvup£¼«çà�Õä͡ɪϓ҅}ӃҜ͔Ѿ

wt� noradorenaline x adorenaline {xuv Lactobacillus ȕЪx}ӂ{ˉɠz˻}΄ӃӃī

]Ζf�pԇо 3Ԉԍ 

 

о 3� £¼«çà�Õä͡ɪϓ҅}ӃҜ͔Ѿx Lactobacillus ȕЪ}΄Ӄīʦ 

Spearman }өĜ΄Ӄīʦxn} P ķ�ďí{Ζjԍ 
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4. ϷΜxĈɉ}Ȕˊ 
ˏΒΩ}ϔ˘y�ԋLF ϱw~ԋAD ϱ{̆ҋhvо;}ǜѐ±«�ԋTEWL ķԋ;Д̋

ŘҶj�v{xuv«ä¾âçàϱ{Ғuķ]ɋ��ԋLF }ɵï{�±v AD Ͷ͖]ɴš

f��dx]Ζf�p (data not shown) ԍd}ϔ˘] LF }ÍáÆ�¢¼�§±Ų˘{��

�}z}y�Ѯ˝j�p�ԋσĪxȋАŎǿ͔{tuvϏЪƔђ˗xĎѳ͔Ѿђ˗�л±pԍ

�kσĪ}á�Ë�§¯Üä£çÌy�ԋ3 ϱŊv}ϏЪƔ}ǝ˱ɖ{ҥu]zudx]ʷ

�yxz±pԇǀ 3Ԉԍ�pԋȕáÏàwϏЪƔ}˰ɪ�оhpΧ�ìc˧¨ÞËy�~ԋ

�x�y}­äÍà{xuv Lactobacillus ȕЪ� Lachnospiraceae ΟЪ]Ŋğ} 7 Ū�y�

Ƅ�vx�ԋϱex{ȫǆŹhp¨ÞËy�� 3 ϱ{ʷ�yzҥu~ы��zudx]ʷ�

y{z±pԇǀ 4ԋ5Ԉԍϙuvл±p UniFrac distance �ͣup÷ȶ˲Ř˗{xuv�ԋϏ

ЪƔ{Ƥ���Ъ}Φӳ}��Ϸɦhp unweightedԋЪ}Φӳxn}ŪƝ�Ϸɦhp

weighted yr�{xuv� 3 ϱ~§Þ±·ßä¨f�zy±pԍd}dxy�ԋ3 ϱ}ϏЪ

Ɣ˰қ~ϏЪƔ�˰ɪj�ЪΦ}ѐ͋w�ԋƜp}ϏЪ}ŪƝ�Ϸɦhpϱк˰қ}ѐ͋w

�ӳěhvu�dx]Ζf�pԇǀ 6ԋ7ԈԍLF {~ÍáÆ�¢¼�§±Ų˘]t�dx]

Ώ��vu�]ԋˏΒΩ}ϔ˘y� LF }ɵï{�±vȌz`x�σĪԇǞАԈ{ǲǄj�

АŎϏЪƔ}ϱӗ˰қ~ǚŹhzudx]Ζf�pԍhyhԋŅлΒΩw~ԋLF ~ÐÍ¯

äŖ͟�л±p�}~ÍáÆ�¢¼�§±Ų˘]ĝ`ԋА̻ɖ«ç¼�ä¨xƩ���ȋА

Ŏ{ŉ��w̨Źf�zu͕˿z«ç¼�ä¨�ʰhp�}}�v]ӽuʧАĢͣ�оj

dx]ǏƦf�vu�(26, 27)ԍ}p�ԋd}�vzϔ˘]Ζf�pͥ͟}�xtxhvԋ

LF ]Ђw̨Źf�vh�uԋǞА�wŠҤhzy±pƗЇɖ]Ϸw���ԍ 

n}p�ˏΒΩw~ԋǞА���Аθ}ìҭ{ĜⅥj�ȋАŎǿ͔}ϏЪƔђ˗�л±pԍ

ȋАŎǿ͔}á�Ë�§¯Üä£çÌy�ԋAD ϱw~ϏЪƔ}ǝ˱ɖ]«ä¾âçàϱ{

̆�v̲Ȍj�}{ȆhvԋLF }ϓƕɵïj�dxwϏЪƔ}ǝ˱ɖ]«ä¾âçàϱď

ì{ǖŮj�dx]ʷ�y{z±pԇǀ 8ԈԍAD }͹Ͷ{��ȋАϏЪƔ}ǝ˱ɖ]̲Ȍj

�dx]ǏƦf�vu�](8)ԋˏ ΒΩ}ϔ˘y� LF }ɵï~ AD wҀd�ȋАϏЪƔ}ǝ

˱ɖ}̲Ȍ�þӆj�Ų˘]t�dx]Ζưf�pԍ�pԋȕáÏàwϏЪƔ}˰ɪ�оh
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pΧ�ìc˧¨ÞËy�~ԋLF ϱw~ Lactobacillus ȕЪ]Ȍz`ԋS24-7�Lachnospiraceae

ΟЪ]ċ}ϱ���ǝuľơ]t�dx]�y±pԇǀ 9ԋ10ԈԍUniFrac distance �ͣup

÷ȶ˲Ř˗{xuv�ԋϏЪƔ{Ƥ���Ъ}Φӳ}��Ϸɦhp unweightedԋЪ}Φӳx

n}ŪƝ�Ϸɦhp weighted }yr�{xuv� LF ϱ~ċ} 2 ϱx~Řәf�pԇǀ 11ԋ

12Ԉԍd}dxy�ȋАw~ LF }ɵï{�±vԋϏЪƔ]ǚŹhvu�dx]Ζưf�pԍ

dd�w}ϔ˘y�ԋLF ɵï{��ϏЪƔ~ǞАŎw~ǚŹhzu]ԋȋАŎ{xuv 3

ϱӂwʷΕ{ǚŹj�dx]Ζf�pp�ԋ��ѣϏ{Ɯϱ{͕ͯͼzϏЪ�ʷ�y{j�

p�{ԋOTU áÏàw}ђ˗�л±pԍn}ϔ˘ԋLF ϱw̲Ȍľơ{t±p Lactobacilaceae

ΟЪ{Řӳf�� OTU }vrˉɠμ]t±p OTU ~ 1 t}�wt±pԇǀ 13ԈԍLactobaillus

ȕЪ{Řӳf�p OTU �Ƥ��x Lactobacilaceae ΟЪ{ȕj� OTU ~ 21 ıǲǄhp]ԋ

n}vrLF}ɵï{�±vˉɠ{ǲǄŪƝ]ǚŹhpOTU~1t}�wt±pdxy�ԋ

Lactobacilaceae ΟЪ}õw�Φ�˟{�±v LF {Ȇj�ɡƒɖ]ͯz�ƗЇɖ]Ζưf�

pԍ 

LF ɵï{ęvĎѳ͔Ѿͅȵ}ǚŹ�Ř˗j�p�ԋσĪxȋАŎǿ͔}Ďѳ͔Ѿђ˗�

л±pԍσĪĎѳ͔ѾxȋАŎǿ͔Ďѳ͔Ѿ}÷ɪŘŘ˗y�~ԋĎѳ͔ѾÍâË��à~

σĪõxȋАŎǿ͔õwͯz�dx]Ζf�pԇǀ 14Ԉԍd�{~Ȁ÷]Ř̗j�̨Ź̪�

ӵ͔}̨ŹæƥƐ{��Ďѳ͔Ѿͅȵ}ǚŹԋpHԋҲϋͅȵԋАŎϏЪƔ}˰қ}ҥuz

y}˱pzщƼ]Ʌӥhvu�xϷw���ԍ 

σĪĎѳ͔ѾÍâË��à}�}÷ɪŘŘ˗w~ԋĎѳ͔ѾÍâË��à}ľơ] 3 ϱӂ

wǚŹhzudx]ʷ�y{z±pԇǀ 15ԈԍndwԋLF �ɵïj�yhzuy}˔Ē}

�]ͯz�ԋAD}͹Ͷ±«�{~Ǟ^zμͯ]ы��pADϱxLFϱ} 2ϱӂwOPLS-DA

�л±pԍn}ϔ˘ԋ2 ϱӂ}Ďѳ͔ѾÍâË��à}Řә{ȁïhԋLF ϱwͅȵ}ӽu

͔Ѿ~ SAH � GlutamineԋAD ϱwͅȵӽu͔Ѿ~ AcetylcholineԋTyrosine methyl ester zy

wt�dx]Ζf�p]ԋn��}͔Ѿ{tuv AD x}ӃҜɖ~ǏƦf�vuzy±p

ԇǀ 16Ԉԍ�pԋMann-Whitney } U ˫Ǻ}ϔ˘ԋAD ϱx LF ϱ} 2 ϱӂw 18 ı}Ďѳ͔

Ѿͅȵ]ˉɠ{ǚŹhvu�dx]Ζf�pԇо 1Ԉԍd} 18 ͔Ѿ]͡ğŎ}y}�vzÇ

±���{Ӄīj�Ďѳ͔Ѿy�Ѯ˝j�p�ԋMSEA �ͣuvÇ±���ђ˗�л±p

]ԋuk�}Ç±���{�ˉɠμ]zudx]Ζf�pԇǀ 17Ԉԍd�{��σĪõĎѳ

͔Ѿ{Ӄhv~ԋLF ɵï{��ǖ̲hpĎѳ͔Ѿ~ 18 ͔Ѿt±p�}}ԋt�͕Ǻ}Ďѳ

ϓ҅{Ʌӥ�ïwvu��bw~zudx]Ζưf�pԍ 

ȋАŎǿ͔õ}Ďѳ͔ѾÍâË��à}�}÷ɪŘŘ˗}ϔ˘ԋȋАŎǿ͔{xuv�Ď

ѳ͔ѾÍâË��à}ľơ~ 3 ϱӂwǚŹhzudx]ʷ�y{z±pԇǀ 18ԈԋσĪĎѳ

͔ѾxƟi`ԋAD ϱx LF ϱ} 2 ϱӂ} OPLS-DA �л±pϔ˘ԋ2 ϱӂ}Ďѳ͔ѾÍâË
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��à}Řә{ȁïhԋLF ϱwͅȵ}ӽu͔Ѿ~ 2’-deoxyionsine zyԋLF ϱwͅȵ}ӽ

u͔Ѿ~ taurocholate wt�dx]Ζf�pԇǀ 19ԈԍTaurocholate ~Ѓ̍Ҳ}èΦwԋèҭ

}АŎϏЪ{�±v taurine x cholate {ЋɹƝf��dx]ʷ�y{z±vx�ԋŇͱυ�

}Ӄï�АŎϏЪx}§â±¾ç§�̛΂f�vu�(30)ԍd�� 3 Φ}Ďѳ͔Ѿx΄ӃӃ

ī�ˉj�ϏЪΦ�ȕáÏàwʋύhp]ԋd��xˉɠ{΄Ӄj��}}õwЃ̍Ҳ}Ћ

ɹƝЇ�ʀtxʲ{ǏƦf�vu�ϏЪΦ~ѥ���zy±pԍ�pԋMann-Whitney } U

˫Ǻ}ϔ˘ԋAD ϱx LF ϱ} 2 ϱӂw 25 ı}Ďѳ͔Ѿͅȵ]ˉɠ{ǚŹhvu�dx]Ζ

f�pԇо 2Ԉԍd} 25 ͔Ѿ{Ȇhv MSEA �ͣuvÇ±���ђ˗�л±pϔ˘ԋ£¼

«çà�Õä͡Ɲɪϓ҅ԋ·äÇ§Ѿ͡Ɲɪϓ҅zy}Ç±���{Ďѳ͔Ѿ]ӗõhvu

�dx]ʷ�y{z±pԇǀ 20Ԉԍ͕{£¼«çà�Õä͡Ɲɪϓ҅{tuv~ԋd}ϓ҅

{Ƥ��� 5 ͔ѾŊv}ͅȵ (tyrosine, DOPA, dopamine, noradrenaline, adorenaline) ] LF ϱ

wӽuľơ]ы���dxy�ԋLF ϱ{xuvd}Ďѳ]ąҞhpƗЇɖ]Ζưf�pԍ

d�� 5 Φ}Ďѳ͔Ѿx΄ӃӃī�ˉj�ϏЪΦ�ȕáÏàwʋύhpxd�ԋ

Lactobacillus ȕЪx}ӂw˻΄Ӄ�ˉj�ľơ]ы��pԇо 3Ԉԍd��}dxy�ԋLF

}ϓƕɵï{��ȋАŎwϏЪƔxĎѳ͔Ѿ}ǚŹ]Ҁ^vx�ԋ͕ {£¼«çà�ÕäƝ

ɪϓ҅{tuvĎѳ]ąҞhvu�dx]Ζưf�pԍ�pd��}͔Ѿx˻}΄ӃӃī}

t±pϏЪΦwt� Lactobacillus ȕЪ]ԋ£¼«çà�Õä}͢͡{Ġ�y}ӃҜɖ�ʀ±

vu�ƗЇɖ]Ζưf�pԍ£¼«çà�Õä~ԋАθŎwßäÇ͞zy}ŇͱϏІ�Л͎

ϏІ˾fl�Ģͣ]t� (31, 32)ԋ£¼«çà�ÕäҨʭе}ɵï{�±vʣйͶwɟҀf

��ɐδĽǾx��АθǗӆɌ˷˰}Δϝ�Ҋ̲j�dx]Ζưf�vu�p�(33)ԋ£¼

«çà�Õä}ǖŮ~͡ğ{x±vˉǾwt�xϷw��vu�ԍèʯwԋ£¼«çà�Õ

ä}èΦwt��¿áÀßä~ԋϿ̷ϏІy�È±·Õäzy}�áà¦çɖ×½� ç·

ç]ҡәj�dx�ɴšj�dx]Ώ��vx�ԋ�ÀË�Þ¥¯ç¯Üº§zy}̓ͷ{

ĥͣf�vu�(34-36)ԍϿ̷ϏІy�ҡәj�È±·Õä~йθɾɀ{��χʫ�;Д}y

���Ȼ^Ҁdjdx]Ώ��vu�p�ԋÈ±·Õä}̲Ȍ~ AD }Ͷ͖}ϥƫ{tz]

�ԍn}p�ԋAD {xuv~ LF }ɵï{�±v£¼«çà�Õä]ǖŮhԋÈ±·Õä

}ҡә}ɴš�ԋŇͱϏІ}ϏІ˾}ѧȊ]Ҁd�dxwԋAD Ͷ͖�ϥƫflpƗЇɖ�

Ϸw���ԍhyhԋd}Đѫ�˫ѝj�p�{~ԋÈ±·ÕäҶ}̵Ǻ�ŇͱϏІʦ}̵

Ǻԋ£¼«çà�Õä}Ƃ͗ɵïǼӻzy�лvɑщ]t�ԋf�z�Ѯ˝]ɑщwt�ԍ 

dd�w}ϔ˘y�ԋˏΒΩ{�±vԋLF }ɵï~ AD Ø½àÔ�±ԇNC/Nga Ô�±Ԉ

} AD Ͷ͖�Ҋ̲fl�Ų˘]t�dxԋȋАϏЪƔ}˰қ�ǚŹflԋǝ˱ɖ�ǖŮfl

�dxԋȋАŎǿ͔õ}Ďѳ͔Ѿ}vr͕{£¼«çà�ÕäĎѳϓ҅}Ďѳ͔Ѿͅȵ�ǖ

Ůfl�dx]ʷ�y{z±pԍ�pԋσĪõϏЪƔ{~ǚŹ]zy±pdxy�ԋА̻ɖ
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£Í³àzy�ĤͣhzuǐƝԋLF }Ų˘~ǞА�wŠҤhzudx]Ζưf�pԍLF }

AD Ͷ͖ϥƫ}×£Á²Ö�ђʷj�p�{~f�z�Ѯ˝]ɑщwt�]ԋLF }ɵï{

�±v£¼«çà�Õä]ǖŮhԋÈ±·Õä}ҡә}ɴš�ԋŇͱϏІ}ϏІ˾]ѧȊf

��dxwԋŇͱ˷˰}ңũzɒε�ɴšh AD Ͷ͖�ϥƫfl�xuvĐѫ�ʐˣhpԍ

Þ§¾Ë�ßä�Ƥ�ÍáÆ�¢¼�§±{��АŎϏЪƔ}ǚŹ�n}ŲЇ}j�v~

ˍqʷ�y{f�vuzuҭŘ�ǝu]ԋÞ§¾Ë�ßäʖƑÔ�±}АŎϏЪƔђ˗x�

�Ďѳ͔Ѿђ˗�лvdxwԋÞ§¾Ë�ßä{��АŎϏЪƔ}Ňͱ˷ЇąҞĢͣ}×£

Á²Öԋ�p�áà¦çxАŎϏЪxn}Ďѳ͔Ѿx}ӃҜ}ђʷ{è˼w�Ғubpdx

�ˋɇj�ԍ 
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5. ѳҏ 
� 4 Ȭӂ�ҙiԋǼӻ�ђ˗zyŊv{xuv^�ϏyzʁȊxeƁŬ�upqupƃǙ 2

Ȭ}Αăžˀf�{̬`ɡѳНh�jԍΝ]ˏΒΩ�d}�vzèt}Ƀ{�x��dx]

w^p}�ԋ�xw{ԋw^}ɛuΝ�ыʟfk{ƙƬ̓ŰhȍŬhv`qf±pΑăf�

}xycwjԍÊ¯ºxhvu�ʼ~½¥ǥң_vӜ}ì}ǲǄwj]ԋ�u�uhvu�

ʼzy~ԋt�±Ĉ¼ä¯ÜäèϢy�Ԕԋz�vv�h`z�x^�t�ԋn�zǪɌy

�uur~f�]ǞǦ^wjԍd�y��k±xk±xԋ��h`xӲuh�jԍ�pԋƃ

Ǚ3Ȭ}˒ìɣùĉf�{~΃ʌ�¿Æ�®ç�hvupqupǴˋ~1Ǵˋ}�whp]ԋ

h�±r�v�y�zudx�ůbvupqup�hvԋˇɉ�wӡĳ�xybh�hpԍ

Æ�¢¥ÙäÍʼĎqbwz`ʺÍâԋǛÍâzywӿș{л`xԋ��àÃ±�hԅ��

àÃ±Ӷ�ԅzyxu±v��y�£ºÍàx�u�uèϢ{ңel�dx]v�h`vԋ

Ġ��}ˮh�whpԍƟi�v{ԋ΃ʌ�¿Æ�®ç�hvupqupǴˋ~ 1 Ǵˋ}�

whp]ӴͤźǠf�{~ԋĎѳ͔Ѿђ˗}ҭŘw˱pz˫Ǻ}Φӳ�ђ˗ɯ̘�ʤwvu

pq^�hpԍ̌ Ҧ{ǘ�ϙb�Ô±·çÅä²Ë��à}Ӆy�ʢuŗhv`qf±p}

�Ӵͤf�whpԍt�]xvegu�hpԍǴҭ 2 Ȭ˹{ 1 ȬӂԋȗɃ·ӿșȥwÆ�¢

¥ÙäÍ͡xhvŴɁhvupʼˋ{~ԋƟiȨǄЪ¨àçÍ}ͽf�{Ǽӻ�ђ˗}Ċʯ

�ʤwvupqup�ԋĖʳ{~ҡ�wupqup�ԋȓøțƝȀwˮhuʼ�ңehp�ԋ

ŋΝx�{Ǟǚxñѡ{z��hpԍÆ�¢¥ÙäÍ}×äÆç{�ԋǼϳ�n}ɉ}Ǽϳ

áÓç¾zyԋ˱ pz�Ïä¾wxñѡ{z��hpԍǴȬ�¨àçÍ�ÆÞÆÞz×äÆ

çwhp]ԋТҷԋԃ̋ԇТ̋Ԉzyxu±v̅ʳ}�v{xү�Ӷ�q�ԋ×äÆç}Ѧ

͡ʳ{~­ÍÞ�²Ĕͩ�hp�ԋȗɃʪŹѱxuvʇˬw̚���{z±v·©Ä«�ʉ

±p�ԋèϢ{čƘʱл�л±p�ԋˮ huɕuŗ]ʦw^�zu`�up`f�w^�h

pԍ�pԋƟˋw¨àçÍ�èϢq±pǴҭ 4 Ȭ}̳ҭϴf�ԋƞȞǼĄf�ԋӽЭОƢx

~èϢ{u�ʼӂ]xv�ˮh`ԋi�ypԇĆ͡�Ѩ�ėԈ�hp�ԋɚ�΄ѯzy�h

vupqup�ԋǞǚt�]py±pwjԍΐuˋӂwhp]�¿Æ�°çxhvtuv`

�pǴҭ 2 Ȭ}ӿȤЫf�xȚˏŮǣǰf�{~ԋ�¿Æ�®çxhvw^pdx~xv�

Ȍzy±pwj]ԋ�p�x�xv�ϋ΃{ѡ�ⅳuv`�ԋɉҍ�Ёv�dx}Ʒ��ʤ

wv`��hpԍďìŒͤΒΩėwxñѡ{z±pͽf�ԋđˌΒΩėwxñѡ{z±pđ

ˌфƸŔʤʇԋ­äÍà�ʐħhv`qf±pŌƟΒΩŅ}Þ�¢ä˟ȹėΘ}�zf�{

ʞ�vɡѳuph�jԍ̌ ɉ{z��hp]ԋd}�vzϋˀ�huΒΩ�j�˷ėxϋˀ

�hu͠Ǖ�ïwv`qf±pΛͤΈƸ͕ēŔʤʇԋŒͤŶʤʇ{d}ǐ�ĵ�vƉ`xΗ

ͧhìc�jԍt�]xvegu�hpԍ 
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