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×·ÒâçÖx~n͡ğŎ{Ƥ���ς��ÕÄҲԋЈЀҲԋˉ˷Ҳxu±pĝŘǰŹƝ͔}Ϡ

ğ�ʁjͣѨwt�ԍҒȬw~Ϝϯͼ{×·ÒâçÖ�̵Ǻhԋ͡ğŎ}×£Á²Ö�ʷ�y{

j�×·ÒâçÖђ˗]͹Ȕhԋӵƭԋżͷԋ͠Ǖzyǝ`}Řҵwͣu��vu�ԍƀˬѱʪ

w~ԋ×·ÒâçÖђ˗�ͣupTӿș×·ÒâçÖ«Ñç¾ΒΩ{xb�ӵϳɥxй̿õĎѳ

͔}ӃīrxTӽρȵ{Ѝ˷Ї�þ̵j�ʮьÆ�¢Ôç£ç}ʋύr{tuvǏƦhvu�ԍ

zxԋˏƀˬѱʪ¸�°�±¾w~Tӽρȵ{Ѝ˷Ї�þ̵j�ʮьÆ�¢Ôç£ç}ʋύr{

tuvҔ��ԍτ͞ğ͆ңҶ (Glomerular Filtration Rate; GFR) x~ԋʳˏĆ} 8 Ć{ 1 Ć]Ϯə

hvu�ɤɖЍЙ͵ (Chronic Kidney Disease; CKD) �ўĩj�ќʭʁ˲}ètwt�ԍ�pԋGFR

~ CKD }ҴͶȵ}ўĩ{�ͣu��vu�ԍ͝ ǄԋGFR ̵Ǻ}ǂӔ˲̹̘~�Âßä§ß�Þä

±̵Ǻwt�ԍhyhԋ�Âßä§ß�Þä±̵Ǻ~ǝ`}ʼӂxűŬ�щj�ԍn}p�ԋż

ͷ͝ǐw~й̯§á�¹Áäķ�й̯¯±·¹ä C ķy�ηŗj�ʍǺτ͞ğ͆ңҶ (estimated 

GFR; eGFR) ]ͣu��vu�ԍhyhz]�ԋй̯§á�¹Áäķ~δϼҶ�Ͻ˷Ї{�±vԋ

й̯¯±·¹ä C ķ~͖ͦВ˷Ї���à±ɡ˛γ{�±vͅȵ]ǚŹj�p�ԋeGFR ] GFR

�˻Ε{Əʹhvu�x~єuӚu}]͖͝wt�ԍndwԋeGFR wЍ˷Ї�ўĩw^zuҭŘ

�хɁj�ʮhuÆ�¢Ôç£ç�ʋύj�ɑщ]t�xϷwpԍˏΒΩ~�Âßä§ß�Þä

±}�y±vu� 173 Ć}й̿xȏ}Ďѳ͔�¥ÙÊÞßçӝ̝̊ŵ-ѾҶŘ˗̘ (capillary 

electrophoresis-mass spectrometry; CE-MS) ͣuv̵Ǻhԋ�Âßä§ß�Þä±x}΄Ӄ�̎�pԍ 
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1. Єʿ 
 

ɤɖЍЙ͵ (Chronic Kidney Disease; CKD) ~ʳˏĆ} 8 Ć{ 1 Ć]Ϯəhvx�ԋʮpzǂ̉

͵xu��vu� (CKD ќͷ¤�¿ 2012)ԍ�pԋCKD ~ɐйθͳə}ƆӎƼǰwt�dx]�

y±vu� (Koeda et al., 2014)ԍhp]±vԋCKD �ʵˋ{͹ыhԋ̓ͷj�dx~Ѝ˷Ї}ɛ

Źqbwz`ԋƝĤͶ�ӆadx]w^�ԍ 
ʳˏ{xuvԋCKD ~kȏͯȨԋͩŀќʭԋй̪ԋ͵͟wЍӕǾ}ǲǄ]ʷ�ywt�ԍ͕{

0.15 g/g Cr ďì}зͻȏԇ30 mg/g Cr ďì}�àÌÕäȏԈ]ǲǄhvu�ԍlЍЙ{t�τ͞ğ

w͆ңf�pй̪}Ҷt��ԋτ͞ğ͆ңҶ (Glomerular Filtration Rate; GFR) ]60 mL/Ř/1.73!m!

ˍ̷wt�ԍd}kԋl}uk�yԋ�p~óʯ] 3 yˈďìʀϙhvu�͖ɢ}dx�uvԍ

�pԋCKD }ҴͶȵ~ƊͳəԋGFRԋзͻȏ�ϒ�Ɲ�lp 6 t}±¼ç°{�±vўĩf�v

u�ԍ͝ǄԋGFR ̵Ǻ}ǂӔ˲̹̘ԋt��¬çà¿±·ä¸ç¿~ǜƼɖ͔Ѿwt��Âßä

y�ηŗhp inulin clearance (Cin) �ͣupʯ̘wt�ԍhyhԋd�~ǝ`}ʼӂxűŬ�щhԋ

əⅰ�}Ѹɼ]Ǟ^up�ԋй̯ Creatinine ķԋй̯ Cystatin C ķy�ηŗj�ʍǺτ͞ğ͆

ңҶ (estimated GFR; eGFR) ]ȱ`ͣu��vu�(Matsuo et al., 2009; Horio et al., 2013)ԍ�pԋй

̯ Creatinine ķԋй̯ Cystatin C ķy�ηŗhp eGFR }ȫǆķ]ͣu���dx�t� (CKD ќ

ͷ¤�¿ 2012)ԍhyhz]�ԋй̯ Creatinine ķ~δϼ�ӵÿʖƑҶԋϽ˷Ї{�±vԋй̯

Cystatin C ķ~͖ͦВ˷Ї���à±ɡ˛{�±vͅȵ]ǚŹj�p�ԋeGFR ] GFR �˻Ε{

Əʹhvu�x~єuӚu}]͖͝wt� (Adachi et al., 2015; Jayagopal et al., 2003; Collé et al., 

1992)ԍndwԋ͝Ǆͣu��vu� eGFR wЍ˷Ї�ўĩw^zuҭŘ�хɁj�ʮhuÆ�¢

Ôç£ç�ʋύj�ɑщ]t�xϷwpԍ 
Ďѳ͔~͟͡Ǵԋ͵ ͟Ǵ{xuvҴщzʁ˲xz±vu� (Nicholson and Wilson. 2003)ԍτ͞ğ

~й̿�͆ңj�xuvɆŪ�˘phvu� (Tryggvason and Wartiovaara, 2005)ԍ͕{ԋτ͞ğǌ

ȴЕ~­�²Æß�x¹Ùç°Æß�}ɆŪ]t� (Brenner et al., 1978)ԍd}ǌȴЕw~ԋõɖ

͔Ѿ}τ͞ğҙң{̆�ѸӝШ��t͔Ѿ}ҙң~šӉf��èʯԋ˻ӝШ�ʀt͔Ѿ~Ɵi­

�²}õɖ͔Ѿ{̆�ǝ`ҙңj�ԍhp]±vԋЍ˷Ї{Ӄj�Æ�¢Ôç£ç�ʋύj�Ӕ

{ԋй̿}�¢äɖ}Ďѳ͔�Ѯ��dx~˭�vҴщwt�ԍ 
ndwԋ¥ÙÊÞßçӝ̝̊ŵӴлʼӂǇѾҶŘ˗тⅥ (capillary electrophoresis time-of-flight 

mass spectrometry; CE-TOFMS) �ͣuvй̿}�¢äɖ}Ďѳ͔Ѿ}̵Ǻxђ˗�л±pԍ 
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2.�Ȇѷxɯ̘�

2.1. Ȇѷ  
ˏΒΩ~ƠƖȓǞǴżǴҭЍЙŎΟwʊƑf�p 173 Ć}й̿�ͣupԍd}й̿~ΪБʼ}ԋ

�Âßä§ß�Þä±̵Ǻ}Ӕ{ʊƑf�p�}wt�ԍо 1 {Ȇѷⅰ}҇ğͼ͕ɏ�Ζhpԍ

ˏΒΩ~õȬȖ]ǝ`ԋȫǆȬԄ~ 59.5 ˽xz±pԍ�pԋͨɖ 86 Ćԋǥɖ~ 87 Ćwt±pԍ

GFR ] 60 mL/min/1.73 m!ďì}Ć~ 84 Ć{ȆhԋɤɖЍЙ͵xќʭf�� 60 mL/min/1.73 m!ˍ

̷}Ć~ 89 Ćwt±pԍ 

 
о 1. Ȇѷⅰ}҇ğͼ͕ɏ 

 
Ҝϙǚʦ}ʦķ~ȫǆķA˲̹ĸμ�Ζhԋ£¼¬ßçǚʦ}ʦķ~Ćʦ�Ζhvu�ԍ 

 
 
2.2. й̿}ŦŖ͟  

й̿�Ҋ`ʘɽhpɉԋ9,100 ×gԋ4°C {v 1 ŘӂҦɐ˷{ybpԍd}й̿ 50 µL x 20 µmol/L

} Methionine SulfoneԋD-Camphor-10-Sulfonic Acidԋ2-morpholinoethanesulfonic Acid ]ŉ±p

Methanol ̻̪ 450 µL �¹ÚçÌ{ŉ�ԋʘɽhpԍ˹ {ԋd}¹ÚçÌ{ Chloroform � 500 µLԋ

Milli-Q ̋� 200 µL Ůwԋ30 Πʘɽhpɉԋ9,100 ×gԋ4°C {v 3 ŘӂœƇҦɐhpԍn}ɉԋì

̯� 300 µL Ƒ�ԋӉǜ͆ң£ÞÖ{ŉ�ԋ9,100 ×gԋ20°C {v 2.5 ʼӂҦɐhpԍd}�̪� 40°C

w 2.5 ʼӂͅⅠhpԍˇɉ{ 200 µmol/L } 3-AminopyrrolidineԋTrimesate ]ŉ±p Milli-Q ̋� 50 

µL ŉ�v̻ђhpԍ 
 
 
 

N= 173

Male/Female-(N) 86/87

Age-(years) 59.5± 10.9

Height-(cm) 161.5± 8.1

Weight-(kg ) 62.7± 11.3

BMI-(kg /-----) 23.9± 3.3

Hypertension-(N) 108

D iabetes-(N) 30

Hyperlipidemia-(N) 95

eGFRcr 60.9± 24.5

eGFRcys 64.5± 26.9

Cin- 59.4± 26.7

15----(N) 8

15P29-(N) 21

30P44-(N) 28

45P59-(N) 32

60P89-(N) 60

90----(N) 24

m"

≤

>
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2.3. ̵Ǻx½ç·Ŗ͟  
CE-TOFMS {��̵Ǻ~ Anion modeԋCation mode x�{л±pԍ Anion mode w~Ӏfφ 105 

cm }ӏ�¢äÓßÔçwъ��p COSMO(Ԋ)¥ÙÊÞßç (Nacalai Tesque) �ͣuvӍ�¢ä

͔Ѿ�Řәhpԍ�pԋ50 mmol/L }ҰҲ�äØÁ�Ö (pH8.5) �ӝђ̪xhvͣupԍ~i�

{ԋ¥ÙÊÞßç� 10 Řӂӝђ̪w̟̣hpɉԋ50 mmol/L }ҰҲ (pH3.4)w 10 ŘӂԋnhvŐ

�ӝђ̪w 10 Řӂ̟̣hԋ̵ Ǻ�л±pԍ̵ Ǻ}Ӕ{~ԋ­äÍà̅{ 50 mmol/L }ҰҲ (pH3.4)

w 2 Řӂԋӝђ̪w 5 Řӂ̟̣j�dx{��¥ÙÊÞßçŎ�ȫн{hpԍŦŖ͟�ϑwp­

äÍàφ 3 nL � 5 kPa w 30 Πӂ̛ŉhԋ¥ÙÊÞßç{-30 kV }ӝǃ�yb�dx{�±vӏ�

¢ä͔Ѿ�Řәflpԍ0.01 µmol/L } Hexakis x 5 mmol/L }ҰҲ�äØÁ�Ö]ŉ±p

Methanol/Milli-Q ̋ (50% v/v)wt� Sheath ̪� 10 µL/min wҗ̪j�xƟʼ{ 300°C }άϋ¤±

}ǃ� 7 psig {j�dx{��ԋŘәflpӏ�¢ä͔Ѿ� TOFMS {җ±pԍTOFMS }

fragmenterԋvoltageԋskimmer voltageԋoctapole radio frequency voltage }ӝǃ�n�o� 100Vԋ

50 Vԋ200V {љǺhpԍ�pԋɋ��p±Ð§¾à�ßË�áä±͔Ѿ}ρȂѾҶwЛŵͼ{х

˻hpԍAnion mode }ßË�áä±͔Ѿ~ѾҶӝШ̆] 120.03834 wt�ЋÍâ¾äŹf�pҰ

ҲĀҶğ} 13C ƟĜğ (2CH3COOH - H)- x 680.03554 wt� Hexakis (M + CH3COOH - H)- {ЋÍ

â¾äŹf�pҰҲ]ČŮhp͔Ѿ�ͣupԍ 

Cation mode w~ӝђ̪wt� 1 mol/L }¦Ҳ (pH 1.8) �̷phpӀfφ 100 cm }ËÚç²¿

¯ß£¥ÙÊÞßçwӏ�¢ä͔Ѿ�Řәhpԍ~i�{ԋ¥ÙÊÞßç� 20 Řӂӝђ̪w̟̣

hpɉ{ԋ̵Ǻ�л±pԍ�pԋ­äÍà̅{ӝђ̪w 4 Řӂ̟̣h¥ÙÊÞßçŎ�ȫн{h

pԍŦŖ͟�ϑwp­äÍàφ 3 nL � 5 kPa w 5 Πӂ̛ŉhԋ30 kV }ӝǃ�ybpԍ0.01 µmol/L

} hexakis-(2,2-difluorothoxy)-phosphazene ]ŉ±p Methanol/Milli-Q ̋ (50% v/v)wt� Sheath ̪

� 10 µL/min wҗ̪j�xƟʼ{ 300°C }άϋ¤±}ǃ� 7 psig {j�dx{��ԋŘәflp

ӏ�¢ä͔Ѿ� TOFMS {җ±pԍTOFMS } fragmenterԋvoltageԋskimmer voltageԋoctapole radio 

frequency voltage }ӝǃ�n�o� 75Vԋ50 Vԋ125V {љǺhpԍ�pԋɋ��p±Ð§¾à�

ßË�áä±͔Ѿ}ρȂѾҶwЛŵͼ{х˻hpԍCation mode }ßË�áä±͔Ѿ~ѾҶӝШ̆

] 66.06306 wt�Íâ¾äŹf�p×·ÄçàĀҶğ} 13C ƟĜğ (2MeOH + H)+ x 622.02896

wt�Íâ¾äŹf�p Hexakis (M + H)+ �ͣupԍ  

̵Ǻhp½ç·y� MasterHands ver2.17.0.10 �ͣuvÊç§}˫ŗ�ΧŘԋĎѳ͔Ѿͅȵ}Ǻ

Ҷ�л±pԍd}ӔԋƜÊç§}ƟǺ~˲̹͔Ѿ}ѾҶӝШ̆ (m/z) x˫ŗʼӂ (MT) �ԋǺҶ

~˲̹͔Ѿ}ӡΧx̆ҋhvл±p(Hirayama et al., 2012)ԍ 

 
2.4. ϖѕͼђ˗�

� ѱʪæ͕њͧѰŦ}p�ӠŋӁԍ 
 
3.�ϔ˘xѵѱ�

� ѱʪæ͕њͧѰŦ}p�ӠŋӁԍ 
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ѳҏ 
я҇{z�eʁȊhv`qf±p�¿Æ�®çwt�ɧɨϲǔǞǴŅί͡ƪΟǴΒΩɮ}ȫȗ

ʷͥ̈ԋCE-TOFMS � MasterHands }ĥuʯ�ʤwv`qf±p̐ͤĂˈ̈ԋҹˌԀǰ̈ԋҹ

ˌžӿ̈ԋȠжήȫ̈ԋΑȞѺ˻̈ԋКȲ}έǐy�˱pz�¿Æ�±�`qf±pƠƖȓǞǴ

żǴҭЍЙŎΟ}öȗɄè̈ԋǶͤǻɪ̈ԋΞȗΈè̈{ɐ��ɡѳͧhìc�jԍ�pԋd}

�vzΒΩ͠Ǖ�˷ė�ïwv`qf±pŒͤŶ̈{̬`ɡѳͧhìc�jԍ 
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