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ANasl A, EAHH-E free carnitine (FCR= —%E?ﬂ]ﬁ]— Qlo] dAo|X = 80% ez F&
sl HA18lg a1, Total carnitine (TC)-2 71583 8+ & FZ3} < muliple reaction monitoring
(MRM) scan mode=Z 4319 t}. Acyl carnitine (ACk= TCIA FE wl k2 A3 7124
glo] Al ABAF (D) 09995, 858 97%, ADLE WEAT 10%0]8 Q53
£ 00016 mmol/L. gek o] W2 7|Ee] AA ARetETd Y Bt AX 7t oshal g2 &
AAE T2 et ARAAE Bol k. Ae ACH Yl FCe 2 JHFJ; RAaL,
AQUWAA S B FC= Bl ACH 52 dEow Yeht hEdgue] 38 wAe fay
A @A) B 2 mUE el 543 Wl

Abstract : In this study, a novel analytical method has been developed for the rapid determination of
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L-carnitine in human plasma using electrospray ionization tandem mass spectrometry. Free carnitine (FC)
was analyzed after extraction with 80% methanol and total carnitine (TC) was analyzed after hydrolysis
and extraction. Acyl carnitine (AC) was subtracted FC from TC. Analytical methods used multiple
reaction monitoring (MRM) scan modes. A correlation coefficient of linear regression (rz) was 0.9995,
recovery was 97%, reproducibility was less than 10%, and limit of detection (LOD) was 0.0016 mol/L.
This method reduced sample preparation time and showed high resolution and good reproducibility

compared to that with liquid chromatographic methods. Normal control showed AC
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was lower than FC. Clinical management of patients with inborn error of metabolism showed FC was

lower than AC. Thus, carnitine fraction level was very important to monitoring patients with metabolic

disorder.
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R o] AFE-e L-camitine®  Sigma-Aldrich (MA,
USA)ellA eletadal, Wi sEE=49] Lcamitine-d3 &
Cambridge Isotope Laboratories Ins. (MA, USA) o4
Ql&5l9itt. HPLC gradel WERE, potassium hydroxide
= Merck (Germany) ol A 18ttt ZLd)al hydro-
chloric acid:= Tedia (OH, USA)ollA] 42 31t} o]
ABo| A ALE-H Millipore-Milli Q™ (Tokyo,
Japan) oA F91-& atof Akgatglom ol sl HEE
7 Z24E 02 im¢ Whatman (Maidstone, UK R}2]
nylon membrane filter 2 33+ F 1087+ €7] sk
ALgstgnk B dqtol A ARESE  electrospray  ioni-
zation tandem mass spectrometer =+ Applied Biosystems
(MA, USA)AFS] API4000 el S ALg&Eldon o] %A
S ZEF] S8 AMS HERE Agilent 1100 series

S A w1
2T

binary wlelmz F¥=2 A43}93, CIC  analytics
systems  (Switzetland)Alol Al 1} HTS PAL auto-
smpler® g3 AR AXE B9 9l

TAITEC (Tokyo, Japan)Al] incubator/ shaker 2 AL4-3}

A

o] %] (Schleicher and Schunel, S&S #900; Dassel, Ger

g TC 4 ol sie 150 L)
potassium hydroxide 1 mol/l. T=Z10 L 7}3+
gratal 65 CollAl 1557 k&gt ko] £
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Lol A WJZFL- A]F]aL hydrochloric acid 1 mol/L &=
10 pLE 718 A7 & 44 Be7i= 13,000 mpm
o] 7R 4wtk AR E 4Ed 30 s

2 oA L5 gk AFe] FCAEH TCA
5 #o] 40 TellA] 3027) ¥hg-S 3far A4 10
B2 WZ4e A7tk 80% wWiERE: 200 ILE 52 3
EE50] Fa A|2E 96well plate 27
auto- sampler & o|-g-5to] MPH LA 7| ASE F
etk EAE o autosampler ol A AE22 T2 A
Aot BastEA BAS etk AC= TCAAFC &
W s ARt FEUE EARAE oo R
80% WIEHES AMBSIGAL AR FUHFE 5, olF
Aol §-422 200 plymin, AZ loop & 10 L & AMR-3}
FaL, TEVIARE RAFEAAS ARSSIGH 7HEY
B 2zagds 7] 9 MRM scan mode 2 248
stgon, RFEEALS 162.1/85.1 mfz, WHERTEER
165.1/ 85.1 mfz21 92 Aeke 519k

FEEUE BAe F Ao MSMSEHL  declustering
potential (DP)o] 80 V, entrance potential (EPP| 10 V,
collision energy (CE)7} 22 V, collision cell exit potential
(CXP)o] 12 V, deflector (DFy} -200 V,
electron multiplier (CEM)7} 2100 V, collision activated
dissociation gas (CAD)7} 6 psi, curtain gas (CURy} 12
psi, nebulizer gas (NG)7} 50 psi, auxiliary gas (AG)7}
40 psi, ionspray voltage (ISV)7} 5500 V 12]il ion

source 25+ 0 Colt}.

flo

channel
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ESYMS/MS = 720818 first quadrupole scandF 1
Y= Fig. 19 7tk 7k2UEle] Rol& (mother ion)
mfz 1629} @ole- (daughter iomel mjz 103 7 myz 85
ol 250l o] vl ol m/z 103 & Kol A
trimethylamino 717} Holxl ZAoR AlREFW, ol
mfz 85+ F7}E & hydroxy 717} "ozl AR AR
Hol. #A¢ @ol&2 third quadrupole production ion
scan (Fig. 2)& & ¥ ZA¥} mjz 85E major production
ion 2 XAEHck ESYMS/ME MRM scan modeZ-
o]43 A% EAAQ production iono2 HEF T 4
glom, FlEUEY] ¢ mjz 852 ZHE precursor ion
miz 1622 AHgste] ARAS Stk Foat TCo|
AAL Fig. 29} 2tk 570 point o] FEe] A4l FC
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Fig. 1. First quadrupole scan spectrum of L-carnitine on
tandem mass spectrometry.
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Fig. 2. Third quadrupole production ion scan spectrum
of L-carnitine on tandem mass spectrometry.
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Fig. 3. Calibration curves of peak area ratio vs L-carni-
tine/d3-L-carnitine concentration ratio (n=5)
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93 mol/L= 32-50] 97.7%,
mol/Le] 3|4-§-& 27.6 imol/L=E 3]|E o] 92.0%, 50 u
mol/L.e] 3]-§-2 485 mol/l. 3]4-5]0] 97% o] 4§
< 29t webs, A FEHA A Slg=go] ¢
9SS HodFxgrt. 72U Ee] limit of detection (LOD)
= 0.0016 pmol/Lo], limit of quantitation (LOQ)E
0016 oLz o} il sk E4ol bss
ok AU ARATE Yo 5T FEn S E
=9l 3, 30, 50 ymol/L-2- withinday-assay = 53] =43}
931, betweenday-assay = 5 Y F¢t =AYt ¥ &
Tol 3 umol/l= withinday-assaye] #HEA457 1.8%,
betweenday-assay ©] W EAFE 3.0% 2 Btk =31 &
E9l 30 ymol/L+ withinday-assaye] WHEAF7} 22%,
betweenday-assay ] HEA <= 78% & e & W}
betweenday-assay 3t0] Thh =9tF =2 =950 1
mol/L= withinday-assay2] ™HE7A|$E  2.8%, between-
day-assay2] WHEAT #TS 718%=E Y& T& Hr
betweenday-assay ko] ThA =¢kth T80k AA &

Table 1. Performance statics of ESI/MS/MS assay
Reproducibility
R
ecovery CV.%)
 L-carnitine L-camitne Withinday-  Betweenday-
No of detected,  Mean ’ ’
. added, assay assay
aliquots (mean D) %
Hmol/L (n=5) (n=5)
mol/L.
3 3.0 2931005 97.7 1.8 3.1
3 300 27.60 0.61 920 22 7.8
3 500 4851042 970 2.8 7.5
Table 2. Reference value for TC, FC and AC
(umol/L) and AC/FC in plasma
Total Free Acyl
. . o AC/FC
carnitine carnitine carnitine
2~60 54011262 39.118.62 14.9+7.02 0.3910.172
years
59.619.8a 48.419.3a 11.2+4.7a 0.2410.13a
(Adults)

a: present study in SMSI by ESI/MS/MS

2: Total carnitine and free carnitine were measured by a
radiochemical method
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LolA 10% plnte 2 kg Aol AAA] F5& X
Tk A1 204 o Adelel FhEude] Ay
= Table 29} ok TCE 596 molL=E E
schmidi-sommerfeld 7} ZAE 2y’ e} 23 =
ko, FCE= 484 mmol/L2 27 =9ko1} Act 112 n
mol/L2 ZF Y9ith. AQFRCE 0242 %7 yigkon),
AukA o 2 E. schmidt-sommerfeld 7} %73,%”_ Hye)’
o 2 Aol7 flee nelFsh A4l fAHUIAL
3k 37}, follow up F-AAtHAME 8kakxte] EAo A TC,
FC, ACE Fig. 4 ol wluato] dabyirh 44ele 7}
2UE $£X+= M o)Adu] E. schmidtsommerfeld £]
Ao 2 TCE 28-84 mol/l, FC= 24~66 mol/L,
ACE 4~32 imol/Lels] AA SCLoA 243 AAFele]
2-2)= TCE 54.3 imol/L, FC= 39.9 imol/L, AC= 14.4
mmol/L=2 R AAHIete] Solgirk 1y, Zzte
HEE Alws] EH TC, FC, AC9] &0.2 o] E=ghth

H44AIE g F  3-methylcrotonic aciduria, propionic

X @

aciduria, methylmalonic aciduria, isovaleric acidemia £] 2
gle]  ckAsAAAE  EAElC)

aciduria-2 leucine metabolism®] Z=7}jALA o1

3-methylcrotonic
3-methyl-
crotonic acid”} 3-methylerotonyl-Co A carboxylase2] 23
o= 2450] et

3-methylcrotonic aciduria 4= FC7} 11.9 mol/L 2
s Uskon, zlzte] AHg vwa nw
TC, AC, FC52o 2 Zko] =9tt}. Propionic acidurias
A ALl
ah A¥ew

valine, isoleucine, methionine 72 o}m|x
o]sl= propionyl-Co A  carboxylase
propionic acid, metylcitric acid, tiglyglycine o] Z7}sh=
¥4l ketotic  hyperglycinemiaZ gke]  d}ifo|T}. i
Propionic aciduria 84} 12 FC7} 10.7 mol/L 2 AN
YRt} Ygron, ACE 431 mol/Lz AAMIRT} =
Skt 7hte] sjElg wima] W FCb ACHTH e
W EHe By}, Propionic aciduria@izl 2= TCl 104 1
mol/L, AC7} 78.8 umol/L. A KT} o}F =gton,
FCE 252 mmol/L=2 HA gl 7Pdek 2H2te] seds
HlwEHm 1Mske} 7] TC, AC, FC 402 Zhol
=9t} Methylmalonic aciduria= methylmalonyl-Co AR
=012 methylmalonic acid €} propionyl-Co A &
e oA
acid7} AA5HA
aciduria@- A= o]n|
24 fRgTAA

El
El

o

3-hydroxypropionic acid?} methylcitric
Z715l= Ao} Methylmalonic
3tzo] =o follow up HE A}
gz 7hEURE Folalal 33l
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t} o] gx= TCr} 181 pmol/L, FC= 101 pmol/L, AC
= 80 oLz B AN 23] sk 2t}
o HEle vws B TC, FC, AC £07 ol %3t
). Isovaleric acidemia+= leucine metabolism & F-7ITA}
Aol isovaleric acid 7} isocaleryl-Co A dehydrogenase £]
Aoz =0 Yehdtk &, isovalerylglycineo] &
As] F7kste A8As), 7E, 7IH Adle A" A

FAS 58 dogle Adolnt” of FAw ofn] Fal
o] o] follow up H+= AxlzA] Fl2UEle S Fla
A3tk o] A 2L EE %kol VZ‘J’@HQ =591,
Aee ggels Hge TC, FC, AC #02 3}
ula} A, follow up FAESL Fh2Usl ez Qe 44
oz} e FEHL Hgon, SAHAAYAAE =L

AC7} FCRT} e njAArA ol gjelele oF <= 9i9ir}.
wleba, FlEUE 3RS T FlEUE ARs

e S-ANAAE Bxle] I AR} follow up 2R}
o ZUHH -85S HojFgh
4.2 =

B oAdqe oAe A A EXoR

L

electrospray
ionization tandem mass spectrometq (ESI/MS/MS) }
gajo] Fze] WRT A% A3t AU
A STk ESIMS/MSZE A18-817]913] %ﬁd )
g Azte 712 the BAuE B} ge A7
dEAFoH, fFrAgAgs FesEA
matrix interference= Z£9r}l. FFEUEL
modedlA] EAG O, F& H487 414
Ecﬂ ESIMSMS 2 AM4sle] 7hdE ‘_ﬁoﬂ ©.93}
S ®Ho] Y E, FRAYAEE #4149 KC, TC,
AC/] 3523 Ar= 3R AAF 2 follow up EUEH
of H-432 Hol 3.

lL’l
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