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ABSTRACT. GC/MS was used to find an optimum experimental condition for the screening of organic a-
cids in urine. Urinary organic acids were isolated through the liquid-liquid extraction method (LLE) to examine
the influence of pH and the effect of including the back extraction and oximation processes respectively on the
extraction. When pH was adjusted to 0.5 during the extraction without oximation process, relatively higher re-
covery rate and the smallest relative standard deviations (0.3-12.4%) were obtained. By removing the interference,

N
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the addition of back extraction made possible surer identification of organic acids with retention time of 15-16
minutes. Under this condition, we obtained the content distribution of urinary organic acids in healthy Korean
children (n=16) by establishing the calibration curves for 51 standard organic acids.
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Tabie 1. GC/MS operating parameters

Column: SPB-1 {Fused Silica Capiliary Column)
30m Length, 0.32 mm LD, 0.25 pm
Film thickness
Carmrier Gas: He (1 ml/min)
Split Ratio: 1/10
Injection Port Temperature: 210°C
Interface Temperature: 260 °C
Oven Temperature Program: Initial Temp. — 70°C
Initial Time — 8 min
Rate — 4°Cfmin
Final Temp. — 260°C
Final Time - 8 min
Solvent Delay Time: 4 min
Mass range: m/z 40-550
lonization mode: Electron-Impact (EL) (70 ¢V)
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Table 2. Recovery of standard substances as a function of pH (n=6, 240 nmol)
No* Acids ty RRT Recovery (%)
pH 0.1 pH 0.5 pH 1
1 LT 6.91 0.253 569+ 43 726+ 25 770+ 32
2 ZHIB 7.18 0.262 601+ 59 783+ 59 821+ 45
3 GLCO 7.38 0.270 108+ 05 168+ 0.7 187+ 1.2
4 PY 7.99 .292 16.7+ 2.2 234+ 41 265+ 39
5 (0).4 996 .364 147+ 29 171+ 14 161+ 0.8
6 ZHB 10.42 0.381 57.1+ 61 741+ 40 769+ 46
7 3HB 11.89 (434 320+ 38 624+ 22 68.74+ 39
8 ZHIV 12.24 (.447 735+ 85 82.1+ 46 841+ 64
9 20B 12.46 0.455 1088+ 3.1 182.7+ 48 209.7+ 5.2
10 MALO 13.50 0.493 473+ 6.6 763+ 6.7 71.0+ 84
11 MM 14.14 0.517 1146+ 9.2 1425+ 54 1439+ 36
12 4HB 15.23 1.556 9.2+ 07 148+ 3.6 232+ 66
13 AA 15.50 0.567 10544294 162.4+10.8 163.5+24.1
14 CAP 15.99 0.584 61.2+13.2 67.2+104 70.7£125
15 EM 16.89 0.618 91.6+ 7.3 100.7+ 2.0 100.5+ 2.1
16 JHIV 18.01 0.658 436+ 45 690+ 58 728+ 5.5
17 ML 18.40 .673 11.5+ 4.9 25.8+ 42 319+ 6.2
18 MS 18.62 0.680 840+ 538 100.3+ 20 101.2+ 2.7
19 ucC 18.74 0.685 7.6+ 0.3 121+ 0.3 13.5+ 06
20 FU 19.55 0.714 1399+ 10.6 1574+ 3.0 157.8+ 30
21 AG 19.92 0.728 7.6+ 14 186+ 0.3 232+ 14
22 ™ 2111 0.772 107+ 0.9 238+ 08 283+ 1.3
23 GT 21.40 0.782 68.7+ 38 91.8+ 09 931+ 23
24 2MGT 21.83 0.798 899+ 59 995+ 1.3 99.0+ 1.8
25 3MGT 22.12 (0.808 %6+ 6.3 1000+ 1.1 995+ 1.8
26 PG 24.63 0.900 7.1+ 04 145+ 05 170+ 1.2
27 AD 24.75 0.904 350+ 34 1057+ 1.5 1049+ 28
28 MLI 24.86 0.908 98+ 05 167+ 0.5 178+ 1.1
29 PL 27.11 0.963 983+ 44 101.1+ 1.7 991+ 32
30 I.S.1 27.36 1.000 76.0+227 86.81+19.3 8741279
31 PIM 27.80 1.016 1002+ 43 1045+ 1.3 103.1+ 3.0
32 JHIMGT 28.24 1.032 701+ 23 1346+ 2.9 1444+ 52
33 20GT 28.39 1.037 343+ 38 566t 2.2 574+ 43
34 4HPA 28.60 1.045 1007+ 40 1042+ 1.3 103.0+ 3.5
35 NAA 29.07 1.062 9.0+ 30 2151124 34541190
36 SA 29.33 1.072 723+ 7.0 964+ 1.7 819+ 74
37 TT 29.77 1.088 6.8+ 0.1 79+ 0.2 79+ 0.3
a8 SUB 30.53 1.116 10243 45 1056+ 1.8 104.1+ 4.2
39 TCB 31.88 1.165 413x 32 67.2+ 1.6 703+ 39
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Table 2. Continued

Recovery (%)

No* Acids tr RRT
pH 0.1 pH 0.5 pH 1

40 oT 32.16 1.175 188+ 2.2 288+ 3.2 268+ 3.6
41 GLTC 3221 1.177 0144224 L15.6+ 4.8 1194+ 10.1
42 HIP 33.29 1.217 19244+ 6.0 1094+ 0.7 105.7+ 5.2
43 HG 34.50 1.261 938+ 55 973+ 13 948+ 6.2
44 CIT 3478 1.271 149+ 05 194+ 04 201+ 1.0
45 SEB 35.82 1.309 958+ 7.5 98.8+ 1.0 96.9+ 7.2
46 4HPL 36.32 1.327 939+ 53 969+ 2.1 942+ 76
47 PAL 39.63 1.448 1014+ 7.0 1048+ 5.5 103.6+11.1
48 4HPP 3993 1.459 82.6+18.2 80.6+ 5.1 677198
49 AT 41.03 1.499 853+ 7.2 960+ 44 92.1+ 79
S0 SHIAA 4321 1.579 725+ 48 796+ 490 782+ 9.2
51 ST 44.20 1.615 86.8+-41.8 106.31£10.2 104.2+14.6

No*: number of elution order, tx: retention time RRT:
Recovery (%): mean =+ standard deviation
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Fig. 1. GC/MS total ion chromatogram of TMS derivatives of organic acids.

1997, Vol 4, No. 9



476 DR - SEE - SR - £EY - BT
1007 ’ T 7.2086
Area
%
51
2
a1
2 32 ar
01 36
q° M
8 Pl
% 21
9 19 .
" 27 ¥ 48
14 ,
16 = %
7 35
5 1
34 38
3
4 18 2 q
10 131 s 17 m 25 et U:'B' ﬂ 42 43WU 48 500 || 52
o T |j L T Y T v“u T T T T T “.“JL‘J‘F“JL‘, n
10.000 15,000 20.000 25.000 30.000 35.000 40.000 45.000
Fig. 2. GC/MS 10tal ion chromatogram of TMS derivatives of organic acids with oximation.
Rl 2% AR ZA QAL Zbskaba Algalorst 3 Aok AR A 2 49 ulgol vl kst
st7) wlEol @ @Al WPk AL E oo} 2 Al SAsEE risile det 3t
ok, WAl ARFe] 714 WBE Mol i AFE 8] 9%ekE wle) TiIC(otal jon chromatogram)E %3

& 2408 Y AFe] L4 AYE A7

Tabte 3. Recovery of standard suhstances according to oximation process (n=6, 240 nmol)

(Fig. 15} 2) =3 7} §713HE2] 2885 vl u(Tuble

With oximation

No* Acids

(1Y RRT Recovery (%)
| LT 712 0.221 43.5+89
2 2HIB 7.17 (223 51.2+ 139
3 GLCO 7.39 0.230 134415
4 (8) 9.97 0.310 282433
5 2HB 10.35 0.322 65.2+12.0
6 3HB 11.94 0.371 150.2+18.7
7 2HIV 12.22 0.380 685+124
8 MALO 13.93 0.433 17.6+ 1.8
9 MM 14.57 0.453 62.0+79
10 4HB 15.14 0.470 170+42
11 CAP 15.98 0.496 50.9+17.7
12 EM 16.98 0.528 95.3+11.4
13 AHIV 17.96 (.656 350+15
14 ML 18.32 0.670 72+55
15 ucC 18.76 0.686 82+0.2
16 FU 19.53 0.714 15254105
17 AG 19.91 0.728 139+ 1.3
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Table 3. Continued

With oximation

No* Acids

tr RRT Recovery {%)
18 ™ 21.20 0.775 250+ 15
19 GT 2145 0.784 835+ 44
20 IMGT 21.79 0.797 879+ 87
21 3MGT 22.14 0.809 897+ 6.6
22 GLO' 23.67 0.790* 672+ 56
23 PG 24.64 0.901 133+ 1.3
24 AD 2471 0.903 . 1005+ 4.2
25 MLI 25.44 0.909 11,6+ 356
26 PY 25.12 0.838* 540+ 32
27 20B 26.02 0.868* 96.1+ 12.3
28 PL 27.10 0.991 948+ 34
29 1.8.1 27.35 1.000 899+ 155
30 PIM 27.79 1.016 91.7+ 238
31 3H3MGT 28.00 1.024 18+ 12
32 4HPA 28.59 1.045 934+ 35
33° NAA diTMS 28.97 1.059 356+ &2
33" triTMS 30.24 1.106
34 TT 29.76 1.088 81+ 1.0
35 1S.2 29.97 1.000 1466+ 438
36 SUB 30.49 1.115 942+ 32
37 TCB 31.84 1.164 568+ 4.4
38 oT 32,09 1.173 385+ 21.0
39 GLTC 32.16 1.176 333+ 225
40 MS 32.19 1.177 58+ 0.1
41* HIP diTMS 33.06 1.209 932+ 2.3
i tiT™MS 33.41 1.222
42 HG 34.45 1.260 22+ 0.02
43 CIT 34.64 1.266 176+ 1.1
44 SEB 35.77 1.308 802+ 15
45 4HPL 36.28 1.326 15465+ 64.8
46 20GT 37.84 1.262* 781.0+151.4
47 PAL 39.61 1.448 85.6+ 6.1
48 4HPP 19.90 1.459 235+ 53
49 AT 40.99 1.499 713+ 37
50° SHIAA diTMS 4229 1.546 60.9+ 26.0
s0° tiTMS 43.16 1578
51 ST 44.20 1.616 876+ 9.7
52 SA 49.51 1.652* 775+ 69

No*: number of ¢lution order with oximation, tg: retention time RRT: retention titne relative to tropic acid RRT*: re-
tention time relative to 2-oxacaproic acid for keto acids Recovery (%): mean +standard deviation GLO™: glyoxylic acid
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Fig. 3. GC/MS to1al jon chromatogram of TMS derivatives of organic acids with back cxtraction.

sk o] frel S #elsfsict Table 4. Comparision of recovery of organic acids with
gl e BEly §7)AF HARAL R ol ketosis and without back extraction process (n=6, 240 nmol)
P

u} ketoacidos & HEhe] 739" o] A2 nksA| No* Acids with without
_8.81"21' 53. or]A" _0_,!:. ﬂ] 5—7I I"Z\_l %71 &9_] 2&‘ hack extraction (%) back extraction (%)
. 715+ 4. b6 2.
W EAE AR SRS W AR ey 0 L JEE
F ol A2 Ao} Pk 3 GLCO 173+ 14 168+ 0.7
wzbi] a5 8 Agulel &5l K714 4 pY 332+ 5.0 234+ 4.1
L E3) AEZE 7Rl A0 Hekg) -‘%-‘% T3 5 0X 213+ 19 17.1+ 1.4
AHRIAS AR ATE] Yselch sy 6 MB REE AT 40
2 9% 40 A A ASME KA ¢ v s 32 mans 46
£ Frhslo] 7|4t Bqo] vlgtal )l 9  20B 247.7+28.3 1827+ 48
A& FO| YA vywo;] W3k Q!}jl].o.lf.i-ll 3-—;»,3 10 MALO 784+ 32 763+ 6.7
12 4HB 1364 6.6 148+ 3.6
#l 4l q%%"%"d% *‘i‘m"}' = °7]*'} "‘%’ 3 aa 139.3+14.7 1624+ 108
o IN NaOH&-o4-& Alg-5lef 7|4 =2A& 3w 14 CAP 6501123 67.2+10.4
AAro B 2 slo] A 7 97| TR A A 15 EM 80.0+ 2.3 1007+ 2.0
298 Ar)spe] -1 LS galsialch 16 4HIV 1591+ 29 69.0+ 58
areais v us anne 1 L M TG
3 7o) BELAe) a2elE 2(Fig. )T FF 19 UC 112+ 0.6 121+ 03
#(Table S vl TV 2742 G7|Aue )3 20 FU 1359+ 3.0 1574+ 3.0
2 34l o] & W wolx) eigkes Ma 2 AG 184% 07 1862 03
Aoz 234 ahige w wdrs azes o oon TURTD R
a(Fig. HAAH B3z nke} Qo] GOMSE o188 24 oMoeT 858+ 08 995+ 13
S7)AL S MY o A22FIL MM Bl 25 3MGT 86.5+ 2.1 100.0+ 1.1

Jowrnol of the Korean Chemical Society



Z1A 2ot adn /AFEYYE 0|8 & FelM 9 {74 #A

Table 4. Continued
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No* Acids .4 ex‘;;"c:m %) back ;ﬁ;’;‘;ﬂ ) AAYL g o AL H¥E s e f71E
o] 227l of AgEA A48 4 HAHE 5 AUS5E
26 PG 13.7+ 0.6 145+ 0.5
27 AD 90.7+ 2.4 1057+ 15 o 4 gldct. ol S Hslstrl Y 3484 g
28 MLI 152+ 5.0 16.7+ 0.5 A FZ2az HrLe S ool AT Fig. Sl
29 PL %943+ 1.0 1011+ 1.7 i
vlehd wiel Zho] 849 ofo] A FAsl S
30 181 80.24 1.2 86.8+19.3
31 PIM 8454+ 2.6 1045+ 1.3 Helstgi}. 53] 2ot 1P EE A7
32 3HMGT 708+ 5.4 13464 29 o] & 35Edlo] vehte vls Al 2427} ¢lod
33 206GT 6.1+ 38 566+ 2.2 o o w Bz
oo, 40%0]Abe]x _ Ex
34 4HPA 90.2+ 2.1 10424+ 13 Ao, 1ol Hehte 3T H2ay
35 NAA 269+ 1.6 215+124 £ A7k AYPHAS d & 358 MoiT
36 SA 736+ 19 796+ 1.7 tqn :laljl E}ﬁgo] = {%7]4}%%’ 3-hydr0xy-pr0pionk:
SETE 85+ 0.1 7.9+ 02 acid, 3-hydroxy-isobutyric acid, 2-hydroxy-isovaleric
38 SUB 917+ 1.3 105.6+ 1.8 : _ RGNS .
39 TCB 685+ 2.8 672+ 16 acid, 2,3-dihydroxy-butyric acid, citric acid 52| £&
40 OT 233+ 1.2 288+ 3.2 &o] =3 Z7bsle AL 2 4 ANTHFig. 5(0))
41 GLTC 87.9+ 2.8 1156+ 4.8 L
" Table 5o} 234 QA Eol A G5&2439] 47}
42 HIP 943+ 1.8 109.4+ 0.7 ] T
43 HG 67.3+ 9.4 973+ 1.3 o] AAE tropic acide}e] WHB| & o] f-&f Ao
44 CIT 1824 05 19.4+ 0.4 2 Jehiqiek,
45 SEB 89.5+ 43 98.8+ 1.0 aheba of el ) Aldlolul pHAR 5o
pL pI{-L-%R 7?’4
46 4HPL 90.5+ 3.6 96.9+ 2.1 hd
47 PAL 91.3+10.8 1048+ 55 uh-& pekghchd FA-ERe st A A2t FA)
48 4HPP 25+ 0.1 806+ 5.1 o] §74FES 2288 ]2 2447 4 9 A
49 AT 822+ 6.1 96.0+ 4.4 oich
50 SHIAA 443+ 30 79.6+ 4.0 '
51 ST 100.5+14.2 106.3+10.2 AF Al=S) By
Recovery (%). mean + standard deviation AR A WREFEAY AddE #4732
1004 g (a) 3.9’122
5 % Area
*1 §
< [
[33] "
5 £l . ¢ 3
=8 & 2g g & 33 s | l
JYLITwEE— | il ot L i | '
100 5 % (b) 3.:32
5 5
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T
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nt
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Fig. 4. GC/MS total ion chromatogiam of TMS detivatives of urinary organic acids {(a} Without back extraction (h)
With back extraction.
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ORGANC ACS
Fig. 5. Comparision of area ratio according to addition
of back extraction (a) 1: without back extraction, 2: with
back extraction (b) 1: 2,3-dihydroxybutyric acid, 2: 3-hy-
droxyisobutytic acid, 3. 2-hydroxyisovaleric acid (l:
with back extraction, lll: without back extraction)

Table 5. Comparision of area ratioc of organic acids
found in the analysed urines with and without back ex-
traction process

with back extraction without back extraction

Acids
OA. areallS. area (n=3}0.A areallS. area (n=5)

LT (.115+6.068 0.102+0.030
2HIB 0.130+0.074 0.172£0.062
GLCO $.030+0.001 0.025+0.012
PY 0.051+0.013 00420011
ox 0.043£0.024 0.036+0.003
2HB 0.154+0.008 0.138£0.019
3HB 0.038+0.019 0.016 £ 0.007
Z2HIV 0.019+0.001 0.010+0.001
20B 0.054+0.025 0.026+0.011
MALO 0.024+0.004 £.020+0.003
MM 0.010+£0.004 0.018+0.002
4HB 0.065+0.005 0.043+0.007
AA (0.083+6.003 0.094 £ 0.005
CAP 0.049+0.004 0.051+0.003
EM 0.009+ 8.001 0.010+0.005
4HIV 0.105+0.012 0.016+0.002
ML 0.035+0.002 0.017£0.003
MS 0.030+0.009 0.035+0.005
uc 0.024+0.001 0.023+0.001
FU 0.107+0.006 0.113+0.011

Tabie 5. Continued

with back extraction without back extraction

Acids
QA arealS. area (n=3)O.A arealS. area (n=5)

AG 0.083£0.006 0.084+0.007
™ 0.079+0.009 0.068+0.004
GT 0.578+£0.012 0.602+0.019
2MGT 0.343+0.026 0.396+0.040
3MGT 0.192£0.028 0.238+0.054
PG 0.093+0.023 0.107+0.040
AD 0.485+0.018 0.493+£0.038
MLI 0.7+3.041 0.0442+0.013
PL 0.216+0.021 0.268+0.014
1S.1 1.000 1.000
PIM 0.411+0.026 0.516£0.012
3HAMGT 0.018+0.003 0.028+0.004
20GT 0.101+£0.018 0.084+0.023
4HPA 4.105+£0.010 0.151+0.034
NAA 0.034+0.006 0.025+0.004
SA 0.027+0.005 0.032+0.008
T 0.018+0.001 0.015+0.001
SUB 0.168+ 0015 0.181+0.018
TCB 0.067+0.016 0.061+0.028
orT 0.3792+0.039 0.393+0.049
GLTC 0.087+£0.016 0.105+0.048
HIP 1.025+0.095 1.057+0.102
HG 0.157£0.078 0.219£0.093
CIT 0.697+0.083 0.717+£0.057
SEB 0.1211+3.069 0.137+0.085
4HPL (1.494+0.036 0.587+0.045
PAL 0.887+0.039 0.976 £0.087
4HPP 0.022+3.002 0.289+£0.090
AT {.139+0.021 0.192+0.032
SHIAA 0.995+0.086 0.136£0.069
ST 0.109+0.036 0.117£0.098

0.A.area/1.S.area: mean =+ standard deviation
(O.A.: Organic Acid, I.S.: Internal Standard)

A Ed 9 J3g Fo 8 AF7A WRIFEF
A2 ALE® EEEe] o% cfatsiet. 2 Duez
=2 tropic acid2} 2-oxocaproic acid-S A A48}
= el 71 £& AFE kit ¥ st
2 AT A¥ AN A e WolsA) e
74 2o &= 2-axocaproic acide] FRHIE I B
EEEURAM Q¥ s 2de A o
Al Hdet

Gepy & QFolAE ol AHE B
& 71 A topic acid & W HEEEAR 1431 GO/
MS scanibi-& o] 83l 77§ 64 vITté] (o]
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Table 6. Concentration of urinary organic acids in heal-

714 Z2olEad Qe

thy children
mmol/mol Creatinine
Acids
Mecdian From To

LT 0.999 251 3.2 183.3
2HIB 0.999 236 23 944
GLCO 0.989 320 4.1 69.5
PY 0.890 55 1.5 28.0
0X 0.987 48.8 1.7 1443
2HB 0.994 7.8 2.3 16.0
3HB 0.994 14.6 1.9 27.6
2HIV 0.996 8.2 1.9 15.7
20B 0.977 14.1 33 24.9
MALO 0.982 16.2 0.2 17.4
MM 0.993 12.5 1.8 25.1
4HB 4974 18.9 36 324
AA 0.948 134 1.1 16.5
CAP 0.994 125 23 i84
EM 0.991 15.1 23 259
4HIV 0.988 17.7 5.0 601.8
ML 0.948 18.8 30 40.2
MS 0.992 7.3 2.5 130
ucC 0976 35 1.6 51
FU 0.995 %Y 1.8 20.2
AG 0982 10.6 2.6 19.2
™ 0975 13 0.1 2.5
GT 0.997 9.0 22 22.0
2MGT 0.999 6.3 1.2 17.7
3IMGT 0.998 57 0.1 10.3
PG 0.995 20.3 42 402
AD (1.996 10.7 0.1 19.7
MLI 0.992 128 1.2 262
PL 0.999 24 0.1 8.6
PIM 0.994 10.8 0.8 20.0
3H3MGT 0.994 218 4.2 313
20GT 0.991 60.4 1.0 100.1
4HPA 0.998 194 0.1 579
NAA 0.989 21.3 23 62.9
SA 0.994 21.7 1.6 24.8
TT 0.990 11.8 29 103.4
SUB 0.996 8.4 1.6 250
TCB 0.995 6.7 2.0 139
oT 0.991 6.5 0.1 16.2
GLTC 1.996 7.1 2.8 18.9
HIP 0.985 19.6 1.1 48.0
HG 0.9 6.9 0.1 15.2
CIT 0.994 354 8.9 148.7
SEB 0.998 8.9 03 159
4HPL 0.997 6.8 0.1 203
PAL 0.992 14.2 0.7 26.4
4HPP 0977 123 0.1 213
AT .992 157 0.3 313
SHIAA (1994 19.7 0.1 101.5
ST .997 25.6 0.1 876

r: corrclation coefficient of calibration curve
mmol/mol creatinine: the amount of the organic acid per

mol of creatinine in the unine
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