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Fig. 1. Dual chromatograms of urinary organic acids from a uterine myoma patient of
benign tumor group separated on HP-5 and HP-50+(both 30 mx0.25 mm LD., 025 zm film
thickness) dual-capillary column system. GC conditions: 60C(2 min)—280°C(4°C/min). Peaks:

1=pyruvic acid; 2=benzoic acid;

3=lactic acid;

4=glycolic; 5=2- hydroxyisobutyric acid;

6=oxalic acid; 7=2-hydroxybutyric acid; 8=2-hydroxy-2-methylbutyric acid; 9=3-hydroxy-

butyric acid; 10= « -ketocaproic acid;

11= @ -hydroxyisovaleric acid;

12=malonic acid; 13=

methylmalonic acid; 14=ethylmalonic acid; 15=maleic acid; 16=succinic acid; 17=methylsuccinic

acid; 18=glutaric acid;

19=3-methylglutaric acid;

20=trans-3-hexenedioic acid; 2l=a-

hydroxyphenylacetic acid; 22=adipic acid; 23=3-methyladipic acid; 24= @ -ketoglutaric acid;
25=3-phenyllactic acid; 26=m-hydroxyphenylacetic acid; 27= pimelic acid; 28=hippuric acid;
29=p-hydroxyphenylacetic acid; 30=p-hydroxybenzoic acid; 31= malic acid; 32=citramalic acid;

33=phthalic acid; 34=3-indoleacetic acid;

35=suberic acid;

36=2-hydroxyglutaric acid;

37=4-hydroxy-3- methoxyphenylacetic acid; 38=4-hydroxy-3-methoxybenzoic acid; 39=azelaic
acid; 40= palmitic acid; 41=trans-aconitic acid; 42=cis-aconitic acid; 43=p-hydroxymandelic
acid; 44=stearic acid; 45=4-hydroxy-3-methoxymandelic acid; 46=p-hydroxy-phenyllactic acid;
47=ferulic acid; 48=citric acid; 49=isocitric acid; 50=hydroxyhippuric acid(J. Chromatogr. B,

1998;712:11-22).
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Fig. 2. Chromatograms of the 51 non-protein and protein amino acid mixture as their N(O,S)-isobutyloxycarbonylated
TBDMS derivatives separated on DB-5(30 mx0.25 mm LD, 024 gm) and DB-17 (30 mx0.25 mm LD, 024 pm)
dual-capillary columns. GC conditions: 150°C(2 min)—280C(3'C/min). Peaks: 1=« -aminoisobutyric acid; 2=sarcosine;
3=alanine; 4=glycine; 5= @ -aminobutyric acid; 6=valine; 7= 8 -alanine; 8= 8 -aminoisobutyric acids; 9=norvaline; 10=
leucine; 11=allo-isoleucine; 12=isoleucine; 13=threonine-1; 14=serine-1; 15=D-norleucine; 16=proline; 17=7 -~aminobutyric
acid; 18=cycloleucine; 19=pipecolic acid; 20=S-methylcysteine; 21=pyroglutamic acid; 22=4-hydroxyproline; 23=methio-
nine; 24=serine-2; 25=threonine-2; 26= & —aminocaproic acid; 27=ethionine; 28=selenomethionine; 29=o0-aminobenzoic acid;
30=DL-homoserine; 31=phenylalanine; 32=selenoethionine; 33=aspartic acid; 34= 8 -N-methylamino-L-alanine; 35=2,3-
diaminopropionic acid; 36=m-aminobenzoic acid; 37=cysteine; 38=glutamic acid; 39= asparagine; 40=p-aminobenzoic acid;
41=homocysteine; 42= @ —~aminoadipic acid; 43=glutamine; 44= § -hydroxylysine-1; 45= § -hydroxylysine-2; 46=ornithine;
47= @ -aminopimelic acid; 48=kainic acid; 49=lysine; 50=histidine; 5l=tryptphan; 52=tyrosine; 53=5-hydroxy-DL-
tryptophan; (J. Chromatogr. A, 669(1994) 125-137).
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Fig. 3. Dual chromatograms of amines as N(0O)-isoBOC, O-TBDMS derivatives separated on DB-5 and DB-17(30
mx0.25 mm ID. 0.11 pgm)dual-capillary column system. GC condition: 60C—280C(4C/min). Peaks: 1=ethylme-
thylamine; 2=tert.-butylamine; 3=diethylamine; 4=sec.-butylamine; 5=isobutylamine; 6=diisopropylamine; 7=n-butylamine;
8=dipropylamine; 9=pyrrolidine; 10=isoamylamine; 1l=morpholine; 12=piperidine; 13=n-amylamine; 14=diisobutylamine;
15=thiazolidine; 16=n-hexylamine; 17=dibutylamine; 18=cyclohexylamine; 19=n-heptylamine; 20=diphenylamine; 21=o0-
toluidine; 22=benzylamine; 23=n-octylamine; 24=m-toluidine; 25=p-toluidine; 26=b-phenethylamine; 27=dihexylamine;
28=n-decylamine; 29=2,4-dichlorobenzylamine; 30=dicyclohexylamine; 31=1,3-diaminopropane; 32=3,4-dichlorobenzylamine;
33=b-hydroxyphenethylamine; 34=norephedrine; 35=ephedrine; 36=putrescine; 37=3,4-dimethoxyphenethylamine; 38=die-
thanolamine-1; 39=dibenzylamine; 40=cadaverine; 4l=diethanolamine-2; 42=histamine; 43=16-diaminohexane; 44=
tryptamine; 45=1,7-diaminoheptane; 46=tyramine; 47=3-methoxytyramine; 48=5-methoxytryptamine; 49=synephrine;
50=octopamine; 51=metanephrine; 52=3,4-dihydroxybenzylamine; 53=normetanephrine; 54=dopamine; 55=spermidine;
56=serotonin; 57=epinephrine; 58=norepinephrine(J] Pharm Biomd Anal 1997;15:1309-18).
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Fig. 4. Dual chromatograms of phenols as their isoBOC derivatives separated on DB-5 and DB-17(both 30 m X0.25
mm LD, 0.11 m film thickness) dual-capillary column system. The inlet pressure of helium was set to 137.9 kPa.
Samples(ca. 1.0 1) injected in splitless mode. The oven temperature was held at 80°C for 0.7 min, then programmed to
150C at a rate of 30C min-1, and then to 280C at a rate of 5C min-1. The inlet pressure of helium was set to
1379 kPa. Peaks: 1=phenol; 2=o-cresol; 3=m-cresol; 4=p-cresol; 5=2,6-dimethylphenol; 6=2-ethylphenol; 7=2-chloro-
phenol; 8=3-chlorophenol; 9=2,5-dimethylphenol; 10=4-chlorophenol; 11=2,3-dimethylphenol; 12=2-methoxyphenol; 13=
2-n-propylphenol; 14=4-ethylphenol; 15=2-bromophenol; 16=2,3,6-trimethylphenol; 17=3-bromophenol; 18=4-bromophenol;
19=4-isopropylphenol; 20=4-chloro-m-cresol; 21=3,5-dichlorophenol; 22=2,4-dichlorophenol; 23=2,3,5-trimethylpheriol; 24=
4-n-propylphenol; 25=2,3-dichlorophenol; 26=2-iodophenol; 27=3,4-dichlorophenol; 28=4-tert.-buthylphenol; 29=2-nitro-
phenol; 30=3-iodophenol; 31=3-nitrophenol; 32=2,4,6-trichlorophenol; 33=4-iodophenol; 34=4-nitrophenol; 35=4-n-butyl-
phenol; 36=2,4,5-trichlorophenol; 37=2,3,4-trichlorophenol; 38=1-naphthol; 39=2-phenylphenol; 40=catechol; 41=2,5-dinitro-
phenol; 42=24-dinitrophenol; 43=4,6-dinitro-o-cresol; 44=hydroquinone; 45=2-methylresorcinol; 46=pentachlorophenol;
47=4-phenylphenol; 48= orcinol; 49=pyrogallol; 50=phloroglucinol(J. Chromatogr. A, 200;866:87-96).
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Fig. 5. Dual chromatograms of enantiomers of 30 organic acids as their diastereomeric O-trifluoroacetylated(-)-
menthyl esters derivatives. Peaks: 1=lactic acid; 2=2-hydroxybutyric acid; 3=2-hydroxy-2-methylbutyric acid; 4=2-
hydroxyisovaleric acid, 5=2-hydroxyvaleric acid; 6=3-hydroxybutyric acid; 7=2-hydroxyisocaproic acid; 8=2-hydroxy-
3-methylvareic acid; 9=2-hydroxycaproic acid; 10=2-hydroxyoctanoic acid; 1l1=mandelic acid; 12=m-hydroxymandelic
acid; 13=p-hydroxymandelic acid; 14=2-phenylbutyric acid; 15=3-phenyllactic acid; 16=3- hydroxy-2-phenylpropionic
acid; 17=-methoxyphenylacetic acid; 18=2-hydroxydecanoic acid; 19=3-phenylbutyric acid; 20=4-hydroxy-3-meth-
oxymandelic acid; 21=3-hydroxydecanoic acid; 22=3-hydroxy-4-methoxymandelic acid; 23=2-hydroxydodecanoic acid;
24=3-hydroxydodecanoic acid; 25=2-hydroxytetradecanoic acid; 26=malic acid; 27=2-methylsuccinic acid; 28=2-
hydroxyglutaric acid; 29=3,4-dihydroxymandelic acid; 30=citramalic acid; 31=3-methyladipic acid(J Chromatogr. A,

2000;891:257-66).

9988 nazn Yo,
2 s RAue Fad A daaRds
H7A) A B Ak

5. 7|84 RIIM Z2OYE B4

Fig. 5& 31%9 7124 {714 #AEAsL O-
trifluoroacetylated(-)-menthyl ester FEYdA] o)A
AA =M ZFAo] MZ ©& DB-5 ¥ DB-17 7|1
4 Ao gM w2 EY=z FgEE HASS
1gFa g AgTzs BEY 5 Y= Z o
AAAY 13E Tk SAHE I+ 74 /71 Ag
2 oldAA distd W9 EAHAA A& FY
7124 f714te JATFERE A& A W
g 5 U

AAA AR Agd Fxke AWEARC] 3
|3l 238Y B J1F /7Y AdFxE 9E
4% Ax 55374 (S)-lactic, (R)-lactic, (S)-2-

hydroxybutyric =18 1(R)-3-hydroxybutyric acid&
AT F Yoy IS o433 v AEEn A
34z f7INES AAFEE AT F YA

6. 7|8y oloj-dt Z2meE BN

Fig. 62 3039 7124 oivxit AWAZ
N(O,S)-EOC(S)-(+)-3-methyl-2-butyl ester &
AA olAAAN=EA FAe] A= o2 DB-5 % DB-
17 Bl g3l E& EIEZ F3 £ HUSS
RAZ3 Qo A7z BEE F YES 7Z o)
AAAL 13& TS E3E I &4 oAt A
&4 o) AA et g EFHolN A7 F9
oprlAbke] JATRE A&sta A #EAE F
ATt ‘

B BAYL ofp|:xAte RN Ay FEA

_62_



—2 3 A A A7 Z2adY BAY AT $8—

Total ‘ 7 DB-5

2 30

. Total DB-17

29

?

10000

IR AT A

oo

T T T T T

Fig. 6. Dual chromatograms of enantiomeric pairs of 30 amino acids as their diastereomeric N(0,S)-EOC (S)-(+)-3-
methyl-2-butyl esters derivatives. Peaks: l=alanine; 2= -aminobutyric acid; 3=# -aminoisobutyric acid; 4=valine;
5=norvaline; 6=leucine; 7=allo-isoleucine; 8=isoleucine; 9=norleucine; 10=proline; 11=pipecolinic acid; 12=S-methyl-cy-
steine; 13=methionine; 14=2-phenylglycine; 15=ethionine; 16=selenomethionine; 17=aspartic acid; 18=2,3-diaminopropionic
acid; 19=phenylalanine; 20=selenoethionine; 21=cysteine; 22=glutamic acid; 23=homophenylalanine; 24=homocysteine; 25=
—aminoad)ipic acid; 26=ornithine; 27= @ -aminopimelic acid; 28=lysine; 29=tyrosine; 30=tryptophan. (Analyst, 2001;262:
128-2133

Average benign tumor patients
100 ) Eﬂ e

B8O - 14

BO — * L]
-
&£ . 20
,g 46 - I 2 " -« -

=~ 20 4 12 " e { @
e s 18,38 207 23538 © ;

£, Al e Tobt e FibosaBloestel b |T =
% Average malignant tumor patients

we Py
o B ~ ko

B0 3 5 "

04 4

4
20 l 2] I 67, 1011 'Za]1 e 20 T
° el 2 e 4 l
T T T
1200 1400 1800 1800 2800
Temp progs

Fig. 7. Average retention index spectra of urinary organic acids from benign tumor group (uterine myoma patients)
and malignant tumor group (uterine cervical cancer patients) separated on Ultra-2 (25 m x 0.20 mm LD, 0.33 ¥im
film thickness) capillary column. GC conditions are described in the text. Peaks: l=pyruvic acid; 2=benzoic acid;
3=lactic acid; 4=glycolic+2-hydroxyisobutyric acid; 5=oxalic acid; 6=2-hydroxybutyric acid; 7=2-hydroxy-2-methyl-
butyric acid; 8=3-hydroxybutyric acid; 9=¥a-ketocaproic acid+ ¥a-hydroxyisovaleric acid; 10=malonic acid; 11=
methylmalonic acid; 12=ethylmalonic acid; 13=maleic acid; 14=succinic acid; 15=methylsuccinic acid; 16=glutaric acid;
17=3-methylglutaric acid; -18=trans-3-hexenedioic acid; 19=¥a-hydroxyphenylacetic acid; 20=adipic acid; 21=3-
methyladipic acid; 22=¥a-ketoglutaric acid; 23=3-phenyllactic acid; 24=m-hydroxyphenylacetic acid; 25=pimelic acid;
26=hippuric acid; 27=p-hydroxyphenylacetic acid; 28=p-hydroxybenzoic acid+malic acid; 29=citramalic acid; 30=phthalic
acid; 31=3-indoleacetic acid; 32=suberic acid; 33=2-hydroxyglutaric acid; 34=4-hydroxy-3-methoxyphenylacetic acid;
35=4-hydroxy-3-methoxybenzoic acid; 36=azelaic acid; 37=palmitic acid; 38=trans-aconitic acid; 39=cis—aconitic acid;
40=p-hydroxymandelic acid; 41=stearic acid; 42=4-hydroxy-3-methoxy-mandelic acid; 43=p-hydroxyphenyllactic acid;
44=ferulic acid; 45=citric acid; 46=isocitric acid; 47=hydroxyhippuric acid(J. Chromatogr. B, 1998;712:11-22).
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Fig. 8. Star symbol plots of individual X-ALD patients(P-1 though P-16), and patient and normal group
averages drawn based on the levels of the very long chain fatty acid variables after normalization to the

corresponding median values of the normal group. Rays: 1=C22:0(%); 2=C24:0 (%); 3=C26:0(%);

4=C24:0/

C22:0; 5=C26:0/C22:0; 6=C26:0 (g/ml). (J. Chromatogr. B, 2001;760: 149-57).
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Fig. 9. Plot of the first canonical discriminant function(CAN1) against the second canonical discriminant
function(CAN2) of the very long chain fatty acid variables for the 58 normal subjects(each represented by M for male

and F for female) and 16 X-ALD patients(each represented by P). Variables: C22:0(%), C24:0(%), C26:0(%),

C24:0/C22:0, C26:0/C22:0 and C26:0(g/ml).(J. Chromatogr. B, 760(2001) 149-157)
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