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Determination of a-Keto Acids in Serum and Urine Using
1,2-Diamino-4,5-methylendioxybenzene as a Fluorescent Derivatizating
Agent by High Performance Liquid Chromatography

Chi-Wan Ok*, Dae-Ki Kim, Song-Ja Park* and Jong-Sei Park*
College of Pharmacy, Won Kwang University, Ili 570-749, Korea

*Dopping Control Center, Korea Insitute of Science and Technology, Seoul 136-791, Korea

Abstract—A simple and sensitive high performance liquid chromatographic method to quantitate
a-keto acids in serum and urine was investigated. a-Keto acids react with 1,2-diamino-4,5-methyle-
nedioxybenzene (DMB) in the presence of 2-mercapto-ethanol and sodium hydrogen sulfite to
form highly fluorescent derivatives, substituted 6,7-methylenedioxyquinoxalinol. The derivatization
procedure was performed in water bath at 100C, and completed within 50 min. By the use of
a reversed-phase column and multi-step gradient with two solvents, a mixture containing twelve
of these derivatives were efficiently resolved within 35 minutes. The optimal wavelength of the
fluorescence detector are Ae—=364 nm and A.n—=445 nm. The quantitation of the individual a-Keto
acids was reproducible with relative standard deviation of 3.0~7.9% and had a detection limits
of 10~60 fmol, except for p-hydroxyphenylpyruvic acid (960 fmol).

Keywords [ ] HPLC, DMB, fluorescent derivatives, a-keto acids.

ul
ES

a-Keto acids olv|4l, wp3E A|uhake]
A3t A ANEE dAEEARA
gstst 3 QA SelM 54 Exe) Ay W B
g4 o 2 el = maple syrup urine disease, phe-
nylketonuria, tyrosinosis, hypermethioninemia, his-
tidinemia ¥ chronic pyruvic acidemia %2 %%
tate] A NS z7)IREd AAAE F9 o-
keto acids == W37} F23 A %7} "tk

QAANE F9 a-keto acids®] AP o2+ TLC
¥] 29 GLC4 ' HPLCH,!' 2 GC/MSHI®B® Z¢& o
43 AF7F @ol KuHEglrl a-keto acids= 2 #}

o
pil

R oEiel B Eoe

o} Azl A=,

370

A2 FAE 7S Aol B EY] Wil AR
27t Az, AA, FF =2 25 FE7E
g3to] FAF A4S AN AL =g Hal

Hepehrlo} ol Ee Age FEARAE e
o etz %] foldt FEAT BHE BLAe|
slek.

2 4-dinitrophenylhydrazine-& F=A 34 238 £4
wae 2o da] A4 Hh ol At cis-9} trans-
o] A8l 2] Azko] ofFfm zzto] KA, &
Z o=  o-phenylenediamined FEAsAZ I
GLCHS 1020 =) HPLCHM4-®0o) o]$-%3 gith
2ev GLCYo 2 A E 79 3% zzte] B33t
o] BAA)7te] 71 whde] 9lm, HPLCHO A% &



HPLCH S 21§ 1,2-Hlopv] 4 5.0t SA AL JR4EAAZ & 93 2 & 29 o548 ¥4 371

FEye AEREs) v, B 39 Aast 2
83k5, AAEDe] A Washe o] 9o,
HFFAYLE QA B 23 W/t Hon g go)
ARl vbelx|ul okl pEgo] W& keto acid
2 FAE37IL A3 AA= e A9 clean up 2
zto] 27w wale] sl

F 2ol 0L
agent® 12-diaminophthalhydrazines o©]83F 24|
WS Buslely, Okura & 1,2-diamino-4,5-dime-
thoxybenzene,? 1,2-diamino-4,5-methylenedioxybe-
nzene(DMB)?E 3AF-FLAAE 3o qg-keto
acid& Fw|=7bx] A=t ulE 2aslgich

E At FFHEASAEAN DMBE 12% o-
keto acid®} HHEA|A FEA AAFFS GC/MSD
Wl 2lgl Ak AEH S vjalste Helsia, 44"
Fr=A ZHgel| e YFEAT ukEA|7E s,
nhg-el o] HCl 5= 2 DMB9} a-keto acid®] ®-$
mol®e] whE HBPE g ESHste] HAHxHE A
oot Aaf A7 oA gradient £-2]H§ o) 4
HPLCH e AR F24 E£38N9 A%
AEsG T Al G 4 £ g-keto
acids& ¥ Ao we) A=ksioich

Nakamura chemiluminescence

o o

AU

Al2f ™ AIR—a-keto acidFo EFE3 DMB-2
HCl= SigmaAbell A 4)38ted AHA8IA] ok a2
AH4-8191 2 N-methyl-N-trimethylsilylheptafluorobu-
tylamide(MTSHFB)+= Macherey Nagelrloll4], 2-
mercaptoethanol(2-ME), sodium hydrogen sulfitet
AldrichAbol 4l T-odsisich 7ebalobe B3 2 13
Alore AHgsisic

Gt SRS AR e B
W W22 3 sheich DMB £94& 1.0M
2-ME¢} 30 mM NaHSO:& 3= 05M-HCl 4
fofl DMB-2HCIE &84 6.0 mMo] =A] A3}
o] z}Fstel] 0~5C oA B3tz 3dvjc} A2 =
Asle] Alg3dle]om g-keto acids EF LML 3x)
ZFge %o 5mM FEE FAZ F —20T oA
R #sbedc}. < B-phenylpyruvic acid(PP), 4-hydrox-
yphenylpyruvic acid(HPP)= 15% ethanol =&}o
2 A EZ KGe T8A6dA gt =z’

Vol. 36, No. 4, 1992

g Aol ZASC

717|-HPLC+ LKBAKBroma : Sweden) A2 &
2150 HPLC Pump, 2152 LC Controller, 2221 Integ-
ratere] #3x 7€ AL439i, Spectrofluorome-
ter®t 737)% KontronAte] SFM 25(Japan)E qui-
nine sulfate® ®A3d o] AL&3lgic)

GC/MSD Hewlett PackardAHU.S.A)9] Gas Chro-
matograph 5890 series I1¢} MSD 5970 series& A}
43519 o n] HPLCH9] 44l &= ELGAAHEngland)
o] UHP &5A2AAZ o) &3k

A ZEYEH|

HYAZ - 50wl HEEFEY 50 wWe} Al
el Al 2 0.8 M-HCIO, &% 400 W& o] £33l
Aheo A 1087 wEAgE F 3000 rpmoliA] 10%-7F
A Est 1 AN 250 WE A3 SF/5 250
W 3zt A gEA 0T ALaldc)

A2 -6 M-HCl 10 m/oll 24417} Ft HHET =

Yo o 2 dFE FH& 3000 rpmoZE 10871
Adeldt F 2 AR JdAFE FHTE bl
A sla, A 100 WsE Hl WFE-EELD 100
wel 04 M-HCIO, 49 400 wE ¥3 &3] =
Alg S0 A5kt

FoME =%

HAREME =5-d4 3 RAE & 500uWE
4 ml screw-capped vialel €3 A7}~ purging
3le] DMB -9 500 W& 93 F4| v & UAsta
100T 8ol A] 5087t WkS-A)71 & ice waterdl] 4
W zhaled uib-g-& £8 A1) columnel] 5pl F3ke
HPLC =7(Table Dol iz} Adslsdc}

GC RT3t == —3F-FA3t 23t s o
oz WMHEAAES 0.1M-Q4ke4-A(pH=70)3}
Z.3} Na,50, T8 e 2 pHE M) 7)1 ethyl ace-
tate & F&38}ed 719553 3 vacuum desiccator(P,
05 ZAelA 1247y Azstz TMSEA(MTSHFB

SAcCN=5: D& 9 80T 4] 30%7F WA
columne) 0.2 W 438k GC/MSD F7(Table Il
upe} A shelch

e

DMB ST H2 HBEM HE-—a-keto acidset
DMB7} w-g-ste] AR 2 AFFEAES] 75



372 S22 - Qo7 - g - A

Table I—-HPLC condition
@ Column: TSK gel ODS 120T (250 mmX4.6 mm LD.; Tosho, Japan)

(@ Mobile Phase: A solvent-AcCN: 40 mM phosphate (pH 7.0)[1:7]
B solvent-AcCN:MeOH: 40 mM phosphate buffer (pH 7.0)[4:5:4]
® Flow Rate: 1.0 m//min. @ Temperature: Ambient Temp.
® Wavelength: A.,=364 nm Acn=445 nm
® Gradient program:

Time (min.) 3 5 8 12 18 20 30 32 35
A solvent(%) 100 80 80 70 70 60 60 50 50
50

B solvent(%) 0 20 20 30 30 40 40 50

Table IT—Operating condition of GC/MSD

@ Column: Fused silica capillary column SE30 (17 mX0.2 mm 1D.)
@ Flow Rate: 2.0 m//min. Carrier gas: Helium

® Injection Temp.: 280T

10T /mi
@ Temp. program: Initial Temp. 120TC _10C /min

— Final Temp. 300C (2 min)

® Ion source: 280C, lonization Energy: 70 eV

Table IIT—Reaction procedure, molecular weight, excitation and emission maxima and relative fluorescence inten-

sity from the reactions of a-keto acids with 1,2-diamino-4,5-methylenedioxybenzene(DMB)

Maximum (nm)

Compound?® —R M.W. RFI?
Aex Aem

KG —CH,CH,COOH 262 364 445 100
GA —H 190 366 452 63
PA —CHs; 204 362 444 81
KMB —CH,CH,CH3; 264 367, 385 446 13
KB —CH,CH; 218 365 444 67
HPP —CH,-C¢H,OH 296 344, 413 426 0.8
KV —CH.CH,CH; 232 366 443 83
K1V —CH(CH»), 232 368, 386 442 54
KIC — CH,CH(CH3), 246 362 443 93
PP — CH,-CeH; 280 333 442 25
KC — CH,CH,CH,CH; 246 369 443 77
KMV — CH(CH3)CH,CH; 246 358, 392 443 74

9KG = o-ketoglutaric acid, GA=glyoxylic acid, PA=pyruvic acid, KMB=a-ketomethiolbutylic acid, KB=a-ketobut-
ylic acid, HPP=4-hydroxyphenylpyruvic acid, KV=a-ketovaleric acid, KIV = a-ketoisovaleric acid, KIC = a-ketoiso-
caproic acid, PP=B-phenylpyriuvic acid, KC=a-ketocaproic acid, KMV =a-keto-B-methylvaleric acid.

YRelative Fluorescence Intensities (KG=100)
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Fig. 1—Excitation and emission spectrum of the reac-
tion product of KG with DMB; (A) excitation
spectrum, (B) emission spectrum.
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Fig. 2—Total ion chromatogram of 6,7-methylenedioxy-2-quinoxalinol derivatives by Gas chromatography/Mass
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Fig. 3—Mass spectra of the 6,7-methylenedioxy-2-qui-
noxalinol derivatives of a-keto acids; (A) PA,
(B) GA, (O) KG, (D) KB, (E) PP.
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Fig. 4—Mass spectra of the 6,7-methylenedioxy-2-qui-
noxalinol derivatives of a-keto acids; (A) KIV,
B) KV, (C) KMV, (D) KIC, (E) KC.
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9— Chromatogram of the DMB derivatives of a-

keto acids obtained from normal serum sam-
ple. Peaks are indicated in Fig. 8. The detector
sensitivity was increased 8-fold between elu-
tion for 15 and 24 min.

1
3
2
9 12

8 11

5 7 107
—nd
0 10 20 30 40

Retention Time (min.)

Fig. 10— Chromatogram of the DMB derivatives of

a-keto acids obtained from normal urine sa-
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ctor sensitivity was increased 16-fold after
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Table IV—Recovery of a-keto acids from human serum {nmol/m/}
Sample KG GA PA KMB KB HPP KV KIV KIC KMV
1 15.85 10.89 76.57 27.52 10.24 4735 11.04 24.55 45.02 31.84
2 16.81 10.01 74.32 29.37 9.70 46.72 10.14 26.24 4447 32.35
3 17.22 10.22 7229 29.85 10.91 49.54 9.82 27.12 43.09 30.06
4 13.67 9.67 78.21 27.76 11.52 42.77 9.21 23.65 42.36 28.51
5 15.32 10.13 75.20 25.94 10.68 4891 10.25 26.37 46.62 30.52
6 16.05 10.04 70.66 30.72 9.98 45.05 9.37 25.83 4485 32.38
7 14.19 9.74 73.74 28.33 11.68 4448 8.65 24.07 45.37 29.93
8 15.66 11.14 77.39 27.11 10.45 47.86 9.70 25.39 4388 3159
Mean 15.60 10.23 74.80 28.32 11.15 46.58 9.77 25.40 44.46 30.90
+S.D. 1.20 0.52 257 1.57 0.66 2.32 0.73 1.20 1.34 81.37
RSD(%) 7.7 5.1 34 55 59 50 74 48 3.0 44
Blank 553 0.21 68.43 - 2.03 0.06 0.02 16.25 34.87 21.64
Added Amount 10.0 100 10.0 30.0, 10.0 50.0 10.0 10.0 10.0 10.0
Recovery(%) 101 100 95 M 91 93 98 97 9 98
Table V—Concentration of a-keto acids in serum of healthy and diabetic subjects (nmol/ml)
Compound Healthy Subjects Diabetic Subjects
(aketo acids) Meant S.D. » Mean+ S.D.
Male(n=6) Female(n=4) Male(n=>5) Female(n=5)
KG 554+ 147 687+ 143 478+ 1.63 488+ 0.58
GA 036+ 0.37 045t 0.22 0.39+ 0.39 033+ 0.29
PA 886 +194 85.2 +205 127.7 £535 113.6 =422
KMB * * <0.01 <0.01
KB 183+ 040 1.29+ 043 742+ 2.07 3.38+.1.01
HPP <0.05 <0.05 <0.05 <0.05
KV 005+ 0.04 0.03+ 0.03 0.10+ 0.10 004+ 0.04
KIV 122 + 260 121 £ 3.70 218 + 594 272 £ 851
KIC 345 £10.0 359 £ 890 46.1 =147 48.7 £ 156
KMV 259 + 480 198 = 8.30 342 +130 322 +£118

*Not detected
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