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S-Y 

A high-performance liquid chromatographic method has been developed for the determi- 
nation of eight kinds of a-keto acids. These acids were derivatized with o-phenylenediamine 
into 2quinoxaIinol derivatives, which were extracted into chloroform_ The quinoxaiinol 
derivatives were st$arated by reversed-phase high-performance liquid chromatography using 
a 250 mm X 21 mm LD_ column packed with IXhrosorb RR-8 (5 rrm)_ This method could 
be satisfactoriIy applied to urine samples without any prepurification_ 

INTFtODUCTION 

certain a-keto acids, metabolites of amino acids, carboxylic acids or sugars, 
show a change in concentration in urine or plasma not only in cases of some in- 
born errors of metabolism such as phenylketonuria, maple syrup urine disease 
and deficiendieiof the pyruvate dehydrogenase complex, but also when there is 
some change in the balance of the biological system. Therefore, a reliable meth- 
od for the determination of various kinds of a-keto acids may give some impor- 
tant diagnostic indications. 

Several methods [l-6] have been r&ported for the determination of a-keto 
acids in biological samples_ A calorimetric method I?] using 2,4dinitrophenyl- 
hydra&e has been most widely used. The separation of these 2,4dinitro- 
phenylhydrazones has been also attempted with some success using paper 
chromatography [ES]; gas-liquid chromatography [9] and high-performance 
hquid chrotitograph~ OIpLc) DO; IIJ. Kowever, ffiese cbromatogra$hic 
determinations are- ~com@lic&ed since the -derivative of each cr-keto acid cm 
elri%t as =.$y~-~~nti isomers; -moreover;-ffie reaction is not specific for a-keto 
&&-.;-,:_.~._ _s:’ ,_ . 
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Hinsberg [lq reported originelly that a-keto acids react with o-phenylene- 
&amine to form stable quiuoxaliuols in aqueous acidic media, These derivatives 
were separated by means of thin-layer and paper chromatographic systems 1131 
and O-trimethylsilyl derivatives were separated by means of gas-liquid chroma- 
tography [14-19] _ 

Liao et al_ [ZO] applied this derivatization to the HPLC determination of 
pyruvic and a-ketoglutaric acids in human urine, because no further derivatiza- 
tion is necessary and the qninoxelinol has high molar absorptivity in the ultra- 
violet region. We also reported au HPLC determination of phenylpyruvic acid 
using this kind of reaction 1211. 

The purpose of this present investigation was to develop an HPLC method 
utilizing quinoxalinol formation for the determination of pyruvic acid (PA), cc- 
ketobutyric acid (KBA), p-hydroxyphenylpyruvic acid (PHPPA), a-ketovaleric 
acid (KVA) , a-ketoisovaleric acid (KIVA), oc-ketoisocaproic acid (KICA), 
phenylpyruvic acid (PPA) and a-ketoQ-methylvaleric acid (KMVA), which 
might be related to some metabolic disorders. 

EXPERIMENTAL 

Appamfus 
A Tri Rotar I high-performance liquid chromatograph equipped with a 

Model GP-A30 solvent programmer, a Uvidec 100 W detector and a Model 
RC-225 strip chart recorder (Japan Spectroscopic Co_, Tokyo, Japan) was used 
in these studies. The HPLC separation was carried out with a 250 mm X 2.1 
mm I.D. stainless-steel column packed with LiChrosorb RP-8 (5 pm) using a 
balauced density slurry packing method_ The column was covered with a col- 
umn jacket and its temperature was kept constant by circulating water from a 
constant-temperature bath through the jacket_ HPLC operating conditions are 
given in Fig. 1. 

Reagents 
Sodium pyruvate, sodium u-ketobutyrate, sodium a-ketovelerate, sodium 

ar-ketoisovalerate, sodium a-ketoisocaproate, sodium cr-keto#?-methylvalerate, 
phenylpyrnvic acid and p-hydroxyphenylpyruvic acid were purchased from 
Sigma (St. Louis, MO, U.S.A.). o-Phenylenediamine sulfate was purchased 
from Kanto Chemicals (Tokyo, Japan) and used after recrystallization from a 
mixture (1: 1) of 1% aqueous sulfuric acid and.ethanol. Flavone was purchased 
from Tokyo Organic Chemicals (Tokyo, Japan)_ The other reagents and sol- 
vents used were reagent grade- 

Prepamtion of the quinoxalinol derivatives 
The 2-quinoxalinol derivatives were prepared via interaction of a-keto acid 

(0.2 mmol) and o-phenylen -- _ e sulfate (O-25 mmol) in 2 N aqueous 
hydrochloric acid (5 ml) at about 80°C for 2 h. The reaction mixture was 
diluted with distilled water (20 ml) and the product was extracted with chloro- 
form (20 ml). The organic layer was dried over sodium sulfate and evaporated 
to dryness. The product was recrystallized fiorn a mixture of distilled water 
and methanoL The quinoxaliuol derivatives prepared are listed in Table I to- 
gether with melting points and W spectrophotometric data. 
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Procedure for the determination of a-keto acids in human urine 
To 200 pl of human urine, appropriately diluted with distilled water, were 

added 2 ml of 2 N aqueous hydrochloric acid containing 2 mg of o-phenylene- 
diamine sulfate and 5 ~1 of 2-mercaptoethanol. The mixture was warmed in a 
water-bath at about 80°C for 2 h, then cooled and diluted with 8 ml of 
saturated aqueous sodium sulfate solution. The quinoxalinol derivatives were 
extracted into 10 ml of chloroform containing 50 nmoles of flavone. The 
organic phase was dried over sodium sulfate and evaporated to dryness The 
residue was dissolved in 3 drops of N,N-dimethylformamide and the solution 
was diluted with 5 drops of water. About 50 ~1 of the resulting solution were 
subjected to JSPLC under the conditions shown in Fig. 1. 

Calibration curves were prepared in a similar manner- 

RESULTS AND DISCUSSION 

Generally au a-keto acid does not have sufficient absorption in the W 
region for sensitive monitoring with a spectrophotometric detector for HPLC. 
The quinoxalinol formation was used to provide sensitive determination of a- 
keto acids. Table I shows the melting points and tbe spectrophotometric data 
of the quinoxalinol derivatives_ For all the derivatives, hmax was observed at 
about 230,280,325 and 340 nm. Molar absorptivity was greatest at about 230 
nm, but 340 nm was chosen as the monitoring wavelength because it seemed 
that a relatively high selectivity could be obtained using a longer wavelength. 

TABLE I 

MELTING POINTS AND SPECTROPHOTOMETRIC DATA OF QUINOXALMOL DERIV- 
ATIVES 

5 4 

R m-p.(%) Spectrophotometric data[E x lo-'(k,,,nm)] 

CH, 252-253 
CH$H, 198-199 
p-CH,-C,H,-OH 250-251 
CH,CH,CH, 188-189 
CH(CHd, 234-235 
CH,CH(CH,), 192-193 
CH,-C,H, 205-206 
CH(CH,)CH,CH, 186-187 

2.06(229) O-56(279) O-64(326) O-67(338) 
2.15(229) O-63(279) O-71(326) O-72(338) 
2.70(227) O-74(280) O-77(332) O-78(342) 
2_13(229) O-61(279) O-69(326) O-72(338) 
2.06(229) O-59(270) O-69(326) O-71(338) 
2.32(229) O-67(279) O-74(326) 0_?7(338) 
2.59(230) O-83(282) O-86(326) O-87(342) 
2.12(229) O-62(279) O-71(326) O-73(338) 

Quinoxdiuol formation from a-keto acid is considered to result in a marked 
increase in i& affinity for non-polar solvents, and various polar compounds 
present in biological samples- A reversed-phase chromatographic separation, 
therefore, offemd a convenient method for the determination of a-keto acids in 
such samples- A LiChrosorb RP-8 column was used for this purpose. Table II 
shows the correlation between the capacity factors of the quinoxalinol deriva- 
tives and the acetonitrile percentage in the mobile phase. These data show that 
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TABLE II 

CAPACITY FACTORS OF THE QUINOXALINOL DERIVATIVES DERIVED FROM 
a-KETOACIDS 

The vahes in parentheses are the percentage capacity factors compared with that at1596 
acetunitieinthe mobilephase 

cz-Ketoacid AcetonitriIein mobile phase 

15% 20% 25% 30% 35% 

PA 
KBA 
PHPPA 
KVA 
KIVA 
KICA 
PPA 
KMVA 

2.3(100) 
7.3(100) 

12.1(100) 
16.9(100) 
25_1(100) 
35.6(100) 
56_4(100) 
56_4(100) 

l-2(52) 
3.8(52) 
5.1(42) 
S-2(49) 

12.2(49) 
16.2(46) 
23_9(42) 
X.4(45) 

O-7(30) 
2.5(34) 
2.9(24) 
5_1(30) 
7.5(30) 
9_6(27) 

13.5(Z) 
14.6(26) 

O-5(22) 
l-6(22) 
l-6(13) 
3.0(18) 
4.2(17) 
5.2(15) 
6.8(12) 
7.7(14) 

O-3(13) 
O-8(11) 
0.7( 6) 
1.5( 9) 
2.1( 8) 
2.6( 7) 
3_1( 5) 
3.F( 7) 

the capacity factors of the quinoxalinol derivatives which contain an aromatic 
ring in the substituent group at the 3-position change more sensitively than 
those of the others_ The phenomenon is assumed to be the result of the differ- 
ence in strength of the selectron-xelectron interaction between the acetoni- 
trile in the mobile phase and the quinoxalinol derivatives_ And the lower con- 
centration of acetonitrile in the mobile phase is more favorable for the separa- 
ticn of 3ethyl-2-quinoxalinol and 3-(p-hydroxybenzyl)-2quinoxalino1, while 
the higher concentration is more favorable for the separation of 3-benzyl-2- 
quinoxalinol and 3-(1-methyfpropyl)-2qumoxalinol in the acetonitrile concen- 
tration range investigated. Therefore, a gradient elution technique was adapted 
for the HPLC separation of the quiuoxalinol derivatives. Fig. I shows a typical 
chromatogram obtained Tom a standard mixture of quinoxalinol derivatives 
and fiavone (internal standard). The broken line in Fig. 1 shows a gradient 
curve of acetonitrile in the mobile phase measured at the top of the column. 
Good separation is obtained in 25 min. 

The quinoxalinol derivative is formed when the a-keto acid reacts with o- 
phenylenediamine. On the basis of experiments concerning the reaction con- 
ditions that may affect the yields of the quinoxalinol derivatives, those de- 
scribed in the procedure were adopted as recommended reaction conditions. 
The addition of mercaptoethanol did not affect the reaction in the case of stan- 
dard solutions of ar-keto acids, but it depressed the appearance of interfering 
peaks in the chromatogram for the determination of a-keto acids in human 
urine sample_ Table III shows the yields of the quinoxalinol derivatives, which 
were calculated by comparing the peak height ratios to those of a standard 
mixture of the authentic quinoxalinol derivatives and flavone after correction 
for the percentage extraction_ 

The extraction conditions of the quinoxalinol derivatives were then studied. 
The quinoxalinol derivatives could be extracted from the aqueous layer with 
chloroform and ethyl acetate; chloroform was chosen as the extracting solvent 
as it separated from the aqueous phase as a lower layer, which was convenient 
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Fig_ 1. High-performance liquid chromatogram of a standard mixture of the quinoxalinol 
derivatives of a-keto acids. The dashed line indicates the gradient curve. Operating condi- 
tions: column, 250 mm x 2-l mm ID_ LiChrosorb RP-8 (5 rm); column temperature, 50°C; 
mobiIe phase, aqueous acetonitrile solution; the gradient was prepared using a Model GP- 
A30 solvent programmer (convex 1, 64 min); flow-rate, 0.6 ml/min; detector, UV spectro- 
photometer (340 nm). Peaks: 1 = PPA, 2 = KBA, 3 = HPPA, 4 = KVA, 5 = KIVA, 6 = KICA, 
7 = PPA, 8 = KMVA, 9 = flavone (IS)_ 

TABLE III 

YIELDS OF THE QUINOXALINOL DERIVATIVES DERIVED FROM cr-KETO ACIDS 
UNDER ANALYTICAL CONDITIONS 

a-Keto acid Yield (5%) cu-Keto acid Yield (%;) 

PA 100 KIVA 54 
KBA 76 KICA 75 
HPPA 70 PPA 75 
KVA 81 KMVA 74 

for the separation procedure. The relationship between the extractability of the 
quinoxalinol derivatives with chloroform and the hydrochloric acid concentra- 
tion in the aqueous layer is shown in Fig. 2. The extractability of the quinoxal- 
in01 derivatives that have a relatively low hydrophobic substituent in 3-posi- 
tion, such as the methyl, ethyl or p-hydroxyhenzyl group, decreases with the 
increase in hydrochloric acid concentration in the aqueous phase. Table IV 
shows the percen%e extraction for the quinoxalinol derivatives in the presence 
of various kinds of salts. The addition of sodium sulfate gives satisfactory 
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Fig. 2_ Relationship between the extractability of the quinoxahol derivatives and hydro- 
chloric acid concentration in the aqueous layer- The quinoxalinol derivatives of the a-keto 
acids were extracted from 10 ml of the aqueous phase with 10 ml of chloroform. (0). PA; 
(o), KBA; (x ), HPPA; (*), KVA; (I), KIVA; (A). KICA; (n), PPA; (r), KMVA 

TABLE IV 

PERCENTAGE EXTRACTION OF THE QUINOXALIN OL DERIVATIVES OF Q-m 

ACIDS IN THE PRESENCE OF VARIOUS SALT6 

a-Keto acid Percentage extraction 

PA 
KBA 
PHPPA 
KVA 
KIVA 
KKCA 
PPA 
KM-VA 

- Kc1 NaCi NH,Cl Na,SO, 

81.9 68.5 50.9 45.9 98.9 
100.6 106.3 89.9 89.4 99.2 
64.2 78.9 80.4 65.7 SO.8 

98.7 99.8 98-O 97-S 101.3 
98.7 100.5 98-O 101-2 98.5 

101_5 101-2 102-O 101-5 100.2 

99-2 100.4 98.7 100.3 98.1 
99.2 100.1 95.6 100-P 99.5 
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TABLBV: 

RECCWERYOFa-KBTOACIDSFROMHUMANURINE - 

Allvaluesareexpressedinnmolacceptwhereindica~d. 

SampleNo_ PA KBA PHPPA KVA KIVA KICA PPA PMVA 

1 14.8 15.0 16.0 15.0 
2 15-l 15.1 13.9 14.9 
3 15.8 15-7 13.3 15-3 
4 15.6 15.3 16.4 15.2 
5 15.3 14.5 16.4 14.4 
6 15.2 14.5 15.0 14.7 
7 15.3 15.5 15.3 14.8 
8 16.1 15s 161 15-O 
9 15-O 15.1 17.5 14.3 
10 16.3 15-4 151 15-l 

Average 15.5 
C_V_(%) 3.1 
Added 15-O 
Recovery(%) 103 

15.1 15.5 14.9 
2.6 8.4 2.2 

15.0 15.0 15.0 

15-4 14.7 
15.2 14.7 
16-6 15.2 
16.2 14.9 
15.7 14.5 
15.3 14.5 
15.0 14.5 
15-6 14-S 
16.0 14.7 
15.2 14.8 

15.6 14.7 
3.4 1.4 

15-O 15.0 

15.2 15.2 
15.3 15.2 
14-7 15-5 
15.5 15.6 
15.3 15.5 
14.7 14-9 
14.8 15.1 
14.9 15.3 
14.8 15.4 
14-3 15.0 

15.0 15.3 
2.4 1.0 

15.0 15.0 
101 103 99 104 98 100 102 

(A) (Bl 

L L 

0 ._~ lb _.20 0 10 20 
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Fig.3. High-performance liquid chromatograms obtained in the recovery experiments.(A) 
Spikedurinesample.(B)Urinesample. 
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results. The extraction was therefore carried out after dilution of the reaction 
mixture (2 ml) with saturated sodium sulfate solution (8 ml). The iuternal stan- 
dard flavone was also almost completely extracted under these conditions. 

The calibration graphs obtained using the recommended procedure were 
re&iXnear for at least O-20 nmoles of a-keto acids. 

Table V shows the percentage recoveries and the coefficients of variation 
obtained for ten replicate measure ments made on an identical ten-times diluted 
sample of human urine (200 ~1) to which 15 nmoles of each a-keto acid were 
added_ Fig_ 3 shows the chromatograms obtained in the recovery experiments_ 
No interfering peaks were observed. Then, the determination of a-keto acids in 
normal human urine was carried out. The pyruvic acid/creatinine ratios for 
normal samples were almost in accord with published values [20] _ The other 
a-keto monocarboxylic acids were not found in normal urine samples. 

We are now developing a further method for determining a-keto dicarboxylic 
acids that might be reMed to some metabolic disorders. 

CONCLUSION 

A method for the HPLC determination of eight a-keto acids in human urine 
has been developed_ This method is sensitive, selective and reproducible. 
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