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Qzinolinic acid is a compound of interest as a %ryptophan metaboliteand 
precursor of the nicotinamide moiety of NAD(H). Quinolinic acid has been 
qua&&ted in the urine of vitamin &-deficient humans [I], -guinea pigs, 
hams%rs and rats 121. Elevated urinary excretion of quinolinic acid by humans 
and rats fed high Levels of Leucine in the diet has been reported [3]_ Con- 
sequently, some workers have implicated excess die- leucine as a causative 
factor in the patiogene& of peUagra. Our laboratory is currently studying this ._ 
problem and it was for this purpose that a simple and-accurate method for the 
qua&ta&ion of urinary quinolinic acid using high-performance liquid chroma- 
togEaphy (HPLC) was developed. 

Methods for quantitating urinary quinolinic acid are numerous. Henderson’s 
microbiological method [4] measured niacin-active compounds before and 
after autoclaving urine in glacial acetic acid, Autxxlaving in acid decarhoxylates 
quiuohic-acid in the 2carbon position yielding nicotinic acid. Therefore, 
quinolinic acid was estixn&ed by Herence. Qtzinotic acid has also been 
directly determined microbiologically after separation by paper chromati- 
graphy C5]- 

ETeeley et al. [F] described a method which involves a partial separation of 
quinolinic acid frorr other urinary compounds by Dowex anion- and cation- 
exchange chromatography, decarboxylation by heating in acid, and quantita- 
tion spe&rophotometicaHy by reacting the ticotinic acid with cyanagen 
bromide and o-toltidine. McDaniel ek al. [7] described a similar method with 
a rnodXic&on Ln the precleanup .of the urine which involved absorbing q-line- 
linic acid onto Norit A followed by elution with ammonium hydroxide. Quino- 
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link acid has beep derivatized to the diest-er with ethereal diazomethane and 
analyzed by -quid chromatography [S]. Lastly, Crawford et a!!. [9] 
measured urinary quinolinic acid using thick-layer chromatography. 

Quinolinic acid standard was purchased from Sigma (St_ Louis, MO, USA_)_ 
Other standards that were used were picolinic acid hydrochloride (E-H. Sargent 
& Co., Chicago, IL, U.S.A.) and nicotinic acid (Nutritional Biochemicals, 
Cleveland, OH, U.S.A.). Ah standards were dissolved in distilled water. AH 
reagents used in the HPLC system were reagent grade. Methanol was glass 
distilI& (Burdick & Jackson Labs., Muskegon, MI, U.S.A). 

The formate form of Dowex l-X8, 200400 mesh @i&tad Labs., Rich- 
mond, CA, U.S.A.) was prepared by sequentially washing l-lb. (450-g) batches 
of resin in a cohunn of 10 cm diameter with 4.0 1 of 6 IV hydrochloric acid, 
4.0 1 of distilled water, 16 1 of 3 N sodium formate, 4.0 1 of distilled water, 
8.0 1 of 3 N formic acid and finally with 12 1 of distilled water_ 

_ Sample prepamtion 
Twenty-four hour urine collections were made by normal human volunteers 

and the urine was preserved with a few milliliters of toluene. Aliquots of the 
urine were frozen at -4% mtil analysis. 

Two percent of the 24-h urine collection was pipetted in duplicate into 
50-ml graduated tubes. To one duplicate was added 1 ml of standard quinolinic 
acid solution containing 0.5 ~moles/ml. The volumes of the samples were then 
brought up to 50 ml witb distilled water. 

Glass cohnnns with reservoirs ]lO] were prepared by pipetting 15 ml of a 
1:l slurry (v/v) of Dowex l-X8, 200-400 mesh (formate) resin into glass 
columns, 1.3 cm LD. The resin bed heights were approximately 5.5 cm. The 
columns were washed with 30 ml of 3 N sodium formate in 3 N formic acid 
and then with 100 ml distilled water prior to loading samples. 

Urine samples were poured onto the columns and the emate c&carded. The 
sample tubes were rinsed with 10 ml distilled water, the rinse poured onto the 
cohrm~~~s and the eluate discarded. The columns were then elut-ed with 50 ml of 
0.08 N hydrochloric acid and the eluate discarded, About 97 ml of 0.15 N 
hydrochloric acid were passed through the columns and the &ate was collect- 
ed in IOG-ml graduated cyhnders. The volumes of this eluate were brought up 
to 100 ml with distilled water. The urine samples and the 10 ml of water wash- 
ings were eluted under 6.9 X lo3 N m m-I p ressure, while the rest of the 
chromatography was done with gravity flow, 

A 20-ml aliquot of the final 0.15 N hydrochloric acid &ate was evaporated 
under vacuum on a flash evaporator in a water bath at 50°C. The residue was 
dissolved in 12 ml of distilled water and again flash evaporated in order to rid 
the sample of hydrochloric acid. The final residue was redissolved in 2 ml of 
the buffer used in the EIPLC system and filtered with a 0.22ym WpOs 

filter (Millipore, Bedford, MA, U.S.A.). 
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Appanrtus and ckromatograpkic conditins 
A Fe&in-Elmer 601 liquid chromatograph (Norwalk, CT, U.S.A.) was used 

for chromatographic andysis. A strong anion-change column (25 cm X 4.6 
mm I.D.) prepacked with Part&l-IO SAX (IO-pm diameter particle) (Whatman, 
Clifton, NJ, U.S.A.) was used. The column was wrapped with a heating coil and 
insulation so that the column temperature could be varied by a variable trans- 
former and monitored by a thermocouple. The detectors used were a Model 
250 fixed-wavelength detector (254 nm) and a W-55 UV/VIS variable-wave- 
length spectrophotometer, both tim Perk&Elmer. The ftow cells of the 
spectrophotometers were connected in series. The dual pen recorder was set 
at 0.015 a.u.f.s. for most samples. A Rheodyne syringe loading sample injector 
was used. Samples were injected onto the column by 22-gauge (0.071 cm) 
Hamilton syringes and sample volumes ranged from PO I?Q 100 ~1. 

The column was operated isocraticsUy with 0.06 M potassium phosphate 
buffer (pH 2.2)methanol (9:l) as solvent. The flow-rate was 2.0 ml/min and 
ffie column temperature was constant but was varied from 30 to 50% depend- 
ing on the run. Therefore, the column pressure ranged from 41 to 76 bar- All 
buffers were filtered on 0.22sm MiHipore filters. 

Absorbance was recorded at 254 nm and 272 run. Quantitation of com- 
pounds was determined by peak height measurements. 

RESULTS AND DISCUSSION 

A representative chromatogram of a sample prepared from normal human 
urine is illustrated in Fig. IA. Quinolinic acid added to the urine sample co- 
chromatographed with this peak (Fig. IB) and had the same retention time as 
standard quinolinic acid which was directly injected (Fig. 1C and I)). Also, 
standard quinolinic acid was directly added to a prepared urine sample and 
one peak resolved with a retention time equal to standard quinolinic acid. 
Quinolinic acid in distilled water was pretreated identically to urine samples. 
Only one peak resolved, thereby indicating that quinolinic acid was not de- 
carboxylated by the sample preparation procedure. 

Quinolinic acid peaks from a number of urine samples were collected and 
rechromatographed, The major peak cochromatographed with standard 
quinolinic acid. A peak aJ.so appeared at the solvent front due ti tailing off of 
the initial unidentified compounds as seen in Fig. IA. Because of the tailing 
off of the large initial peaks, baselines from which peak height measurements 
were made were dmwn as shown in Fig. IA. 

.The identity of the quinolinic acid peak was further established by com- 
paring chromatograplric and spectrophotometric properties of the peak of 
interest with standard quinotic acid. The peak height ratios of urine samples 
and standards were determined by comparing absorbance at 272 nm (absor- 
bance maximum of quinolinic acid) and 254 nm. Peak height ratios of 
absorbance at 272:254 mu for 13 analyses 9f samples (1.66 f O.OSS), recovery 
samples (1.64 c 0.048) and standard quinolinic acid (1.64 + 0.052) were 
identical. Urine samples and standard quin&inic acid behaved identically when 
column temperature and buffer strength were v&ed. Fig. 2A and B represent 
only a few of the many trials in which various solvents and temperatures were 
tested, Picolinic acid and nicotinic acid, two anionic pyridine compounds that 
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Pi_ X_ Chromatograms of (A) normal urine sample and (B) urine sample with added qtio- 
Ii&c wid, both prepared as described in Sample preparation section;(C) 40 ~1 of quinotic 
acid solution and (D) 20 31 of quinoiiic acid solution (concentration = 0.1 pmote/ml). 
Conditions: column, Partisil-10 SAX, 25 cm x 4.6 mm I.D.; elue~t, 0.06 M potassium phos- 
phate buffer (pH 2.2~ethanol fS:l, v/v); flow-rate, 2 ml/min; column temperature, 38°C 
and presswe, 76 bar; detection, 272 nnx. 

I 
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Fig_ 3_ Effect of temperature and buffer strength on retention time of quinolinic acid. (A) 
Conditions: column, Partisil-10 SAX, eluent, 0.08 i%f potassium phosphate buffer (pH 2.3)- 
m&heaol (9:l. v/v); flow-rate, 2 mI/min; de’Lection, 272 run, (B) Conditions, column. 
Partkil-10 SAX; eke&, 0.06 M poQusium phosphate buffer (pH 2.35+nethanol(9:1, v/v); 
flow-rate, 2 ml/min; detection, 272 pm, Quinolinic acid peak from urine BanpIe, 0; peak 
from standzrd quinolinic acid, 0. 

are ezareted by humans, were tested. 30+& ehbd at the solvent tint_ 
StanM cures plotting peak height versus picolinate inimted demon&&ed 

tmzellent Linearity (correhSon coefficient = 0.999) in the range O-IO nmdes. 
Urinary quinolinic acid xv= quantitated within the 2-8-mole range by v~rsf- 
ing *he volume of izijectd sample. Peak red&ion, s&M curves and the 
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qudibtion or urinary quinolinic acid did not wary due to sample injection 
voErunes. One ml of standard quinolinic acid so&&ion (concenk&ion = 0.5 
~mok/ml in d.isMed water) was added to the uriue sample before treatment 
OR Dowex 1 (fonmtte) col-. -Mpretha~rlaO rrrinesanpkswereandyzeci 
and recoveries ranged between 95% and 105%. The percent of quinokic aeid 
resowed &ona urine was independent of the amour& of qtiolinic acid added 
to the urine sample as shown in Table I. Co~&ficient of variation (standard 
deviation X lOO/mean) of repkate analyses was 7.2%. E’reezing urine samples 
at -4°C and thawing them did not affect the quantit&ion of quinolinic acid. 
The Same samples were malgzed four months apart with repeatable resuk 

This method was adapted for the an~ysis of rat urine. Rats fed a 10% casein 
diet azlcf having a body weight of about 190 g excreted appmximaf~Iy 0.4 
ymoles of quinolinic acid per 24 h. 

TABLE I 

RECOVERY OF QUINOLINIC A= ADDZD TO URINE SAMPLE 

Condkions: column,P~-10 SAX; ehent, 0.06Mpotassi~ phosphatebuffer(pH2.2)- 
methanol <9:1, v/v); flo&ate, 2 mllmin; column temperature, 37°C and pressure, 69 bar; 
detection, 254 nm; retention time, 10.2 min. Standard quinolinic acid was added to 2% of 
a 24-h urine eaUection from 8 normal male subject. 

Amount of Amount of Recovery (a) 
quizlolinic quinoEllic , 
acid added acid recovered 
(firnoW (&mow 

0 0.480 
0 0.506 
0.25 0.758 105 
0.50 1.00 101 
1.0 1.50 101 
I.5 2-01 101 
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