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SUMMARY 

A bigb-p- liquid chrom&ographic system for the separation of Wahrbig 
and/or fhmescent urinary metabolites is presented. Thirty to forty Wk&sorbiig cbro- 
matagmpbic peaks m obtained from a 200-d urine sample uskg a 100 cm x 2 mm column 
filled with a total porous ion-exchanger. ‘Be xepmducibiity of the separation has been 
studied and eighteen important substances have been located. 

INTRODUCTION 

Human urine is reported to contain more than 700 molecular constituenti 
[I]. About 150 of them absorb ultraviolet (W) light [2] . These substances 
represent intermediates or end-products of metabolic pathways. 

A physiological fluid as complex as urine can only be studied in de- by 
using a separation method with a high resoK.ng power. A high-pressure liquid 
chromatographic (HPLC) system for the analysis of urine is pzesented, based 
on the fundamental work of Scoti and co-workers C3-6). .- 

Earlier HPLC systems are nowadays difficult to use because of the rapid 
evolution of HPLC technology and the advent of new commercial liquid 
chromatographs. 

The analytical unit described has a very high resolving power, due to the 
use of. a verg fine, porous ion-exchanger, and gives reproducible resulti. It is 
&same; easer ti use and its comptinents are cominercially available. The de&- 
tion system -can be used for W-absorbing-metabolites, for-reaction products 
absorbing in the visible region and for compounds that are naturally or z&i- 
ficially flUCke$celIt. 
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The high-b ressure liquid chromatograph used is Mod&8500 from Var& 
(Palo Alto, U.S.A.) equipped with a multilinear solvent programmer. The 
samples are injected via a liquid-chromatograph air-actuated sampling valve 
(sample loop of 200 ~1, Varian) on a 100 cm X 2 mm I.D. 316 stainless-steel 
column. The columns are filled with Zerolit, a strongly basic, totally porous 
ion-exchanger. The column temperature is controlled by a H&&e 22 water- 
bath with TP 32 programmator (Hsake, Osterrade, G.F.R.). 

The Variscan, a W-v% continuous-wavelength detector with flow cells 
of 8 ~1, and the duaI-pen Tech&on A-25 recorder, are associated V&an equip- 
ment. One pen of the recorder draws the absorption changes (line A in Fig--Z), 
the other the composition of the mobile phase expressed as the fraction of 
component B present in the eluent (line B in Fig. 2). The dual-wavelength 
detector is an ISCO UA5 absorbance monitor with a multiplexer-expander 
(In&ument Specialities Co., Lincoln, U.S.A.). The native fluorescence is con- 
tinuously measured wr’ % a Fluorichrom (Varian). 

The eluate is collected by a Redirac collector (LRB, Bromma, Sweden), 
which is cooled by placing it in a refrigerator (4” ). 

The fluorimeter is an Aminco-Bowman spectrophotofluorimeter (American 
Co., Silver Springs, U.S.A.). 

Products 
Zerolit (particle size, 5-7 pm) is a product of the Permutit (London, Great 

Britain) Aminex A-27 (particle size, 8-12 pm) can be obtained from Bi* 
Rad Laboratories (Richmond, U.S.A.). Acetic acid and ammonium acetate 
are pro analysi products from Merck (Darmstadt, G.F.R.). The standards 
are of the purest quality available &om different sources. 

Mobile phase 
An acetic acids--ammonium acetate buffer (pH 4.4) varying from 0.015- 

METHODS 

Fig. 1 is a schematic representation 
A and B are filled, respectively, with 

of the chromatographic system. Pumps 
0.015 M and 6 M acetate buffer. Both 

solutions are previously degassed under vacuum. 
The urine is colkcted, immediately centrifuged and 200 ~1 are promptly 
injected. The elution is programmed (Table I), the-flow-rate is set at 8 ml/h 
and the chromatography is started. The column is maintained at 30” for 
the first 4 h; thenthe temperature is raised to 60”. (l.“/min) for the rest of 
the- run. -The W absorption of the separated compounds is continuously 
measured and recorded at 254, 260 and 280 run. In order to obtain a sui% 
able absorption for the strongly absorbing.components (crea&ine, uric.acid) 
as well as for .the small peaks, an absorption range of OT-1 ax.f.s. (on each 
detector) was found convenient for urine with a normal creatinine concen- 
tration~(1000-2000 mg/24 h). 

6 iI wa%used as the mobile phase. 
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RC3 RC2 =I 
Fig.1. Schematic representation of the chromatographic system. C, column; FC, f&action 
collector; FL, fluorescence detector; I, hjection system; Mx, w chamber; RC, recorder; 
W, W absorbance detector; W, waste; WB, water-bath; WJ, water-jacket. 

TABLE I 

GRADIENT EZUTION PROGRAMME 

Complete gradient elution takes 1140 min. The column can then be automatically regen- 
erated by pro-g the ‘reset’. In this position, the initial buffer composition (e.g. 
0.015 M) will be pumped through the column. Regeneration can be followed by measuring 
the W absorption ( minimum regeneration time, 90 min). 

step* Time Elutiontype Buffer concentration (M) 

(mw 
beginning end 

1 120 Isocratic: (100% A + 0% B) 0.015 0.015 
2 120 Linear gr&Iient: (100% A + 0% B)- 

(96% A + 4% B) 0.015 0.3 
3 600 Linear gradient: (96% A + 4% B)- 

(35% A + 65% B) 0.3 4 

4,5,6 180 hcratic: (35% A + 65% B) 4 4 
7 35 Linear gradient.: (35% A + 65% B)- 

(O%A+lOO% B) 4 . 

8 85 Isoeratic: (0% A + 100% B) 6 t 

*Step on solvent programmer 

The fluorescence of the eluted compounds is continuo~y measured with 
the Fluorichrom (excitation wavelength 340 nm, em&ion wavele&h 540 

-1. 
Finally, the. ehate is collected into a refrigeded f&action colkctor in frac- 

tions of 1 ml to permit further study of the urinary metabolites by other 
techniwes (fluorimetry, TLC, specific reactions). 
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The whole analysis takes abo& 20 hi The chromatograms from, a~fksh 
urine sample -of a healthy adult .are shown in Figs. 2 and 3. Thirty to -forty 
W-absorbing peaks are well separated. 

The retention times (RT) of the comgounds commonly p&&t & urine 
have been determined and are given in Table II. Several other peaks were 
observed, which probably resulted from variations in the composition of the 
diet, 

Fig.2. Typical chromatogram obtained using the Vm detector. Conditions: flow-rate. 
8 ml/h; ebzant,ammoniumacetate~~?ticacid buffer(pH4.4)nrybzgfcomO.O15to6M 
(buffer hdient as described in Table I); sensitivity, 1 a.u_fs.;sample, 200 pl fresh urine 
ofahedthy mzdesubject(28 years old). Line A rep resentstheabsorbanceat260nm,line 
B the buffergradientexpressedas the fraction of buffer B (6M) presenttithe- 
Identified peaks (peak code number in parentheses): 1, N-methyinicotinamide (10); 2; 
creatinine (20); 3, pseudouxiciine (30); 4, tryptaoke (31); 5, umcil (40); 6, serotonine 
(50); 7. urocanic acid (60); 8, nicotinamide (SO); 9. hypoxantbiue (130); 10, uric acid 
(-160); 11, -tophan (170); 12, 5-hydroxyindole acetic a&d-(180); 13, nicotinic acid 
(1801); 14, hipp~uhi~ acid (240); 15, indican (250); 16, quinddic acid (260); 17, vadlic acid 
(270);18,kynurenicacid(2901). 

Peak numbers are empirical, logical numbers. The RT of the urinary metab- 
elites varies be$ween 17 and 870 min. The peaks are well distributed over 
the whole Aromatop: 32% of the W-absorbing metabolites are eluted 
during the fir&fifth of the run, 18% in the second fifth, 21% in the third, 
16% in the fourth and 13% in the last fifth, 

The cbromatographic analysis is shown to be reproducible. The coeffi- 
cients of variance lie between 8.7% (mean for; the Zirst six peaks, 7;6%) and 
0.5% (mean for’ the last six peaks, 0.9%).- As can he expected,- the. largest 
variations are noted in the first part of the chromatogram sin& separation 
in this region .depends on non-ionic adsorption [8] which can be strongly 
affected by several factors. 

The starch study of the RTs of the separated compounds is compli- 
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Fig.3. Chromatogmm obtained using the ISCO UA5 absorbance monitor. - - --_, 254 mn; 
-,28Omn.Forcomiitionsandidentifiedpeaks,seekgendofFig. 2. 

TABLED 

MEANR RTENTION TIMES OFTHESEPARATEDPEAKS OFTHECOMMONUV- 
ABS0RBINGCoMP0UNDSINURnJE 

RT,r&entiontime.S.D.,standard deviation. C.V., coefficientofvtiation(n = I())_ 

Peak Mean SD. C-V.(%) Peak Mean S.D. C.V.(%) 
number RT number RT 

(ma (ma 

10 16.57 1.13 6.8 160 387.87 16.06 4.2 
101 19.60 1.52 7.7 170 395.50 7.37 1.9 
20 21.88 1.61 7.3 180 417.50 14.06 3.4 
30 44.50 3.89 8.7 1801 431.33 12.13 2.8 
40 63.60 4.81 7.5 190 453.28 12.71 2.8 
50 73.50 5.43 7.4 476.37 13.07 2.7 
60. - 

200 
87.83 3.49 4.0 210 483.40 4.98 1.0' 

70 96.00 4.90 5.1 220 506.00 10.20 2.0 
701 114.33 2.94 2.6 230 545.17 2.86 0.5 
702. 12v.00 1.00 0.8 231 557.80 3.90 0.7 
:o" Y-53:75 142-40 9.60 3.16 6.2 5.7 250 240 605.00 573.37 9.01 9.43 1.6 

1.6 
901 188.00 5.65 3.0 260 633.57 2.94 
ioo 

0.5 
206.17 8.68 4.2 ’ 2601. - 666.57 7.55 1.1 

110 266;60 7.43 2.8 270 709.33. 7.45 1.0 
120 286.57 i0.87 3.8 2701 733.00' 8.66. 1;2 
130 320.57 l!O.Y_l 3.3 -280.. 770.00 6.00 0.8 
140 329.66 17.08 5.2 2901 844.25 -4.19 0.5 
150 353.60 11.70 3.3 -2902 870.50 6.36 0.7 
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cated by the variability of urine samples, which change in composition from 
person to person and for one snd the same individual from day to day (brigs. 
2,4 and 5 and Table III). 

Identification of the urinary metabolites is in progress. The position of 
18 of them has been determined: N-methyhkotinamide (RT, 17 mhi), cm- 
atinine (22 mm), pseudouridine (45 .min), trypkunine (58 min), uracil (64 
mm), serotonin (72 min), urocanic acid (89 min), nicotinamide (158 min), 
hypoxanthine (308 min), uric acid (380 min), tryptophan (395 min); +hy- 
droxyindole acetic acid (418 min), hippuric acid (575’&), in&c& (610 
min), quinaldic acid (634 min), indolacetamide (664 min), vanillic acid (710 
min) and kymuenic acid (844 min). 

This identification is based on the absorption ratio (280/254 run), native 
fluorescence, cochromatography, retention time of pure products and, if 
possible, f’.uorimetric spectra, TLC and specific reactions [lo]. The identi- 

__ fied peaks are indicated in Fig. 2. 
Identification is made difficult by the fact that only small quantities of 

metabolites are involved. Concentration techniques, (such as lyophilisation 
and evaporation under vacuum), have been shown to degrade some labile 
compounds [lo]. 

Fig. 6 shows the fluorescent compounds present in urine. 
The buffer gradient designed for the Zerolit column can also be used with 

an Aminex A-27 column (100 cm X 2 mm) as ilhzstmted in Fig. 7, although 
a slight modification of the flow-rate programme is necessary (see legend 
to Fig. 7). 

TIUE IN HOURS Id ’ 

Fig.4. Detail of a chrdinatogram of a 200-~&1rine sample fxom the same person as in Fig. 
2. Conditions ad identified peaks-es descri@zd in Fig. 2. Note the qtk$itative (f) and 
q~~tive(X).differeaceswithFig.~5_fnparentldeses,pe~cd_denpmber. __.' _. _. -. 

Fig.5 Detail. of -a chromatogram from a second male subject (46 years~old)..Conditions 
andidentiEed@ez&kasdescribedh-Fig. 2.Notequantitative(*)aadq~3lit3tive (X)&f&r- 
enceswith Fig.4.Peakcodenumbersinparentheses. 
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COMPARESONOF PEA.KAREAOFuRINESAMPLES 

TJ ID e &, * %.a K,: urine samples from 4 de subjects(age 2840 years); UaO.U,,,U,,, 
and u,,: urine sampks from the same person (28 years),taken on different dayt3.Pea.k 
areawas cal~~dnsingtheformula:pe~area=height X widthatha.lfheight(No molar 
response factors were take, into account since some peaks are still unidentified). n-d. = 
notdetect~b~e;n~n.=notmeasura blebeeauseautofsmle. 

Pf& 
code 

Peak-(-*) __ 

number Samplesfromdifferentpersons Simplesfromoneperson 

U,, U,, U,, U,, U&Y U,, U., U., 

10 216 227 151 165 165 186 132 165 
101 484 182 177 n.d_ 176 
40 55 n-d. 103 trace 22 

666 420 44 44 

a:: 

1701 150 74 n.d. trace traz 
180 180 632 465 598 276 
1801 680 n.m. 21 601 -&ace 
240 539 61 1680 1508 1371 
250 72 63 12% trace 99 
.260 294 691 1000 531 642 

UOREScENCE - 

Fig.6..Chromatagram.showing the fluorescent compounds iau.rke.FZxcitationvvave~ength 
340 nm, emission :.. elength 540 mu. Attenuation, 2O;g&u, 1. Identification of these 
&leakfsgin progress. 
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Fig.7. Chromatogram of a urine sample separated on Aininex A-27. Flow rate programme: 
O-2 h, 4 ml/h; 2-19 h, 8 ml/h. Gradient programme: see Table I. - - - -, 254 nm. -, 280 
nm. 

.The buffer system is that chosen by Scott et al. [2] , and it has also been 
used by Burtk [S] . As the components of the buffer (acetic acid and am- 
monium acetate) have the advantage of being volatile, they can be evapo- 
rated during concentration procedures (lyophilisation) in order to avoid even- 
tual interference during TLC and other procedures where the presence of 
salts is not desirable. 

The buffer gradient and the flow-rate have been determined experiment@y 
[lo] and result from a compromise between separation performance ami 
speed for the resin used. 

Recently, Zerolit and Aminex A-27 have been compared [7] - The plate 
height for the purified Zerolit (which has .been used as the packing material 
of the column) has been shown to be about seven times smaller than that with 
Aminex A-27_ 

Raising the temperature from 30” to 60” after 4 h chromatography ha+ two 
advantages: a 50% decrease in the RT of strongly adsorbed components 
171, and a lowering of the viscosity of the concentrated buffer, which results 
in-a fall in the pressure drop. 

Liquid chromatography is shown to be a useful technique for the se&&ion 
of urinary constituents. The method is reproducible and the detectors presently 
available allow detection at the nanogram level, which formerly could only.be 
attained by gas chromatography. However, this separation technique requires 
the trausformation of non-volatile compounds into volatile derivatives:.-With 
HPLC, a urine sample can-be analysedwithout derivatization,-which eliminates 
theriskofdegmdationpriortochromatography,~:.:. ‘.. ~. -.- _ . -. :: ‘- . 
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With regard fm the stabili~ of the colunm packing material, daily use for 
6-7 months is possible. Tailing and rise in pressure (normal stmti3g pressure 
is about 2000 p.s.i., end pressure abot& 4000 p.s.i.) are signs that the &olumn 
needs to be changed. Intercolurnn differences are within the normal cbzoma- 
togram-to-chroinatogmn variation. 

The HPLC system described here has been used in our laboratory for more 
than a year without presenting the great practical di&xlties often mentioned 
which until now have retarded the introduction of this new technique into 
pharmacological and clinical laboratories. 
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