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SuadlciARY 

A 100~.uI wine sample was chromatographed on a column packed with a strongly bssic 
mzzroreticular anion-change resin (Diaion CDR-IO, 5-7 I+m diameter with a nominal 
35% cti linkage). The eh&ion was performed with a linear acetate gradient from 0 to 6.0 
M at tm average flow-rate of 0.72 d/min and at an average presswe of 104 &g/cm= _ The 
relative standard deviation of retention times and peak height was 2 4% or less. The 
properties of the macroreticular anion-exchange resin, the effect of the particle size, the pH 
of acetate buffers. and the effect of the flow-rati of the eluent on the separation were 
investigated. Thirty three components of urine were then resolved and named. 

INTRODUCTION 

Body fluids, such as urine and blood, co&sin hundxeds of components, 
which -have a positive correlation to pathologiczd states [I, 2]_ Scott and co- 
workers. [3-S] developed an .analyticzd system tihich separates the UV- 
absorbing components of human urine in less than 40 h. The microreticuksr 



312 

anionexchange resin system, however, required a relatively long separation 
time [9--121, resulting in a low sample throughput.~Thus severaloperationrp1- 
options were investigatea in an effort to deerease the analysis time 19; 10,23] ; 
Therefor&; we htie ‘studied a new- anion+?xch~e &romatograph&s+em 
using a macroreticulsr anion-exchange resin, which separates the UV-absorbing 
components of human urine in Less than 120 min and with high resolution 
1141. 

. 
EX.PEFGMENTAL 

_ : 

A&lytical grade ammonium acetate and acetic acid were purchased from 
Wake (Tokyo, Japan). The reference compounds creatine, creatinine, 
pyridoxine, uracil, hi&dine, theobromine, nicotinamide, hypoxanthine, 
adenosine, phenylalanine, xanthine; caffeine, tyrosine, tryptophan, 
theophylline, urocanic acid, uric acid, nicotinic acid, kaminohippuric~acid, 
4-hydrocy-3-methoxymandelic acid, 4hydroxy-3-methoxyphenylacetic acid, 
p-aminobenxoic scid, hippuric acid, quinaldic acid, p-hydromhenylacetic 
acid, vzmillic acid, kynurenic acid, p-hydroxyphenylpyruvic acid, benxoic acid, 
p-hydroxybenzoic acid, 3-hydroxyanthranilic acid, indoleacetic acid, and 
indoleacrylic acid, were also purchased from Wake. 

Resin 
The strongly basic macroreticular anion-exchange resins, Diaion CDR-10, 

with a particle size distribution of (A) 6 + 1; (B) 11+ 2 and (C) 25 + 4 pm, 
were obtained from Mitsubishi (Tokyo, Japan). 

A Elitachi Model 634 high-performance liquid cbromatograph (Hitachi, 
Tokyo, Japan) was used for the urine analysis, and was coupled to a variable 
wavelength photometer and a IO-mV data recorder. 

Column 
A &ainless-steel column (50 X 0.4 cm I.D.) was dynamically packed with 

Diaion CDR-10 at 150 kg/cm’ using a high-pressure pump as described by Scott 
and Lee 1151. A slurry of the resin and water (5050) was used for the rigid 
packing and then 6.0 M acetate buffer (pH 4.4) was run through the column 
for 1 h. 

Sampie prepunzrtion 
Urille samples, usually 24-h collections, were r&&era&d until complete, 

then frozen and stored at -20”. Before analysis, the sample was defrosted and 
passed through a 0.22~pm Millipore filter to remove particular matter. 

High-kperfonnance anion-exchange chromafogruphy 
A 100*1 urine sample was introduced onto the column and eluted using a 

linear z&ate gradient fkom 0 to 6.0 M. at -a flow-rate of 0.72 ml/min. The 
linear acetate gradient -was formed by placing 3On3l of-water In the first 
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chamber,-and! 30 ml c&6.0 Mammoni~ae&~ buff&,pEE 4.4,inthesecond 
r?hnmk..~ the..first:25 min, the.cohnrm tempemture was increased from 
22 to 60”, and then maintained at 60” until the end of the rug. With -the 
elevation of the tempetiture, the cohmm tie& pressure dropped from 104 to 
70. kg/c& , and with-a@ increase of b&f- concermtration, the inlet pressure 
was hised from 70 to 135 kg/cm*- and was maintained at 135 kg/cm* until the 
end of the run. After analysis, the cohunn was washed with distilled water for 
30 min at 150 kg/cm 2 _ The cohmm was r&ady for the next sample when the 
pK of the eh~ate was tested to be neutral. 

AsszTgnmenb of the peaks 
Peak assignments were carried out, in three ways: firstly, by comparing the 

&ention times of the peaks .to those of. known compounds; secondly, by 
injecting known compounds together with the sampIes; and thirdly, by 
measuring the UV spectrum with stopped-flow scanning spectiophotometrrg- 

RESULTS MD DISCUSSION 

Effects of particle size of mmmreficukzr anion-exchange resins on the sepam- 
fion 

A typical cbromatogram of urine from a male subject is shown in Fig. 1, The 
column used was packed with Diaion CDR-PO having a particle size distribution 
of 5-7 pm (A). Other chromatograms of the same urine sample obfxined when 
the columns were packed with resin of different particle size (B, 11 c 2 and C, 
25 + 4 pm) were compared with Fig. 1. When these chromatograms were 
compared it was evident that the smaller the particle size of the resin the 

Time (minutes) 

Fig. 1. A 120-min chromatogram of human urine from a normal male subject. Conditions: 
colmnn, stai~&~~ steel (50 cm x 0.4 cm LD.) packed with Diaion CDR-10; uriie sample, 
100 ~1 of a 24-h collection from a SO-kg man; temperature, increasing from 22 to 60” for 
the first 25 min, maintained at SO” until the end of the run; eluent, acetate buffer, pH 4.4, 
varying in concentration from 0 to 6.0 Ilf by linear gradient, average fIovr-rate, O-72 mP/m’bx 
average pressure, 104 kglcm’ . 



using a.lorzger cm1um.n and high pressure s; as the microreki~.tion~ch~e 
resin (12~15 pm diameter; Aminex -A-21) gaze-severe flow-resiskmce and thus 
a lkied:fIow-rate’, even when %gh pressmen wezz. applied; thk aceordingiy 
gave se&&iv&y longer nm times. Then sew& operational dqices, such as the 
use of coupkd columns cf anionexch;tnge resin followed by cationexchange 
resin [9] or specific g.rdient programs [IO], were attempted in an effort to 
increse the rate of sampling, but with very Emited success. . . 

Effects of the pH of acetate buffers on the sepamtion 
Chromdograms of the-urine sample at different pH wakes of the buffer are 

show& in E’ig. 2; Each separation was performed similar to that described 
above, using 6.0 M ammonium zcetate buffer at ph’ 3.9, 4.4, azlcl 4.9. At pK 

o-3213 (A) 

20 40 60 80 I)0 120 

Time (minutes) 

(B) 

pH c-9 

0 20 40 60 60 lo0 120 

Time (minutes) 

Fig_ 2. Effekt of the pH of the acetate buffer OLI the separatioe Conditions are the same as 
in E’ig. 1, except: (A) 6.0 M acetate buffer, pH 3.9; (B) 6.0 M acetate buffer, pH 4.9. 
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3.9 the chromatographic run required a longer elution time than at pH 4.4, and 
the resolution and ehtion after 70 min were very poor. On the other hand, the 
run time a& pIi 4.9 was shorter than at pH 4-4, but the resolution around 40 
mien elution was not satisf&&ory. Thus, the separation at pH 4.4 was used for 
the standard elution conditions, but the detection and estimation of a specific 
substance could be performed at pH 3.9 or pH 4.9. 

Effects of flow-rate of eluent on the sepamtion 
Decreasing flow-rate of the eluent contrilluted to higher resolution, but 

resulted h a Longer analysis time. In a run time of 120 min the number of 
detectable peaks was about 100, and in 200 ti it was about 110, and when 
further increased to 12 h, 130 peaks. However, for the standard analytical 
system, we still adopted the 120~min system, since 100 peaks in 120 min is 
time-saving and more useful for practical purposes when compared with 110 
peaks in 200 min or 130 peaks in 720 min. 

Reproducibility of the sepamtion of the stamimi sepamfiun system 
To demonstrate the reproducibility of the standard separation system, 

quadruple chromatographic analyses were performed on the same urine 
sample. The elution times of eight of the major peaks were determined and 
were found to have a relative standard deviation of 0.81-1.08% (Table I). 
Thus, elution time is useful for the qualitative analysis of a substance. The peak 
heights of eight of the major peaks were determined and found to have a 
relative standard deviation of 1.04-3.55%. This peak height could be useful for 
quantitative analysis. 

Ass~ment of the unke components in the chmmutagmm 
The peaks that have been assigned so far are listed in Table lL Peak 

assignments were carried out by the use of reference compounds as described 
in Experimental. A chromatogram of tic acid and hippuric acid and their 
UV spectra are shown in Fig. 3. The compounds in Table II are listed in order 
of their efution from the separation system. These resT&s indicate the good 
correlation between dution position and chemical structure. This correlation is 

TABLE I 

REPRODUCIBIUTY OF THE SEPARATiON OF HUMAN URINE 

Means 2 relative standard deviations of 4 determinations. 

No. Peak number Elution Relative Peak Relative 
in Fig. 1 time standard height standard 

(mb) deviation (5%) (-) deviation (W) 

1 35 b-1 0.99 72.2 3.13 
2 43 $3.6 0.81 164.0 2.18 
3 57 44.0 0.97 229.6 3.55 
4 59 46.2 0.88 157.4 1.04 
5 63 50.5 1.11 31.7 2.23 
6 73 60.8 1.03 153.1 3.19 
7 74 62.1 1.06 80.9 1.97 
8 92 92.0 1.08 91.8 1.64 
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Fig. 3. Chromatogram of reference compounds and UV spectra of the peaks. Conditions are 
the same as in Fig_ 1. 

TABLE II 

ASSIGNMkNT OF THE MAIN PEAKS IN HUMAN URINE 

Compound Peek No. Compound Pe.& No_ 

Txigonelline 
Creatine 
Creatinine 
Pseudouridine 
Pyridosine 
UaCil 
N’-Me+Ayl-2-pyridone-5- 

cwbosamide 
Hi&dine 
Theobromine 
Nicotimamide 
7-Methylxanth-me 
Hypoxanthine 
Adenosine 
Pnenylalanine 
Xanthime 
3-M&hylxanthiie 
Caffeine 
emsine 
Tryptophzn .* 
Theophylliie 
l-Methykcanthine_ _. 
Umcanic acid 
Uric acid 
2-Amino-S-hydroxy- . 

bemoylglycine _ 
Dimethyltic acid -- _ 
5-Hydroxymethyl-2- 

furovl&rcine 

If 
3 
3 
6* 
9 

11 

17* 
17 
17 

l? 
17* 
18 
19 
24 
25 
26* 
29 - 

f: 
30 
32f : 
35 
41 

43* 
4s*.- _ 

514 

Nicotkic acid 
4Aninohippuric acid 
2-Fmoylglycine 
5-Hydroxymethyl-2-fur&c acid 
4-Hydxoxy-3-methoxyzmndetic acid 
4-Hydxoxy-3-methoxyphe~yiscetic 

acid 
p-Aminobenzoic acid 
Hippux!ics erid 
Q-Hydrosy-3_methogybemoyenzopI- 

glytie 
4-Hydmxybenzoylgi&ne 
Quinaldic acid 
3-Iiydroxybexxzoylglycinine 
p-Hydroxyphenylacetic acid 
2.5-Furandicarboxylic acid 
VaniIlic .acid 
Kynurenic acid 
p-Hyd~mxyphenylpyruvic acid 
Benzoic’ acid 
p-Hydroxybenzuic acid 
3-H~dm~~thranilic acid 

Indoleacetic acid 
Indoieacryiic acid 

54 
55 
57* 
59’; 
65 

:: 
68 

70* 
73* 
73 
74f 
75 
SO* 
76 
85 
86 
88 
88 

Z 
101 

cCo~wunc?s agumed bv comaarison of thP murlt m&ah&shed hv .Scntt md Lee CO1 _ 
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remarkably useful for the detection of the metabolites of the eomponents of 
body fhrids, such as purine, uranic acid, phenylalanme, tryptophan, benzoic 
acid, and their metabolites. The sssignment of these normal urine components 
$S impo&zmt for eppl!ic&ion to the iuvestigation or understanding of bioIogicel 
and pathological disorders 

It j.s known that the macroreticular resins have a relatively higher cross- 
li&sge; larger surface area, and larger porosity than the microreticular resins 
[IS]. These mac~reticular resins gave better adsorptivity, dowresistance, 
mechanicaX stability, and chemical stability for ion-exchange chromatography. 

With regard to the stability of Diaion CDR-10, it proved to be possible to 
analyze more than 200 urine samples over a B-month period without any loss 
of resolution. Even when some decrease of resolution wzs noticed after 
applying a number of various types of samples, the column could be success- 
fully recovered by washing with the dilute alkaline solution. Also, we have 
found that Diaion CDR-10 is mechanically stable when operated at high 
pressures and temperatures. We attribute this fact to a 35% cross-linkage which 
contributes to the mechanical stability of the resin and an easier chromato- 
graphic handling. 

CONCLUSIONS 

The purpose of this study was to use the maeroretieular anion-exchange _msin 
system for the separation of complex biochemical mixtures into their 
components and to examine the performance of the system [17]. The benefits 
of using macroreticular resin include a decrease in analysis time, an increase in 
resolution and a high degree of automation. Considerable work still remains to 
be done in the optimization of operating conditions, identification of the 
separated compounds, and also for application to clinical use. However, at this 
stage of development, the macroreticular anion-exchange resin system proved 
to be a more useful analytical tool than the previously developed systems of 
the microreticular or the pellicular anion-exchange resin columns, and is used 
already for routine analytical techniques in many medical research laboratories 
WI - 
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