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LNTRODUCTIOK 

Methods used to determine the metabolism of imidazole compounds in biological 
materials range from the use of enzymes to ion-exchange chromatographyl-6. 

To facilitate studies in which a number of biological samples may be analyzed 
in a relatively short time for a series of imidazole compounds in which the I, 2, and 3 
positions on the ring are “non-substituted”, a quantitative, automated method has 
been developed combining ion-exchange chromatography and the modified PAULY 

reactio#. An extract of the biological material is applied to a column containing 
resin, and a buffer gradient of increasing pH and ionic strength is applied to separate 
the imidazole compounds. The resulting eluate automatically is made alkaline, 
cliazotized, and the color produced is determined by continuous photometry. The 
results are plotted automatically on a recording microammeter. 

MATERIALSAND METHODS 

Clzronzato,aru$&ic tz&s agzd resin. A heavy walled, jacketed chromatograph tube, 
0.9 cm in diameter and 106 cm in length from the Teflon plate to the top of the tube 
is used. An IS/g socket joint is attached to the top of the tube, and a 12/s glass ball 
joint is affixed at the bottom. The column jacket is maintained at 50” throughout 
the 18 to 20 h of the chromatographic period by the circulating fluid system used by 
SPACKMAN et ak7. 

The column is filled to a height of 85-90 cm with 24-32 micron ,beads of un- 
ground S y, cross-linked, sulfonated polystyrene resin, sodium form (Chromo-bead 
resin, Type A, Technicon Instruments Corp., Chauncey, N.Y.), The resin is prepared 
and poured in the manner described for the preparation of columns for amino acid 
analysis by MOORE et ak8, except that a citrate buffer, pH 3.90, is used (Table I, 
buffer I). Before use, the resin column is regenerated by pumping through it CO,-free 
NaOH, 0.2 M (Na+), followed by buffer I (Table. I). *’ 

* Present aclclress : Research Department, Beckman Instruments, Inc., Spinco Division, 
I I 17 Californic?. Avenue, Palo Alto, California* 
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TABLE I 

BUFFER GRADIENT 

Buffer I, pH 3.90 & 0.02, 0.20 M (NEc+) containing: 189.81 g citric acid.*I-I,O; ~4~25 g NaOI-I 
(97 %) ; 58.50 ml I-ICI; 0.90 ml caprylic acid; diluted to g 1. Before use z ml/l of Brij-35 (50 g per 
IOO ml of H,O) is added. Buffer II, pH 6.25 & 0.02, 0.33 M (N&e) containing: 291.15 g sodium 
citrate, 2 H,O; 0.45 g ethylcncdiaminetetraacetic acid; 10.80 ml HCl; 0.90 ml caprylic acid: 
diluted to g 1. Before use 2 ml per liter of Brij-35 (50 g per 100 ml of I-I,O) is added, 

67 
55 
43 
31 
20 

8 
0 

0 

0 

Bz@er grad&t. A g-chambered “Block Autograd” (Technicon Instruments 
Corp.) supplies a continuous flow of variable buffer gradient. The quantities and com- 
position of the buffers used in each chamber are shown in Table 1. The outlet of the 
variable gradient device is connected by Tygon tubing, 3/16 in. I.D., to a 12/s ball- 
socket joint. The socket section is joined by glass tubing, l/r6 in. I.D., to a series of 
2 Teflon, 3-way stopcocks (size no. 2) united by Tygon tubing. One outlet of the 
first g-way stopcock permits the buffer gradient to flow to the second stopcock; the 
other outlet is attached by glass tubing 1/16 in. I.D., to a reservoir containing buffer I, 
(Table I). The second 3-way stopcock has one inlet attached by Tygon tubing, 1/16 in. 
I.D., to a reservoir containing 0.2 M (Naf), CO,-free NaOH; the outlet connects with 
Tygon tubing, 1116 in. I.D., to a T-bore Teflon stopcock (size no. 2), one end of which 
is left free to permit the operator to release air bubbles trapped in the system. The 
other end is connected with Tygon tubing, r/16 in. I.D., to a Milton Roy CHMML-B-X 
chromatographic minipump with column valve liquid ends (Beckman Instruments, 
Inc., Palo Alto, Calif.) which pumps the buffer through a FP 1/16-10-G-5/81, Fischer 
and Porter, Warminster, Penn., flow-meter; and thence through Tygon tubing, 
1/16 in. I.D., fitted with a US. 3823 by-pass pressure gauge (U.S. Gauge Co., Sellers- 
ville, Penn.), to an IS mm ball with a swivel fitting (Beckman Instruments, Inc.) 
which is accommodated by the socket on top of the chromatographic column. 

Avtalysis of coZuwz~z e@7wnt. The column efnuent is fed through a Beckman In- 
struments, Inc., 5/12 ball acceptor with a swivel fitting (attached with spring clips 
to the glass ball at the bottom of the column) and Teflon tubing, x/32 in, I.D., into 
one capillary arm of a G-2 standard cactus*. Air is pumped through the second 
capillary arm of the cactus (Double Red Tygon tubing*) and Na,CO, through the 
standard arm (Double Green Tygon tubing*) by a proportioning pump*, and are 
mixed with the effluent in a standard length mixing coil* (Fig. I), Sulfanilic acid is 

’ Technicon Instruments Corp. 
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CAPILLARY CACTUS 

CAPILLARY “Id” 

COLORllbkTER 

565 mp 
I 

4 mm f/c 
COLORIMETER 

SO5 mp 

MULTI POINT’ 
RECORDER 
S Inches/h 

PROPORTIONiNG 
L PUMP J -- 

DISCARD 

COLUMN EFFLUENT 

35 ml?h 

AIR, 48 ml/h 

2 M Na2CO3 

120 ml/h 

0,5X SULFANILIC ACID 
In 0.5N HCI, 72 ml/h 

0,35% NON02 
72 ml/h 

Fig. I. Schema for automated diazotization of column effluent and recording of optical density 
produced. The abbrcvistion “f/c” clenotes flow-cell. 

pumped through the standard arm and NaNO, through the capillary arm of a D-I 
“H”-tube” (Double Yellow Tygon tubing*) by the proportioning pump and are 
mixed together as they flow through z standard length mixing coils*. The alkaline 
eflluent and the diazotizing mixture enter a standard length mixing coil* at room 
temperature (Fig. I). The diazotizecl effluent proceeds directly into a pair of flow 
calorimeters* equipped with S mm and 4 mm cuvettes with wavelength filters of 
505 rnp. The calorimeter signals are recorded into a multiple-point (three) Bristol 
recorder* with a chart speed of 3 in/h (Fig. I). One of the 3 channels is “damped-out” 
to give a baseline. 

Additiogz of sa+tz$le to COZWPW. A solution of the sample to be analyzed is pip&ted 
onto the top of the column and driven into the resin with air, 15 p.s.i, The sample is 
washed in with three 0.5-0.7 ml sliquots of buffer I (Table I). The ball joint from the 
buffer gradient system is attached, the pump started, and the buffer gradient allowed 
to flow through the chromatographic column for LS to 20 h. 

Xe,negzeralion tif Use colzcvn~z. The ion-exchange chromatographic column, is 
regenerated whenever the resin is replaced, or a sample has been chromatographed. 
Regeneration is begun by’disconnecting the “Bloclc Autograd” at the 12/5 joint, and 
using a syringe to rinse the glass section between the joint and: the first Teflon 3-way 
stopcoclr with buffer I (Table I). The second Teflon 3-way stopcock referred to under 
Bztfer padie& is turned so the CO,-free 0.2 M (Na+) NaOH from the reservoir is 

* Technicon Instruments Corp. 
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pumped through the system at a rate of 30 ml/h for 20 to 30 min. The stopcock is 
then turned to a position to receive solution through the outlet of the first stopcock, 
which is positioned so that buffer I (Table I) is pumped from the reservoir through 
the column until the eluate attains a pH of 3.90. The procedure usually requires 
about 3.5 11. The Autograd is filled with the proper buffers, reconnected, and the sys- 
tem is ready for another analysis. 

StamYard rraixtzarc of inzidazole compowizds. The apparatus is standardized hy the 
use of a mixture of synthetic imidazole compounds, each of which was found in individ- 
ual studies to be recoverable in a single peak from the ion-exchange column. 

A stock solution is made by weighing 125 pmoles each of the following com- 
pounds : imidazolepyruvic acid*, imidazolelactic acid* * ; L-tyrosine, L-histidine 
and L-carnosine obtained from Nutritional Biochemicals Corp., Cleveland, Ohio ; 

imidazoleacetic acid - HCl, ,dihydrourocanic acid (imidazolepropionic acid), urocanic 
acid - H,O, and 4-amino-5-imidazolecarboxamide l WC1 from California Corp. for 
Riochem. Research, Los Angeles, Calif. ; and L-homocarnosine obtained from Regis 
Clzem. Co., Chicago, Ill, The compounds are placed into an IOO ml volumetric flask 
and 5 ml of G M HCl added. As some of them dissolve with difficulty, the mixture is 
heated slightly by placing the flask in hot water until solution is achieved. The solution 
is cooled, brought to volume, and stored in 5 ml amounts in ampules under ‘N, at 
-ZOO. 

Various ooncentrations of the stock solution which are applied to the column 
are obtained by diluting the solution with appropriate amounts of citrate buffer, 
pH 2.2 & 0.03, prepared from the following: 21.0 g citric acid. H,O, 8.3 g NaqH 
(97 %), I&O ml HCl, 0.1 ml caprylic acid, 20.0 ml thiodiglycol, and diluted to I liter 
with waterli. 

TABLE II 

CONSTANTS FOR VARIOUS IMIDAZOLZ COMPOUNDS ASD TYROSINE 

Compound Co9m-mtration. (pnoles) A vevage Maxim.um de- 
co,nstanf vialion from 

0.Z2.j 0.250 0.500 I.000 menlz (%) 

Trniclazolepyruvic acid 
Imidazolelactic acid 
Tyrosine 
Irniclazoleacctic acid 
Urocanic acid 
Dihydrourocanic acid 

(imidazolepropionic acid) 
4-Amino-g-imidazole carboxamide 
Histidinc 
Homocarnosine 
Carndsine 

2.20 

1576 
5.6s 

19.92 
14.80 

19.04 

19.12 

12.00 

13.12 

15.96 
5.00 

20.08 

14.64 

2.20 
16.20 

4.54 
20.24 

14.98 

IS.SQ 1S.5G 

1.76 1.82 

18.72 IS.96 
12.rG 11.86 

X3.80 13.50 

2.20 

15.97 

5.07 
20~41 20.16 

14.97 14.85 

19.02 15.86 

I .S8 I.S2 

w.58 19. IO 

12.14 12.04 
13.6G 13-67 

0.0 

1.4 
12.0 

I.2 

0.9 

I-5 
3.3 
2 * 5 

I-4 
4.0 

,The constants for each imidazole compound are computed in the same manner 
as the,constants for amino acid analysis as given by SFACICMAN et d7, and are given 
in Table II for the apparatus used in this laboratory. Each laboratory will, of course, 

* Prepared by the methods of SPOLTER AND BALDRIDGE~ and BALDRIDGE AND AuERB&%I~~~ 
l * Obtained through the courtesy of Dr. I-I. BAUER, National Institutes of Health, Bethesda, 

Maryland. 
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need to do its own standardization although the constants should not vary appreci- 
ably from the ones given in Table II. The constants are used to calculate the amounts 
of the imidazoles in biological material;. ., 

Pre$aration of biological material 
Tisszte. Rat muscle, liver, and brain is frozen and ground in a Wiley mill 

(40 gauge screen) at the temperature of liquid~nitrogen. The powdered material ob- 

tainecl is lyophylized, defatted by extraction with diethyl ether-absolute ethanol 
(3: I, v/v) for 24 h in a Soxhlet extractor. A picrfc acid extract of the dried material 
is prepared by the procedure of TALLAN et aLf2. 

Urine. Urine is refrigerated during the collection period. Phenol should not be 

added as a preservative 13. The aliquot of the 24 h specimen to be analyzed is filtered 

and 6 M HCl added until the pH is between 2.0 and 2.5. 
Plasma. Plasma is deproteinizecl and filtered by the method of STEIN AND 

M00R~l”. 

RESULTS AND DISCUSSION 

Standard soWioN 
Fig. 2 shows a typical chromatogram obtained with the stock solution diluted 

to a concentration of 0.250 pmoles. Imidazolepyruvic acid appears first, approxi- 
mately 3.5 h after the buffer gradient flow is started, and is eluted in a broad band. 
The peak is sharper, of course, as the concentration of the imidazole is increased. 

, *o L~-~l-‘-_.__-__‘-~-,---,I-, l----l 
t: --!I 

I 
i- 

0 I 2 3 4 5 6 7 8 9 
TIME IN HOURS 

I.07 __,-----___.~__‘_-- 

TIME IN HOURS 

Fig, 2. Chromatogram of the standard 
at a concentration of 0.250 /.4moles0 

solution containing g imiclazole compounds plus tyrosinc’ 

J. Chvomnlog,,, 22 '(rg6G) 3g.r-399 
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T.he other S imidazole compounds and tyrosine are eluted in the order shown in Fig. 2, 

and give sharp and definite peaks at a concentration of 0.250 pmoles. No overlap of 
compounds occurs. The precision of the chromatography and the constants obtained 
for the various imidazole compounds did not vary more than 4 yO over a range of 
concentrations (Table II). 

The two small peaks on the chrornatogram eluted at approximately 1.5 and 
S.5 h after initiation of the buffer gradient flow are unidentified, diazotizable material, 
and possibly are due to small amounts of impurities contained in one or more of the 
substances comprising the standard solution. 

Biological nzaterial 
Fig. 3 shows a chromatogram obtained with urine collected from a control 

male human subject ingesting an acl! libitz~~ diet. Imidazolelactic acid, the first 
diazotizable substance identified in the urine, was eluted approximately 5 h after 
initiation of the buffer gradient flow; carnosine, the last to be eluted, appeared ap- 
proximately 13 11 later. The imidazole compounds in the urine were eluted in the 
same order and position, relative to time of buffer gradient flow, as the synthetic 
imidazole compounds comprising the standard solution (Figs. 2 and 3). Each of the 
synthetic imidazole compounds added. separately to replicate samples of the urine 
was eluted in a single peak. No unidentified, diazotizable compounds could be detected 
in the eluate from the chromatographed urine in the time interval between the appear- 
ances of imidazolelactic acid and carnosine (Fig. 3). 

0.6 

0.4 

0 
I 2 3 4 5 6 7 0 9 

TIME IN HOURS 

L 
+ 0.6 - 
l- 
sz 0.4 - !z 
i# Y 

g 0.2- eg$g 
2s 

k 
0s 
ES 

0 O.l- z=j 
,p zz 

s 
01- I I 1 I 

IO II 12 I3 14 15 16 17 I8 IS 
TIME IN HOURS 

Fig. 3. Chromatogram of urine collcctccl from a control male human subject ingesting 
dibiturn diet. 
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Table III shows the amounts of specific diazotizable imidazole compounds 
present in a 24 h collection of human urine, in plasma from a fasting human subject, 
and in 3 tissues from the rat. The percentage recovery of the various synthetic imi- 
dazole compounds adcled at a concentration of 0250 pmoles to a replicate aliquot 
of the biological material, also is given. 

Seven diazotizable imidazole compounds were identified in urine from control 
human subjects. They ranged in amounts from 921.41 pmoles of histidine to less 
than 0.01 @moles of homocarnosine/24 h (Table III). Imidazolepyruvic acid was not 
detected in the control urines; however, it was present in large amounts in urine 
from a patient with histidinemia*, and was separated completely from the other 
diazotizable substances in the abnormal urine by the automatecl ion-exchange chro- 
matograpliic technique. 

Recoveries of known amounts of synthetic imidazole compounds added to 
human urine ranged from g3 to 102 yO (Table III), and are well within the accepted 
scope for biological fluids. Histicline is an exception; recovery of this compound 
from urine is low (So %). The cause is not known. 

Human plasma contained 4,53 pmoles of histidine/Ioo ml; a small amount of 
diazotizable material eluted at approximately 5,5 11 of buffer gradient flow was identi- 
fied as tyrosine. 

Rat muscle contained histidine and carnosine in calculable amounts. Rat brain 
contained histidine, homocarnosine and carnosine ; the 3 imidazoles are separated 
completely in a single extract of brain tissue by the ion-exchange chromatographic 
technique used. Rat liver contained histidine in calculable amounts. Within the 
working range (3.5 to Ig h of buffer gradient flow) of the method, no other diazoti- 
zable substances could be detected in amounts which could be quantitated. 

Recovery of added imidazole compounds to plasma and to the different rat 
tissues ranged from Sg to III Y. (Table III). 
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SUMMARY 

A quantitative, automated apparatus is described for the simultaneous deter- 
mination of a number of di.azotizable imidazole compounds in the same sample of 
biological material. Its use in the analysis of urine, plasma and extracts of body 
tissues is illustrated. In practice, the biological fluid or tissue extract is applied to an 
ion-exchange column and a buffer gradient of increasing pH and ionic strength is 
used to separate the various imidazole compounds, The resulting eluate automatically 
is made alkaline, diazotized, and the color produced is determined by continuous 
photometry. The results are plotted automatically on a recording microammeter. 

* Unpublished data. 

J. Chrontalog., 22 (x966) 391-399 
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Imidazolepyruvic acid, imidazolelactic acid, imidazoleacetic acid, urocanic acid, 
dihydrourocanic acid (imidazolepropionic acid), 4-amino+imiclazolecarboxamide, 
histidine,. homocarnosine and carnosine can be separated from each other with no 
overlapping. The values for each compound, using a solution composed of the pure 
compounds, can be integrated with a precision of IOO & 4 o/O ‘over a range of concen- 
trations. A complete analysis requires between IS to 20 h. 
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