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A DIRECT INJECTION PROCEDURE 
FOR THE DETERMINATION OF 

PROLINE IN UNEXTRACTED 
URINE W I T H  MICELLAR 

PHASES CONTAINING 
COPPER IONS 

HYDRO-ORGANIC MOBILE 

I B R A H I M  Z. ATAMNA', G A R Y  M. M U S C H I K  
A N D  H A L E E M  J. I S S A Q  
Program Resources, Inc. 

P.O. Box B 
Frederick, Maryland 21701 

NCI-FCRF 

ABSTRACT 

The direct injection of untreated urine and subsequent analysis by HPLC of 
proline was possible by using a micellar mobile phase modified with 8 1  
1-propanol and a C 1 8  reversed phase column. 
SDS, O . O l M  acetate buffer and 0.001M Cu (11) ions. In situ detection of 
proline at 235nm was facilitated by the formation of a proline-copper complex. 
The analysis of other amino acids by this method is demonstrated. 

The mobile phase contained O.O3M 

INTRODUCTION 

The separation and quantification of amino acids (AAs) have been studied 

for many years by different analytical procedures. Tradltlonally. the 

determination of AAs was performed by amino acid analyzers which are based on 

ion exchange mechanisms followed by post-column derivatization. TLC ( l ) ,  GC 

*Author to whom correspondence should be addressed. 
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1086 ATAMNA, MUSCHIK, A N D  ISSAQ 

(2) and more recently CZE (3) were also used. HPLC methods require prercolumn 

fluoresence derivatization for detection. The above techniques require sample 

cleanup or extraction before derivatization or injection. 

Recently Crushka et a1 (4) described a new approach to the separation of 

free amino acids using HPLC. In this approach the analysis of AAs was 

accomplished by incsitu formation of their copper charge transfer complexes, 

which have maximum UV absorption at 235 MI with a molar absorptivity of 

approximately 6000. 

For routine analysis of biological fluids, conventional HPLC methods 

have drawbacks such as lengthy analysis time and tedious sample preparation. 

They generally require extraction of the compound of interest from the complex 

matrix. These steps considerably increase the possibility of error due to 

either incmplete extraction or incomplete matrix (protein, lipid. etc. 

precipitation which may lead to column clogging. 

researchers (5-8) have used different micelles above their critical micelle 

concentration (CMC). Their powerful solubilizing properties allow direct 

injection of serum and urine onto the chromatographic column without Column 

clogging or pressure build-up. 

To overcome these problems 

It would be advantageous to be able to apply concurrently the use of 

micelles and copper ions for the direct injection and UV detection of proline 

and other amino acids in urine specimens. This study deals with the 

development and application of such a procedure. Also, the effect of 

1-propanol content in the mobile phase on the column efficiency was examined. 

EXPERIMENTAL 

Materials 

The acetate buffer was freshly prepared in the laboratory using an 

analytical grade sodium acetate (Fisher Scientific Company, NJ) and glacial 
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acet ic  a c i d  (J. T. Baker Chemical Company, NJ). The pH was monitored us ing  a 

Fisher S c i e n t i f i c  pH meter. Ana ly t i ca l  grade cup r i c  ace ta te  was obtained from 

Fisher S c i e n t i f i c  Company. A l l  the amino ac id  standards were purchased from 

Sigma Chemical Company. The column used was an RPrl8, 5 )r spher i ca l  250 x 4.6 

mm (Phenominex, C A I .  

Instrumentat ion 

A Hewlett-Packard l i q u i d  chromatograph (Model 1090M) equipped w i t h  a 

photodiode array detector,  an autosampler, a computing c o n t r o l  system (Chem. 

Sta t ion)  and an oven was used i n  t h i s  study. 

RESULTS AND DISCUSSION 

I n  our work, there  was a need t o  develop a simple, f a s t  and q u a n t i t a t i v e  

assay f o r  p r o l i n e  i n  ur ine.  Since approximately 2000 specimens w i l l  be 

analyzed, the procedure should p re fe rab ly  have minimum sample hand l ing  

(ex t rac t i on ,  cleanup, de r i va t l za t i on ,  etc.). L i t e r a t u r e  surveys showed tha t  

most of the procedures used are  t ime consuming. However, Crushka e t  a1 (4) 

were able t o  detect ,  by UV, f r e e  amino acids by forming t h e i r  copper Complexes 

i n -s i t u .  Add i t iona l l y .  C l ine  Love e t  a1 (7) were ab le  t o  d i r e c t l y  i n j e c t  

serum and u r ine  samples for  drug mon i to r ing  by HPLC by us ing  m i c e l l a r  mobi le 

phases. 

I n  t h i s  study, i t  was bel ieved t h a t  the combination o f  m i c e l l a r  mobi le 

phases and i n - s i t u  copper complexatlon of p r o l i n e  might lead  t o  a f a s t  and 

simple quan t i t a t i ve  procedure which is aminable t o  the  ana lys is  of a la rge  

number of samples and may be automated. 

The m lce l l e  se lec ted  was 0.03 M sodium dodecyl s u l f a t e  (SDS). A 0.01 M 

acetate bu f fe r  of pH 5.3-5.6 was used as the  mobi le phase mod i f ied  w i t h  

1-propanol (81 v/v).  The advantages o f  t h i s  mobi le phase were descr ibed 

e a r l i e r  (4,6). 
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1 2 3 4 5 

Time (min) 

Figure 1 Chromatogram of standard prolin (2 x lon3 MI. The 0.01 M acetate 
buffer (ph - 5.3) contained 10”’ M Cu (11) ions and 0.03 M sodium 
dodecyl sulfate (SDS) and 8% (v/v) 1-propanol. The temperature 
was 40°C, flow-rate - 1.5 ml/min. 

Figure 1 is a chromatogram of a 10 ul injection of standard proline (2 x 

M ) .  The peaks at approximately 3.4 and 4.3 min. are those of copper and 

the proline complex, respectively. This shows that the procedure developed 

meets the required objective of a fast analysis time for proline. The next 

step was to see if this method applies to the analysis of proline in urine 

samples. Figure 2 shows a chromatogram of the urine sample. The peaks 

elutiny before 2.5 minutes are those of proteins in urine. Expansion of the 

peaks elutiny after 3.5 min. (Figure 3) shows the presence of several peaks. 

The proline peak, which is separated from the other peaks, was 

identified by spiking the urine sample with proline standard. 

of proline was carried out by measuring the area under the peak. A 

calibration curve of proline standards is shown in figure 4. A linear 

relationship was observed in the range of 10-300 mglliter. The minimum 

detection limit was 10 pg/ml. This detectable quantity, although satisfactory 

for our experimental needs, is not as sensitive as published procedures. 

Quantification 
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Figure 2 A chromatogram of 10 ~1 urine sample, chromatographic conditions 
as in Figure 1 .  

4 5 6 7 8 
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Figure 3 An expanded part of the chromatogram i n  Figure 2 to  observe the 
amino acids of interest. 
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Figure 4 A calibration curve for standard proline, chromatographic 
conditions as in Figure 1. The calculated area is in arbitrary 
units. 

Figure 5 shows a chromatogram of another urine specimen. It is clear 

that this procedure meets the objectives stated previously. Figures 3 and 5 

showed the presence of peaks other than proline. It was of interest to 

determine if these peaks were amino acids present in urine. Figure 6 is a 

chromatogram of a standard mixture of A A  that eluted within the time range of 

the peaks observed in Figure 5. While some amino acids eluted early, close to 

the dead volume; others eliited after 30 min. (see Table 1). Comparison of 

figures 5 and 6 indicate the presence of glutamine, thrionine and tyrosine in 

the urine sample. It is posaible, that A A s  other than proline can be 

quantified by this procedure. 

Effect of Propanol Content on Column Efficiencr 

Recent studies ( 9 , l O )  have demonstrated that the chromatographic 

efficiency of micelle containing systems could be increased to comparable 

efficiencies seen in traditional columns by adding small amounts of alcohol 

(MeOH, 1-PrOH) and operating at elevated temperatures (4OoC). It is presumed 

that the stationary phase was not wetted in the absence of alcohol, resulting 
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Figure 5 A chromatogram of another urine sample. Chromatographic 
conditions as in Figure 1 .  

Time (min) 

Figure 6 A chromatogram of amino acids standard mixture. Chromatographic 
conditions as in Figure 1 .  
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Amino acid 

Aspartic acid 
Clutamic acid 
Alanine 
Proline 
Glut amine 
Thrionine 
Val ine 
Tyrosine 
Methalonine 
Leucine 

Arginlne 
Histidine 
Lysine 
Cysteine 
Tryptophan 
Phenylanine 

ATAMNA, MUSCHIK, A N D  ISSAQ 

TABLE 1 

Elution times of amino acids using the 
present system 

I 1-propanol (v/v) 

2 

4 

8 

10 

elution time (min.) 

2.82 
3.0 
3.2 
4.3 
4.8 
6.0 
6.9 
7.7 
9.6 
14.3 

greater than 
30 minutes 

TABLE 2 

Effect of I lrpropanol in the 
mobile phase on efficiency 

N(meter-' ) 

6980 

6800 

7560 

8600 
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PROLINE IN UNEXTRACTED URINE 1093 

in slow mass transfer. In our study i t  das of interest to examlne the effect 

of 1-propanol (2-105) on column efficiency. It is important to mention here 

that 10% 1-propanol cannot be exceeded because of the possibility of 

precipitation of proteins from urine samples. 

Table 2 shows the number of theoretical plates for the proline peaks at 

4OoC and different percentages of 1-propanol. Although there was an increase 

in efficiency with the increase of propanol in the mobile phase from 25 to 

lo%,  this increase is not as large as expected with conventional HPLC columns. 

However, increasing the amount of 1-propanol leads to longer column life. 

CONCLUSIONS 

This method of direct injection of untreated urine and In-situ 

complexation of the AA with copper ions for direct UV detection is a promising 

procedure for selective A A  quantification. 

quantification of prollne and other amino acids that are present In relatively 

large quantities (ppm) compared to other HPLC procedures where fluorescence is 

the mode of detection. 

The present study is useful for 
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