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A simple, reliable and highly sensitive procedure was devised for measuring the levels of Amicar in blood and urine. 
100 p L  of serum or urine sample was added to 10 p L  of a 10% w/v zinc sulfate solution and 100 p L  of methanol, 
as previously described (Lam et al., 1980) for the removal of proteins by precipitation. 50 pL of the supernatant 
was then mixed with 300 p L  of 1 n4 borate buffer containing D-valine as the internal standard before derivatization 
with o-phthalaldehyde. The amino acids were then separated by a stereoselective reversed-phase system using a 
mobile phase containing 10% of acetonitrile in 2.5 mM Cu(lI) complexes of L-proline. The chromatography is 
highly selective, resolving Amicar from L-valine which in turn is resolved from its unnatural D-antipode, the internal 
standard. The procedure including sample preparation and separation required a total of 15 min. As little as 
50 ng/mL of Amicar in body fluids could be detected as the o-phthalaldehyde derivative by fluorescence. 

INTRODUCTION EXPERIMENTAL 

Amicar, E-aminocaproic acid, an effective inhibitor of 
fibrinolysis (Ablondi et al., 1959; Alkjaersig et af., 1959), 
is commonly prescribed for the treatment of excessive 
bleeding resulting from systemic hyperfibrinolysis and 
urinary fibrinolysis. Amicar may be administered by 
oral ingestion or by intravenous injection. When 
administered orally, Amicar is rapidly absorbed into the 
circulation. In the body, a major portion of Amicar is 
unmetabolized, and excreted in the urine. The renal 
clearance of Amicar is high, approximating 75% the 
clearance of creatinine. Since a steady state plasma 
Amicar level of 130pg/mL is required to effect the 
inhibition of fibrinolysis at the target tissue, Amicar 
levels in blood must be closely monitored. In patients 
with urinary tract bleeding, Amicar administration has 
been known to cause intra-renal obstruction in the form 
of glomerular capillary thrombosis, or clots in the renal 
pelvis and ureters. Assay of unmetabolized Amicar 
in urine would therefore reflect the renal status, and 
help prevention of serious kidney and urinary tract 
complications. 

Methods for the quantitation of Amicar by gas 
chromatography (Keucher et al., 1976) and HPLC 
(Adams, et al., 1977) have been reported. Both these 
procedures, requiring extraction, evaporation and 
derivatization, are time consuming and labor intensive. 
This report gives a simplified procedure, applicable to 
serum, plasma and urine specimens, for the reliable 
assay of Amicar. The improved assay encompasses pre- 
cipitation of the proteins in these body fluids, and pre- 
column derivatization of the drug in the supernatant 
with o-phthalaldehyde (OPA) before reversed phase 
chromatography. 

Reagents. Acetonitrile distilled in glass was bought from 
Burdick and Jackson Labs. (Muskegon, MI, USA); and o-  
phthalaldehyde (OPA), N-acetyl-L-cysteine (NAC) and 
amino acids from Sigma (St. Louis, MO, USA). 

Equipment. Amicar was separated on a Nucleosil 5-CIX column, 
0.42 cm diameter x 15.0 cm long, with a mobile phase contain- 
ing 10% of acetonitrile in a buffer consisting of 5 mM L-proline, 
2.5 mM CuSO, and 10g ammonium acetate. The mobile phase 
was delivered to the column at 2 rnL/rnin with a LDC Con- 
stametric model I11 pump (Riviera Beach, F1, USA). Samples 
were injected by a 7120 syringe-loading Rheodyne injector. 
The OPA derivative of Amicar was monitored with a Fluoro-tec 
filter fluorometer (American Research Products, Kensington, 
MD, USA). The detector signals were output to the Model 
4416 data station by Nelson Analytical (Cupertino, CA, USA) 
and a linear strip-chart recorder. 

Preparation of reagents and standards. Standards were prepared 
by  adding Amicar to  serum to give concentrations of 50, 100 
and 250 pg/mL. The internal standard solution was prepared 
by adding 500 p L  of a D,L-valine stock solution ( 1  .0 mg/mL) 
to 20 mL of 1 M borate buffer, pH 9.8. Standards were pro- 
cessed and analyzed the same way as the specimens. The 
derivatization reagent was prepared by dissolving 20 mg of 
OPA, 24 mg of N-acetyl-L-cysteine in 6 mL of 50% methanol 
in water. 

Amicar derivatization. An aliquot of 10 pL of 10% w/v zinc 
sulfate solution was added to 100 p L  of plasma or urine 
specimen, or Amicar calibration standard in a 10 x 75 mm tube. 
The content of the tube turned cloudy upon mixing. Then, 
100 pL of methanol was added followed by vortexing. After 
centrifugation for 1 min, a clear supernatant was obtained. 
Derivatization was facilitated by mixing 50 p L  of supernatant, 
300 p L  of internal standard buffer and 50 p L  of OPA reagent 
in a reaction vial. The reaction was completed in 1 min, and 
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50 )LL aliquots of the reaction mixture were injected into the 
HPLC column. 

RESULTS AND DISCUSSION 

E-Aminocaproic acid, a nonprotein amino acid, is similar 
to the natural amino acids in chromatographic proper- 
ties. Like that of the natural amino acids, Amicar does 
not possess a chromophore for rendering it readily 
detectable by UV. However, it can be nonspecifically 
detected in the short UV at 210nm, with moderate 
sensitivity. Amicar must be modified by one of the many 
derivatization techniques common for the natural amino 
acids to rendering it detectable by fluorescence with high 
sensitivity. A procedure for the determination of E- 

aminocaproic acid by derivatization with dansyl chloride 
for reversed-phase chromatography with fluorescence 
detection has been reported (Adams et al., 1977). 

It is well known that primary amines react 
stoichiometrically with OPA in an  alkaline medium in 
the presence of a thiol. The thiol adds rapidly to OPA, 
forming an  intermediate that is subsequently attached 
by the primary amine. The reaction is fast, going to 
completion in less than 1 min, with virtually no  detect- 
able by-products. The derivative is highly fluorescent 
while the reagents are not, thus offering excellent detec- 
tion sensitivity. Post column derivatization with OPA 
has become a favorite method for detecting amino acids 
emerging from HPLC columns (Cronin and  Hare, 1977). 
OPA has also been used as a pre-column derivatization 
agent for the analysis of amino acids by reversed-phase 
chromatography (Umagat et al., 1982). A variety of thiols 
can form adducts with OPA (Simons, et al., 1978). The 
most commonly used thiol for OPA derivatization reac- 
tion is mercaptoethanol. Asward (1984), has substituted 
N-acetyl-L-cysteine (NAC) for mercaptoethanol in the 
OPA reaction. When reacted in this manner, the resulting 
amino acid derivative of OPA transformed from an  
enantiomer to a diastereoisomer. The D and  L optical 
isomers are thus resolvable as the diastereomeric deriva- 
tives of OPA-NAC by HPLC. 

The advantage of using OPA-NAC for pre-column 
derivatization of Amicar is its simplicity. Sample prepar- 
ation involved only simple and quick precipitation of 
the proteins from serum, plasma or  urine. The resulting 
supernatant can be directly transferred, without evapor- 
ation and concentration, into a clean tube or  an  injection 
vial, in which the drug can be derivatized with OPA- 
NAC and injected into the chromatograph. The pro- 
cedure is highly sensitive. Although the samples were 
diluted in the protein precipitation step, a highly fluores- 
cent signal was recorded with the drug in 50 p L  of the 
supernatant. The procedure is applicable to the measure- 
ment of Amicar in both urine and  plasma specimens 
without modification. The chromatograms of a serum 
standard (Fig. l ) ,  and  the plasma (Fig. 2) and  urine 
(Fig. 3 )  specimens from a patient are shown. High con- 
centration of Amicar found in the patient urine testified 
a functional renal system (Fig. 3). 

Besides being easy and  simple, high specificity of the 
present chromatographic procedure is an additional 
advantage. The OPA-NAC derivatization technique was 
originally developed with specificity for the resolution 
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Figure 1. Chromatogram of Amicar (250pg/mL) in a serum 
standard. Column; 0.42 X 15.0 cm with Nucleosil 5-C,,. Mobile 
phase, 10% acetonitrile in a buffer containing 5 mM L-proline, 2.5 mM 
CuSO, and 10 g ammonium acetate. Flow rate, 2 mL/min. 

Figure 2. Chromatogram of Amicar ( 1 5  pg/mL) in the plasma of a 
patient. Conditions as in Fig. 1. 

Figure 3. Chromatogram of Amicar (188 Fg/mL) in the urine of the 
same patient shown in Fig. 2. 

of D- and  L-optical isomers of amino acids (Lam, 1986). 
The capacity ratio ( k ' )  of the L-amino acid derivatives 
are shown (Table 1). Both Amicar with a k' of 7.5 and 
r>-valine with a k' of 14.0 are resolved from the physio- 
logical amino acids. 

Though added to the internal standard solution in a 
fixed amount, L-valine, the signals of which fluctuate 
between individual patient samples and  also in different 
sample matrixes as shown in the chromatograms, is 
inappropriate for use as an internal standard. The D- 
valine peak in these chromatograms remains more or 
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C O L U M N  DERIVATIZATION A N D  HPLC ASSAY OF AMICAR 

Table 1. Capacity ratio k' of natural amino acids derivatized 
with o-phthalaldehyde in the presence of N-acetyl-L- 
cysteine 

Amino acid 

Aspa 
Glu" 
Sera 
Asn" 
Thra 
Lysb 
Citb 
Alab 

k '  

1.9 
5.8 
17.8 
22.4 
48.6 
8.2 
8.6 
11.5 

Amino acid 

Tyr" 
ValC 
Met" 
Nval' 
Etho" 
Try" 
Phe" 
Leu" 

k '  

6.2 
9.0 
16.3 
17.2 
37.2 
39.9 
43.0 
48.4 

Argb 17.0 Nleu' 48.6 

Mobile phase, 2.5 mM Cu(ll)-L-proline with *no acetronitrile, b5% 
acetonitrile, and clO% acetonitrile 

10.00 20.00 

Figure 4. Overlay chrornatograrns of Amicar and o-valine, showing 
consistent proportions of Amicar to  D-valine in six repeated 
analyses. 

less constant relative to L-valine. The peak height or 
area ratio of Amicar to D-valine is then used for quantify- 
ing the analyte. 

The derivatization reaction and the chromatographic 
assay of Amicar is highly reproducible. Although the 
absolute peak height and area differ slightly from ana- 
lyses probably because of limited stability of the OPA 
derivative over prolonged time; the peak height or area 
ratio of Amicar to D-valine is highly reproducible (Fig. 
4). The coefficient of variance of six repeated analysis 
of a solution containing 10 pg/mL each of Amicar and 
D-valine gave a coefficient of variance of 0.8%. Repeated 

analysis of a patient sample containing 77 pg/mL the 
following day gave 78 pg/mL Amicar. 

In summary, a highly sensitive and specific HPLC 
assay was developed for Amicar using D-valine as the 
internal standard. The primary amines were derivatized 
with the OPA-NAC reagent before chromatographed on 
a reversed-phase column. The procedure, which is 
straight-forward and robust although designed for 
Amicar, can be readily adopted and applied to other 
chiral or achiral pharmaceuticals containing a primary 
amino function. 
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