
Chem. Anal. (Warsaw), 48, 621 (2003) SHORT COMMUNICATION

⊕ Dedicated to the memory of Professor M.S. Tsvett on the occasion of 100th anniversary of the disco-
very of chromatography

* Corresponding author. E-mail: baranows@polsl.gliwice.pl

Key words: plasminogen, tissue plasminogen activator, HPLC

HPLC Analysis of Plasminogen and Tissue
Plasminogen Activator⊕⊕⊕⊕⊕

by J. Baranowski1, M. Zydroñ2, I. Baranowska2* and A. Gliñska2

1 Silesian Centre of Heart Disease, Medical University of Katowice, Department of Pediatric
Cardiology, ul. Szpitalna 2, 41�800 Zabrze, Poland

2 Department of Analytical and General Chemistry, Silesian University of Technology,
ul. Strzody 7, 44�100 Gliwice, Poland

A chromatographic system for the simultaneous determination of plasminogen and tissue
plasminogen activator has been developed. Plasminogen and tissue plasminogen activator
could be determined qualitatively and quantitatively within 30 min applying HPLC
(C

18
 5 µm, 250 × 4 mm column) with DAD detector, and gradient elution with the mobile

phase comprising 0.1% trifluoroacetic acid (TFA) in water and 0.085% TFA in acetonitrile,
at the flow rate of 0.8 mL min-1 or 1.0 mL min-1. The following retention times for plasmi-
nogen and tissue plasminogen activator in human plasma were found: 23.31 min and 23.95
min, respectively.

Opracowano chromatograficzn¹ metodê jednoczesnego oznaczania plazminogenu i tkan-
kowego aktywatora plazminogenu (t-PA). Zastosowanie HPLC z detektorem DAD, kolumn¹
C18 (5 µm), 250 × 4 mm, gradientowym przep³ywem fazy ruchomej, bêd¹cej mieszanin¹
0.1% kwasu trifluorooctowego (TFA) w wodzie i 0.085% TFA w acetonitrylu, przy natê¿eniu
przep³ywu 0.8 mL min-1 lub 1.0 mL min-1, pozwala na jako�ciowe i ilo�ciowe oznaczenie
plazminogenu i t-PA w czasie 30 min. Czasy retencji plazminogenu i tkankowego aktywatora
plazminogenu w osoczu ludzkim wynosi³y odpowiednio: 23.31 min i 23.95 min.
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Plasminogen and tissue plasminogen activator (t-PA) are known to be blood co-
agulation indicators. They take part in the fibrinolysis process, which regulates clot
thawing and protects from thrombosis.

Clot formation is the result of a complex interaction between humoral coagula-
tion factors, platelets and fibrin. Coagulation inhibitors and the fibrinolytic system
should counter-balance coagulation and protect the organism from the widespread
clot formation. The application of fibrinolytic agents like streptokinase or t-PA to the
treatment of pulmonary embolism, coronary heart disease or sepsis significantly impro-
ved the recovery process. On the other hand, since unwanted bleeding is the most
worrisome potential adverse effect, a substantial number of unsuccessful treatments
was due to the lack of control over the fibrinolysis processs. By now most of the treat-
ment regimes have been based on the experimental dosage schemes. The need for the
accurate and reliable laboratory monitoring of fibrinolysis during the therapy of the
above-mentioned diseases is clearly recognised by doctors these days.

The improvement of the monitoring of fibrynolysis process is accessible to the
present-day clinical diagnostics and mostly concerns immunoenzymatic methods
[1�4].

Chromatographic methods have been applied either for the analysis of the struc-
ture and biochemical transformation of plasminogen [5,6] or tissue plasminogen acti-
vator [7�14].

The aim of this work was to design the chromatographic system for the simulta-
neous determination of plasminogen and t-PA, and to apply it for the real sample
(plasma) analysis. Such analysis allows one to monitor the concentration level of the
studied compounds as well as the transformation of plasminogen under the influence
of tissue plasminogen activator. In addition, the method can be advantageous in con-
trolling the therapeutic level of t-PA (clot thawing).

EXPERIMENTAL

HPLC

A Merck�Hitachi L4500A chromatograph was equipped with RP
18

, 5 µm, 250 × 4.6 mm column
(J.T. Baker Inc. Phillipsburg, NJ, USA) and diode-array detector (DAD) was used. Experimental data were
obtained from the computer integrator with 0.01-min accuracy for the retention time and 0.0001 for the
absorbance. 0.1% TFA aqueous solution and 0.085% TFA in acetonitrile were used as the components of the
mobile phase of the flow rates of 0.8 mL min-1 and 1 mL min-1 and the temperature 40°C.

0.1 mg mL-1 standard stock solutions of t-PA (Sigma�Aldrich) and plasminogen (Sigma�Aldrich) in
0.1% TFA were prepared. t-PA and plasminogen were loaded onto the chromatographic column in the amount
ranging between 0.05 to 5 µg. The spectrophotometric detection was performed at the wavelenght 226 nm.

The analysis of blank plasma samples and plasma samples spiked with the standards of plasminogen
and tissue plasminogen activator was carried out.
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RESULTS

At the first stage of the investigation the stability of standard solutions was stu-
died. 0.1 mg mL-1 standard solutions of plasminogen and t-PA in 0.1% TFA was
stored at +4°C and found to be stable for several weeks. Yet, when TFA was replaced
with pure water, the concentration of the studied compounds decreased within two
days probably owing to the precipitation, and the peaks of the respective decomposi-
tion products were not observed in the chromatogram.

Various chromatographic conditions (columns, mobile phases, gradient elution,
flow rates and temperatures) of the separation of plasminogen and t-PA were investi-
gated. The following optimum conditions for the chromatographic separation of the
analysed compounds were finally established: column � 250 × 4 mm, C

18
 (5 µm), mo-

bile phase � 0.1% trifluoroacetic acid (TFA) aqueous solution (TFA) (solvent A) and
0.085% TFA in acetonitrile (solvent B), linear gradient elution in the range from 0%
to 60% B, analysis time � 30 min, the mobile phase flow rate � 0.8 mL min-1 or 1.0 mL
min-1. The similar gradient elution for the determination of pure t-PA on microbore
C

18
 column was used by Mock [11].
The following retention times were found for plasminogen and t-PA at the flow

rate of 1 mL min-1 t
R
 = 25.61 and t

R
 = 26.22 min, respectively (Fig.1.), and at the flow

rate of 0.8 mL min-1 t
R
 = 26.84 min and t

R
 = 27.61, respectively (Fig.2.).

Figure 1. Chromatogram of  plasminogen (t
R
 = 25.61 min) and t-PA (t

R
 = 26.22 min). Experimental condi-

tions: RP18 column: 5 µm, flow rate: 1 mL min-1
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Figure 2. Chromatogram of  plasminogen (t
R
 = 26.84 min) and t-PA (t

R
 = 27.61 min). Experimental condi-

tions: RP
18

 column: 5 µm, flow rate: 0.8 mL min-1.

The equations of the calibration plots of the standard solutions obtained with the
Merck�Hitachi HPLC software were as follows: y = 13.57(±0.41)x + 0.94 (±0.82),
R = 0.9980 for plasminogen, and y = 13.77(±0.31)x + 0.43 (±0.38), R = 0.9982 for
t-PA. According to the calibration plots for standards the mass ranged between
0.15�4.00 µg for plasminogen and 0.08�1.50 µg for t-PA. The detection and quanti-
tation limits (LOD and LOQ) were respectively 0.10 µg and 0.13 µg for plasminogen,
and 0.05 µg and 0.07 µg for t-PA. Next, the analysis of blank plasma samples and pla-
sma samples spiked with plasminogen and t-PA standards was performed and the
following retention times were found for the latter at the flow rate of 1 mL min-1:
t
R
 = 23.31 min for plasminogen, and t

R
 = 23.95 min for t-PA. Figure 3 exemplifies the

chromatogram of the plasma sample spiked with standards. The analysis of plasmino-
gen and t-PA in plasma was performed at their concentration exceeding the physiolo-
gical levels due to the matrix interferences. Thus, at the present stage of research, one
may investigate plasminogen transformation in the presence of t-PA, or monitor high
levels of t-PA in cardiological therapy. The LOD and LOQ values in plasma were res-
pectively: 42.35 µg and 51.25 µg for plasminogen, and 24.45 µg and 35.25 µg for
t-PA. In order to apply the system to the blood analysis for diagnosis and therapy, fur-
ther research concerning analyte enrichment and plasma matrix removal will be car-
ried out.
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Figure 3. Chromatogram of plasma sample spiked with plasminogen (1: tR = 23.31 min) and t-PA
(2: tR = 23.95 min). Gradient elution at the flow rate of 1 mL min-1
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