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ABSTRACT 

A method for the routine determination of platelet-produced thromboxane B, (TXB,) from human serum is presented. To induce the 

secretion of thromboxane A, from the platelets, blood is kept at 37°C for 30 min before serum is separated. Serum is prepurified 

through small reversed-phase columns and TXB, is analysed by reversed-phase high-performance liquid chromatography. A column- 

switching technique is used to remove the interfering compounds present in serum. The detection limit with standard solution is 30 ng 

per injection. The method was applied to the measurement of platelet-produced TXB, serum from 1040 men. The mean TXB, was 247 

f 134 ng/ml in the serum of men who had not used prostaglandin inhibitors, and 208 f 123 ng/ml in the serum of men who had used a 

prostaglandin inhibitor during a two-week period before blood sampling. 

INTRODUCTION 

Thromboxane B2 (TXB2) is a hydrolysis prod- 
uct of thromboxane AZ (TXAz), which acts as a 
potent vasoconstrictor and platelet activator. 
TXAz is an oxygenated metabolite of arachidon- 
ic acid and is mainly formed by platelets upon 
stimulation. It is quickly hydrolysed (tl,~ = 30 s) 
to the more stable but inactive TXBz [l]. Mea- 
surement of TXBz from serum or blood has 
proved to be a useful index of platelet TXAz gen- 
eration. Serum TXBz levels are usually very low 
(10-370 pg/ml) [2,3], and highly sensitive detec- 
tion methods are required for the measurement 
of normal serum TXBz levels. Moreover, varia- 
tions in blood sampling techniques and handling 
of the sample after blood drawing influence the 
release of thromboxanes from the platelets [3]. 
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These difficulties can be avoided by measuring 
serum TXBz levels after incubation of blood at 
37°C for 30 min, during which time platelets be- 
come activated [4] and release TXA2. Serum 
TXBz levels after incubation indicate the capac- 
ity of the platelets to release thromboxanes and 
thus may indicate the capacity of platelets for the 
biosynthesis of TXAz. This may be useful in 
studies of human diseases with elevated platelet 
activation, e.g. the pathogenesis of atherosclero- 
sis [5], asthma [3] or diabetes mellitus [6]. 

Immunological methods for the determination 
of TXBz are widely used. Serum or plasma TXBz 
has been measured by radioimmunological meth- 
ods [3,7]. Urinary TXB? as well as 2,3-dinor- 
thromboxane Bz has been prepurified by high- 
performance liquid chromatography (HPLC) 
and measured by radioimmunoassay [8]. Recent- 
ly, enzyme immunoassays [9] and chemilumines- 
cent immunoassays [lo] have been developed for 
thromboxane determinations, but all these im- 
munological methods are quite costly for routine 
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work in population studies. Also, immunological 
reactions are more or less subject to cross-reac- 
tions that diminish accuracy and specificity. 

Gas chromatographic-mass spectrometric 
(GC-MS) methods for the determination of 
TXB2, 2,3-dinor-thromboxane Bz and 1 l-dehy- 
drothromboxane BZ have been described [l l-161. 
GC-MS is sensitive and precise, but the methods 
need trained personnel and the equipment is very 
expensive. Thus the HPLC methods may be pre- 
ferred as liquid chromatographic pumps and flu- 
orescent or UV absorbance detectors nowadays 
are common devices in biochemical laboratories. 

Fluorescence labelling of TXBz before the 
HPLC separation increases the sensitivity of the 
detection. Watkins and Peterson [17] used p-(9- 
anthroyloxy)phenacyl bromide (panacyl bro- 
mide) as a derivatizing reagent for TXB2. The 
detection limit was 50 pg per injection using a 
fluorescence detector. However, in that method 
removal of the excess of non-reacted panacyl 
bromide was necessary before the HPLC separa- 
tion, because in the reversed-phase mode reten- 
tion times of eicosanoids were the same as that of 
the derivatizing reagent [ 181. This required an ad- 
ditional step in sample prepurification. Bromo- 
methyl-7-acetoxycoumarin has been described as 
a fluorescence labelling reagent for prostaglan- 
dins in human seminal fluid [ 191. However, TXBz 
could not be detected with that method. Anthryl- 
diazomethane (ADAM) labelling has been used 
for the determination of TXBz from stimulated 
platelets [20] and from plasma of bronchial asth- 
ma patients [2]. The detection limit was about 
100 pg per injection for TXBz [2,20]. 

UV detection coupled with HPLC is rarely 
used for the measurement of thromboxanes from 
biological fluids. Terragno et al. [21] developed a 
method based on reversed-phase separation and 
UV detection, but they used it only for standard 
preparations. The detection limit was 30 ng. In a 
biological matrix there are many interfering com- 
pounds that elute together with the analyte in 
most reversed-phase systems [2,19] and are diffi- 
cult to remove. 

In this paper we describe a method for TXBz 
determination from human serum by HPLC with 
a column-switching technique and UV detection. 

EXPERIMENTAL 

Reagents 
TXBz standard (Sigma, St. Louis, MO, USA) 

was prepared at a concentration of 1000 ng/ml in 
0.1 mol/l potassium phosphate buffer, pH 6.8. 
KzHP04.3HzO and KHzP04 came from Merck 
(Darmstadt, Germany). Absolute ethanol was 
obtained from Oy Alko (Helsinki, Finland). 
Light petroleum (60-80%) and citric acid were of 
analytical grade from BDH (Poole, UK). Methyl 
formate was obtained from Fluka (Buchs, Swit- 
zerland) and acetonitrile of HPLC grade from 
Rathburn (Walkerburn, UK). 

Subjects 
The subjects were from the Kuopio Ischemic 

Heart Disease Risk Factor Study (KIHD) [22]. 
According to the study protocol the subjects were 
eastern Finnish men (aged from 42 to 60 years). 
They were asked to fast for 12 h before sampling. 
The patients were asked if they had used anti- 
inflammatory analgesics or any other prostaglan- 
din generation inhibitors in the two weeks pre- 
ceding blood sampling. Previous history of any 
ischaemic heart disease was checked. 

Sample preparation 
Blood was drawn from subjects after they had 

rested in a supine position for a half an hour. No 
tourniquet was used. Venous blood was collected 
into a vacuum tube (VT-OSOPZ, Terumo, Tokyo, 
Japan). The first 2 ml of blood were discarded. 
For the processing of platelet-produced TXBz 
the blood was allowed to clot on a water bath at 
37°C for 30 min. After centrifugation at 500 g for 
15 min serum was separated and frozen at - 20°C 
until assayed. 

Serum TXB2 was extracted by the use of small 
Cl8 cartridges (Sep-Pak, Waters, Milford, MA, 
USA). Absolute ethanol (3.0 ml) was added to 
serum (1 .O ml). The mixture was centrifuged at 
1000 g for 10 min and the supernatant was quan- 
titatively decanted. To the supematant 16.0 ml of 
0.1 mol/l citric acid, pH 3.0 with 0.1 M sodium 
hydroxide, were added to acidify the mixture and 
to obtain a final concentration of 15% ethanol. 
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The Sep-Pak cartridges were prewashed with 8 
ml of ethanol and water. The mixture was passed 
through a Cls Sep-Pak by means of a vacuum 
pump. The cartridge was washed with 20 ml of 
15% ethanol, followed by 20 ml of light petro- 
leum and then TXBz was eluted with 10 ml of 
methyl formate [23]. Methyl formate was evap- 
orated rapidly under a stream of nitrogen and the 
remainder was dissolved in 0.6 ml of 0.1 mol/l 
potassium phosphate buffer, pH 6.8, and stored 
at - 20°C until assayed. Sep-Pak cartridges were 
regenerated with methyl formate (10 ml) and 
80% ethanol (20 ml). The same cartridges were 
used three times. 

One standard preparation (1000 ng/ml) was 
extracted in each batch of samples to confirm the 
recovery of TXB2. 

HPLC system 
The HPLC system involved two phases and it 

was an application of a column-switching tech- 
nique (Fig. 1). The first phase of the system con- 
sisted of a Kontron 420 HPLC pump (Zurich, 
Switzerland), a Kontron 425 HPLC gradient for- 
mer, a Beckman 507 autosampler (Beckman, In- 
struments, San Ramon, CA, USA) and a 7-pm 
Brownlee RP-18 column (15 mm x 3.2 mm I.D.) 
(Applied Biosystems, San Jose, CA, USA). The 

-I COWTR. 

Fig. 1. HPLC system with a column-switching technique for 

TXB, analysis. El, E2 and E3 = eluents I,2 and 3; Pl and P2 = 

pumps 1 and 2; V = valve combining the two phases of the 

system; CONTR. = pump 1 controller; AUTOSAMPL. = au- 

tosampler; FC = first column; ANAL. C = analytical column: 

ANAL. INTERF. = analog interface; PC = personal comput- 

er; DET. = UV detector. 

second phase consisted of another Kontron 420 
HPLC pump, a Rheodyne Model 7010 sample 
injection valve (Rheodyne, Cotati, CA, USA), a 
j-pm Brownlee Spheri-5 RP-18 (100 mm x 4.6 
mm I.D.) analytical column and a Kontron 
HPLC UV detector. The wavelength was adjust- 
ed to 208 nm. 

An IBM personal computer with an 80386 
processor and Beckman System Gold software 
was used to control the Beckman autosampler 
and Rheodyne injection valve via a Beckman 
Analog Interface Module 406, and to collect and 
analyse data from the detector (Fig. 1). TXBz 
was quantified by comparing the peak heights of 
the unknown samples with the height of the 
known standard. 

In the first phase the sample (200 ~1) was in- 
jected into the first column with an eluent com- 
posed of 10% (v/v) acetonitrile and 90% 0.1 
mol/l potassium phosphate buffer, pH 6.8 (eluent 
1). After 5 min the sample was eluted from the 
first column with 25% acetonitrile in phosphate 
buffer (eluent 2) into the analytical column. Be- 
tween each sample the first column was washed 
with 75% (v/v) acetonitrile in phosphate buffer, 
pH 6.8 (eluent 3) for 30 min to remove serum 
impurities with long retention times. 

Platelet counting 
Platelets were counted from EDTA-blood in 3 

h following sampling (Thrombocounter C, Coul- 
ter Electronics, Luton, UK). 

RESULTS AND DISCUSSION 

The recovery of TXBz was tested by analysing 
a standard solution both without extraction and 
after extraction through Sep-Pak cartridges. The 
recovery was 80 f 6% (mean f S.D., n = 10). 
The analytical recovery was measured by adding 
625 ng and 3 12 ng of TXBz to 1 .O ml of serum. 
The analytical recoveries (mean f S.D., n = 3) 
were 108 f 12 and 112 f 4%, respectively. The 
detection limit with the standard solution was 
about 30 ng per injection at a signal-to-noise ra- 
tio of 3. 

The between-batch coefficient of variation was 
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Fig. 2. Typical chromatograms of (A) the standard solution and (B) a serum sample after activation of platelets at 37’C for 30 min. Two 

peaks at the retention times of 6-7 min are from eluent 1, occurring when the running eluent is abruptly changed to eluent 2 by column 

switching. Flow-rate was 1.0 ml/min. The other conditions are described in the text. 

11.7% (n = 9) for a serum sample with a TXB2 
level of 234 n&ml. We have found that serum can 
be stored for at least four months at - 20°C with- 
out any changes in TXBz concentration. 

A typical chromatogram is shown in Fig. 2. 
TXB2 is eluted at 7.7 min. The whole run time for 
one sample is 45 min, including washing and re- 
generation of the first column. Our HPLC system 
is fully automated, and the sample pretreatment 

process is rapid and the procedure does not re- 
quire any derivatizing reagent. Interfering com- 
pounds that elute with the same retention time as 
TXBz and disturb the chromatogram have previ- 
ously been removed by a gel permeation column 
[2] or by an additional purification procedure 
with a silica gel column [ 181. In our HPLC system 
interfering compounds are simply removed by 
column switching. TXB;? is retained by the first 
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column, in which it concentrates, but most of the 
interfering substances in the UV detector are 
eluted through the column to waste. TXBz is 
eluted with a less polar eluent to the analytical 
column. 

We analysed several samples without heat acti- 
vation of blood. TXBz was undetectable and no 
significant peak eluted with the same retention 
time (data not shown). Heat activation of plate- 
lets leads to increased levels of TXBz but does 
not increase other prostaglandins, e.g. prosta- 
glandin Fza, which might interfere in reversed- 
phase mode [ 17,20,2 11. 

Acetal formation of TXB2 during the serum 
prepurification process often leads to peak 
broadening in reversed-phase systems, which 
probably represents an equilibrium condition be- 
tween the two forms of TXBz [17,20]. This nat- 
urally reduces the sensitivity of the method. In 
our method peak broadening is minimal (Fig. 1) 
and sensitivity is good enough to detect normal 
levels of serum TXB2 after platelet activation. 

We measured serum TXBz from 1040 Finnish 
men (aged from 42 to 61 years) after platelet acti- 
vation at 37°C. The mean TXBz level was 241 f 
133 ng/ml (Table I), which is in agreement with 
the levels reported by Patron0 et al. [24] (274 % 
52 ng/ml, n = 4) after 1 h blood clotting. Because 
TXB2 is released from platelets and thus depends 
on the platelet count in blood, we calculated the 
ratio of TXB2 to the platelet count. TXB2 was 97 

TABLE I 

TXB, LEVELS IN SERUM OF 1040 FINNISH MEN, MEA- 

SURED BY HPLC 

n TXB, TXB, per 100 

(mean f S.D.) platelets 

(ng/ml) (mean f S.D.) (fg) 

Any ischaemic No 659 246 f 136 98 f 56 

heart disease? Yes 381 233 f 129 96 f 53 

Have used 

prostaglandin No 886 247 f 134 100 f 55 

inhibitors? Yes 153 208 f 123 84 f 50 

All 1040 241 f 133 97 f 55 

31 

f 55 fg per 100 platelets in the whole study pop- 
ulation. Prostaglandin inhibitors reduce TXAz 
generation from arachidonic acid and thus TXBz 
formation. The difference in TXBz levels between 
prostaglandin inhibitor users and non-users was 
small but significant @ < 0.001) (Table I). Pros- 
taglandin inhibitor dose was not known, thus 
subjects who ingested small doses two weeks be- 
fore sampling were also classified as drug users. 
This may have led to an increase in the mean and 
standard deviation. Inschaemic heart disease in 
patient history did not affect the levels of TXBz 
in our study population. Further studies are con- 
tinuing to investigate the importance of platelet 
TXBz generation with regard to atherosclerosis. 

Our HPLC system with a column-switching 
technique has proved to be a fast method for the 
determination of platelet-produced TXBz in hu- 
man serum. The prepurification of a serum sam- 
ple requires only one step before the HPLC anal- 
ysis. The UV-interfering substances are removed 
automatically during the HPLC separation. This 
method may therefore be suitable for most lab- 
oratories that are involved in TXAz generation in 
platelets. 
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