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The tanned red cell hemagglutination in- 
hibition technique (TRCHII) is a simple, 
rapild and highly sensitive method for the 
assay of plasminogen-plasmin ( 1 ) . Tlhe draw- 
back of this assay system is that the plas- 
minogen-coated red cells can be stored at 4" 
far only 2 rno. We therefore, developed 
a new assay of using latex partitcles coated 
with hulman plasminogen, with the hope that 
these particles might be more stable and still 
retain silmilar sensitivity and simplicity. 

Materials and Methods. Buffer: glycine- 
saline buffer, pH 8.6: 1 voil of 0.2 ill glycine + 1 vol of normal saline. This buffer is used 
for washing, suspension and stolrage of the 
latex particles. Bovine allbumin (Miles Lab- 
oratory, Chicago) was free of plasminogen as 
determined by hemaggluhation inhibition 
technique. Blood grouping plates: Transparent 
plates wlith rounded wells 15 mm in diameter 
and 5 mlm deep. 

Preparation of plasminogen-coated latex 
solution: The uncoated latex suspension (0.81 
u, Difco, Detroit, MI) was washed and 
centrifuged twice with glycine-saline buffer 
(pH 8.6) a t  15,OOOg for 30 min. Equal 
volumes of 2 %  latex solution in glycine saline 
buffer and 2% bovine albumin, in the same 
buffer, were mixed at  20" for 5 min. The 
purpose of pretreating the latex particles with 
bovine allbumin was to enhance the coating 
of plasmhogen and to increase the sensitivity. 
Like fibrinogen (2), direct coating of latex 
with plasminogen did not leald to a stable 
anld sensitive reagent. Human plasminogen 
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[Grade A, Kabi, Stockholm, Sweden, final 
concentration 2 . 5  casein units (CU)/ml] was 
added to the mixtuire a t  a volulme ratio of 
1:s. Then the (mixture was kept a t  4' for 72 
hr. After washing and centrifugation, the latex 
particles, coated with human plasmhogen, 
were suspended as a 2% solultion, which was 
ready for use. For storage, no bacteuiocidal 
agents were added. They coluld be stored at 
4' for at  least 18 mo withoult losing their 
activity or sensitivity and the end point re- 
mained very distinctive. 

The preparation of ralbbit anti-human 
plssminogen serum was described previously 

Latex clumping inhibition imlmunoassay: 
The optiimal antiserulm titer used in the assay 
was determined by adding to the blood group- 
ing plates 0.1 ml antiserum, in serial douibling 
dilutlions, 0.1 ml glycine-saline buffer and 
0.1 ml of 2 %  latex solution coated with 
plasmhogen. The samples were mixed and 
the results were read 30 min later. The 
optilmal antiserum titer was 1-2 doubling 
dilution less than the maximal clumping; i.e., 
1:lOO (in oulr studiies. The assay was per- 
formed by addring 0.1 ml oif 1: 100 ant' i iserum 
and 0.1 rnl of plasma in the folllowing dilu- 
tions, l : l O ,  1:20, 1:40, 1:50, 1:60, 1:70, 
1:80, 1:100, 1:120 and 1:160 Ito each well of 
b l d  grouping plates. Additional inter- 
mediate dilutions were made when necessary. 
The mixture was kept at 4' for 30 Inin and 
then 0.1 ml of 2 %  plasminogen-coated latex 
suspenision was added. After mixing, the plates 
were kept a t  20' for 60 min before the re- 
sults were read. The end point resembled 
that of TRCHII assay (1) and the resuilt 
was expressed as latex clumping inhibition 
titer; i.e., the maxilmum dilution in which the 

(1). 

391 



392 LATEX FLOCCULATION ASSAY OF PLASMINOGEN 

clumping was inhibited. A standard reference 
plasma and a negative conitml by using 
washed, uncoated, latex particles were used 
routinely. The standard reference plasma was 
obtained from a pool of 20 healthy donors. 

The tanned red cell hemagglutination in- 
hibition technique for assay of plasminogen 
was described previously (1). 

A modified caseinolytic method was used 
for the deterimhation of plasminogen ( 3 ) .  
N-Ethyl-urethane was used to denature the 
inhibitors of fibrinolysis. 

Thirty healthy subjects and 29 patients 
were included in this study. Among the 29 
patients, neoplastic diseases were in 7,  liver 
cirrhosis in 9, disseminated intravascular 
coagul'ation in 6, and women taking oral 
contraceptive agents in 7. 

Citrated plasma was u s d  in the latex 
clumping inhibition assay. It was prepared by 
mixing 9 ml of venous blood with 1 ml of 
3.8% sodium citrate solution and centrifuga- 
tion at  2000g for 30 min at  4'. The plasma 
was stored at  -20'. No difference could be 
detected whether fibrindytic inhibitors were 
added or not. 

Results. Sensitivity. This method is less 
sensitive than tihe hemagglutination inhibition 
technique since the titer of normal pooled 
plasma by the latex method is only about 
1:20 of that by TRCHII imethod. This was 
further substanltiated by assaying the human 
plasminogen ( h i  tial conc 2.5 CU/rnl) . 

Specificity. The antiserum to human plas- 
m!inogen was holmgeneous and formed only 
one precipitation line against both human 
plasmhogen and plasma on immunodiffu- 
sion, immunoelectrophoresis and crossed im- 
munoelectmphoresis. It did not form any 
precipitation line wisbh human fibrinogen. 

Reproducibility. The test was reproducible 
at  both high and low plasminogen concentra- 
tions. The assay of 50 aliquots from a stan- 
dard reference plasma showed all had a titer 
of 1 : 60, except one which had a titer of 1 : 40. 
The same prwcedure done on a known 
plasminogen deficient plasma (4) revealed 48 
had a titer of 1:16, one 1:32 and one 1:8. 

Comelation with hemagglutination inhibi- 
tion technique. The correlation of results ob- 
tained wibh the latex metihod and the 
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FIG. 1. Clorrelation of plasma plasminogen values 
o'btained with latex clumping inhibition and tanned 
red cell hemagglutination inhibibion assays. 

TRCHII assay was g o d  (Fig. 1). 
Correlation with caseinolytic assay. The 

correlation of results with our method com- 
pared with those obtained with the caseino- 
lytic assay is shown in Fig. 2. A good cor- 
relation was noted. 

The normal range of plasma p lahnogen 
values as determined by the latex floccula- 
tion method was 1:40-1:80. Low levels of 
pldnogen-plasmin an tigenic material could 
be detected as was illustrated by the values 
abtained for some patients with disseminated 
intravascular coagulation (DIC) and liver 
cirrhosis (Fig. 3).  

Discussion. This report established that the 
latex particles when coated with pliaasminogen 
can be used for the assay of plasminogen. 

FIG. 2. Correlation of plasma p l d n o g e n  values 
obtained with latex 'clumping inhibition and casein- 
olytic assays. 
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FIG. 3. The plasnlia pltasminogen values in 30 normal subjects and 29 patients with various 
diseases as measured by bhe lahex olumping inhibibion technique. Numbers in parentheses indicate 
numlbers of patients. DIC = disseminated intravascular coagulation. 

The technique is simple and rapid. The latex 
particles coated with plasminogen are more 
stable than tanned red cells and can be stored 
at 4' for at  least 18 mo. Therefore, it can be 
ulsed as a substitute for the assay of plasma 
plasminlogen in routine laboratories. However, 
because of lack of sensitivity, it is not suitable 
for measuring mal l  amlounts of plasminogen 
in urine, slpinal fluid or other body fluids 

Summary. An assay of plasminogen by us- 
ing latex flwcullation inhibition technique is 
described. In  comparison with the hemag- 
glutination technique, the method is less 
sensitive and not suitabl'e for measuring small 
amounts of plasminlogen in human urine or 
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cerebrospinal fluid. However, because of their 
stability, latex particles may be used to sub- 
stitute for the tanned red cells in the assay 
of plasma plasmiinogen. 
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