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Canine plasma possesses the ability to ag- 
glutinate homologous and autologous platelets 
rapidly in the presence of Mg++ or &In++ (1). 
This property of plasma has been termed 
thrombocyte agglutinating activity (TAg) . 
TAg is contained in crude gNobulin fractions 
of plasma, but not in the albumin fractions. 
I t  is non-dialyzable and heat-labile. TAg ap- 
pears to be separate from the plasma proco- 
agulants, fibrinogen and antihemophilic fac- 
tor, as well as from prothrombin and related 
BaS04-adsorbable factors. In this study TAg 
was tested for activity with 15  separate ca- 
tions. The active ions were studied further to 
determine the relative amounts needed for 
prompt agglutination of platelets with TAg. 

Methods .  Details of the macroscopic plate- 
let agglutination test for TAg have been de- 
scribed( 1 ) .  The test is done in 2 stages. In  
the first or incubation stage, canine plasma is 
incubated for 30 min. with a cation chloride 
solution. In  the second or agglutination stage, 
a standard suspension of washed canine plate- 
lets is added to the incubation mixture and 
time and degree of agglutination determined. 
Three types of canine plasma were used. 
Res in  plasma was prepared by use of Dowex 
50 resin columns( 1).  Oxatate plasma has 
been described(2). EDTA plasma was pre- 
pared by mixing 9 parts of whole dog blood 
with one part of stock EDlTA solution( l ) ,  
previously diluted one to' 3.27 with normal 
saline. Plasma dialysis against 0.154 M NaCl 
was carried out with Visking casing (18 hr 
continuous agitation, 4°C).  Adsorbed plas- 
m a s  (resin, oualate, or EDTA) were prepared 
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by adding to' each ml plasma 100 mg Bas04 
(Merck) (contact time 30 min, 4°C) and re- 
peating the procedure once. In the prothrom- 
bin time test with adsorbed plasmas no clot 
formed in 10 min. The chloride salts of vari- 
ous cations were used; all salts were Baker 
A.R., except FeC13 (Mallincrodt) , PbCb 
(Fisher), and BaC12 (Merck) . Solutions 
were standardized by chloride analyses, 
and diluted to 0.108 M. For weaker so- 
lutions, serial 2-fold dilutions were made 
with 0.154 M NaC1. Cation concentration 
in the experiments is expressed as mM 
cation added per liter of plasma incubation 
mixture. Platelet suspensions( 1) were pre- 
pared from EDTA canine plasma and con- 
tained 4 * lo5 platelets/cmm. In several ex- 
periments, platelet preparation was modified 
by resuspending the platelets in solutions con- 
taining 0.5% bovine albumin (Armour). 
With this modification the platelet pellet could 
be resuspended rapidly, and platelet reactiv- 
ity was unchanged. 

TAg and B a S 0 4  adsorption of 
plasma. A series of tests were performed to 
determine the effect of BaS04 adsorption of 
plasma on platelet agglutination by TAg. Fig. 
1 shows the results obtained with resin plasma 
before and after adsorption, With either Mgi+ 
or Mn '+, rapid agglutination occurred, regard- 
less of plasma adsorption or cation concentra- 
tion used. Only with adsorbed plasma a t  the 
lower A h + +  concentrations were agglutination 
times less rapid than with non-adsorbed 
plasma. With Ca++, on the other hand, no 
agglutination occurred with adsorbed plasma; 
with non-adsorbed plasma, clotting occurred 
in the incubation phase and the resultant se- 
rum caused moderately rapid agglutination. 

Resul ts .  
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FIG. 1. Effect of RaSOi adsorption of plasma on 
TAg activity. 

FIG 2 .  Effect of varying cation concentration on 
TA4g activity. 

In subsequent tests adsorbed plasmas were 
used, thus avoiding clotting. 

Resin, oxalate, EDTA, 
and dialyzed EDTA plasmas were each tested 
with 15 divalent or trivalent cations for TAg 
activity (Table I ) .  With resin plasma, only 
5 ions gave positive results: ;\Ig++. ;\Int*, 
Fe++, Co++, and Ni++. With plasmas pre- 
pared with the chelating agents, oxalate and 
EDTA, somewhat different results were ob- 
tained. With oxalate plasma, the same group 
of cations as well as Ca+ caused agglutination. 
With EDTA plasma, only ;\Ig4*> lIii++, and 
Ca++ were active. However, after EDTA was 
removed by dialysis, the plasma reacted with 
the same 5 ions as did resin plasma (last col- 
umn, Table I ) ,  but not with Ca++. With both 
oxalate and dialyzed EDTA plasmas. agglu- 
tination times were longer than with resin 
plasma. 

Cations and TAg. 

i v c ~  rnfinn s t d i e s .  'T'he effect of  
varying ration ronrentration 011 TAg activity 
of resin plasma was next studied. Results ob- 
tained with ions possessing specific activity are 
hhown in Fig. 2. Ye++ is required in relatively 
high concentration, while Mg++ is still active 
i n  comparatively low concentration. Nit+, 
('0 or h h "  were somewhat less active than 
JIg +.  The other 10 ions were inactive in 
this dilution series. 

Discussion. In this study of the effect of 
cations on TAg activity of plasma, a number 
of problems were encountered in obtaining 
condi tiuns which would produce constant and 
rep rod uci ble results . Since B aS04 adsorption 
of plasma influenced TAg activity little, if a t  
all (Fig. 1)  , the use of adsorbed plasma in the 
agglutination test was advantageous as it 
eliminated interference from fibrin formation 
in tests with Cab+ and Sr++. Resin-treated 
plasma appeared to be more reliable than 
oxalate or EDTA plasma (Table I ) .  Tn the 
presence of either oxalate or EDTA, false 
positive results were obtained with Catf. In  
the presence of EDTA, false negative results 
were obtained with Fef+, Co++, and Ni". After 
removal of the EDTA chelate by dialysis, the 
plasma gave qualitatively the same reactions 
with the different ions as did resin plasma. A 
number of factors appear to be responsible for 
the divergent results obtained with plasmas 
containing chelating agents. Included are 
plasma concentration of the added chelating 
agent, solubility of the chelate complex, and 
the stability constant or relative affinity of ca- 
tion for chelating agent (3) .  These as well as 
other factors influence the availability of spe- 
cific cations for platelet agglutination with 
TAg. Certain of the cations (see footnote, 
Table T )  in high enough concentration caused 
both non-specific clumping of platelets in the 
absence of TAg and formation of a metal 
proteinate precipitate in plasma. 

Of the cations which caused platelet agglu- 
tination with TAg, 4 of the S-Mn++, Fe+f, 
GO++, and Ni+"-belong to the first transitional 
series of elements and have the atomic num- 
bers, 25-28. The fifth ion, magnesium, is not 
a member of this series. Nevertheless, it  was 
the most active of the ions tested (Fig. 2)- 
a concentration of only 1/2 - 1/40 as much as 
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TABLE I. Test of 15 Cations for  Activity with TAg in  Adsorbed Canine Plasma. 
- 

,----A dsorbed plasma tested > 
Dialyzed 

Atoinic [Cation] Resiii Oxalste EDTA EDTA 
Cation No. mM/l" iSrc. Drgw'ct See. Degree See. Degree Sec. Degree 

J!l g" 

Ca++ 

Mn++ 

Fe++ 

CO+.+ 
Ki++ 
ClU++ 

n1++ 

R,.t f 
c1 di- + 

K:t++ 
T A + + +  
Hg++ 
Pb++ 

Fe+i-+ 

12 

20 

25 

26 
26 
27 
28 
29 
30 
38 
48 
5 R 
57 
80 
82 

21.6 

21.6 

21.6 

.78 

.78 

.78 

.78 

.78 

.78 

.78 

.7x 

.096 

.78 

.21 

.096 

.096 

21.6 

21.6 

5 4+ 
10 4f 

Neg 

6 4+ 
8 44- 

10 4+ 
T\'W 

5 4+ 
6 4+ 

Neg 

1 7  

7 ,  

7 1  

,? 

7. 

>? 

9 ,  

3 7  

7 4 f  
29 4+ 
1 6  2+ 

Nrg 
7 4+ 
70 4+ 
17 3+ 

Nrg 
22 l +  
19 4+ 

Ne?; 
9 )  

7 

9 .  

> Y  

9 9  

9 9  

9 7  

_ _  ~ ~ - - _ _ _ _ _ _ -  
* Greatest concentration of each ration w:~ .  either 21.6 mM/l or tha t  amount which did not 

t Refers to size of platelet clumps graded macroscopically on scale of 1+ (about 5 platelets 

$ Test not done. 
Controls i n  which normal  saline was substituted for  plasma showed tha t  the following ca- 

tioxis, i n  ranges of concenti~ation indicated, prodiiccd non-specific :tgglutinatioii of washed pla- 
telets: Ft)++, 10.8-21.6 mM/l; Xi++, Cu++, and Pb++, 5.36-21.6; Cd++ :ma Lat*+, 2.72-21.6; Fe+++, 
!hik+, arid HE++, 1.36-31.6. Controls with lesser concentratioiis and controls with the other ca- 

cause a metal proteinatr precipitaiie i n  the plasma during incubation stage of the test. 

per aggregate) to  4+ (over 100 pIntelets/aggregate). 

tions dicl  not>c:tuse non-specific agglutination. 

that required for the other active ions was ef- 
fective. Also, magnesium appears to be ac- 
tive in concentrations iiornially present in 
canine plasma(4). The other active ions, all 
"trace elements," appear to be required in 
concentrations higher than those normally 
present in plasma. It is of interest that the 2 
ions. CaT+ and Sr++, which are active in clot- 
ting were inactive with TAg in adsolrbed resin 
plasma. 

The effect of each of 15 diva- 
lent or trivalent cations on the thrornbocyte 
agglutinating activity (TAg) of canine plasma 
was tested. Adsorption of plasma with BaSOt 
had little, if any, effect on TAg activity. In 
adsorbed resin-treated plasma TAg was 
active only in the presence of I\i[g++, Mn++, 

Summary. 

Fe++, CO*+, or Mi+, with Mg++ being effective 
in the lowest Concentration. Seeming differ- 
ences in cation specificity of TAR in plasmas 
containing the chelating agents, oxalate and 
EDTA, are discussed. 
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