
vessels Of the brain, causing lasting dilatation of them. In response to stimulation of 
the lateral hypothalamic area, zona incerta, and zones H, and H2, the phenomena of edema and 
swelling of the brain observed against the background of the other changes described above 
play an important role. 
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EFFECT OF CATIONIC DYES ON BLOOD COAGULATION 

A. K. Chepurov and G. I. Lazarenko UDC 612.115.014.46:547.97 

Experiments on rabbits showed that intravenous injection of dyes of the thionine 
series (toluidine blue, azure A, 1,9-dimethylmethylene blue) causes hypofibrino- 
genemia, a decrease in the concentration of factors of the prothrombin complex, 
thrombocytopenia, and a decrease in the index of platelet adhesion against the 
background of slowing of the time of thrombus formation. The blood heparin tol- 
erance and the free heparin concentration were sharply reduced. It is suggested 
that the hypocoagulation effect of the cationic dyes on the blood is due to 
thrombocytopenia and to a decrease in the aggregating activity of the platelets. 

KEY WORDS: cationic dyes; coagulation; platelets. 

Toluidine blue and azure are known to form a complex with the heparin of the blood and 
they are responsible for its metachromatic staining [4, 5, 8, !4, 15]. Most methods of de- 
termining free heparin in the blood are based on this property [4, 5, Ii]. There are 
indications of changes in blood coagulation under the influence of metachromatic dyes [i0, 
12], although the character os these changes differed in investigations by different 
worke=s. 

The object of this investigation was to study the effect of various cationic dyes, giv- 
ing a metachromatic effect, on the coagulating activity of the blood and functional proper- 
ties of the blood cells. 
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TABLE i. Effect of Cationic Dyes on Blood Coagulation (M • m) 

Blood coagulation 
index 

Thrombm formation 
time of blood, sec 

P 
Prothrombin complex, 

s e c  
p 

Fibrinogen, mg % 
.P 

Hepann, mg % 

Platele P count, 
thousands/mrnS 

Index gf platetet 
adhesion 

P 

Control 

390-4-24 

414-3 

226_____18 

1,6__0,3 

2964-32 

20,44-3,2 

30 rain 

374 4-18 
>o,1 

53.4-2 
>0,05 

1794-10 
>0,05 
1 ,7+0 ,2  
>0,05 

222 4-17 
>0,05 

8,2-.t-2 
<0,001 

Toluidine blue I Azure A 

I,/, h 

489___12 
<0,05 

674-4 
<0,05 

119-4-16 
<0,02 

0,6-1-0,2 
<o,ool 

time of investigation 

2'/2 h 

600+_24 
<0..02 

79+3 
<~oi 

148+1 I 
<~,o5 

0,94-0,3 
<0,02 

1944-23 176-4-19 
<o,o5 <0,02 

7+1 ] 5___O,5 
<o,ool <o2ol  

30 rain 1'/2 h 

426+18 459_-_4-6 
<0,05 <0,01 

49___ ~ 56+2 
>0,1 <0,02 

1504-9 133-t-15 
<0.02 <0,01 

1,34-0,2 0.9-t-0,1 
<0,05 <0,001 

2444-12 2244-14 
>0,05 <0,05 

134-2,5 t 0+2 
<0.02 <0,001 

,)1, h 

510+18 
<O.Ot 

72~1 
<o.001 
88-4-12 
<~..ool 

1.4-+-0,2 
< ~ o  t 

200-.+- 12 
<~02 

! I +3 .  
<o,Vot 

EXPERIMENTAL METHOD 

Experiments were carried out on 50 rabbits weighing 2.5-3 kg. Toluidine blue, azure A, 
and 1,9-dimethylmethylene blue, all derivatives of thlonine with the general formula 

were used. The dyes were injected intravenously as i, 5, or 10% solutions in a dose of 0.25 
ml/kg. Blood samples were taken by cardiac puncture before injection of the dyes and again 
30 min and 1.5 h after their injectlon. The thrombus formation time of the blood [7], 
thromboelastogram, concentration of factors of the prothrombin complex [2], flbrlnogen con- 
centration [i], plasma heparin tolerance [9] (with graphic recording on the coagulograph), 
the free heparln concentration [4], the platelet count, the index of platelet adhesion [3], 
and their aggregation were determined. 

EXPERIMENTAL RESULTS AND DISCUSSION 

The most marked coagulation of the blood was observed after injection of a 10% solution 
of the dyes; the effect of toluidine blue and azure A was greater than that of 1,9-dimethyl- 
methylene blue. Data on the effects of the first two dyes only are therefore given in Table I. 

The thrombus formation time of the blood was increased after injection of the dyes, 
especially after 2.5 h. The concentration of factors of the prothrombin complex and of 
fibrinogen was reduced. These changes again were most marked 2.5 h after injection of the 
dyes. The p!atelet count in the blood fell progressively. The index of platelet adhesion 
fell as early as 30 min after the injection of the dyes and it remained lower than initially 
throughout theperiod of investigation. Toluidine blue, in particular, lowered the platelet 
adhesion index by 75% compared with the control. The maximal amplitude of platelet aggrega- 
tion was reduced (Fig. i). 

The free heparin level was lowered throughout the period of investigation after injec- 
tion of the dyes (Table i). The greatest decrease in the free heparin concentration was ob- 
served after 1.5 h, whereas the blood heparin tolerance was lowered most after 2.5 h (Fig. 2). 

After injection of cationic dyes of the thionine series marked changes were thus ob- 
served in the coagulation properties of the blood. Hypocoagulation changes were recorded, 
it will be noted, at a time of a marked fall in the free heparin level in the blood. The 
reduction in blood clotting was evidently due to the thrombocytopenic effect of the cationic 
dyes and also to the sharp reduction in the adhesive and aggregating properties of the plate- 
lets. In these experiments the cationic dyes caused a marked decrease in the ability of 
platelets to associate into aggregates, so that they spread widely [6]. 
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Fig. i. Effect of azure A on aggregation of platelets induced 
by ADP. A) Normal aggregation of rabbit platelets; B) aggrega- 
tion of platelets after intravenous injection of 10% solution 
of azure A in a dose of 0.25 ml/kg. Arrow indicates time of 
injection of ADP. 

Fig. 2. Blood heparin tolerance after intravenous injection of 10% solu- 
tion of toluidine blue into rabbits in a dose of 0,25 ml/kg: i) initial- 
ly; 2) 30 min, 3) 1.5 h, and 4) 2.5 h after injection of toluldlne blue. 

Dyes of the thionine series have been shown to be competitive acceptors of electrons 
[8, i0]; their metachromatic effect is associated with the action of van der Waals forces 
[13]. These properties of the cationic dyes may play a role in the decrease in the adhesive 
and aggregating properties of the platelets. Under these circumstances the electrophoretic 
mobility of the platelets may increase, but this is a matter for special investigation. 

The reduction in the heparin concentration after injection of the dyes is evidence that 
a stable complex of hepar!n and the cationic dyes is formed not only in vitro, but also in 
vivo; this may possibly happen both in the circulating blood and also in the mast cells and 
other heparinocytes. The stability of the resulting complex is demonstrated by the fact that 
hypoheparinemia was observed for 36 h after injection of the cationic dye, i.e., for the 
whole time that the dye was present in the circulating blood, in amounts detectable by a 
nephelometric method. 

The results open the way to the practical use of cationic dyes for the reduction of co- 
agulability. 
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ANTITHROMBIN ACTIVITY AFTER BLOCKAGE OF THE RETICULOENDOTHELIAL 

SYSTEM, SPLENECTOMY, AND PARTIAL HEPATECTOMY 

V. P. Babich UDC 612.115.33-06:[612.42+612.35 

After destruction or removal of part of the liver in rats the levels of anti- 
thrombins II, III, and IV fell proportionally to the extent of the interfer- 
ence. Destruction of the spleen led to depression, but splenectomy led to 
activation of antithrombin IV. Blockade of the reticuloendothelial system 
caused a smaller decrease in the antithrombin level than partial hepatectomy. 
It is suggested that the spleen produces an inhibitor of antithrombln IV. 

KEY WORDS: antithrombins; reticuloendothelial system; liver; spleen. 

Antithrombins can be regarded as a humoral factor of the anticlotting system [2, 3, 6]. 
No information is available on the site of their production in the body. Since the anti- 
thrombins belong to the globulin fraction, which contains antibodies whose production is con- 
nected with the reticuloendothelial system (RES), it can be postulated that antithrombins 
are also produced by the cells of that system. 

This investigation was undertaken to examine the role of the RES in antithrombin forma- 
tion. 

EXPERIMENTAL METHOD 

Activity of the antithrombins was determined [I] in albino rats (weight 150-250 g, total 
number 273) which were given an intravenous injection of a 0.5% solution of trypan blue in 
0.85% sodium chloride solution (I ml/100 g body weight). Control animals received the cor- 
responding dose of the solvent. Experiments have shown [4] that if a dye blocks the RES, a 
prethrombotic state develops by the third day after its injection. Blood samples were taken 
5 and 12 days after administration of the trypan blue. The role of the liver and spleen in 
maintaining antithrombin activity was studied in experiments in which these organs were in- 
jured. The left anterior lobe of the liver or the whole of the spleen was destroyed in the 
animals (by crushing with Pean's forceps). The control rats underwent laparotomy with mobil- 
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