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Ginzel, Tschabitscher, and Wayand(5) and 
of Bowers (6)  with o-methoxyphenylglycerol 
ether in the treatment of tetanus could be ex- 
plained on the basis of inhibition of polysyn- 
aptic reflexes. These authors found that side 
reactions such as hemolysis, anemia and hemo- 
globinuria which are frequently produced by 
the i.v. injection of Myanesin were not pro- 
duced by the i.v. administration of o-methoxy- 
phenylglycerol ether, although the same well- 
known pharmacological effects on spinal re- 
flexes described for Myanesin by Berger and 
Bradley(8) and by Henneman, Kaplan and 
Unna(9) could be obtained. 

It can be stated with certainty that Myane- 
sin is the more potent drug on a milligram per 
milligram basis, its potency being probably 
about 3 times that of Resyl. On the other 
hand the LD30 of Myanesin in rats is about 
3 times lower than the LDso of Resyl. Al- 
though higher doses of Resyl are required to 
obtain quantitatively equal effects as with 
RIyanesin the therapeutic ratio of both drugs 
is about the same. 

Summary. 1. Resyl (o-methoxyphenylgly- 
cerol ether) has been found to block effec- 
tively the transmission of impulses through 
the internuncial units of spinal reflex arcs in 
cats in doses of 7 5  mg/kg. 2. On a mg/mg 
basis Myanesin is about 3 times more active 
than Resyl, however, on the basis of the ratio 
of activity to toxicity Resyl and Myanesin 
appeared to be equally effective. 
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Effect of Carboxylic and Amino Acids on Fibrinolysis Produced by Plasmin, 
Plasminogen Activator and Proteases.” (20870) 

STEX ~IULLERTZ. (Introduced by T. Astrup.) 
Frorit the  Biological Institute of the Carlsherg Foundation, Denmark. 

It was reported recently that citrate in- 
creases the fibrinolysis induced by strepto- 
kinase-activated human globulin ( 1 ) . This 
agent( 2 )  and the gIobulin fraction isolated 
from spontaneously active human blood ( 3 )  
were later found to be potent activators of 
plasminogen. Both preparations produce 
fibrinolysis chiefly by activation of the plas- 
minogen present in the fibrin substrate. In  
the present paper bovine plasmin and a num- 
ber of other proteases were compared with 
the plasminogen activators to determine 
whether the increased fibrinolysis depends on 
a modified enzymatic effect on fibrin or on 
activation of plasminogen in the substrate. ,4 

*Supported by a grant from the Josiah Macy, Jr. 
Poundation, New York, to Dr. Tage Astrup. 

number of chemical compounds were studied 
in an effort to find a possible relationship be- 
tween increased fibrinolysis and chemical 
structure. 

Methods and materials. The following 
plasminogen activator praparations were used: 
Streptokinase activated globulin (“S-activ- 
ator”):  Normal human globulin was ac- 
tivated by streptokinase and subsequently 
lyophilized (4 ) .  Buffer solutions were pre- 
pared, in which the globulin concentration was 
1/20 of the original concentration in serum. 
Spontaneously active globulin (“Spontaneous 
activator”) : A lyophilized globulin fraction 
was prepared from spontaneously active blood 
obtained from human corpses after sudden 
anoxaemic death ( 5 ) .  Buffer solutions were 
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TABLE I. Activity of Fibrinolytic Agenta on Fibrin Containing &lts of Carboxylic and Amino Acids. 

A 220 
B 232 
C 170 
E 255 
E 320 I1 

Mean 239 
A 135 
B 116 
U 144 
E 300 

I i  E 295 I1 
Mean 194 

S-activator 

Spontaneolls 
activator 

{ :  E Bovine plasmin I 

I1 E 100 
Mean 106 

Trypsin A 120 
B 127 
C 124 
D 100 
E 106 

Mean 115 
Ch ymotrypsin ODE 103X 
Aspergillus CDE 1OOX 

B. subtilk ODE 8 l X  
proteaae 

prote,aw 

200 
159 

180 
200 
146 

173 

116 

116 

180 127 
144 
186 
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167 127 

147 113 
108 
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240 
171 113 
96 

114 
110 
107 

127 107 
94 
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108 107 

9 9 x  
108 x 
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104 
146 99 
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15.6 
130 
144 102 

134 109 
120 
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162 99 
112 
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64 
88 
98 
89 105 
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44 
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86 
79 

108 
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100 

80 
104 

95 

9 1  
90 
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Go 
84 
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7 1  
84 
92 
96 
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106 
96 
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100 
101 

95+ 984- 
87+ 1204- 

93+ 10C6f 

120 
100 

110 

0 
16 

8 
52 

52 

105 
56 

8 1  

50 
52 
51 

0 
0 
0 

64 
58 
6 1  

116 
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110 + 
I and I1 represent different preparations of active agents. Final concentration of added wrnpomda 

was 0.0125 M. Different batchea of fibrinogen (ABCDE) were used to prepare the fibrin plates and one 
series of experiments (batch B: 2-3) was performed with each batch. For the 3 la& proteasee only 
means of ralues for 3 ( X )  and 2 (+) batches of fibrinogen are given (max. dev. 15%). 

prepared in which the globulin concentration 
was one-half of the original concentration in 
serum. The following proteases were used: 
Bovine plasmin. A spontaneously active prep- 
aration of bovine globulin (6). Trypsin. A 
0.05 % solution of bovine crystalline trypsin 
(Armour, 50% MgS04) in N/400 HC1, di- 
luted 1 : 2 5 with buffer before use (4). Chymo- 
trypsin. A 0.1% solution of crystalline chy- 
motrypsin (Armour, 50% MgS04), diluted 
1 : 15 with buffer before use. Aspergillus pro- 
tease(7)  0.02% in buffer. R .  subtilis pro- 
tease(7)  0.05% in buffer. Barbital buBer. 
0.1 M; pH 7.6. Fibrinolytic activity was 
estimated by the fibrin plate method(4,8) and 
the active agents were used in concentrations 
which produced normal fibrinolytic activities 
of the same magnitude. Commercial samples 

of high purity were used of: sodium citrate, 
sodium succinate, sodium oxalate, sodium sul- 
fate, sodium fluoride, sodium-potassium tar- 
trate, lactic acid, malonic acid, L-aspartic 
acid, glycine, dihydrochlorides of L-lysine and 
L-ornithine, glycerol, glucose, lactose, ethmol- 
amine, and pyridine. Neutralized solutions 
of these compounds were added to freshly 
prepared (8) fibrinogen solutions. Equal 
amounts of buffer were added and the mix- 
tures were diluted with saline to a concentra- 
tion of 0.1% fibrinogen, an ionic strength of 
0.15(8), a pH between 7.55 and 7.60 (con- 
trolled by a glass electrode), and a concentra- 
tion of added compounds of 0.0125 M. The 
final solutions were used to prepare fibrin 
plates. The activities found on plates with 
fibrin containing added compounds were con- 
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verted into percentages of the activity on 
plates containing normal fibrin by interpola- 
tion on dilution curves obtained with the ap- 
propriate active agents (4).  The standard de- 
viation on a single estimation is 11%(9). 
Mean values of duplicate estimations (each 
consisting of 3 replicates (4) ) were used. 

Results. The activity of the plasminogen 
activator preparations and plasmin was not 
significantly influenced by a calcium precipi- 
tant (sodium fluoride, 5 experiments), a di- 
valent inorganic anion (sodium sulfate, 6 ex- 
periments), and some organic hydroxyl com- 
pounds (glucose, 5 experiments; lactose, 3 
experiments, and glycerol, 3 experiments). 

The effects of a number of organic acids 
are summarized in Table I. The enhancing 
and inhibitory effects were pronounced only 
in experiments using activator preparations 
and the effects seemed to depend on the num- 
ber of carboxyl and amino groups. Lactate 
(amonocarboxylic acid) was without effect. 
All dicarboxylic acids produced a considerable 
increase in the activity of the activator prep- 
arations, and citrate (atricarboxylic acid) 
was most effective. However, the spontaneous 
activator produced more variable results than 
the S-activator. The difference between the 2 
activator preparations was especially pro- 
nounced in the experiments with amino acids. 
The activity of S-activator was enhcanced by 
aspartic acid (amonoaminodicarboxylic acid) 
and unaffected by glycine (amonoaminomono- 
carboxylic acid) while the activity of the 
spontaneous activator was somewhat de- 
creased in both instances. Lysine (adiamino- 
monocarboxylic acid), in 0.0062 and 0.01 2 5 
molar, concentrations, produced respectively 
a strong and a complete inhibition of the 
spontaneous activator, while the S-ac tivator 
was only moderately inhibited by the stronger 
concentration. Identical results were ob- 
served in one series of experiments with 
L-ornithine (0.0062 hl) .  Some amines 
(ethanolamine and pyridine) did not sig- 
nificantly influence the active agents. 

The activities of the proteases were gen- 
erally not significantly influenced. Bovine 
plasmin and B.  subtilis protease were moder- 
ately inhibited by lysine and di- and tri- 
carboxylic acids respectively. The results of 

trypsin experiments on different batches of 
fibrin varied much more than those obtained 
in similar experiments with other proteases. 
A slight increase in the activity of trypsin 
was produced by citrate. 

The difference observed in experiments with 
active agents from human blood and with 
bovine plasmin strongly supports the assump- 
tion that these substances are different en- 
tities, i.e., plasminogen activators and plasmin 
proper( 2 ,3 ) .  Only the activity of plasminogen 
activators was enhanced by carboxylic acids. 
The large variations in the activity of trypsin 
might be caused by a varying susceptibility of 
the different batches of fibrin to the direct 
fibrinolytic and to the plasminogen activating 
potency of this enzyme( 7 , l O ) .  The reaction 
between bovine plasmin and the fibrin sub- 
strate was unaffected by carboxylic acids. 
These results suggest that the increased 
fibrinolysis induced by carboxylic acids de- 
pends on the activation of the plasminogen in 
the fibrin substrate. 

The final (enhancing or inhibitory) effect 
appeared to depend on the number of car- 
boxylic and amino groups in the organic acid. 
Ginsburg, de Vries and Katchalski found that 
lysis of human plasma clots (induced by ad- 
dition of streptokinase, chloroform or men- 
strual blood) was inhibited by polylysine, 
polyornithine and polyarginine. The monomers 
were ineffective under their experimental con- 
ditions ( 1 1 ). Polyaspartic acid obviated the 
antifibrinolytic effect of these basic amino- 
acid polymers in vitro( 11) and prevented 
their toxic manifestations in viva( 12). 

Summary. 1. Fibrinolysis produced by ac- 
tivation of plasminogen in bovine fibrin by 
plasminogen activator preparations from hu- 
man blood was increased considerably by di- 
and tri-carboxylic acids and decreased by 
diaminomonocarboxylic acids. 2. Fibrino- 
lytic activity of a number of proteases was 
generally not significantly influenced. Bovine 
plasmin was moderately inhibited by lysine. 
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Blocking Effect of Ethyl Chloride Spray on Cardiac Pain Induced by 
Ergonovine.' (20871) 
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Under suitable conditions ethyl chloride 
spray has proved effective in blocking the 
somatic component of cardiac pain when this 
occurs in *acute myocardial infarction, angina 
pectoris and the shoulder-hand syndrome 
associated with coronary insufficiency( 1-5). 
In initial trials by one of the authors (I.S.) 
ethyl chloride spray also relieved the angina 
induced by ergonovine in patients with effort 
angina and a normal electrocardiogram (Stein 
ergonovine test (6-8) ) . In such subjects with 
pre-existing coronary insufficiency, the intra- 
venous injection of ergonovine induces elec- 
trocardiographic changes and/or pain which 
matches in character and location that in- 
duced by exertion ; nitroglycerin promptly 
stops the pain and reverses the changes in the 
S-T segment and T-wave. The purpose of 
this investigation was to study more systemati- 
cally the blocking effect of ethyl chloride 
spray in such patients with impaired coronary 
circulation and a positive Stein test. 

Materials and methods. Thirty-six tests 
were done on 7 patients (44 to 70 years, 5 
males and 2 females) who had a history of 
angina of effort and a normal resting 12-lead 

* This investigation was supported by the National 
Heart Institute of the National Institutes of Health, 
Public Health Service, the Josiah Macy, Jr. Foun- 
dation and the Loyal League Philanthropies. 

electrocardiogram. Three patients had moder- 
ate hypertension. One had a history of old 
myocardial infarction. None had congestive 
failure. At each test, the exact location of 
pain induced by walking was noted. A con- 
trol blood pressure, pulse rate and resting 
electrocardiogram were taken. Leads I, 11, 
111, aVr and V4 were recorded on a direct- 
writing 2-channel Viso-cardiette. While Lead 
V4 alone or Leads I1 and V4 were being re- 
corded, a colorless solution containing U.S.P. 
ergonovine maleate, 0.2 mg per ml of distilled 
water, was injected intravenously at the rate 
of 1 ml per minute. Injection was stopped 
when either pain or electrocardiographic 
changes appeared. Leads I, 11, 111, aVr and 
V4 were repeated and blood pressure and 
pulse rate again determined about 1, 5 and 10 
minutes after the end of the injection. When 
the test became positive, a sublingud dose of 
nitroglycerin (0.6 mg) was administered to 
terminate pain and/or electrocardiographic 
changes. This was usually given 6 to 8 min- 
utes after the ergonovine, but occasionally 
only 2 minutes afterward if chest pain was 
intense. Electrocardiograms were taken until 
record became normal, usually 2 to 5 minutes 
after the nitroglycerin. At the first trial no 
more than 0.2 mg of ergonovine was injected. 
If 0.2 mg did not produce a positive effect, the 


