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Influence of Adrenalin on Fibrinogen. 

H. H. RIECKER AND MARY WINTERS. (Introduced by Raphael Isaacs.) 

From the Department of Internul Medicine, Ufiiversity of Michigan. 

Vosburg and Richards’ first noted that blood coagulated more 
rapidly in animals after administering adrenalin, and Cannon and 
his coworkers reasoned from their experiments with adrenalin and 
from other evidence that the liver furnished some factor to increase 
the clotting process of the blood. In a study to determine just what 
this factor was, Grabfield2 concluded that adrenalin decreases the 
coagulation time by increasing the amount of prothrombin in the cir- 
culating blood. 

Grabfield could find no change in the anti-thrombin or in the fibrin 
content of the blood following the administration of adrenalin, but 
he says : “The fibrin determinations were made by the heat coagula- 
tion method of Whipple and Hurwitz, an unsatisfactory and unre- 
liable method for this work because, chiefly, the amounts of blood 
required for accurate results are too large to obtain from cats with- 
out introducing the factor of hemorrhage.’’ 

In reviewing the problem it seemed that fibrin instead of pro- 
thrombin may have been an active factor in initiating the decreased 
coagulation time and that Grabfield’s work should be repeated, using 
larger animals. Cannon was able to show that the increase in blood 
sugar concentration after adrenalin could not alone decrease the 
coagulation time, and since it has been shown by Whipple and Fos- 
ter3 that fibrin is probably stored in the liver, it was decided to  study 
particularly this substance. 

Dogs were injected subcutaneously with 1 : 1,000 adrenalin chlo- 
ride. Of the 6 animals used, 4 were healthy and 2 had chronic sec- 
ondary anemia from hemorrhage. Coagulation time was determined 
by a modified method of Howell* using test tubes 12 mm. in dia- 
meter. Blood sugar determinations were made by the method of 
Folin5 and fibrin by the method of Schultz, Nicholes, Schaefer.‘ 

We chose arbitrarily to inject, subcutaneously, 1 and 2 cc. 

1 Vosburg and Richards, Am. J .  Physiol., 1903, 9, 35. 
ZGrabfield, G. P., Am. J .  Physiul., 1916, 42, 46. 
3 Foster and Whipple, Am. J .  Phytdul., 1922, 58, 365. 
4 Howell, Arch. Int. Med.,, 1914, 8, 76. 
5 Folin, J .  BWZ. Chem., 1929, 82, 83. 
8 Schultz, Nicholee, Schaefer, Am. J .  Puth., 1925, 2, 101. 
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amounts of the adrenalin solution in dogs weighing approximately 
12 kilos. This equals about 0.01 and 0.02 mg. per kilo respectively. 
The dogs were fasted 18 hours before the experiments were made. 
The blood was drawn directly into dry syringes from the iliac ves- 
sels by skin puncture in quantities not exceeding 25 cc. 

The protocol shows in detail the time relations in each experiment 
together with the changes in fibrin and sugar content in the blood 
following the injection of adrenalin. 
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11:17 adrenalin 1 cc. 
-1: 32 
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9 : 00 (arterial) 
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10:15 adrenalin 1 cc. 
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LO:55 adrenalin 1 cc. 
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1:46 
1:47 adrenalin 2 cc, 
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1:56 
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Unless indicated otherwise, venous blood was used. 
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Blood 
Sugar 

93.4 

123.8 
93.5 

168.8 

The fasting fibrin levels averaged 334.3 mg. from 8 determina- 
tions, the average maximum increase after adrenalin was 36.3% 
when the blood was analyzed between 15 and 30 minutes following 
the injection. 

The blood sugar determinations were made as a check upon the 
action of adrenalin, and are included in the protocol for this reason. 
There was no definite relationship between the rise in blood sugar 
and the decrease in coagulation time following the use of adrenalin. 

The coagulation time decreased, averaging about 6076, and in 
each instance the decrease was definite. There was a consistent re- 
lation between the height of the fibrin values and the decrease in 
coagulation time, as can be seen from the protocols. We could de- 
tect no difference in results by the use of 1 or 2 cc. of adrenalin 
solution. 

The blood fibrin increased at 10 minutes after the injection but 
the maximum values appeared somewhat later, and followed fairly 
consistently the rise in blood sugar. 

In several experiments the animal was anesthetized with arnytal, 
but this precaution to avoid the element of excitement did not 
affect the results. Except in one instance the dogs were accustomed 
to the procedure in the experiments reported. 

The experiment was performed upon 2 normal human subjects 
using 0.6 cc. adrenalin subcutaneously. There was a marked in- 
crease in the blood fibrin. (Table I.) 

TABLE I. 
Showing response to adrenalin in 2 human subjects at end of 10 and 15 minutw. 

Blood 
Preasure 

110/80 

140/100 
130/80 

180/90 
150/85 

--.- 

Time 

Case A 

Case B 

Fibrin 

8 :25 A. M. 
8:26 Adrenalin 0.6 cc. 
8 :37 
8:30 A. M. 
8:31 Adrenalin 0.6 cc. 
8:38 
8:45 

333.0 

437.7 
1 227.0 

261.0 
468.6 

It was established in Cannon’s experiments that when the ab- 
dominal viscera were excluded from the circulation, the clotting pro- 
cess was not hastened by the injection of adrenalin. Foster and 
Whipple3 apparently have demonstrated that fibrin comes from the 
liver. However, it cannot be stated positively as they suspected 
that fibrin is made in the liver. Our experiments seem to demon- 
strate that fibrinogen at least is stored in the liver and that the action 
of adrenalin is to cause its quick mobilization into the blood stream. 
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Its action would be analogous in this respect to the increase of sugar 
in the blood stream following the administration of adrenalin. 

After adrenalin injections the fibrin values remain high for sev- 
eral hours, and probably would have to be considered in interpreting 
nitrogen metabolism studies such as have been reported recently by 
Watkins and Smith.' 
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Oxidation of Cobaltous Cysteine. 

DDWARD C. KENDALL AND JAMES E. HOLST. 

Front the Division of Chsmiatry, The Mayo Foun&tio.n, Rochester, Minnesota. 

Michaelis and Barronl and Michaelis and Yamaguchi' have shown 
that cobalt reacts with cysteine to form a product which has a high 
reduction intensity. They also showed that this reaction product 
can be oxidized with air, ferri-cyanide, and phenolindophenol to a 
brown cobaltic cysteine complex. We have found that cobaltous 
cysteine reacts in a different manner toward each one of these 
oxidants. Indigo disulfonate produces a quantitative conversion of 
cobaltous cysteine to the cobaltic cysteine complex. All other 
oxidants except those which contain a yuinone group result in the 
formation of the cohaltic cysteine complex and cystine in different 
proportion s. 

Oxidation with ferricyanide produces a unique type of electro- 
metric titration curve because all of the cobaltous cysteine is re- 
moved from solution by addition of a half of the total amount of 
oxidant. The last half of the curve represents oxidation of cysteine 
to cystine. 

Cysteine reacts with quinone and with the quinone group of 
dibromophenol-indophenol with the formation of an addition prod- 
uct between the dye and the thiol group similar to the addition of 
an aromatic thiol group to quinone. One molecule of cysteine re- 
acts with I molecule, that is, 2 equivalents of the dye. Ninety per 
cent of cobaltous cysteine is oxidized to the cobaltic cysteine com- 
plex with dibromophenolindophenol, and 10% of the cysteine corn- 
bines with the dye. The amounts of cobaltic complex and cystine 

7 Watkins, O., and Smith, George Van S., Am. J .  Physiol., 1931, 96, 28. 
1 Michaelis, L., and Barron, E. S. C., J .  H i o l .  Chem., 1929, 233, 191. 
2 Michaelis, L., and Yamsguchi, S., J .  Bwl. Chem., 1929, 83, 367. 


