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Nature of Thrombin and it's Manner of Action*

.Professor C. A. Mills suggested to me that I en- ■ 
deavor to secure further information oonoerning the ohemioal 
nature of thrombin and of its manner of aotion on fibrinogen 
to produce fibrin* Particularly he wished me to see whether 
thrombin w&3 a specifio proteolytic enzyme acting on fibrino­
gen, as has been frequently suggested but also questioned*
His results recent indicated that it was such an enzyme. I 
was to study also the further hydrolytic cleavage or dissolu­
tion of the fibrin which usually ocours after a dot is formed 
to discover whether this hydrolysis was due to a slower but 
continued action of thrombin, which had its main aotion in 
the first cleavage leading to the fibrin formation, but which 
continued to aot hydrolytically, though at a slow rate, on 
the fibrin thus formed*

My work has been guided throughout by constant 
consultation with Professor Mills and 1 wish to express here 
my deep obligation to him* X have also had the advantage of 
suggestions from Professor A* P* Mathews, and X am particular- 
ly Indebted to him for criticism, and for his aid in putting 
the results together*

The general result of the study is to answer in 
the affirmative the question proposed* Thrombin is an enzyme, 
although with a very high heat resistance* Its principal
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X

aotion is a quiolc change of fibrinogen into a more insoluble 
simple| coagulable protein, fibrin, but it apparently con­
tinues its aotion leading to the formation out of the fibrin 
one or more soluble coagulable proteins, of which the princi­
pal one resembles serum albumin and is coagulated by heat at 
78-80°C« and an albumose* It appears to be a specific enzyme 
for fibrinogen* Its clotting aotion is closely parallel to 
that of rennln, which transforms soluble caseinogen into 
insoluble casein; but thrombin will not clot milk. It 
resembles in some ways the specific flbrlnogenase of venom 
of Crotalus adamenteus, studied by Or. Billings and
Professor Mathews* ( / )

*
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Experimental.

Preparation of Fibrinogen, Prothrombin (serozyme) 
and Thrombin*

The method of obtaining prothrombin was that based 
on Bordet*s work as developed by Mills (?■> ). It oonsists 
in separating prothrombin or serozyme as it is oalled in 
Bordet*s terminology, from blood plasma, purifying it, and 
then converting it to thrombin shortly before its use, by 
the addition of calcium chloride and a little oephalln*

The method more in detail was the following:
(1) Fibrinogen.

Horse plasma was secured by centrifugation of oxalated 
horse blood; this was freed from fibrinogen by the addition 
of an equal volume of a saturated solution of sodium chloride* 
The precipitated fibrinogen was removed with a stirring rod 
into another beaker; carefully washed with 15 per cent sodium 
ohloride solution containing 0*5 per cent sodium citrate; 
redlssolved in distilled water, since there was enough salt 
present to facilitate the solution of fibrinogen; and purified 
by further precipitations until the final solution was color­
less. The purified fibrinogen was dissolved in distilled ' 
water equal in volume to one third of the original plasma*
This was passed-through a sterile Berkefeld-filter into a. 
sterile flask and this constituted the stock fibrinogen solu- 
tlon used.in these experiments. The plasma after removal of
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the fibrinogen was used for the preparation of prothrombin*
The solution of fibrinogen ooagulated at the temp- 

erature of 52-56°C* If the ooagulated protein was filtered 
off and the filtrate heated again another coagulum was 
formed at a higher’temperature of 72-75°C* .No matter how many 
times the fibrinogen was precipitated there was a slight amount 
of this seoond heat ooagulable protein present in the solution* 
I have found that this protein had a tendenoy to decrease the 
stability of fibrinogen*

Solution of fibrinogen gives a Biuret, Milion’s 
and xanthoprotein reactions* Fibrinogen constitutes 0*4 to 
1*087 per oent of the total plasm proteins*
(2) Prothrombin*

To the filtered plasma freed from its fibrinogen, and 
at room temperature of about 220C. There was then added pure 
crystalline ammonium sulphate to the amount of sixteen grams 
for each one hundred cubic centimeters of plasma filtrate*
This precipitated the prothrombin together with some serum*' '

*
globulin* After the precipitate had become flocculent and 
the preoipitation was complete it was filtered and.the collect­
ed precipitate carefully washed with a 16 per cent-solution 
of ammonium sulphate to free it as much as possible from - 
extraneous proteins* It.was then lifted from the paper by * 
a spatula and dissolved in distilled water and.filtered* To 
the ".filtrate tammonium sulphate .was then* added! in the ;same 
proportion of.16 grams to each one hundred cubic centimeters*
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>P
Again filtered after brief standing; the prothrombin being 
again dissolved in distilled water. This process of purifi­
cation was repeated. The final precipitate was dissolved 
in water equal in volume to one-third of the original plasma. 
This solution of prothrombin whloh was perfectly clear and 
colorless, was then placed in a parchment paper tube and 
dialysed against running tap water for twenty-four hours, 
when it was almost completely freed from sulphate and sodium 
chloride. On dialysis there appeared in the tube a precipitate 
presumably of a globulin nature, and which on testing proved 
to have little thrombio activity, on the addition of oaloium 
and cephalin. It was accordingly dlsoarded by filtration 
through a sterile Berkefeld filter. The clear salt-free 
prothrombin in a fairly concentrated form was found to possess 
a faint blue fluorescence.

The prothrombin thus prepared is a globulin, of a 
rather coarse dispersion, or large moleoular size, since it 
is more easily preoipitated by ammonium sulphate than is serum 
globulin, but not so easily as fibrinogen.

Prothrombin prepared in this way gave very little 
coagulum on heating to 5 6 ° C ., but a heavy precipitate was 
formed when it was heated to 7 2 °C . The coagulating temperature 
found by Bordet^and Mellanby was 5 6 °C . The solution of pro­
thrombin gave a positive Biuret, tryptophane, Millon's, 
xanthoproteio, glyoxalio and faint nlnhydrin and sulphur 
reactions. Molisch test was negative showing the absenoe of 
carbohydrate.
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Prothrombin constitutes about 1*176 to .'**95 per cent 
of the total plasma proteins* Prothrombin belongs to the 
psuedo-globulin class*

The chemical composition of this prothrombin will 
be considered more in detail in connection with the thrombin 
formed from it. It may be said here, however, that there 
are indications that the active principle is not the globulin 
which makes so large a part of the prothrombin, but is some 
smaller molecule attaohed to this*
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(a). Conversion of Prothrombin to Thrombin*
The prothrombin solution thus obtained has no clot- 

ting aotion on a solution of purified fibrinogen* Nor will 
it clot oxalated or citrated plasma, or plasma in any way 
deprived of its calcium salts. Neither will it clot a fibrino 
gen solution to whloh a small amount of calcium chloride has 
been added* Since thrombin will clot such a fibrinogen solu­
tion and even in the presenoe of sodium oxalate, it is clear 
that prothrombin is not yet thrombin*

The.next question I considered was the nature of 
the change of prothrombin to thrombin, a substance produced

i
by the activation of prothrombin of plasma with calcium and 
cephalln, and capable of clotting fibrinogen in the .presence 
of excess oxalate*

There has been much controversy as to the nature
£5)of this change, Pekelharing one of the first to study it, 

believed that it was due to calcium salts, and he suggested 
that thrombin acted really as a carrier of - calcium*; THe: 
thought that for some reason fibrinogen could not unite with 
calcium to form an insoluble calcium salt, fibrin* It was 
neoessary for a third body, thrombin, to-intervene as a 
calcium carrier* This ingen ious-concept ion of-the role of, 
thrombin was, however, rendered very improbable by-the oareful 
analyses of the calcium oontent of fibrinogen;and fibrin'by 
Hammarsten (V )•

A »Hammarsten found that•fibrin'and fibrinogen eaoh
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contained the same quantity of calcium, that is about 0.05 
per cent. The presenoe of soluble calcium salt is not a 
positive condition for the formation of fibrin, because 
thrombin can transform fibrinogen into fibrin in the absence 
of lime salts* Fibrin is not richer in calcium than the 
fibrinogen used in the preparation of the fibrin and thrombin 
solution whioh was used contained 0*0007 gms per million as 
caloium oxide* The relation of calcium to blood clotting will 
be discussed later in this paper*

That phospholipid is an Important element in blood 
clotting was discovered by Wooldridge (7) who showed that this 
phsopho-lipid which he obtained from the leuoooytes, erythrocyt 
and brain was different from lecithin*' Howell (8) discovered 
that the aotive phospholipid was actually cephalin, a brain - 
and tissue phospholipid containing amino-ethyl alcohol in the 
plaoe of choline of lecithin*

Concerning the method by which a little oephalln- 
causes clotting has been uncertain* Howell has presented- 
experlmental evidence that favors the Interpretation that it 
unites witl* or counteracts anoantl-thrombln*

i
But Bordet (3) has shown.that.cephalin is necessary 

to oonvert prothrombin'to-thrombin*>>At any.rate prothrombin 1 
(serozyme) alone will not clot a fibrinogen solution contain­
ing a soluble calcium salt in addition to.itself* . Nor-will , 
it clot a ,fi>rinogen solution containing a little added emul­
sion of oephalln but no calcium* But if the prothrombin be 
added to a solution of fibrinogen containing both oaloium and 
oephalln, then olottlnjg occurs*
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Moreover, if the calcium and the oephalln be added 
first to the prothrorhin solution, and then after a few 
minutes standing to permit interaction this solution be added 
to a fibrinogen solution containing a little sodium oxalate, 
the fibrinogen solution is coagulated as rapidly as though 
the oxalate were not there*

This experiment shows that caloium ions are certain­
ly necessary for the conversion of prothrombin to thrombin, as 
Eowell (8) supposes, but are not necessary for the conversion 
of fibrinogen to fibrin, Furthermore Mills, on reinvestiga­
ting the problem, found that the prothrombin solution as 
prepared by Howell (9) always contained free oephalln* And 
he thus supported Bordet's conclusion that both caloium ions 
and oephalln were necessary to convert prothrombin to thrombin* 

Recent worlc done by Malt an er and Maltaner (10 )v‘ sheds
• t.

perhaps a new light on the Importance of cephalln* Their 
investigation on the nature of cephalln was shown that active 
llpoidal substance combines with calcium of caloium chloride-' 
with the liberation of hydrochloric acid in the presence” - ’• 
of cephalln* The chemical action of cephalln is associated'' 
with the freely ionizable H atom which combines with-chlorine 
of calcium chloride to form the acid* -In the presenoe of this 
aoid lipoids form with protein*an insoluble complex fibrin, 
which the lipoid by itself possesses no precipitating aotion 
upon protein with cephalln*
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Cephalln prepared in the laboratory gave an acid 
reaction to methyl orange Indicator (pH. 311-4.4). Also the 
following combinations gave an acid reactions: Oephalln and 
prothrombin, cephalln and calcium chloride, and prothrombin* 
cephalin-calcium chloride (thrombin)* Whether this aoidity 
was due to cephalln alone oannot be said here.

The cephalln was obtained from calf brain. It was 
separated from leoithln so far as possible by repeated solu­
tion in ether and then allowing it to stand over-night in 
the ice-box; the sediment filtered off and 95 per cent alcohol 
added to precipitate cephalln. The precipitations were 
repeated five or six times until no more white precipitate was 
formed by setting the ether solution in the ice-box and the 
yellow color had disappeared. The purified produot contained
1.41 per cent nitrogen and 3.55. per cent phosphorus, which 
gives sin atomic ratio of N:P: :1:1.07 instead of 1;1, both 
the nitrogen and phosphorus are somewhat lower than the ' 
usual figures for cephalln of 1.84 per cent nitrogen and about 
4.07 per cent phosphorus (11). (Levene N - 1.84.per cent and

. f , « .
P - 3.65 per cent.) Whether this is due to my cephalln con­
taining fatty acids of longer chain than C^g. such as ' 
arachidonio acid or whether tht<cephalln contained some-water, 
and was not entirely dry, is uncertain. The analyses'would 
fit a cephalln with two Oxacids.

The'activity of this oephalln was;marked as is shown 
by the* following example.
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I added to the prothrombin solution as prepared* 
containing 2.95 mgs of prothrombin per cubic centimeter* 
one-half cubio centimeter* one- half cubic oentimeter of 1 
per cent calcium chloride solution and allowed it to stand 
thirty minutes at room temperature to seoure the maximum 
activity of thrombin. One-half cubio centimeter of this 
mixture was then added to 2.0 cc of a fibrinogen solution* 
prepared by precipitation from oxalate horse plasma* as 
described* and placed in a constant temperature water-bath 
at 38°C. There was no clot in 24 hours* when the tube was 
examined.

This experiment proves that calcium alone is not 
sufficient to aotivate prothrombin as prepared by this method.

To a second 0.5 cc of calcium and prothrombin mix­
ture was then added 0.5 cc. of an aqueous cephalln emulsion 
(2.0 mgms) and after mixing and standing for. thirty minutes* 
one-half cubic centimeter of this was added to 2 cc; of
the fibrinogen solution.

This clotted in 20 seconds. To a third 0.5 co. of 
prothrombin and caloium mixture 0.5 co. of a 1 per cent 
lecithin emulsion prepared from egg* and after 30 minutes 
added to 2 cc. of fibrinogen solution. This clotted in 
205 seconds. This was due, probably to some oephalln being
still in the egg lecithin* as it is very difficult to com-

\

pletely separate them. And to a fourth 0.5 co. of prothrom-
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bin and caloium mixture 0*5 co. of 1 per cent emulsion of 
commercial lecithin was added, and after 30 minutes all was 
poured into 2 co* of fibrinogen solution* There was no clot 
in 24 hours*

Cephalln is, hence, necessary for conversion of 
prothrombin to thrombin just as is caloium, and as Bordet 
proved* This experiment clearly demonstrates that oephalln 
is not acting to neutralize an anti-thrombin, for there is no 
reason to suppose that the' fibrinogen solution thus purified 
contains any antl-thrombln since it clots promptly on the 
addition of thrombin*

My first experiments are to show that thrombin 
unites to fibrinogen to form fibrin, then this subsequently 
hydrolyses giving active thrombin and a new protein which 
is coagulated by heat 65°C* If this fibrin solution is "  
allowed to stand for several days albumose appears with the 
disappearance of thrombin*
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II. The Manner of Thrombin Action.

(a) Thrombin unites with fibrinogen to form fibrin.
Thrombin is a compound of a protein (serozyme or 

prothrombin), oephalln, and presumably also caloium. Direct 
determination of the caloium content were made on thrombin 
and it was found to be present in the easily lonizable from, 
since it was all precipitated by oxalate. (This is clearly 
presented in the latter part of this paper). Thrombin that 
was once formed, acts on fibrinogen even in the presence of 
excess oxalate or in fairly low amount of caloium; however, 
the speed of coagulation is not the same as if caloium was 
present•

Experimental evidence has been presented by 
Rettger (12) that thrombin enters into a chemical union with 
fibrinogen to form fibrin. To elucidate this particular point 
the following investigation was made.

The first point which X wish to show is that throm- 
bln solution successive portion of fibrinogen, and removing 
eaoh time the fibrin formed. The total amount of fibrinogen 
used was always in excess to utilize all the thrombin. This 
amount was predetermined for each sample of thrombin. When 
fibrin was not formed in one to two hours after the removal 
of the last clot from the first addition of fibrinogen, an 
additional quantity of fibrinogen was then added. This 
fibrin formation continued as long as thrombin was present.
If thrombin became slightly Inactivated the addition of small
r * '■ * /
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quantity of cephalln to this revived the activity of the 
prothrombin, so that it would coagulate more fibrinogen*
(It seemed rather difficult to add sufficient quantity of 
cephalln to saturate all the prothrombin molecules)* Finally 
the addition of oephalln to this inactive thrombin had no 
effect, indicating that the prothrombin had been all utilized* 
Now the addition of prothrombin to this inactive thrombin 
• solution restored the clotting power slightly* This activation 
was due to the combination of prothrombin with the excess 
cephalln that was present in the tube* It is evident from this 
experiment that the thromblo activity is dependent upon the 
presence of cephalln and prothrombin and some calcium* Thrombin 
activity gradually decreased with the amount of fibrin formed*

As the quantity of thrombin decreased the amount 
of fibrinogen converted to fibrin was also decreased in pro­
portion and any excess fibrinogen was left in the tube* Addi­
tion of few drops of the active thrombin Immediately coagulated 
this excess fibrinogen to fibrin* Clotting time was found to
be proportional to the amount of thrombin present*.

*

For example, the following experiment displays 
dearly how fibrin formation is dependent upon the amount of 
thrombin present'*

Fibrinogen solution was divided into three aliquot 
parts of 35 co* (135 mgms), and one part was added to 10 co* 
of active thrombin (18 mgms) and fibrin as it was formed was
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immediately removed and kept separately. One hour was 
allowed to elapse after the removal of the last clot before 
the second and third additions of fibrinogen were made, to 
insure that all the fibrinogen added were used.

The average fibrin weights obtained from the 
successive additions of fibrinogen to thrombin were as follows 
First addition: clot in 5 minutes-weight of washed and dried

fibrin, 146 mgms.'.
Second addition: clot in 8 minutes-weight of washed and dried

fibrin, 91 mgms.
Third addition: clot in 20 minutes weight of washed and dried

fibrin, 40.55 mfems.
The results as shown have been obtained repeatedly 

with consistency with this sample of thrombin ahd fibrinogen. 
Clotting of fibrinogen is dependent upon the thrombin present 
as shown by the weights of fibrin’produced. It was .found 
that successive amounts of fibrin formed gradually decreased 
when fibrinogen solution was repeatedly added to the same * 
thrombin solution. It can be said that., thrombin, was being 
removed in small quantities by fibrinogen. This removal of 
thrombin was hot the result of adsorption to fibrin, since 
frequent washing of fibrin with water did not remove all.the. 
thrombin nor did any change in weight of fibrin ocour.

To determine more specifically that thrombin unites 
with fibrinogen another experiment was tried where there was 
an excess of thrombin in the tube and the amount of flbrihogen
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was varied* It was found that the weight of fibrin obtained 
was larger than the weight of fibrinogen that was added to 
thrombin* This increase in the weight of fibrin cannot be 
changed by frequent washing with distilled water and by 
drying in the oven* Therefore the increase in weight is 
presumably due to union of thrombin to fibrinogen*

The results in Table I are averages obtained from 
different samples of fibrinogen and thrombin. These results
are not in harmony with those of Mills, who has shown that

}one part of active thrombin can convert over one thousand 
parts of fibrinogen (13). I was never able to obtain that 
result when I continually removed my fprmed fibrin from the 
tube, the serum on standing for 24 hours did not show'any 
evidence of clotting* However, it is seen then that a minimal 
amount of thrombin does not convert an unlimited amount of 
fibrinogen* However, it is true that a small amount of throm­
bin will seemingly change a large proportion of fibrinogen • 
provided that formed fibrin (gel) was allowed to stand for 
a time without any interference* Gelation will take' place 
solidly throughout the vessel, but when that gel was dis­
turbed with a glass rod to remove the formed fibrin, it was 
found that only a few mlligrams of fibrin had been formed and 
a large quantity of water was squeezed out. Excess fibrinogen 
was left in-the vessel unused* This was shown by the fact/' ' 
that another crop of fibrin was formed when thrombin was added*
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There is some definite relationship between fibrino­
gen and thrombin to form fibrin, even though this relation 
is irregular for the different samples* This increase is only 
valid if nothing else unites with the fibrinogen than thrombin 
and not water. The latter point will be shown definitely not 
to be the case despite the discrepancy in the weight of fibrin 
formed*

Insert Table I*
0

It is seen from this table that all of the added 
weight of fibrinogen has been accounted for in the weight of 
fibrin obtained in the experiment* There is an increase in 
the weight of fibrin over the original weight of fibrinogen 
used due to the union of thrombin to fibrinogen* In the first 
experimental tube 90 mgms of fibrinogen were added to 40*7 
mgms of thrombin* The fibrin obtained weighted 105 mgms; this 
was the weight of washed and dried fibrin* An increase in weight 
of 16*6. per cent over the weight of fibrinogen added, the 
difference of fibrin formed and fibrinogen added gave the 
amount of thrombin united to the fibrinogen* In this, one part 
of thrombin converted 16 parts of fibrinogen*

Insert Table II*
"  . 1  . g 

Table II presents this fact of .thrombin and fibrino­
gen union a little more clearer* In the first tube, 891 mgms 
of fibrinogen were added to 602 mgms of thrombin; 597 mgms of
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fibrin was formed, ant. increase in weight of 36*07 per oent 
over the original weight of the fibrinogen added; 219*6 mgms 
of material was recovered in the wash water and 172 mgms of 
material was left in the tube after clotting, which was 
dried after there was no evidence of clot in 6-8 hours of 
standing at room temperature* From this the amount of thrombin 
used in the formation of fibrin is the difference of the 
weight of fibrin and the weight of fibrinogen used in the 
experiment*

The evidence for the probable union of thrombin and 
fibrinogen ip given by the fact that during synthesis of 
fibrin by thrombin free amino groups determined indirectly 
by the decrease in the carboxyl groups, this group progress­
ively decreased* And that thrombin was present as such in 
the washed fibrin solution and it can be recovered from 
the solution as prothrombin* This will be presented later 
in this paper*

Varying weights of fibrin were taken to determined 
the amount of free carboxyls it had in the molecule* These 
samples of fibrin were removed from the tube and carefully 
pressed free of water between filter papers. Drying in the 
oven was avoided for the particular reason that some chemical 
change might take place in the fibrin molecule* I did not
Wish any intramolecular change to take place causing the 
decrease in these groups*

* ,
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Insert Table III.

Table III represents the results for this determina­
tion, the oarboxyl groups were determined by two methods, 
the Sorensen and the Willstatter method. It will be noticed 
that where was a gradual decrease in the number of groups- 
showing that some union perhaps with the amino groups may 
have taken place. Carboxyls groups have decreased from 1.36 
and 0.95 to 0.2 to zero. The results for the Sorensen ran a 
little higher for the reason that titration was in the aqueous 
medium, the alkali added in the titration caused some hydroly­
sis of the proteins increasing the number of carboxyls or the 
failure of formaldehyde to completely, suppress the free 
amino groups<
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(b) Is syneresis a gradual solution of fibrin by thrombin.
In the preceding pages I have shown what goes to 

make the insoluble fibrin from soluble fibrinogen. It has 
been shown that definite quantity of thrombin converts only 
a given amount of fibrinogen and the Increase in the weight
of fibrin over fibrinogen is due to the union of thrombin
to fibrinogen. It is a known fact that fibrin thus formed 
under-goes a spontaneous lysis, when it is allowed to stand 
in the tubes in which clotting occured, or in distilled water. 
This lysis is probably similar to that which occurs naturally 
in blood clots. This re-solution of fibrin was first noticed 
by Denis (14). He saw that clots redlssolved in dilute salt 
solution. This observation was oonfirmed by Dastre (15) in 
sterile solution. Rolf maintained that this autolysis of 
fibrin was due to the presence of fibrinolysien (16).

It is not known whether tresis where the clot
contraots with squeezing out of the liquid serum is a process
of actual contraction of the dot, or one of gradual re-solution 
of fibrin as result of dissociated or undissooiated thrombin 
with the breaking down of the fibrinogen molecule. Must the 
clot contract before it is capable of undergoing re-solution?.

,,, If synersis is merely a contraction'of the clot then the weight 
f-ibrin removed from the tubes should not change at the 

different' advancing stages of synersis. If it is a gradual 
re-solution there should be a gradual decrease in the weight

’ 4

fibrin removed from the tubes. The following experiments V. . 
were conducted to'settle this point.
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I have given in this experiment, the results of which 
are tabulated in Table IT, a series of tubes containing fibrin 
formed from a definite quantity of fibrinogen and thrombin#
The formed clots were allowed to remain in the tubes until 
syneresis was evident. At different stages of re-traction 
of the clot fibrin was removed from the tube by twirling it 
around with a glass rod gradually, squeezing out the serum. 
Fibrin was then washed in distilled water to remove all.the 
serum and dried in the oven at 38°C for 24 hours. The • 
collected fibrin samples were weighed. The wash water were 
added to the respective serum and dried in the oven and finally 
weighed.

Insert tfdble IV.

The clots were solid throughout the tube and no 
retraction were evident in all the tubes within 24 hours.- 
..On the second day the clot had retracted up from the bottom

r

1/10 th the height of the clot, as measured by a mi lime ter 
ruler. On the third day retraction from the sides of the

* , * i ►* /

tubes were noticed and with l/4th retraotion from the bottom, , 
this gradually increased to 1/2 and 3/4 on the fourth and on 

• the fifth day respectively, bn the fifth, day the clot was 
disintegrated and solution was.complete on the sixth day.

In the controls, fibrin formed was immediately removed 
from the tubes by twirling the fibrin around a glass rod, then

»
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l(fc
it was carefully washed with distilled water to remove all 
extraneous protein matter and dried, the wash water was 
collected with the serum and dried* The weights of fibrin 
from the four control tubes were consistent, weighing 3*6 
mgms* In the experimental tubes, the clots were removed 
every twenty-four hours, washed and dried. The daily loss in 
weight of fibrin due to syneresis was on the average of 0*3 mg* 
Syneresis is then a very gradual re-solution of fibrin as 
concluded from this experiment*

I have seen this similar phenomenon of rapid re-solu­
tion of the clot in cases of work done with whole blood clots* 
Generally the process requires several hours to days, but in 
several instances I have observed this complete dissolution 
of solid clots of'whole blood occur within a course of an 
hour or less, the corpuscles have settled to the bottom and 
the blood was fluid again* As Clots made with fibrinogen and 
thrombin disentegrated in an hour or two if the concentration 
of cephalln in thrombin was low, this is shwon in. an experiment 
included in the latter part of this paper;

It may be that this rapid re-solution of laboratory 
fibrin and the retraction of whole blood clots are two different 
phenomena*
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*1
(c) Influences of gases on clotting time and in the re-solution 

of fibrin*
During the course of re-solutlon of fibrin there was 

noted that in cases of fibrin in stoppered tubes containing 
water re-solutlon progressed just so far and it was then 
retarded* The fibrin clots in unstoppered tubes, (that is 
those tubes which were plugged with sterile cotton) completely 
went into solution. This was concluded to be due to the 
Influence of oxygen* This observation was confirmed by passing 
oxygen gas through water containing solid fibrin* This dissolved 
in two-thirds the time required for fibrin to dissolve if it 
was unaided by the presence of free oxygen*

About 6 mgms* of fibrin .were placed into each tube in 
the series containing 5 cc. lOoc., and 15 oo* of water respect­
ively* Oxygen gas was allowed to bubble into the water through 
a sterile cotton plugs for two to three minutes the tubes were 
then stoppered and set aside until complete solution of the 
fibrin had taken plaoe at room temperature* Similar series!of 
tubes of fibrin were set up substituting hydrogen, and carbon 
dioxide for oxygen* These experimental results showed that 
oxygen aooelerated the re-solution of fibrin, while hydrogen 
and carbon dioxide tended to retard the re-solution*

Insert Table V.

Broth cultures were made of these solutions, they showed . 
faint cloudiness after 24 hours* This entire experiment was
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Jtt
repeated using sterile tubes and pipettes. Broth cultures of 
these showed no growth until after the 40th hour and then the 
growth was very, very faint. From this the process of re­
solution cannot be attributed to the presence of baoteria, 
not mentioning the filtrable viruses, of course, since the 
rate of solution of fibrin were simultaneous with the first 
set of tubes*

Next I decided to find out what effect these gases 
had on these proteins before the starting of the clotting 
experiment. The results are given in Table VI•• The gases 
were passed into series of tubes each containing about 5 co. 
of the preparation of fibrinogen, prothrombin, oephalln and 
thrombin; clotting was performed with these samples after 
48 hours of exposure to these gases at room temperature. It 
was found that such oxygenated solution of fibrinogen was- 
coagulated by thrombin in 19 hours, fibrinogen treated with 
carbon dioxide in 5 hours, and by hydrogen in 1 hour and 
55 minutes.

Thrombin was the least affected by these gases and 
cephalin was slightly inactivated by all three gases. The 

- effect of oxygen seem to be to change the proteins and.cephalin 
in such a way to delay coagulation.

Clotting was performed with fibrinogen, prothrombin, 
cephalin, and thrombin again after nine days.of exposure. ,It 
was found that fibrinogen was Incoagulable.by thrombin, cephalin
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was completely inactivated* Thrombin was slightly inaotivated 
in this experiment* Perhaps the oephalin was partially 
destroyed; it seems that cephlin was more stable in the presence 
of prothrombin and calcium*

Insert Table VI*
Broth cultures were made from these tubes for the 

presenoe of bacteria, after 24 hours incubation* Samples 
prepared with no sterile precautions showed bacterial growth 
in 24-36 hours, but those in sterile tubes showed no growth*
A As result of this investigation on the gaseous influence

• oxygen is the variable factor in the process of coagulation, 
its presence in the tube containing fibrin in water hastens 
the re-solution, its presence before the onset of ooagulatlon

* 4
inhibits the clotting of fibrinogen by thrombin*

The fluidity-of the blood in the vascular system is 
perhaps, maintained in part by the presenoe of the excess 
oxygen, which is carried by the red blood corpuscles, to 
oxidize the cephalih liberated from time to time by the destruct­
ion of the platelets, or liberated from the plasma proteins*
At the same time, fibrinogen is preserved in an inactive state 
by its union with some other proteins* Any fibrin that is 
formed is immediately re-dissolved by oxygen* Perhaps, oxidase,

t
ihematoporphyrln and vitamins or hormones also play some part in 

this solution phse of.clotting* Boyd (17) (unpublished work) 
of this laboratory has found that fibrinogen exposed to ultra­
violet rays for 6-8 hours was lncoagulabl*e and when hematoporphy-
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rin and oxygen were present fibrinogen became incoagulable in 
2 hours by thrombin*

In circulation cephalin complex is only dissociated 
when there is a disturbance in blood protein equilibrium; 
the same is tbrue of fibrinogen* In death, clotting is very 
slow in the vessels due to the presence of oxygen in a large 
amount, regardless of the cessation of its intake and from the 

gradual dlsfunctionlng of the erythrocytes* The oxygen is 
gradually diminishing in quantity due to the continuation of
metabolism in the body after death the carbon dioxide is slow­
ly acoumalating with the acids. The clotting will be the 
result of lack of oxygen and increase in carbon dioxide and 
metabolic products* Body blood clots.when the optimum oxygen \ 
diminishes or it may .be.that prophyrins are decomposed* *
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III. Analysis of Fibrin Solution*
Fibrin is now known to go into solution like the 

natural blood olots, and albumose and a new protein, fibrinose 
(fibrinose-globulin - Hammersten (6) are found with the 
unchanged prothrombin in the fibrin solution*

About 1 to 2 grams of fibrin were used in this 
experiment. This fibrin previously washed and dried was 
allowed to stand in a vessel plugged with cotton containing 
gOO oo of distilled water and 25 co of 0.9 per cent sodium 
chloride* The re-solution was generally completed after 15 
to 30 days standing in the ice box* • The vessel containing 
the re-dissolved fibrin showed an Insoluble fraotion settled 
in the bottom of the tube*

A portion of this faintly yellowish colored lnaoluble 
substance in the bottom of fibrin solution was extracted 
with hot benzene and there was found to be some extractable 
matter present* The loss in weight after benzene extraction 
of the insoluble fraction was due to the lipid present* .The 
fatty material which was extraoted with water from the benzene 
extract, removed of benzene by drying the extract at room ' 
temperature, was found to be lnaotive in clotting. It " 
failed to activate prothrombin to thrombin in the presence 
of calcium.

About 2 co. of fibrin solution was'heat coagulated 
at 80°C*, the coagulated proteins were filtered off and this 
heated again to a little higher temperature, oooled and
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3 *
filtered again* The filtrate was tested for albumose with 
5 per cent phosphotungstic acid. There was very faint oloudine 
an evidence of albumose present in a very small amount*

Broth cultures of fibrin solution showed no baoterial 
growth after 24 hours of incubation at 38°C. Samples of 
fibrin where precaution for sterility was omitted showed 
growth* Bacteria did not facilitate re-solution, since lysis 
took place in those tubes which were sterile at about the 
same rate*

Fibrin solution was fraotioned with neutral salts 
like plasma to see if fibrinogen and prothrombin oould.be
recovered* To 200 oc* of the fibrin solution, sodium chloride
was added to one-half saturation* There was a slight 
opasescence. The precipitation was not heavy enough to ool- 
leot the material for examination. This was filtered, and 
to the filtrate sodium chloride was added "to saturation* A 
copious amount of precipitate was now formed. The globulin 
was collected on a filter paper. The precipitate was removed 
with a spatula and dissolved'in 20 cc* of 1 per cent sodium 
chloride solution* After the removal of fibrinogen, ammonium 
sulphate was added to one-half saturation to preoipitate the

« '  V  *  . * I .

prothrombin from the filtrate. The precipitate was collected. ■ * .•• ^
on a filter paper, dissolved in 20 cc. of water, and then 
dialysed by running tap water for 12-24 hours to remove the‘ # ̂  i ,

sulphate* Some globulin was preoipitated in.the prothrombin 
in the dialyzing tube*
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The fibrin used in one case was composed of 1350 
mgms. of fibrinogen and 195 mgms. of prothrombin, after the 
re-solution the fractions reoovered by the above process 
gave 1095 mgms. of protein coming down on saturation with 
sodium chloride and 205 mgms. of prothrombin. The difference 
in the two weights of fibrinogen was due to the hydrolysis.
The increase in weight of prothrombin was due to lipids and 
albumose precipitated with prothrombin.

Fresh solution of fibrinogen was coagulated in 2 
minutes by this recovered prothrombin whioh had been previous­
ly activated with cephalin and oaloium to thrombin. An 
active thrombin solution did not coagulate the new globulin 
fraction. Fibrin formation is not a reversible chemical 
reaction, one of the constituents was changed, that is 
fibrinogen, into this new protein, whioh I have called flbrinose 
(fibrino-globulln-Hammarsten) (6) by the' action of thrombin. 
However, thrombin could not be recovered as such but as 
prothrombin. Fibrinose was heat coagulated at 65°G.- and 
prothrombin at 71°C«, this is the same coagulation temperature 
as the original prothrombin used in the experiment.

T

Following series of tables and a graph shows the '
t

results of 'series of analyses of fibrinogen, prothrombin" and 
thrombin before the coagulation process and' the results of 
series of analyses of fibrin solution, flbrinose and prothrom­
bin fraction recovered from the fibrin solution.

Insert Tables VII, VIII xtljb Graph I.
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V7It is Interesting to note, that the total nitrogen 
remained constant* No non-protein nitrogen was found. How­
ever, there was fluctuations in percentage of amino-nitrogen, 
phosphorous, the carboxyl groups, oalciun ahd the extraotable 
lipids from the original solution of fibrinogen and thrombin* 

The amino-nitrogen, calcium, and phosphorus contents 
are increased in the flbrinose with the slight increase in the 
amlno-aold carboxyls with a decrease in the peptide carboxyl 
groups* The large fibrinogen molecule seems to have been hydro 
lyzed into the next simpler product flbrinose and albumose by 
thrombin* This increase in the amino-nitrogen and the amino- 
acid carboxyls are an index to hydrolytio action of thrombin

r

on fibrinogen* This is characteristic of protein hydrolysis,
•• > • *

namely the transformation of non-amino nitrogen in the CONH 
linkage into free amino nitrogen and COOH as these linkings 
are hydrolysed with the formation of these groups*

This evidence for thrombin to break the fibrinogen 
molecule through peptide group is based on the fact that dur­
ing hydrolysis of fibrin by thrombin amino groups and oarboxyl
groups are progressively liberated* Second, the positive

* • • ' . -  . *.

biuret reaction is given by substances which contain this
• * * , , , „

group and also by their partially hydrolyzed products 
(proteoses) which are liberated in equal amount, sinoe there 
is no ohange in the acidity* Solution of fibrin is very, 
very faintly acid to methyl orange (pH-’05.1 to -1*4) with* 
transmitted light, there seems-to be no apparent change in
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color by reflected light. The mixture of fibrinogen and 
thrombin also gives this slight indicator change before 
clotting.

Analyses of prothrombin recovered from fibrin solu­
tion showed quite a decrease in the amino-nitrogen and a slight 
Increase in the two carboxyl groups, phosphorus and calcium.

Chemical analyses of fibrin solution showed an Increase 
in the amino-nitrogen. This was due to the hydrolysis of the 
thrombin-flbrinogen union in the presence of water on standing 
with the subsequent formation of flbrinose and albumose.
This disruption of the union does not take place in a short 
time, it takes from several days to several weeks.

Another finding of importance was the change in the 
heat coagulability of these fractloned protein from the fibrin 
solution. The original fibrinogen which was coagulated at 
56°C. now changed to 65°C. The original prothrombin was 
coagulated by heat.at 72°C. and the recovered prothrombin was 
coagulated by heat at the same temperature. As*far as the heat 
coagulation was concerned, there is apparently no change in 
the physical property of the prothrombin from the original' 
preparation. Flbrlfc solution was coagulated by heat at 80°C.

The tables shows that the thrombin molecule contains 
more amino groups and amino-acid carboxyls than the fibrinogen 
molecule. Hence, these groups are respbhsible in the union 
with the carboxyls and amino, groups of fibrinogen to form 
fibrin. Even the presence of these reactive groups do not
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totally answer the question of the aotivity of thrombin, since 
thrombin convert more fibrinogen than the sum total of these 
groups present*

In the synthesis of proteins the end carboxyls and 
alpha aalno groups are not the only groups responsible for an 
acid and base neutralizing power* Very small proportion of 
nitrogen is in the form of amino group (edestln 1*8 per cent 
as amlno-nltrogen, fibrinogen 1*95 per cent and thrombin

• contains 3*33 per cent)* the amide group CONH is responsible 
for peculiar conversion fibrinogen-to fibrin. The breaking

• of this group must be laid to cephalln and calcium which 
activates prothrombin*

When cephalln is activated with cephalln and calcium 
the free amlno-nltrogen of prothrombin are decreased to about 
one-half to one-third the original amount, the carboxyls remain 
the same* Cephalln, acid in reaction, combines with the free 
amino group, calcium then combines with the OH groups of the 
phosphorlo acid unit in cephalln, the HCL formed unites with 
the other free amino group fo the protein to form the R-HH^CL* 
This group is now more reactive than the free amino group and 
unites with the carboxyl groups in fibrinogen.1
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(o) Presence of Albumose in Fibrin Solution*
It has been found that albumose was formed in 

the fibrin solution with another protein which is coagulated 
by heat at 6S°C*

Hammarsten (6, ) was the first to discover that
substances found in the solution of fibrin were different 
from the substances entering into the clot* He oalled this 
splitting "deboublementn giving two new fractions in the 
solution, yielding one substance which coagulated at 56° 
and another at 64°C* Mills in his study of fibrin formation 

• has found that re-solution of fibrin was associated with an 
ultimate change in the fibrinogen fraction which is coagula­
ted by heat at 75°C* Instead of at 56° like the original%
preparation* In his fibrin solution there was no non-protein 
nitrogen present, thus exoluded the proteolytic action*

I have found a protein which was coagulated by 
heat at 65°C* and prothrombin was recovered praotioally un-•j * V ■

changed and also some albumose* Since it was obtained by 
the hydrolytic action of thrombin on fibrinogen giving this 
substance and albumose* This heat coagulable protein was 
fairly noticed by Y/ooldridge and he called it fibrino-globulin 

Prothrombin and fibrinogen solutions used were free 
from albumose* It was tested in the following way:'

Total protein was removed by first coagulating them 
at their respective temperatures; fibrin solution was heated 

. , to ,.80°p«.. This was cooled and'filtered tor remove the coagulua.
*
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For further analysis, the old fibrinogen solution was 
subjected to chemical analysis, the results are given in Table XX

Insert Table XI. Graph II.

It is clearly shown that aged fibrinogen by its 
precipitation with sodium chloride agrees very closely to the 
new protein from the fibrin solution. They are both coagulated
by heat 62-65°C. The amount of free amino-nitrogen is the same 
in both fractions of fibrinogen. There is more increase in 
the oarboxyl groups after fibrin formation that it is formed 
on standing* This, is due to the thrombin action of the 
fibrinogen#

The change in fibrinogen from the active to the inactive
stage may not be due only by the action of thrombin, but it{4
may occur on standing. This change may occur by its exposure 
to air or by dilution with water. The amount of lipid present 
is less than that found in the recovered fibrinogen solution, 
this is tobe expected since there was no addition of surplus 
cephalln in the form of thrombin.

This denaturation of fibrinogen may be due to hydrolysis 
where another protein is loosened from the fibrinogen, the 
latter being more unstable when it is dissociated. There is 
no evidenoe as to whether one is dealing with a single protein, 
or with a mixture, or of a compound of 2 or more proteins when 
the proteins are precipitated from each other with salts. Under 
similar conditions of precipitation and reprecipitation, the
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same product should be obtained theoretically. But it has been 
shown in cases of globulins, never two fractions have been 
separated purely from each other as shown by the presence of 
a protein heat coagulable at 75° in a solution of fibrin.

These combinations are soluble in HgO or diluted salt 
as long as the soluble portions are in excess, but on standing, 
the soluble portion is split off by simple dissociation process, 
the remaining combination becomes richer and richer in the 
sparingly soluble fraction and lastly precipitates, like the 
precipitate formed in the denatured fibrinogen solution or 
in prothrombin.^solution, at first these sedimentations slightly 
affeot the action of the preparation but soon as the amount 
inoreased fibrinogen and prothrombin solution became inactive, 
such sediments are also found in thrombin and fibrin solutions 
on standing*
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Part 11*

Evidence has been presented to show ho?/ thrombin 
transforms fibrinogen into fibrin and how it breaks fibrin 
down to fibrinose (fibrinoglobulin) and an albumose* 
Thrombin is fourd In the fibrin solution as shown by the 
fact that it can coagulate fresh solution of fibrinogen* 
This property was found to disappear quite rapidly on 
standing*

The following experimental facts are given to 
show what thrombin is - its properties and its constitu­
tion*

V* Properties of thrombin*

(a)* Inactivation of the Thrombin solution on Standing*
It is well known that thrombin solutions 

deteriorate rapidly on standing; but the nature of the 
change occurring in it is not still unknown* The reap­
pearance of thrombin in old serum on the addition of 
dilute acids and alkali was found by Schmidt (19). The 
changed thrombin was called metathrombin by Morawitz 
(20)* It was suggested by Bordet (21) and Mills and 
Mathews (22) that this Inactivation of the thrombin or 
serum was due to a dissociation of thrombin into 
cephalln and serozyme* The change is known to be very 
rapid. This serum taken at once from a clot, if it be
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si
injected into the jugular vein of a rabbit, kills the 
rabbit by intravascular clotting, whereas it is allov/ed 
to stand fifteen minutes or more, large amounts of such 
serum may be injected without causing clotting. A similar 
loss of activity is shown with serum left after the action 
of fibrinogen. Both serums taken immediately from a clot 
will clot oxalated plasma almost Instantly, whereas After 
it has stood 2*3 hours at room temperature it will clot 
such only after several minutes to several hours.

The thrombin prepared in a dry form by Collingwood 
(23) was very active in vitro, but produced no intravascular 
coagulation.

The nature of this inactivation of thrombin was 
studied. The first experiments were designed to see urhether 
the purified thrombin prepared from prothrombin, calcium 
chloride and cephalln emulsion In the proportions of 2 cc. 
prothrombin, l/2 cc. of 1 per cent calcium chloride solution 
and l/2 cc. of cephalln emulsion containing a known amount 
of cephalln calculated in the dry weight, would lose activity 
on standing. It was found that it did and at a relatively 
rapid rate at the start, but a residual activity continued 
for a long time. Furthermore some solutions remained active 
for a long time in the ice box without any antiseptic being 
added; whereas others lost their activity quite rapidly.

In contrasting these solutions it was found that 
strong solutions preserved in larger proportions of their
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activity than did dilute solution. In fact, tho more 
dilute the solution, the more rapid the deterioration.
This is shown in the following experiments. The results
i
are tabulated in Table XII.

Insert Table XII.

It is obvious from the table that greater the 
concentration of protein per cubic centimeter greater is 
the stability of the protein solutions. For instance, pro** 
thrombin solution containing 5.2 mgms. per cubic centimeter 
when it was activated with cephalln and calcium chloride on 
the third day after its preparation clotted fibrinogen in

•

one hour and ten minutes, the sample containing 29.5 mgm3. 
per cubic centimeter when it was activated to thrombin in 
the usual way at the end of 3 months standing in the ice 
box clotted fibrinogen in 5 minutes. Fibrinogen solutions 
containing 3.54 mgms. per cubic centimeter lost its coagula­
bility in 2 days, while the sample containing 20.1 mgms. 
retained its coagulability till the 20th day. It was 
clotted by active thrombin in 15 minutes, the original time 
was 2 seconds. Fibrinogen on standing gradually lost its 
original activity, nevertheless, it shows clearly that con­
centration of protein in solution prevents rapid inactiva­
tion. Thrombin solution also loses its activity slowly on 
standing in the ice box, however, much slower than if it 
was allowed to stand at room temperature.
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In seeking for the cause of this inactivation of
I

the' thrombin it was observed that although the original so­
lutions were clear and sterile* yet on standing there slowly 
settled out a faintly yellow, or sometimes a white, gelatin­
ous precipitate* The precipitate was examined for its 
activity, and contrasted with the activity of the super­
natant clear filtered liquid.

The precipitate was washed on the filter with 1 
per cent sodium chloride or in distilled water* It was, 
therefore, neither globulin nor albumin. After drying at.
38° C* it yielded to successive extractions of ether and 
benzene between 2-5 per cent of its weight in different 
samples to these solvents* This material was apparently 
lipoid in character* It was insoluble in water, but emulsi­
fied with the water. It gave no Pettenkoger reaction, thus 
indicating that it contained neither oleic nor any other 
unsaturated fatty acid*

The addition of this emulsion to prothrombin solu­
tion together with little calcium chloride or without the 
latter, failed to clot the fibrinogen.

The protein residue after extraction with ether 
and benzene failed to clot a fibrinogen solution when added 
with a little calcium chloride and cephalln. The protein 
residue gave a biuret test*

The thrombin precipitate contained most of the
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Ct
~ activity, whereas the supernatant liquid was less active* 

Hence, most of the activity of thrombin was precipitated 
out by standing in the ice box (7°C*) in a sterile condi­
tion.

The relative activities of these materials and 
of the protein freed by benzene and ether of its extract- 
able lipid were tested on 2 cc. lots of a fibrinogen solu­
tion of the usual strength. The sediment was tested by 
dispersing It through an amount of a 1 per cent sodium 
chloride solution equal in volume to that of the original 
sample*

Equal volumes o£ this suspension and of the 
supernatant liquid were added to 2 cc* portions of the 
fibrinogen solution, the clotting time was observed and 
the weight of fibrin determined. The results are shown in 
Table XIII.

Insert Table XIII.
*

An inspection of Table XIII shows that most of 
the activity wa3 in tho sediment. It clotted in 3 minutes 
and yielded 3.5 mgms. of fibrin (determined by direct 
weighing of the dry material) whereas tho supernatant 
liquid clotted in 10 minutes and yielded 2.8 mgms. of 
fibrin. The mixture of the two in equal parts clotted 
fibrinogen in 5 minutes and yielded 3.0 mgms. of fibrin.
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to
The clot thus formed dissolved (or contracted) more_ \
rapidly In case of fibrin formed from supernatant liquid
than with the sediment of thrombin solution* Fibrin made
from thrombin sediment did not dissolve within 24 hours.

1 next examined the composition of the sediment
and compared this material with the supernatant fluid,
with a sample of thrombin prepared by Schmidt's (24)
method of alcohol precipitation from serum, and with an » •
active solution of fresh thrombin made as usual by the 
addition of cephalln and calcium chloride to prothrombin* 

Total nitrogen was determined by Micro-Keldahl 
method on a given volume of the solution containing a 
known amount of the substance calculated In the dry form, 
and amino-nitrogen by micro-Van Slyke method*

Free carboxyl groups were estimated by the 
method of Willstatter and Waldschraidt-Leitz (25). By 
this method the carboxyl groups of aliphatic amino acids 
may be titrated directly In alcohol medium. Alcohol 
suppresses the basic properties of the amino groups and 
develops the acidity of carboxyl groups even in the 
presence of the ammonium and the phosphates groups, thus 
.it insures more exact results than the Sorensen method* 
This procedure differentiates between the proportions of 
amino acid carboxyls and pepitide carboxyls by the con- 
.centratlon of alcohol used. The method in detail is as 
follows:
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<*»
Two cubic centimeters of the protein suspension 

or solution is pippeted into a 50 cc* Erlemeyer flask con-i

taining enough alcohol to make 50 per cent, the peptides 
are precipitated with their free carboxyl groups, this is 
titrated with N/lO alcoholic KOH using thymolphthalein as 
tho indicator* At the pH* of the indicator the protein 
goes into solution leaving no turbidity, this is the iso­
electric point (appearance of the blue color) of the
peptide* The amino acid carboxyls are titrated in 95 per 
cent alcohol, 25 cc* of it is added to the same flask 
after the titration of peptide and titrated again with the 
alkali. Blank reading for alcohol is subtracted from the
total reading, and the result is given in cc* of N/lO
alcoholic KOH used*

These results were compared with the clotting ■ 
time and with the quantity of lipid extracted by ether 
and benzene from the dried residue, the results are 
shown in Table XIV and Graph 111*

Insert Table XIV and Graph 111*i *

From this table it will bo seen that all of the 
thrombin contained from 11 to 13.5 per cent of total 
nitrogen based on the total dry substance.- No narrow 
delation appears between the total nitrogen and the clot- 
ting power. Fresh thrombin with 4 minutes clotting time
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i .. </fr,oo ,j' /<* 3..«o........ j.r. 7

V\\ / #wA>t 1 .

L t   -,J3. 6 ?,•. 3 7 . fJt.,(,.;; Jto-S ......1.3- .S i! .

L ^ W A v V L  . , /* .  U  v 7 7̂ A  .< ,3*9. /* . ft... .... /f. 60 ., .

' i f .  i r ~  v  •  o * \^ v v a » *  o  * « v * \  • .« * « - * .  •*■• V . ' ? * - 1•vv.\w*; .v «».VV. u»*A«v-
r  0.  -  *4*. • . < • ”* .  « 4<0«l , ♦ . * . . . .  *  . ,t  1 . ' h t  • • • ' . •• »A»» ■»Pro i«cA. Prol««.+ ?'0*0tT 

it>’ttJl, Pt to V J A *. «.••»♦ t^nO x • — <\ (.'4.
«'■»*•' • •  * *  »•*«•»* , i - i r v « '  '• ■''*•«, •* V H O « » l  < • '• !  ■ . . . ,  - • ¥ • *  'V  • «  •« .• ■ » !  .J . . 0«A 0fy*r ) . •  ’• 1* .,< •*< • I • «  ^  ^  ^  ^

TVr*«*.\»J
U * - V * >  s  Y\1 t’n  / 6 $ 2 . S ~ .  , / & ‘/ 7 o 0  . ,/?
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ty
contained material with 13.6 per cent nitrogen; this was 
•the highest nitrogen possessed the greatest clotting 
power; the Schmidt*s thrombin contained least nitrogen 
and had the weakest clotting power, but tho supernatant 
substance with 12.88 per cent nitrogen clotted fibrinogen 
in 6 minutes while the sediment with 11.6 per cent nitro­
gen clotted fibrinogen in 5 minutes.

There wa3, however, a fairly close relation 
between free amino-nitrogen and the clotting time. The 
product of the number of gram3 of free amino-nitrogen by 
the clotting time was approximately a constant of the 

. value of about 1.3 gram-minutes. The product of the pep­
tide carboxyl by the clotting time was obviously not 
constant.

The percentage of lipid extractable from throm­
bin also shows no relation to clotting time, ^he material 
in the supernatant liquid had no extractable lipid, except 
for a trace. This clotted fibrinogen in 6 minutes, where­
as Schmidt*s thrombin contained 11.0 per cent extractable 
lipid, but it clotted fibrinogen only after 20 minutes. 
Freshly prepared thrombin that was very active had 13.25 

. per cent of extractable lipid. Of course, in these deter­
minations tho dry material was obtained by simply evapor­
ating the solution to dryness; and this dried residue con- 
tained free as well as combined lipid and salt and pro­
teins which was extracted with the lipid. • . . .

t
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The general result is to indicate a relation­
ship between the number of free amino groups of the throm­
bin and its activity.

The conclusion which seems most probable is that 
the thrombin unites through this group with the fibrino­
gen. This is borne out by the fact that thrombin treated 
with formalin, which is known to unite with amino groups, 
and so to block them, will no longer clot fibrinogen, as 
shown by Dr. Dunn in our laboratory (26).

The fact that the supernatant liquid, which is 
not very active contains a protein and a trace of lipid 
extractable by ether and benzene, while the sediment which 
is more active, contains nearly 29 per cent of lipid so 
extractable, Indicates that the change in the thrombin 
which occurs on standing is that suggested by Bordet and 
Gengou, and Mills namely, a dissociation into cephalln 
and serozyme (prothrombin). There are other facts point­
ing in the same direction, namely, the recovery of pro- 
thrombin from fibrin, as shown later. And also tho fact 
that thrombin thus aged and inactive becomes active again 
on the addition of fresh cephalln, calcium is not 
necessary.

*Thrombin thus resembles closely tissue fibrino­
gen, since, as Mills found, if tho lipid be extracted 
from tissue fibrinogen, it loses its clotting powers and 
becomes inactive and even powerfully anti-coagulant. The

#

$

»
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vV
clotting power is restored by re-addition of cephalin 
to the anti-coagulant* The difference between them is 
the much greater ease of dissociation of cephalin from 
thrombin than from tissue fibrinogen. The difference is 
that tissue fibrinogen clots fibrinogen only in the 
presence of calcium ions; whereas thrombin does not re­
quire calcium*

The relation of the clotting power to the amino 
nitrogen indicates that a part of the molecule of the 
thrombin is protein, or peptide, in nature*
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*1
(b) Is Thrombin a Protein?

The preceding facts indicated that thrombin was 
a protein, or contained a peptide of some nature in its 
molecule in addition to cephalin and calcium.

If it is protein, it might be inactivated by- 
digestion either with pepsin or trypsin. Schmidt (27) 
thought that thrombin itself v;a3 not a protein, since he 
obtained active thrombin solutions which gave a very feeble 
biuret reaction. But this reaction is very delicate. It 
might very well be that the enzyme itself wa3 not protein, 
but was ordinarily united with protein, since it must com­
bine readily with some proteins since it unites with 
fibrinogen.

If thrombin is digested by pepsin, it shows that 
it has one or more free amino groups as stated by Hugounenq 
and Loisleur (28). This will substantiate the evidence of 
the presence of amino groups In thrombin as shown in Table 
XV. Pepsin is considered an acid enzyme or it contains 
an acid group, hence it must attack the free amino groups.

To test the action of pepsin on it the following 
experiment was tried.

A. Peptic digestion of thrombin.
Standard pepsin solution was prepared as follows:

' r .j.

0.3 gm. of 1:3000 U.S.P. pepsin was added to 100 ccs. of 
0.2 per cent HC1. To every one-half cubic centimeter of
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the 0.3 per cent pepsin solution 4.5 C C 3 .  of 0.2 per 
cent HC1 was added.

One cubic centimeter of this pepsin solution was 
added to each 25 cc3. of thrombin solution. These tubes 
were incubated at 38°C. for various lengths of time. Each 
tube was removed from the bath at 5 minute intervals. One 
cubic centimeter of this pepsin-throrabin solution was 
tested with fibrinogen for clotting property.

In order to prevent the pepsin from acting on 
fibrinogen, pepsin was destroyed by the addition of 0.3 
cc. N/lO sodium jarbonate to the thrombin solution to 
neutralization, before the addition of fibrinogen.

Table XV below presents the data. The actlYlty 
of thrombin was destroyed by pepsin under these circum­
stances in 20 minutes.

For the control, 1 cc. pepsin solution was boiled
and 0.3 cc. of N/lO sodium carbonate solution was added to
neutralize the acid. The pepsin solution thus treated was
neutralized exactly and was added to thrombin. After 20
minutes of incubation, 1/2 cubic centimeter of this was

»•
added to 2 cc. of fibrinogen, it was clotted In 5 minutes.
The control containing no pepsin at the start coagulated 
fibrinogen In 6 minutes.

The r e s u l t s  show that tho thrombin activity was 
completely destroyed in 20 minutes by pepsin. This could
not be reactivated by addition of fnesh cephalin and ealolunu
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w*
Insert Table XV.

B. Tryptic action on thrombin.-
Standard solution of trypsin was prepared by 

adding 3 cc. of 0.5 per cent HC1 to 1 gm. of pancreatin 
(Merck). This was allowed to stand 30 minutes, then 0.1 
cc. of 10 per cent sodium carbonate solution was added 
(red to methyl orange pH 4.4) and filtered. At this 
acidity trypsinogen is activated and trypsin is preserved, 
while lipase and amylase are destroyed. To the filtrate 
containing only trypsin 10 per cent sodium carbonate was 
added until there was a faint red color produced with 
methyl orange. Trypsin wa3 stabilized at this acidity 
and this constituted the stock solution. It was pre­
served with toluene and kept in tho ice box (7°C.).

For the experiment, 10 per cent sodium carbonate 
, k solution was added to 10 cc. of trypsin solution to make 

it alkaline to litmus for optimum activity (pH8).
To each 25 cc. of thrombin solution 1 cubic 

centimeter of trypsin solution was added. This was incu­
bated at 38°C. for various lengths of time. Each tube was 
removed froir the constant water bath at 5 minute interval. 
The enzyme was destroyed by heating it to 65°C. before 
the fibrinogen was added*

Insert Table XVI.
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7V

At the end of first 5. minutes incubation this 
treated thrombin coagulated fibrinogen in 1 hour and 20 
minutes; at the end of 10 minutes incubation, fibrinogen 
was coagulated in 5 hours and 45 minutes. At the end of 
20 minutes of incubation the thrombin activity of the 
thrombin trypsin mixture was tested and it was found to 
be totally l03t. There was no coagulation of fibrinogen 
at the end of 24 hours.

Thrombin was digested not only by pepsin, but 
also by trypsin. According to Willstatter and Waldschmidt- 
Leitz's interpretation of tryptic activity (29), thrombin 
must be combined with trypsin (basic) through the 
carboxyl groups of the substrate in order to be digested. 
Since thrombin is attached by trypsin, it must contain 
carboxyl groups a3 previously shown in Table XIV.

C. Action of Lipase on Thrombin.
I next tested to see if lipase would destroy

the activity of thrombin by acting upon cephalin.
Lipase solution was prepared by adding a trace of 

bile (one to two drops) to 5 ccs. of 10 per cent water 
extract of fresh hog pancreas (neutral to litmus). One 
cubi.c centimeter of this preparation was added to 1 cc. of
1 per cent cephalin emulsion and after 2 hours of incuba­
tion at 38°C. l/2 cubic centimeter of this was added to 
activate prothrombin calcium to thrombin. This coagulated 
fibrinogen in 14 hours.

0
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Insert Table XVII.

At the end of 4 hours of Incubation lipase had 
completely hydrolyzed cephalin as indicated by it3 fail­
ure to activate prothrombin-calcium mixture to thrombin*

«Thrombin activity is then concluded to be destroyed by 
the proteolytic enzymes and by lipase in 2 hours*

It may be that the proteolytic enzymes were 
the cause; or it may be that there may have been specific 
cephalinase in each case. Billings and Professor 
Mathews have shown (1) that there is such a specific 
cephalinase .in the venom of Crotalus adamenteus, and it 
may possibly be also in the pepsin and pancreatln I used* 
But this cephalinase will act on the combined cephalin or 
tissue fibrinogen and thrombin and not only on free 
cephalin. However, the. action on tissue extract 
(Morrell*3 Fibrogenf cannot be said to be due to the com­
bined cephalin since the commercial preparation contains 
l/2 to 1 per cent of free cephalin, which if removed 
destroys the coagulative property of the tissue extract* 

From these experiments it appears that the 
activity of thrombin is slowly destoryed by pepsin and 
trypsin but Just how this was accomplished is obscure*
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-(c) The Influence of additional cephalin in thrombin on ' clotting time. Weight of fibrin formed and In re­solution of fibrin.

It has been found that if the amount of cepha­
lin was less than that required to bind all of the pro­
thrombin to fibrinogen, a loosely combined fibrin was 
formed (gel) and any attempt to remove the fibrin thus 
formed with the glass rod was rendered impossible. The 
thread-like appearance of fibrin manifested by those 
which contained high cephalin was absent in the gel clot.

Table VIII shows that an Increase in the
• ».

cephalin content causes a decrease in the clotting time 
to a certain minimum point beyond which the addition of 
more cephalin has no effect. The solidity of the clot 
Increased with the increase in concentration of cephalin*

Insert Table XVIII.

This experiment wa3 tried to see what specific 
effect, If any, an increase in cephalin might have on the 
clotting time and also on the retraction or re-solution 
of the clot.

To an active thrombin solution already contain­
ing sufficient cephalin (0.37 mgm.) for full activity 
additional amounts of cephalin emulsion were added. Five 
minutes were allowed to elapse before fibrinogen solution 
was added.
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11 ' 
The results in Table XVIII show that the 

addition to 5 cc. of active thrombin successive portions 
of cephalin emulsion equivalent up to 2*59 mgm’s. cephalin 
had a decreasing effect on the mean clott.’ng time as com­
pared to the control clotting time determined with each 
experiment* By the addition of 0*74 mgm* to 1*85 mgms* 
of cephalin the clotting time was reduced from 2 minutes 
and 5 seconds down to 1 minute and 20 seconds. The addi­
tion of cephalin above 1.85 mgms. gradually lengthened 
the mean clotting time.

These results are fairly significant.
Controls were deterihined for each experiment, 

since dilution of thrombin affects the clotting time of 
fibrinogen. The volume of control tubes were made up 
with 1 per cent saline solution equal to the volume in 
the experimental tubes, ^he mean clotting time was taken, 
that is the difference of clotting time between an experi­
mental tube and a control tube.

It is obvious from the table that Increase in 
dilution of control (tube #11) lengthened the clotting 
time from 3 minutes in the original undiluted control to 
8 minutes in the tube containing 0.9 cc. of saline solu­
tion. This tube contained the same amount of cephalin,
0.37 mgm., as in tube #1.
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1t
The weight of fibrin obtained seems to be 

dependent on the quantity of cephalin present in thrombin 
from results tabulated in Table XIX. It shows a series 
of tubes containing increasing quantities of cephalin in 
a given amount of preformed thrombin, which already con­
tained some cephalin (0.37 mgm.). The weights of fibrin 
increased as the cephalin content was increased up to a 
certain point. The weight of fibrin in the tube contain­
ing only preformed thrombin, that is, the minimum amount 
of cephalin (0.37 mgm.) was 3.1 mgms.; this fibrin weight 
increased to 6.6 mgms. in tubes containing thrombin with 
3.33 mgms. cephalin content. This constituted the maxi­
mum yield and any increase in cephalin above 3.33 mgms. 
did not increase the weight of fibrin.

Insert Table XIX.
*

According to results from the data found in
*

Tables XVIII and XIX, the increase in cephalin in the pre- 
formed thrombin, first has a decreasing effect upon clot­
ting to a certain limit (2.59 mgms.) and second, it has 
an increasing effect on the weight of fibrin up to a 
certain limit in the cephalin content (3.33 mgms.). This 
Increase in weight is not proportional to the clotting 
time# since the maximum decrease in clotting time due to 
Increase in additional cdphalln content ceased when 2.59
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mgms. of cephalin was present, and the weight of fibrin 
increased up to concentration of 3.33 mgms. of cephalin, 
after which the weight of fibrin did not increase.

In addition to the increasing addition of cepha­
lin content, constant quantity of 1 per cent calcium 
chloride solution was added. This experiment was performed 
to find if calcium has any synergistic action on cephalin 
in the clotting of fibrinogen.

Insert Table XX.

Table XX presents the following points; first, 
with the increase in quantity of cephalin and calcium in 
thrombin, there was noticed a gradual decrease in the clot­
ting time; second, with a decrease in cephalin content and 
an increase in calcium the clotting time was not decreased 
to such an enormous extent from the tubes containing cepha­
lin in varying quantities. Calcium does not exert a very 
marked decreasing effect upon the clotting time; third, the 
color of fibrin formed from thrombin containing more calci­
um were white like the colcr of chalk, while those formed 
from thrombin containing minimum amount of calcium we re 
translucent.

The weights of fibrin did not increase as markedly 
as when cephalin alone was increased. For instance, the 
tube containing addition mgms. of cephalin in thrombin gave
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1*
1

a fibrin yield (dry v,'eight) of 6*0 mgms* (Table XVIII)
♦

than in another tube containing both cephalin (3.33 mgms.) 
and calcium (0.05 mgm.) gave a fibrin weight of 4.3 mgms.
I have obtained this decrease in fibrin weight containing 
calcium in excess.

Calcium is not absolutely necessary in the coag­
ulation or fibrinogen, but it is essential in the conver­
sion of prothrombin to thrombin in addition to cephalin,
since prothrombin and cephalin mixture without calcium 
failed to clot fibrinogen. I shall mention in detail later 
about the initiation of clotting with thrombin containing 
no calcium (decalcified).

Another interesting result ■'hat was found in 
this experiment concerns the rate of re-solution of fibrin.

• The more solid the clot, which meant higher concentration 
of cephalin, the slower was the rate of its re-solution. 
Thi3 can only be explained by the fact that a firm union 
between thrombin and fibrinogen has been established at the 
expense of the cephalin molecule and perhaps calcium. The 
reason for slowed re-colution of fibrin containing more * 
cephalin may be due to the fact that cephalin has.a fairly 
strong affinity for water and this decreased the amount of 
free water present in the system to affect hydrolysis of 
fibrin.
1. Does cephalin and calcium increase the number of 

carboxyl or amino groups?
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* In order to explain for the activity of
thrombin when additional cephalin wa3 added and alao 
calcium, determinations for carboxyl groups were made^ 
to find out whether or not there Is an increase in the 
carboxyl groups. Sorensen test using formaldehyde was 
used against the Willstatter method for comparison of the 
number of carboxyl groups.

Insert Tables XXI and XXII.

It was found that there was a definite decrease
in carboxyl groups with tho decrease in the cephalin con­
tent. resence of calcium did not seem to decrease the
number of carboxyls. However, in the Sorensen titration 
there was an increase in the carboxyl groups, which showed 
there wa3 an hydrolysis of some protein brought about by
the alkali in water, or it may be that cephalin united with

*the nitrogen of the aminde grouping.
Free amino nitrogen groups were not determined, 

so conclusions cannot be drawn ffom this experiment regard­
ing the liberation of free amino group. If the carboxyls 
were decreased, then there should be a decrease in free 
amino groups, provided they were combined with the carboxyls 
Tne activity of thromb'.n may be attributed to the presence 
of these groups.

These determinations do not seem very significant
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as to the activity of thrombin and they are to be 
determined in another work*
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(6) toes thrombin carry cephalin to fibrinogen to 
make fibrin?

Pekekharlng (6) suggested thrombin wan a 
carrier of QGlalua to flbrlnogon end the calcium fibrils 
ogenate formed bo coco fibrin* This view Ilassnarotcn 
shoved to be untenable (0}» Frof* 32111s suggested that 
perhaps cephalin vss eerrled over to fibrinogen to make 
fibrin* -j;;,

To determine this* I analysed the phosphorus eon* 
tent of fibrinogen end fibrin* If oephalln was united toi
fibrinogen the phosphorus content of fibrin should be 
higher than that of fibrinogen# olnoe cephalin contains 
4 per cent of phosphorus*

The results embodied In Table XXXIX Indicate In 
some instances a slight increase* of phosphorus In the 
fibrin* *he amount# however# la within the limits of 
error of the method# and in some oases* there was a very 
slight change observed*

therefore* that fibrin contains more phospho­
lipid than fibrinogen Is very slight* In these determina­
tions neither the fibrin nor the fibrinogen were extracted 
with alcohol or ether beforo the determinations were cade*

Insert Table XXXIX.
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5*
Fibrinogen when thus analyzed contained about 

an average of 0.64 per cent of phosphorus and fibrin about
0.671 per cent.

The extraction of the lipid from both fibrino­
gen and fibrin gave very irregular results, owing to the 
fact that free as well as combined cephalin was probably 
embraced in the solution, since cephalin had been added to 
the prothrombin to make thrombin. Very possibly an excess 
was present and it was precipitated with the fibrinogen. 
This result is given in Table XXIV.
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(e) Phosphorus Content of blood proteins after extraction with benzene.

I next decided to find out whether or not there 
were any increase of phosphorus in the molecule which 
could not be extracted with benzene and it has been found 
that some lipoid was attached directly to the fibrin 
molecule as shown by the phosphorus determination after 
the lipid extraction with benzene. This was not the case 
in the determination of lipid of thrombin.

Phosphorua was determined colormetrically by 
the Flske and Subbarow (50) method. The phosphorus of 
the protein was converted to phosphoric acid by digestion 
with concentrated sulphuric acid. This phosphoric acid 
was transformed to phosphomolybdlc acid by ammonium 
molybdate and it was then reduced by amino-naphtholsul- 
phonlc acid in the presence of sulphites with the produc­
tion of a blue colcr.

Practically all of the lipid can be extracted 
from thrombin leaving only a trace of phosphorus as de­
termined by the colorimetric method above. They could not 
be extracted from fibrin and prothrombin, also from 
recovered fibrinogen and recovered prothrombin obtained 
from the fibrin solution. The increase in the percentage 
of phosphorus determined after benzene extraction of the 
proteins was, therefore, due to the direct attachment of 
cephalin to the recovered fibrinogen and prothrombin, and
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fibrin. There was an evident irregularity in the extrac­
tion of the phospholipid with benzene. The amount of 
lipid extractable by benzene in thrombin ia large, due to 
the mechanical attachment or by its loose union with pro­
thrombin, as shown in Table XXIV.

.'•>sert Table XXIV.

There was some extractable Hioid in fibrinogen* 
It contained 0.867 per cent of phosphorus in the molecule* 
It v/as increased from 0.877 per cent, to 13*20 per cent in 
the recovered fibrinogen, the extractable lipid of thi3 
fibrinogen v/as now increased from 0.102 to 1*425 per cent*

Phosphorus was increased in the recovered pro­
thrombin fraction from fibrin solution from 0.8C to 3.38 
per cent*

This phosphorus increase wa3 due to the addition 
of cephalin to the fibrin through the thrombin, and its 
increase in fibrinogen and prothrombin showed that 
cephalin must have combined with some groups in the 
respective molecule. Just how this ia accomplished cannot 
be stated.
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(f). The susceptibility of thrombin to heat.

Enzymes are usually destroyed by heating 
between 60° and 70°C. Most enzymes are said to be very 
rapidly destroyed in aqueous solution below the boiling 
point, although for example* according to Miyake and Ito 
(31) Aspergillus oryzae amylase solution, suitably pre­
pared retains some activity even after heating at 100°C. 
for 2 hours* Schmidt (32) has found that after 5 to 10 
minutes boiling the thrombin action was entirely lost, 
but it was not totally lost on heating to 70°C. Wittich 
showed a similar result with pepsin. Rennin (33) derived 
from stomach resists boiling. Hammarsten had found that 
pepsin solution, which had been heated 48 hours at 40°C.
to weaken the rennin action coagulatod milk in 6 hours

•

and 10 minutes. Prothrombin is coagulated and precipitated 
at 58°C. according to Bordet (3) and Mellanby (4), but pro­
thrombin that I have prepared in the laboratory was coagu­
lated at 68-71°C. Thrombin activity was partially or com­
pletely destroyed depending upon the length of time of 
heating and on the amount of proteins coagulated out from 
the solution. Dried preparations of enzymes are usually 
more stable, like thrombin, it was only slowly inactivated 
at 80°C* This point is shown when cephalin emulsion and 
1 per cent calcium chloride solution are added to this 
heated prothrombin and then allowed to stand for 30 xuinute3
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or even 1 hour# there was no thrombin present, coagula­
tion of fibrinogen was negative within 24 hours, or in 
some case there was a presence of a very weak gel*

It is,of course,well known that such coagulated 
particles may adsorb the enzyme and carry it down with 
them and thus lead to the erroneous conclusion that the 
enzyme has been destroyed* But thi3 is not the case with 
prothrombin, for I added to the suspension of coagulated 
prothrombin both cephalin and calcium chloride, but I was 
never able to obtain any clotting action on fibrin gel* 
From this it is clear that prothrombin is very heat sensi­
tive and destroyed by heating to 58°C. for 5 minutes.

Thrombin proved,on the contrary, to be extra­
ordinarily resistent to heat when' thU3 tested; but if the 
solution was filtered first it was removed with the coagu­
lated protein.

Table XXV shows a series of tubes containing 5*0 
ccs. of the active thrombin solution which were subjected 
to various temperatures as indicated for 5 minutes. The 
tubes were cooled immediately in cold water, and it was 
shaken to secure a uniform distribution of protein. The 
temperature of the thrombin solution was brought back to 
38°C. and fibrinogen solution was added. Clotting time 
was noted.

Insert Table XXV* Graph IV.
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11
; There was apparently no coagulation of thrombin ,
at 40°C., while a slight precipitation of protein was 
noticeable at 58°C. At 80°C. there wa3 a fairly complete 
coagulation of thrombin, since it3 filtrate showed only a 
cloudiness upon further heating. Between the temperature 
of 100° and 110°C. the activity of thrombin was apparently 
completely lost. The filtrate from thrombin solution 
heated to 100°C. showed a very faint biuret te3t. Addi­
tion of fresh cephalin emulsion and calcium did not restore 
the activity of the thrombin.

In another test it was found that the washed 
coagulated protein from the thrombin solution alone did not 
clot fibrinogen. The protein has undergone a chemical 
change by heating.

The variation in the clotting time of the fil- 
trate from heated thrombin, point out that the thrombin is 
changed by heating. It undergoes irreversible inactivation 
as indicated by the failure in the restoration of the ini­
tial activity of thrombin. As the temperature is raised, 
the reaction proceeds more rapidly towards inactivation, 
and in addition, the veloxity of clotting fall3 off more
quickly, owing to the change of thrombin. This decrease

. <
in fibrin formation may be explained on the basis that 
thrombin activity is decreased in the proportion to the 
amount of protein precipitated out (which are inactive) 
from the solution of thrombin. Since not all of the
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protoins are precipitated at any one temperature.
Re-solution rate of fibrin formed from these 

samples of heated thrombin was determined in this experi­
ment and it was found that the rate of re-solution was 
slower in tubes which contained thrombin inactivated at 
higher temperature. Thrombin heated to 90°C. showed no 
3ign of resolution in 2 hours. This further supports 
the chemical change in thrombin by heating.

This evidence of change is given in the shift in
carboxyl groups and the free amino grousp, as shovm in
Table XXV.

The number of free amino nitrogen dropped im­
mediately when thrombin was heated to 52°C. from 10.68 per
cent down to 2.01 per cent, then gradually decreased at 
Q0°C. and then there occurred a alight rise at 90° and 
100°C. The peptide carboxyl groups wore decreased from 
13.2 per cent to 7.4 per cent on an average down to 3.68 
and 2.49 per cent respectively, with an accompanying in­
crease in the number of amino acid carboxyls from 14.39 
per cent to 17.5 per cent. Whatever causes.:this shift 
in the reactive groups on heating cannot be explained here 
until further study on this point has been dope.

The influence of heat on thrombin is of practical­
ly little significance. It really gives a rough idea of 
the stability of the enzyme preparation. The temperature

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



11

of inactivation varies with the method of preparation 
of thrombin. Mellanby claims that his thrombin is 
destroyed by heat at 56°C.
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(g)* Influence of salts In the inactivation of pro­thrombin and thrombin by heat.

In the previous experiment it has been*shown 
that heating thromhin at different temperatures for a given 
length of time partially or completely Inactivated it. It 
was found that prothrombin solution cannot be heated to 
100°C. for 5 minutes and still be activated with cephalln 
and calcium to clot fibrinogen, but prothrombin in the 
presence of cephalln and calcium chloride is able to with­
stand heating to a certain point*

Clear solution of prothrombin was used to demon­
strate this point in the experiment*
A* Prothrombin solution, 10 cc* of the solution heated 

to 56°C* for 1 minute showed a very faint cloudiness; this 
was filtered, and to the filtrate sodium chloride was added 
to 1 per cent concentration* This solution containing the 
salt was heated to boiling for 1 minute and filtered again 
to remove the coagulum; to 2 cc* of the cooled filtrate 
l/2 cc* of 1 per cent calcium chloride were added* After 
30 minutes standing to obtain maximum activity, 2 cc* of 
fibrinogen solution was added to l/2 cc* of the activated 
filtrate* Clotting was noted in the tube after standing 
15 hours at 38°C*

Prothrombin was heated to 80° and 100° and 
treated as above did not coagulate fibrinogen in 24 hours*
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Prothrombin was heated to 56 and 100°C.
Without the addition of salt* They were activated with 
cephalin and calcium to form thrombin. The thrombin made 
from prothrombin heated to 56° coagulated fibrinogen in 
one hour and while the latter formed no clot in 24 hours.

B. In this experiment prothrombin filtrate (previously 
heated to 56°) was activated with cephalln and calcium and 
after SO minutes standing it was subjected to boiling for 
1 minute and sodium chloride was added to 1 per cent con­
centration. The filtrate from this heated solution coagu­
lated fibrinogen solution solidly in 5 hours and 45 minutes.

The following experiment was performed to settle 
the question of whether the presence of salt hastened the 
inactivation of thrombin by heat. Active thrombin solution 
was divided into 2 portions, A and B, of 10 cc. each.

1. Thrombin solutlon-30dium chloride was added to a con­
centration of 1 per cent and the contents of the tube were 
subjected to boiling over a free flame for 1 minute.

This heated thrombin was divided into portions
(1) and (2). (1) was filtered and (2) was left unfiltered.
Two cc. of fibrinogen solution was added to 1 cc. of
thrombin solution (1 filtered and 2 unfiltered) respec­
tively. The clot found in these tubes in 5 hours was solid 
in (2) and showed a very weak gel in (1).
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*2* Thrombin solution, this was boiled for 1 minute and 
cooled, sodium chloride was added to a concentration of 1 
per cent*

This sample of thrombin was divided into portions 
(1* - unfiltered and 2* - filtered)* (I1) gave a gel clot 
in 5 hours and (2f) showed no clotting*

It is shown that addition of salt to thrombin 
before it was subjected to boiling hastened the inactiva­
tion, much quicker than if sodium chloride was adder after 
boiling* One per cent ammonium sulphate accelerated the 
inactivation of thrombin much faster than sodium chloride* 

Thrombin can resist a high temperature for a 
short period of time provided the solution is fairly salt- 
free and while prothrombin was found to be totally inacti­
vated, when it was heated to 80°C* for 5 minutes*
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/•*
VI* Is calcium necessary in the formation of fibrin?

An attempt was made to analyze thrombin as to 
the presence of calcium not precipitable by oxalate* which 
is claimed to be responsible in the formation of fibrin* 
according to Arthur (34)* Calcium in thrombin was precip­
itated by the Tisdall method (35)* To 10 cc* of the 
thrombin solution in a 15 cc* conical graduated centrifuge 
tube* 5 cc* of a saturated solution of ammonium oxalate 
was added* The contents of the tube were shaken and the 
mixture was allowed to stand at room temperature for l/2 
hour* This was centrifuged at about 1500 g*p.m* for 5 
minutes* The supernatant fluid was removed by simply in­
verting the tube for a moment and allowing the fluid to 
flow out into another tube* this calcium-free thrombin 
which coagulated fibrinogen solution in 12 hours* This 
fibrinogen contained 0*15 per cent calcium*

Two per cent ammonium hydroxide was added to
the 4 cc* mark on the tube containing calcium oxalate*
The precipitate of calcium oxalate was thoroughly mixed 
and the tube was again centrifuged 5 minutes* This 
process was repeated once more*

the crystals of ammonium oxalate were then dis­
solved by the addition of 2 cc* of approximately N/l
sulphuric acid* the contents of the tube were heated in 
a boiling water bath for 1 minute and was titrated with
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0*01 N KUnO^ until a pink color was obtained which persisted 
exactly for 1 minute* The thrombin solution bave 0*2 mgm* 
of calcium In the 2 cc* sample*

One-half of the quantity of the supernatant 
fluid (thrombin) was evaporated with nitric acid to dryness 
to destroy the organic matter and N/lO HC1 was added to 
acidity and excess acid was neutralized and the calcium 
was precipitated In the usual way* No precipitate was 
found in the tube*

All the calcium was then precipitated. The cal­
cium evidently was not necessary In the transformation of 
fibrinogen to fibrin after active thrombin was formed.
The fibrinogen solution was not calcium free, this calci­
um may have induced the coagulation of fibrinogen when the 
cephalln concentration was kept constant in the thrombin*
It was found that the clotting time was decreased in pro­
portion to the amount of calcium precipitated out with 
sodium oxalate solution* The results are presented in 
Table XXVI.
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Discussion*

The general result of the study is that 
thrombin first unites with fibrinogen to form fibrin; and 
that it then hydrolyses the fibrin with the formation of 
a protein, which is coagulable by heat at 64-5°C* and an 
albumose. Thrombin is, therefore, a proteolytic enzyme 
of a specific nature, and remains combined v/ith the 
fibrin it produces*

Experiments were performed with a definite 
amount of thrombin and a variable quantity of fibrinogen, 
the thrombin being present in an amount sufficient to 
convert all the fibrinogen that was added*

It was fount that the weight of fibrin formed, 
after washing and drying (38°C* for 24 hours) was larger 
than the weight of the added fibrinogen* This Increase 
in weight did not change by frequent washing with dis­
tilled water, nor did it change on further drying. The 
fluid left after the removal of fibrin when united with 
the wash-water from the fibrin, was dried to constant 
weight, and was found to be less than the weight of 
fibrinogen or thrombin used* This showed that the 
fibrinogen had united with water or thrombin or both to 
make fibrin*

The fibrin thus formed, when it is carefully 
washed and dried at body temperature, rediosolves sloy/ly

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



1*1
on long standing in distilled water; but much faster if 
the fibrin be placed in isotonic salt solution* This 
solution is termed hereafter ’’the fibrin solution”. It 
contains an albumin coagulating on heating to 80°C»
There was a small amount of coagulation at 62° - 65°; but 
most of the fibrin was represented by the protein coagu­
lating at 80°. This fibrin solution was capable of 
coagulating fibrinogen solution when it was tested within 
24 - 36 hours after the onset of lysis. This coagulating 
property disappeared within 6 days. This was evidence for 
the presence of some thrombin which had apparently dis­
sociated from its union with the fibrin molecule.
Albumose was not found in this fibrin solution, at the 
start, but a small amount was present after the third or 
fourth day. It was detected in the filtrate from the 
fibrin solution which had been heated to 80°C. and fil­
tered to remove all the coagulable proteins. This albu- 
mose was precipitated with 5 per cent phosphotungstlc 
acid in sulphuric acid (30 cc. in 1 liter). It was sur­
prising thac the amount of this albumose found in the 
filtrate did not vary in a fibrin solution 5 days from a 
solution 4 months old. Whether this albumose was formed 
from the hydrolysis of fibrinogon by a prolonged action 
of thrombin, or whether it Is one of the constituents of 
the fibrinogen molecule, as is perhaps more probable, can
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not as yet be said.
That thrombin combines with fibrinogen is sub­

stantiated by 2 experimental facts; (1) the presence of 
prothrombin in fibrin solution previously carefully 
washed with water and dried; (2) there is an increase in 
the weight of fibrin over the weight of the fibrinogen 
added to thrombin; this weight cannot be changed by 
frequent washing with water. This is assumed that water 
does not unite in the fibrin molecule.

Fibrin solution was carefully analyzed and it 
was found to contain more free carboxyl and free amino 
nitrogen groups than the original mixture of fibrinogen 
and thrombin used in the experiment. This shows that a 
true hydrolysis had occurred.

Fibrin solution contained a protein which was
precipitated by saturation with sodium chloride and it was

ocoagulable by heat at 65 C. It was not precipitated, as is 
fibrinogen, by half saturation with sodium chloride. This 
fraction contained a larger proportion of free amino and 
carboxyl group and of calcium and phosphorus than fibrino­
gen. The total nitrogen wa3 somewhat less than fibrinogen* 
It is probably a modified prothrombin. I have found that 
a fibrinogen solution standing in the ice box undergoes 
the same change which is obtained much more rapidly by the 
action of thrombin. The phosphorus content of this 
flbrlnose or flbrlnoglobulln is not as high as in the
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fraction obtained from the fibrin solution, 3ince this 
fibrinogen hydrolysis was brought about in the absence of 
thrombin action.

Another constituent of the fibrin solution is 
another protein, which is precipitated by l/2 saturation 
with ammonium sulphate. This substance precipitated in 
part when it was dissolved in water and dialyzed for 24 
hours with running tap water and was coagulated by heat 
at 71-2°C. It was probably a serum globulin in part at 
least. A solution of this substance coagulated fibrinogen 
when it was activated by the addition of cephalln and cal­
cium. There was a slight increase in amino-nitrogen and 
carboxyl groups over that of the original thrombin solution, 
but this change did not parallel the activity. It contains, 
therefore, most of the prothrombin perhaps attached to the 
globulin.

The action of thrombin appears, therefore, from 
the foregoing to be very analogous to that of rennin.
Rennin is a specific proteinase which hydrolyzes caseino- 
gen to form casein. Thrombin also resembles in a striking 
fashion a fibrlnogenase of the venom of Crotalus adamenteus 
as studied by Billings and Mathews (1), in that both form a 
protein with fibrinogen which is heat coagulable at 80°C. 
and an albumose like substance.
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tI have found that re-solution of fibrin by 

thrombin or some other protease is accelerated by the 
presence of oxygen# Fibrinogen solution exposed to an 
oxygen atmosphere for 19 hours was found to be completely 
Incoagulable by thrombin, while the activity of the 
thrombin is only slightly diminished*

Evidence has been presented to show how thrombin 
transforms fibrinogen into fibrin and how it breaks 
fibrinogen into fibrin and ultimately redissolves the 
latter and splits off albumose# The following observa­
tions and data are offered to describe the properties of 
thrombin*

Thrombin is a substance produced by the activa­
tion of prothrombin (serozyme of Bordet) of blood plasma 
with cephalln and calcium and is capable of clotting blood 
fibrinogen*

1* Preparation of prothrombin and its conversion to 
thrombin. It has been found that the thrombin solution 
deteriorates on standing, just as does serum taken from a 
clot* A clear thrombin solution deposited a sediment rich 
in lipoid on standing in the ice box, which if it were 
removed and washed possessed a much enhanced coagulant 
activity compared with the supernatant portion of the solu­
tion* Tht"e was no relation found between the total nitro­
gen in this precipitate and the clotting power, but the
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product of the cl iting time by the number of free amino 
groups r/as fairly constant, The number of these groups in 
various samples of thrombin was not, however, constant. 
There was more lipid (cephalin) matter found in the 
thrombin sediment than in an equal quantity of the 
material left in solution in the supernatant fluid. The 
coagulant property of this sediment gradually decreased on 
standing, perhaps due to the oxidation of cephalin con­
tained in the insoluble fraction, because when cophalin 
emulsion is exposed to air, it was found to lose its 
activity,

2, The activity of thrombin was decreased when exposed 
to action of pepsin and trypsin, and also lipase. Throm­
bin is not as thermolabile as one believes it to be,

S« The activity of a thrombin solution was decreased
in proportion to the amount of protein precipitated out

»

from a thrombin solution by heat. In other words, the 
inactivation of thrombin was proportional to the increase 
in temperature. But a thrombin solution heated to 100°C, 
for 5 minutes, but not filtered, was still able to clot 
fibrinogen, though at a rate much reduced from that of 
the same solution before heating. The presence of 
salts accelerated the inactivation of thrombin by heat, 
Prothrombin was found to be more sensitive to heat than 
thrombin. It was destroyed at temperatere3 between 70° 
and 80°,
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4* . It has been found that the concentration of 
cephalin affects the clotting time and the nature of the 
clot. The clotting time was decreased in proportion to 
the increase in cephalin up to 2.59 mgms.- per 13.75 mgms. 
of thrombin beyond which the addition of cephalin had no 
affect. In addition, the increase in cephalin up to 2.59 
mgms. decreased the rate of re-solution of the fibrin and 
the weight of fibrin obtained increased up to a cephalin 
addition of 3.33 mgms. per 13.75 mgms. of thrombin (con­
tains 0.37 mgm. cephalin).

Thrombin,after complete removal of its calcium 
by oxalate (this thrombin was ashed with nitric acid, 
this ash gave no oxalate of calcium) coagulated fibrino­
gen in 12 hours. The fibrinogen, however, was not calcium
free (0.15 per cent calcium).

\ •

The gradual removal of calcium from the formed 
thrombin slowly lengthened the clotting time. If thero is 
an excess calcium in thrombin, the color of fibrin is 
chalk white and fibrin formed from thrombin deficient in 
calcium is translucent.

Increase in cephalin in thrombin to a certain 
limit, that is 2.22 mgms. of cephalin for each 13.75 mgms. 
of thrombin, which is equivalent to 7.18 mg. of prothrom­
bin, or maximum cephalin content of 2.79 mgms. (since 
13.75 mgms. of thrombin contains 0.57 mgm. of cephalln)
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defer ease the clotting time* Calcium slightly enhances 
the activity of cephalin in lowering the coagulation 
time# hut its effect is not very significant. The fibrin 
yield is slightly less than if cephalin alone was added in 
excess tb thrombin*

Contrary to accepted facts that prothrombin is 
heat coagulable at 56°C., I do not believe that protein 
fraction, which is coagulable at 56°C. is totally respon­
sible in the coagulation when it is converted to thrombin
by cephalin and calcium, because I have found that pro-

«

'hrombin prepared in the laboratory is heat coagulable 
at 72°C. There is some protein in this prothrombin solu­
tion which is coagulated by heat at 56°C*, if this was co­
agulated protein filtered off and the filtrate upon activa­
tion with cephalin and calcium was found to coagulate 
fibrinogen in 3 minutes* The control using the unheated 
prothrombin clotted fibrinogen in 2 minutes. This result 
is obtained provided that prothrombin is not heated at 
56°C* for more than 1 minute*

I have found in flasks containing prothrombin 
solution, which had been standing in the ice box for some 
time,had a heavy precipitate of presumably Insoluble 
globulin in the bottom of the flask* As this amount of 
precipitate Increased in the flask, the protein which was
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coagulable at 56°C*, was found to be proportionately de­
creased* If the activity of thrombin was dependent upon 
the protein fraction which was coagulated at 56°C*, then 
the thrombin action should be decreased in proportion to 
the amount of the precipitated found in the flask contain­
ing prothrombin, but this was not found to be the case*
The coagulation temperature by heat of such prothrombin 
was still 71°C* This activated prothrombin coagulated 
fibrinogen in 1-2 minutes*

Thrombin does not clot milk nor digest other 
proteins. Thrombin is then a specific hydrolase for fi­
brinogen, and it is produced by the activation of pro­
thrombin of blood plasma with cephalin and calcium* It 
appears to be a protein or attached to one*

Thrombin frcm these observations and experiments 
has a three-fold purpose, first it unites with fibrinogen 
to form fibrin; second, it dissolves the fibrin in the 
presence of water into thrombin and a new protein, tfibrin- 
ose or fibrinoglobulin (Hammarsten), which is not coagu­
lable by active thrombin. Thi3 process is hastened by 
the presence of oxygen; third, thrombin hydrolyzes a por­
tion of flbrinose into an albumose*

Attempt should be made to obtain crystalline 
fibrinogen and prothrombin so that for each sample of 
these plasma proteins one can secure a uniform number
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of amino and carboxyl groups, and thus study the 
chemical change with a little more certainty. Combus­
tion analyses should be run for each sample to deter­
mine the chemical constitution of the substance, to see 
whether the substance is the same for every preparation 
of fibrinogen and prothrombin as well as fibrin. Until 
this can be done these results in this paper cannot be 
taken purely quantitatively, the variable are too 
numerous•

Conclusion.

In 'summary, then, of the experimental evidence 
presented in this paper, the following points have been 
found.

1. Thrombin is a specific enzyme for fibrinogen, it 
united with fibrinogen to form fibrin, and then hydrolyse 
it with the formation of a protein coagulating at 64-65°C. 
by heat and an albumose.
2. Fibrin, when washed and dried will slowly go into so­
lution in distilled water, although the solution is much 
faster in iso-tonic salt solution. This fibrin solution 
will clot fibrinogen. Thrombin is found in this solu­
tion 1-2 day3 after the onset of'lysis and then it grad-

4

ually disappears.
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3. Fibrin solution, Yrtiich is coagulable by heat at
80°C •, can be fractioned with sodium chloride and
ammonium sulphate to give two proteins, one which is
coagulated by heat at 65°C. and this is not coagulated
by thrombin* 'rhe other protein is coagulated by heat
at 7i°C. and it can be activated with cephalin and cal-

%

cium chloride to form thrombin to clot a fresh fibrino­
gen solution*
4* Thrombin can be heated to 100°C* for 5 minutes and 
still be able to coagulate fibrinogen. Inactivation by 
heat is hastened by the presence of salt in a small 
quantity*
5* Thrombin action is also destroyed by the action of 
pepsin, trypsin and lipase*
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