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LECTURE

oN

TISSUE- OR CELL-FIBRINOGEN

IN IT8 RELATION TO

THE PATHOLOGY OF BLOOD.

THE first atep in the direction of the aequirement of a
control over the processes of coagulation in the living body
was made by Wooldridge when he succeeded in demon-
strating that intra-vascular coagulation could be obtained
by the injection of solutions of tissue-fibrinogen. I do not
think that I am over-estimating the importance of this
discovery ; for when it had been confessed by Schmidt’s own
pupils® that the injection of practically unlimited quantities
of fibrin ferment into the vessels made the blood more
liquid instead of producing coagulation in it, it became
evident that there was no possibility of influencing the
coagulability of the blood by following the lines of the
fibrin-ferment theory. Now Wooldridge's work was a

arture on new lines, and he succeeded in the most

iant manner in demonstrating that it was possible by
working upon these new lines to obtain a practical control
over the phenomena of coagnlation in the living body. [t is
to the facts that Wooldridge discovered, and to such others
as I have been able to add to them or to bring into relation
with them, that I would wish to direct dycrur abttention this
afternoon. And to with, I would like to say that in
ascribing the credit of the method of producing intra-
vascular coagulation to Wooldridge I hl’ﬁiﬁ‘l"ﬂ that T am
only giving him what is strictly his due; for, although
Groth,® one of Schmidt's pupils, had described the ocenr-

1 Jabowicki, Birk, Kiéhler : Disserts., Dorpat, 1875, 1877, 1830. FEdel-
berg's contradictory results (Archiv f. Exp. Path., 1830) may be
neglected. They were obtained with extraordinarily impure fibrin.

ferment solutions.
T Dissert., Dorpat, 1884,
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rence of intra-vascular cosgulation in connexion with the
injection of leucocytes in 1884—i.e., before the date of
Wooldridge’s publication—he had elicited the phenomena in
a much less distinct manner, and he had not determined to
what constituent of the leucocyte the intra - vascular
coagulations were due. Instead of this he aseribed these
coagulations to a production of fibrin ferment in the blood—
that is to say, Groth aseribed his coagulation to a cause
which we know to be quite ineffective. I think we need
not therefore consider a question of priority here; but, on
the other hand, we shall do well to keep in view
the fact that Groth was successful in obtaining intra-
vascular coagulations by the injection of the expressed juice
of lymph-glands, and we have to note also that Groth
regarded his experiments as conclusive as to the partici-
pation of lencocytes in the processes of coagulation. Groth s
work thus opens up a number of important issues, which we
shall have to consider in connexion with the production of
intra-vascular coagulation by tissue-fibrinogen.

First, with regard to the relation of white corpuscles
to coagulation, we are met by the fact that Wooldridge
not only did not consider that Groth’s experiments proved
the existence of any such relation, but he went further
than this, and expressed it as his opinion that the leuco-
cytes of the blood had not been shown to stand in any
relation whatever to coagulation. Wooldridge based this
view, for the one part, on certain defects in conclusive-
ness in the evidence which had been adduced by
Schmidt and his pupils to implicate the leucocytes in
the processes of coagulation. Schmidt had, for instance,
described the superior coagulability of the so-called granular
layer which is seen above the corpuscular layer in horse
blood which has been kept from coagulation by cooling ;
and Schmidt had asserted the granules of that layer
to be with certainty derivatives of disintegration of
white blood-corpuscles, and upon this assamption he had
concluded that the superior coagulability of the granular
layer was evidence of the participation of the leucocytes in
coagulation. Wooldridge, however, pointed out that there
was a flaw in this evidence, inasmuch as Sechmidt had not
excluded the possibility of these granules being derivatives
of the plasma—i.e., the possibility of their being simply a pre-
cipitate produced in the plasma by cooling. In this connexion
Wooldridge showed that peptone ﬂ{ﬂaﬂma gives such a pre-
cipitate on cooling, and I may say that I have observed that a
similar precipitate can invariably be produced by the action
of cold upon decalcified plasma. It follows, I think, that the
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argument from the superior coagulability of the granular
layer must be finally abandoned. Again, with respeet to
the experiments of Groth and afterwards of Kriiger,® in
which an increased coagulability was observed after
leucocyte injections, Wooldridge drew attention to the fact
that the experiments were conducted with insufficiently
isolated leucocytes, and pointed oub that a fallacy was, in
his opinion, introduced into them by the fact that the
lymph plasma which was injected along with the lymph
cells contained a coagulative substance—namely, tissue
fibrinogen. Further, Wooldridge repeated the experiments
of Gru& and Kiriiger with washed leucoci'tes, and found
that he obtained a diminution instead of an increase of
coagulability in the blood. These appear at first sight to
be very grave, if not fatal, objections to Schmidt’s view of
the important réle of the white corpusecles in coagulation ;
still I hope to be able to show that it is possible to settle
satisfactorily with them.

First, with regard to the defective isolation of the cells
which was insisted upon by Wooldridge, it must be conceded
that Groth’s lencocytes were not at all isolated. They were
simply injected along with the inter-cellular fluid of the
lymph gland. With regard, further, to Kriiger's abtempt at
isolation by means of filtering off the lymph plasma, Wool-
dridge is probably also correct in stating that this method
is entirely ineffective, inasmuch as any attempt to
filter off leucocytes from a solution of tissue fibrinogen
would be rendered futile by the fact that a considerable
amount of tissue fibrinogen wonld invariably be retained on
the filter. It is evident, therefore, that we have to concede
to Wooldridge that neither Groth’s nor Kriiger's experi-
ments were performed with isolated lencocy tes.

When we come to the second heading of the objection,
which is based upon the fact that the lymph plasma con-
tains tissue fibrinogen, and would thus introduce a fallacy
if not effectmally separated from the leucocytes before
injection, we must, however, pause for consideration.
It is not ab all necessary to meet this objection by
asserting thabt there is no tissue fibrinogen in the
lymph plasma. Wooldridge was a very careful observer,
and we may well accept the fact upon his statement; but
we may, on the other hand, with advantage inquire how
the tissue fibrinogen got into the lymph plasma ; and when
this question is once formulated, it is easy to see that the
answer must be that the tissue-fibrinogen is almost certainly

& Leitschrift f. Biolog., 24, p. 189,
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derived from the disintegration of leuncocytes, inasmuch as
Wooldridge himself has shown that the lymph cells contain
this substance. We thus see that if the coagulative sub-
stance of the lymph plasma was derived from the leuco-
cytes, the contamination of the leucocytes with this plasma
in the experiments of Groth and Kriiger cannot be con-
sidered to vitiate their results with reference to the con-
nexion between leucocytes and coagulation. Lastly, as to
Wooldridge's objection that the injection of ‘Wﬂﬂh&g Teuco-
cytes from lymphatic glands produces increased fluidity
instead of increased coagulability of the blood, it will be
evident among other things that the extraction of the con-
tained tissue-fibrinogen in the processes of washing would
easily account for this result, the injection of washed
lencocytes being in point of fact equivalent to an injection
of attenuated lencocytes.

Having thus cleared our way from the obstacles which
seemed at first to forbid us to contemplate the possibility
of there being an essential unity in the results obtained by
Wooldridge with tissue-fibrinogen injections and the results
obsained by Groth and K-ii%er by their injections of leuco-
cytes, we may proceed to inquire whether there are any
positive grounds for assuming the fundamental identity of
the phenomena. And here we have, first of all, to note the
fact that tissue-fibrinogen—or, as I might perhaps venture to
call it, *¢ cell-fibrinogen,” *—though found also in the ecells of
the testicle, and I believe also of yeast—is yet pre-
eminently a constituent of the leucocytes of the thymus
and of the lymphatic system generally, and we must regard
these lencocytes as at least potential blood leucocyrtes.
Here, then, we have immediately an important link
between leuconcytes and tissue-fibrinogen. ith reference
to this, however, we again find that Wooldridge was not
satisfied of the conecluriveness of the argument. There
might well be, argued Wooldridge, all the difference in the
world between the leucocyte of the lymphatic system and
the leucocyte of the blood ; and further than this there
was, in his opinion, distinet reason to believe that the
lymph cell puts off its old nature and assumes an altogether
new one when it once ohtains access to the blood
stream, This was Wooldridge's view ; and here again,
since I wish to push my argument beyond the leucocyte of

4 This term would appear to be a more appropriate one than tissue-
fibrinogen, since this proteid appears to occur not_in the inter cellular
substance of tissue, but in the cells themselves. It appearsalso to be
more widely distributed in free cells than in cells which are found

in tissues.
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the lymph to the lencocyte of the blood, I am compelled to
dwell a little on the gquestion as to whether a Jymph cell is
in any way demonatrahlgi different in its chemieal character
from a blood leucoeyte. If I understand Wooldridge aright,
the experiment he relied upon as establishing a difference
between the leucocyte in the gland and the lencocyte in the
blood was the following. He took lymph cells and added
them to ** strong peptone plasma,” which is not coagulable
by the addition of Jencocytes. He then ecollected his
lencocytes again from this strong peptone plasma and
proceeded to add them to a weak peptone plasma,
which is invariably ecnagulable by the addition of leuco-
cytes. The leucocytes which he now added, however, failed
to eoagulate it, and the eonclusion which was drawn by
him from this fact was that the leucocytes had under-
gone some fundamental alteration in their chemical con-
stitution during the period of their sbav in the strong peptone
plasma. Such a change of nature Wooldridge considered
to be assoeciated with the pa<sage of the lymph cell over the
threshold of the blond. The experiment in question is,
however, hardly suffizient to establish this, and it is not at
all diffionlt to put a different construction npon it than that
which Wmlﬂrldge atitribnted to it. I think we are, in faet,
eonstrained to do so in view of the facts which have been
elirited by Ranschenbach in connexion with the chemieal
and physiologieal properties of the lencocytes. The re-
searches in question I believe conclusively establish that
thongh there is an undoubted line of distinetion which can
be drawn between leucocyte and leucocyte, that line cannot
be drawn so as to include all the white blood-corpuscles
in one category and all the lymph cells in another. Rather
the distinctions can be more naturally explained with re-
ference to differences in maturation in the leucocvtes
whether these occur in the blood stream or without it. The
physinlogieal differences between lencocytes are apparently
only qnantitative differences, bubt they are at least very
appreciable quantitavive differences, and they permit of
our sorting the lemcocytes into two elasses. The basis of
this classification would be the greater or less stability of
the lencocyte as shown by its resistance to disintegration
when it introduced into a spontaneously coagulable
plasma. It is, however, to be noted that such a coagulable
plasma has the power of disintegrating any leucocyte?®

9 Acrording to Rauschenbach's researches the plasma has the power
of disin ting not only leucocytes, but many o her varieties of
animal and vegetable cells.
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whatever which is added to ib, and of using up ome of
its constituents, not, it must be noted, its fpﬂmglﬂhuliﬂ,
bat its tissne- or cell-fibrinogen in the formation of
fibrin. When, however, it comes to be a matter of
choice, the plasma naturally employs for its pu
the more easily disintegrated lencocytes which have been
described by Rauschenbach as the a-lencocytes. These
a-lencocytes are distingunished from the S-lencoeytes, also
by certain more strictly chemical charaeters. They, for
insbtance, stain in carmine only with extreme difficulvy,
whereas the jS-lencocytes take on the stain almosbt in-
stantaneously. Again, the « leacocytes further show
their defect in stability by undergoing a slimy metamor-
phosis when they are treated either with NaCl solutions of
moderate strengths, or with dilute caustic alkalies, These
characters are, I think, possibly due to the presence of con-
siderable quanticies of tissue-fibrinogen in the a-leucocyte.
When these differences between lencocytes had been
established Rauschenbach proceeded to the study of what
we may call the' geographical distribution of the «- and
f3 lenencytes, but it is only possible to glance at the main
results of his most interesting work =so far as they affect
the questions ab present more giirecb]y under discussion. It
is, for instance, of direct importance to us to note that both
a- and -lencocytes are found to be present in the lymph
glands, and, further, that the same two varieties of leuco-
evtes are found also in the blood. We thus see that
Rauschenbach’s observations do not support the theory of
the essential duality of the blood lencoeytes and the lymph
lencocytes. Rauschenbach’s work further indicabes the lines
npon which the explanation of Wooldridge's experimentis to
he sought, for we can now see how it is almost certain that
Wooldridge must have added to his *‘strong peptone
plasma” a mixture of a- and 3-lencocytes, and it is Eruha.bl&
that he would, under the circumstances, only have re-
covered the less easily disintegrated j-leucocytes from it—
i.e.,, lencocytes whose coagulative power may have been
inadequate to bring about coagulation in his weak peptone
plasma. The result obtained would then easily be accounted
for without the hypothesis of the leucocyte putting on &
new nature when it entered the blood. Similarly we could
on these lines account for Wooldridge's observation that the
inter-cellular flunid of the lymph glands was muech more
potent in inangurating coagulation than the isolated lymph
cells, The a-leucocytes, which disintegrate easily, would
naturally pass into solation in the lvmph plasma and imparb
their coagulative eflicacy to it, while the more resistant
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cells, which survive the chemical processes involved in isola-
tion, probably consist of /3 leucocytes in which the coagu-
lative power is at its minimum. This may in part aceount
for the relative coagulative inefficacy of the lencocytes
employed by Wooldridge in his injection experiments.
We shall, however, have to return to this subject at a
later stage of this lecture.

We have in this manner, if my argcuments are correct,
disposed of the objections which Wooldridge raised fto
admibtting the coagulative ivflnence of leucocytes, and
we bave now only to establish that the phenomena
observed after the injection of tissue-fibrinogen are iden-
tical with the phenomena seen after the injection of
lencocytes, before we proceed fo vindicate that wider
importance for tissue-fibrinngen coagulations which would
naturally accrue to them if they were shown to stand in
iﬁlauéon to any increased disintegration of leucocytes in the

ood.

Ishall therefore proceed todescribe to vou fromWooldridge's
work on the subjeet and from work of my own, which
was directed to follow up Wooldridge's researches, the
phenomena observed after the injection into the blood of
solutions of tissue-fibrinogen, and I shall then bring these
into connexion with the results obtained by Groth by
injections of leucocytes into the blood. I may say that
I am only concerned here in putting before you the main
facts of my work on the subject. The actual experi-
ments and the general details I have already communicated
to the Royal %ﬁish Academy, and the paper has just
appeared in their Proceedings.®

The injection of a solution of tissue-fibrinogen into
the vessels is followed by an increase of the coagulability
of the blood, which is at its height immediately sub-
sequent to the injection. If the quantity of tissue-fibrinogen
injected is large enough, the increase of coagulability
leads to the immediate occurrence of intra-vascular coagula-
tion. The coagulation which oceurs under these eir-
cumstances in the case of the dog occurs only in the
portal vascular area; bat I have been able to show that we
can determine it to any predetermined vascular area by
increasing the venosity of the blood in the veins of that
particular district, or we can generalise the coagulation and
obtain it all over the vascular system, both in the arteries
and the veins, by inereasing the amount of CO, in the
blood generally. These alterations in the direction of the

6 Proe. Roy. Irish Acad., third series, vol. ii., No. 2.
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““ positive phase of enagnlation,” to use Wooldridge's enn-
venient expression, form, however, only a part of the
effects which resnlt from the ipjection of a solution of
tissne-fibrinogen.

We have farther to deal with a npegative phase of
coagulation—i.e., with a condition of diminished coagnla-
bility brought abont by injections of tissue-fihrinogen. This
diminished coagulability was described by Wooldridge in
connexion with the blood of the extra-portal vascular areas,
where intra vascular coagulation had oceurred in the portal
system. I have, on the other hand, I believe, succeeded in
establishing that the negative pbase of coagulation is due
to a general reaction of the system to the injection of tissne-
fibrinogen, and that it is possible, by slow injection of
moderate amounts of tissue-fibrinogen, to obtain a general
diminution instead of a general rise of coagulability. The
blood has, therefore, the power of breaking down tissue-
fibrinogen into some substance or substances which con-
dition the loss of coagulability. I will here adduce from
my note-books an experiment, which seems to me to
establish distinetly the sequence of events which I have
Just described.

EXPERIMENT 1.

Dog 119.—Cannpulas ipserted into the jugular vein and
the carotid artery, and animal ansesthetised with a mixture
of ether and chloroform. Samples of blood drawn off
from the carotid to determine the condition of coagula-
bility. Sample 1 (5.43 p.M.) : Canp invert tnbe at 5.51 P.M. ;
time, 8 minutes. Ran in 10 ee. of tiseune fibrinogen solution
at 5.43 r.M. Sample 2 (5.44 p.a.): Still liguid 1 hour
after. LRan in 10 ce. more of tissue-fibrinogen solutiop.
Sample 3 (5.45 r.M.) : Still liguid 1 hour after. Sample 4
(5.463 P.M.) : Still liquid one hour after. Sample 5 (5.48P.M.):
Still lignid 1 bour after. Ran in 10 ece. more tissne fibri-
nogen. Sample 6 (5.50 P.M.) : Can invert tube at 5.58 P.M. ;
time, 8 miputes, Sample 7 (5.51 r.M.): Can invert tube
at 6.4 p.M. ; time, 13 minutes. Ran 10 cc. more at 5.52. P.M.
Sample 8 (5.53 p.M.): Can ipvert tube at 6 P.3M. ; time,
7 miputes. Ran in 10 ce. more at 5.54 P.M. Sample 9
(5.55 P.M.): Can iovert tabe at 6 r.M. ; time, 5 minutes.
Ran in 10ce. more. Sample 10 (5.56 p.a.): Can invert
tube at 6 r.M. ; time, 4 minutes. Ran in 10 ec. more.
Sample 11 (5.58% p.M.): Can invert tube at 6.2 P.M.;
time, 3} minutes. Sample 12 (6 P.M.): Can invert tube
at 6.4 .M. ; time. 4 minutes. Sample 13 (6.2 P.3.): Can
invert tube at 6.9 r.M.; time, 7 minutes. Sample 14
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(6.7 P.M.): Can invert tube at 6.14} P.M.; time, 7}
minutes. Rain in 20 er. more tissue-nbrinogen solation.
Sample 16 (6.14 r.M.): Can invert tube at 6.16 P.M. ; time,
2 mioutes. Sample 17 (6.16 r.3.): Can inverc tube at
6.20 P M. ; time, 4 minntes. Sample 18 (6.19 r.a) : Can
iovert tube at 6.22 p.M.; time, 3 minates. Sample 19
(6.22 r.M.) : Can invert tube at 6.26 p.M. ; time, 4 minutes.
6.26 p.M. : Clamped the trachea to inciease the cosgulability
of the blood, and ran in 20 ce. more tissue fibrinugen sola-
tion. Daath ocenrred instantaneously, and both sides of the
heart and the whole of the aorta were found ocenpied hy a
solid elot. No clop in the portal vascalar area. Urine gave
a very distinct biureb reacoion.

We have thus proved thab the positive and the negative
phase are successive in time, and it was evident that the
positive phase is associated with the presence of tissue-
nbrinogen, as such, in the blood. Ib still, however, remained
to be determined to what the negative phase of coagulability
is due, and [ have ventured in my paper referred vo above
to suggest that it is due to the presence in the blood of
albumoses which have been split off from the tissue-
fibrinogen by the action of the blood. The evidence upon
whiech I based that snggestion isasfollows: () The plasma
from the negative phase areas no longer contains any of the
injected tissue-fibrinogen. (This, [ may remark, is an
observation which was made by Wooldridge.) On the other
hand, the blood of the negative phase areas was found by
me to have acquired the characters of peptone or albumose
blood—that is to say, it clots with Ci),, and on dilution.
Coagunlation can also be inaugurated in 1t by an addition
of lime salts or of tissue-fibrinogen or lencocytes. Fuarther,
(5), there is a very cloze analogy between che distribation of
vhe areas of the positive and the negative phace after tissue-
fibrinogen injections and the distribution of coagulability
after injections of peptone. For instance, the coagulability
is in the case of tissue-fibrinogen injections iccreased up to
the coagulation point in the portal aiea and to a lesser
extent 1o the venous system generally. Similarly in the
case of peptone ir jections the coagulability is retained in the
venous system, and especially in the porral venous system,
long after it has been lost in the arterial » ystem. Again, the
posicive phase after tissue-fibrinogen injections can be ex-
tended to the arterial :ystem by renderiog the blood theie
venous ; and [ have been able to show we have something
quite similar in the case of peptone ivjactions, for it is only
necessary to render the arterial blood venous in order to
restore its loat coagulability to it. Lastly (¢), [ wounld point
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oat that an exeretion of albumose or paptone oceurs both in
the dog and in the rabbit after the injection of tissue-
fibrinogen into the veins or into the subcutaneouns tissue.
Here, again, I think we have evidence that the tissue-
fibrinogen is broken down into albumose in the system.

On the whole, therefore, I think we may perhaps regard
it as pretty well made out that the occurrence of a negative
phase after tissue-fibrinogen injections stands in some close
relation with the liberation of albnmose by the disintegra-
tion of tissue-fibrinogen in the blood.

Keeping therefore in view those phenomena which are
observed afver an injection of tissue-fibrinogen, we have to
bring them in connexion with the phenomena observed after
injections of leucocytes. Thesephenomona have been studied
by Groth, Wooldridge, and Kriiger. I havealready indicated
in connexion with Wooldridge's work that the method of
experimentation he adopted appears to exclude from the
injection all the rapidly disintegrated a-leucocytes, and such
products of their disintegration as would natarally pass into
solution in the lymph plasma. On the other hand, in the
methods of Groth and Kriiger there is either no provision
(in the case of Groth’s experiments) or ineffectual provision
(Kriiger'’s experiments) is made for the elimioation from
the injection of sauch elements of the lymph plasma as
have not been derived from leucocytes. Having said thus
much in criticism of the methods, we may pass on to the
results obbained by these obszervers from their injections,
Kriiger and Groth both succeeded in obtaining intra-
vascular coagulation with their injechions. They, further,
noticed that when the injections of leucocytes were not
sufficiently large to entail such intra-vascnlar coagulation,
the blood, when collected after the lapse of a few minutes,
showed a very marked diminution of coagulability. The
results Wooldridge obtained were in all cases a diminished
coagulability of the blcol after injections of washed
lencocytes. It will be immediately evident that in the case
of Groth’s and Kriiger's experiments we have to deal with
the same sequencs of positive and negative variation which
we are now familiar with in connexion with tissue-fibrinogen
injections. In Wooldridge's experiments we have only a
negative phase of coagunlation pat oa record. In econnexion
wich this [ would make the saggestion that a very transient
positive variation may very easily have occarred here and
have escaped notice, Groth has emphasised the facb that such
a positive variation is sometimes so trapsient that it is
necessary bo draw off a sample of blood during the actual
progress of the injection in order to satisfy oneself of the
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actual occurrence of such an increase of coagulability,
and we have seen confirmation of this in the case of the

rotocol which has heen quoted (supra, p. 459). It is there-

ore probable that Wooldridge’s fauure to obtain evidence
of the occurrence of a positive variation of coagulability
after his lencocyte injections was atcribatable to his nos
.withdrawing a sample of blood immediately aftsr bis injee-
tion was completed. I believe, therefore, that Wooldridge's
experiments do not in the least contradict those of Groth
and Kriiger. And iv may be accepted that the phenomena
of a positive phase, succeeded by a negative pbase, are to be
observed in exactly the same way after a lencocyte injection
as after a tissue-fibrinogen injection. The identity of an
injection of lencocytes with an injection of tissue fibrinogen
is also brought out by the results of Groth’s lemencyte
ennmerations of the white corpuscles in the blood. Thnese
enumerations yielded the resnlt that not only are the
leacocytes of the circulating blood nob increased by the
large injections of leucocytes, but they are, on the con-
trary, positively diminished even in cases where no intra-
vascular coagulation can be detected. This will become
evident on the consideration of the following figures which
I have extracied from Groth’s paper :—

Before injection.  After injection.

e —
L "

Number of white corpuscles
in the blood.

Experiment5 .. .. 10483 ........ #6115
3 [ L et ! Bt 1 e i
- O e b | e 2012

It is thus evident that the increase of coagulability after
leucoeyte injection is associated with a hretﬁng down not
only of the injected but also of some at least of the abori-
ginal leucocytes of the blood, and this breaking down of
leacoeytes must evidently go hand in hand with a setting
free of tissue-fibrinogen in the blood.

Up to the present we have been dealing exclusively with
injzctions of lencocytes derived from the lymphatie glands,
and we have to amplify the data thas obtained by a study
of the effects of leacocy tes derived from other sources. Here,
again, we are indebted to Schmidt's puapil, Dr. Groth.
Groth determined that the addition of pas cells to the
circulating blood was followed by very similar results
to those which resulted from the intra-vascular injection
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of lymphoeytes. The phenomena of the positive phase—
i.e., those of intra-vascular coagulation—were, however,
much Jess prominent, and the negative phase was, on the
other hand, perhaps rrelatively more marked than with
lymphocytes. These observations have an important bearing
upon the causation of the negative phase, inasmuch as
the prominence of the phenomena of the negative phase
after pus injections probably stands in close relation to the
very considerable quantity of *fpeptone” or albumoses
whiech Hoffmeister’s researches have shown to be present
in pus eivther as actually pre-formed or in such loose
ermbination that the addition of moderate quantities of
alkalies is suflicient to set them free.

I have now laid before you merely the broad facts which
seem to me to point to the identity of the phenomena which
are observed when, on the one hand, leucocytes, or, on the
other hand, tissue-fibrinogen is injected into the blood, and
if that connexion has been sufficiently established, it will
necessarily follow that wherever we get a disintegration of
leacocytes in the blood we have to deal with a setting free
of tissue-fibrinogen. This liberation of tissne-fibrinog: n in
the blood will result in an immediate increase of the
coagalability of the blood, which, if it does not culminate
in immediate intra-vascular coagulation, will last only until
such time as the organism shall have been able to acrom-
plish the hreaking down of the tissue-fibrinogen into albu-
moses, Farther, we have to remember that when this re-
active process is accomplished we are introduced to a negative
phase of decreased coagulability which in its turn graduoally
passes off by the excretion of the albumoses in the urine.
According to this view, therefore, the disintegation of
leucocytes, the liberation of tissue-fibrinogen in the
blood and the excretion of albumoses constitute a closely
inter-related sequence of symptoms which must be con-
svantly manifesting itself in the course of all such patho-
logical processes as go band in hand with an increase of
leucocytes in the blood. I believe that the elinical facts do
in effect bear cub this view. The pathology of cioupous
pnenmonia, for instance, supplies nus with, 1 think, a very
well- marked instance of the iuter-relation between the three
members of our symptom-sequence. We have first an
enormous increase of the numbers of the lencocytes, which,
though they are for the most part to be found outside
the vessele, are yet in immediate relation to them. We
have then, especially when the stage of absorption is
reached, the well-marked increase of coagulability in the
blood, which I take it is due to the absorption of tissue-




fibrinngen.! We bave, farther, the well-known ocenrrence of

ptonuria, or rather, as Lea Di:kinson and Fyfie have
shown, of albamosuria; and in connexion with the pre-
sence of albumose in the blood we have, as Dr. Dickin=on
has pointed out, the frequent occurrence of diarrhwma,
which, I may remaik in passing, is also very frequently
geen in conoexion with injections of tissue-fibrinogen.
Thae other cases of what we may call peptonmiia—for the
distinetion between peptone and albumose is, after all, a
very much over rated one—are associated with pymemic
conditions and with the defervescence perird of certain
fevers, such as measles or scarlatina. Here, again,
we are probably dealing with leucocyte disintegrations,
Farsher, we have the peptonuria of osteo-malacia, which,
however, is apparently not an jnvariable accompaniment
of that condition, but rather an accompaniment of any
proliferation of the cells of the bone marrow, whether
arising from that canse or from the presence of tumours.
Lastly, we have the peptonuria of phosphorus poisoning,
which is also probably due to the increase of lencocytes
in the blood which is described in connexion with that
condivion. All these cases of what we may for convenience
call peptonuria may be grouped together under the term of
“ hsamatogenous peptonurias.”? I believe they are probably
all due to a disintegration of tissue.fibrinogen in the blood.
In contradistinction to these we have the class of what have
been called *f pyogenous peptonurias,” because they occur
wherever we have a mass of disintegrating pus in the body,
provided the conditions are favourable to the absorption of
the produets of such decomposition. It is evident from
the researches of Hoffmeister, which I have referred to above,
that the further disintegration of the lencocyte, or of the
tissue-fibrinogen which is liberated from it, into albunmose
may occur in the abscess itself, instead of in the blood. In
that case we would, of course, not have any positive
phase of coagulability from the absorption of tissue-

ﬁbrinoien.
We have thus seen that peptonuria is probably in all

1 Since the date of this lecture I believe that I have definitely estab-
lished this by preparing large quantities of tissue-fibrinogen from
consolidated pneumonic lungs, which were very kindly obtained for me
by my friends, Dr. H. 8. Rollesten and Dr. E. H, Starling, A few cubic
centimetres of the solution of this tissue-fibrinogen, wheninjected intra-
vascularly, gave the typical universal thrombosis in a rabbit and the
typical portal thrombosis in a dog,

# This term has been employed by v. Jaksch for peptonurias which
are, upon his assumption, produced by the liberation in the blood of
peptone “ carried” by the leucocytes,
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cases associated with an increase in the numbur of lenco-
cytes in the system, and that an in:rease of coagula-
bility in the blood is only to be expected where the primary
product of their disintegration—i e., the tissne fibrinogen—
obtajns access to the blood. Generally speaking, this will
oceur when the lencocytes disintegrate in the blood stream
itself. Fuarther, the greater or less coagulability of the
blood will geverally depend upon the number of lencocytes
present. We have an apparent exception to this last rule
in the cise of leacoeyth:e nia, where, as is well known, the
eoagalability of the blood is decreased rather than increased.
The explanation of this exception, however, here lies
readily to hand, for the increased coagulability we have
spoken of all along is a relation wh?c%: obtains only as
between leucocytes and normal plasma, and in leucocy-
theemia, as Jacob v. Samson-Himmelstjerna (another of
Schmidt’s pupils) has shown, the power which the lencocy-
theemie plasma has of breaking down the cellalar elements
of the blood for the purpose of fibrin formation is dimi-
nished, while the power possessed by the cellular elements
of contributing a fibrin factor to the coagulation of healthy
plasma is still retained.

The clinical evidence is thus apparently conclusive that
the sequence of symptoms, increased production of lenco-
cytes, increased disintegration of leucocytes in the blood,
increased coagulability, subsequent peptonuria, is one
which does not infrequently manifest iteelf; but as the
importance of the subject seems to render it desirable to
obtain even further experimental evidence upon this sab-
ject, I have endeavoured to make some farther observations
1n connexion with this complex of symptoms. T wo methods
of ‘experimentation suggested themselves. It was evi-
dently possible, if a method of increasing the lencocytes
in the circulating blood could be discovered, (a) to employ
that means of increased production with a view to attaining
a subsequent increased disintegration of the leucocytes
in the blood by the natural destructive processes of
the body, and, farther, (4) it was Pmihle to bring
about the artificial disintegration of such leuncocytes
as exist at a particular moment in the circalating
blood by the administration of some drug such as quinine
(Binz) or atropine (Horbaczswski), which possesses this
Emp&rhy of disintegrating the lencocytes present in the

lood. I have az yet made a few preliminary experiments
in each of these directions, My experiments in the first
direction have been of a more or less incidental character,
and were obtaloed in the course of experiments upon the
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question of immunity from anthrax, as obtained by
means of injections of Wooldridge’s tissue-fibrinogen. I
noticed in connexion with these that some of my rabbits
which were being put through a course of preparation for
anthrax inoculation, consisting of daily injections of tissue-
fibrinogen solution, died before the period for that inocula-
tion arrived ; and the post-mortem examinations revealed
the existence of discoloured branching coagula in the heart
and great vessels, which must evidently have been formed
during the lifetime of the animals. Here we had, there-
fore, a late coagulation as a consequence of tissue-
fibrinogen injection, a phenomenon for which I was totally
unprepared. Some time afterwards, in reading over
Groth’s work on the inj2ction of leucocytes, his figures,
which pointed to an enormous inerease of leucocytes in the
blood two or three days after the injection of leucocytes,
arrested my attention. I have verified these ohserva-
tions in some twenty rabbits in the case of ipjections
of sterilised tissue-fibrinogen solutions, and have seen the
lencocytes invariably considerably increased — sometimes
increased to as many as six times their normal number.
The subject is one which I am following up in connexion
with its evident bearing on the cansation of immunity by
tissne-fibrinogeninjections. Whatinterests us, however, here
is only the fact that an increase of leucocytes in the blood
stands in evident relation to an increase of coagulability.
With regard to the second method of experimentation—viz.,
the administration of gquinine for the purpose of artificial
disintegration of the leucocytes in the blood—I am not pre-
pared yet to make a positive statement; but in several ex-
periments which I made upon the snbject I obtained at first
an enormons increase of coagulability ; and though I have
in no case succeeded in discovering any intra-vascualar coagu-
lations under these eircnmstances, still it is at any rate

tive that it has frequently been snggested that the
blindness which sometimes comes on after the adminbis-
tration of poisonous doses of guinine may be due to retinal
thrombosis, and I find that De Schweinitz® of Philadelphia
has recorded at least one case in which quinine blindness in
a dog was associated with thrombosis of the ophthalmic
and retinal veins. That thromhosis is not of frequent
occurrence afrer quinine is probably due to the fact that the
system would be thoroughly well able to cope with an
am unt of fbrivogen cowparable to that which wounld be

13; ]flpht.ha.lmulngiml Beview, 1501, Reported in THE LaxcET, Dec. 5th
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derived from the diain#eg;&tinn of a normal quantity of the
leu tes present in the blood.

With this T have completed the survey of facts which I
had prepared to lay before you on the afternoon originally
fixed for this lecture. Since that time I have, however,
come across a communication which has just been published
by the very eminent Austrian observer, Horbaczewski, and
which completes for us a whole missing chapter of our sub-
jeet. I am only too conscious that I have already almost
exceeded the limits of time appointed to me, so I will only
ask to be allowed to put his results before you in a tabular
form in their conpexion with the work that bas been done
upon tissne fibrinogen. Before throwing this tabular
synopsis upon the sereen I wonld like to point out where
the missing chapter which Horbaczewski has supplied
comes into our subject. Tissue-fibrinngen, as I have pre-
viously been able to point out, is chemiecally a pucleo.
albumen—that is to say, it is a substavee which is at
first sight deceptively like an ordinary protein or albnminous
substance. When, gowawr, we subject it to a peptic diges-
tion we find that instead of passing entirely into solution it
deposits a voluminous precipitate of a phospborus-containing
substance known asnuclein., Herce we conclude that tissune-
fibrinogen is twi-natnred, that it is by its ore-half ap albu-
minons or protein substance, and that it is by its other half
a nuclein, and that these two moieties are separable from
each other by the process of digestion. These propsrties
determine its classifiration as a pucleo-albnmen. Now we
have discunssed the physiological importance of the whole
substance, its relation to coagulation, and the inerease of
lencoeytes which follows its administratiorn, and we have
followed the fortunes of the protein moiety into whieh it
disintegrates. We know that that protein moiety is exereted
as an albumosze, We have, however, not inquired as to
what became of the nuclein moiety n the system. That is
the chapter which Horbaczewski has worked out for ns.
Horbaczewski, I may remark, prepared his puclein by
digestion from the leucocytes of the spleen without any
previous isolation of the tissne-fibrinogen. s

I wonld now, without any further preliminaries, draw
your attention to the following table.

WoOLDRIDGE'S TISSUE- OR CELL-FIBRINOGEN.

Source of tissve-fibrinogen.—The protop'asm of lencorytes,
also rhe protop'asm of the cells of the testicle, avd probably
also of yeast cells.



- Bl

Chemical composition of tissue-fibrinogen.—This sub-
stance is chemically a nucleo-albumen or nucleo-protein, and
contains a protein (or albuminous) and a non-protein (or
nuclein) moiety.

Leucocyte.
|
I I
Tima-!ﬂbrinngen. Paraglobulin and other cell proteins,

| |
Protein moiety Non-protein (nuclein) moiety
(is split off as albumose). (xanthin bases and uric acid (Horbaczewski)
obtained from this nuclein by simple
chemical changes).

PHYSIOLOGICAL EFFECTS OF THE ADDITION OF TISSUE-
FIBRINOGEN TO THE BLOOD.

1. Immediate increase of coagulability (Wooldridge's
‘¢ positive phase of coagulability”). (a) Observed by Groth
and Kriiger after injections of leucocytes (intra-vascular
coagulations produced) (&) Observed by Wooldridge after
injection of solutions of tissue-fibrinogen (intra-vascular
coagunlations in portal area in the dog). () Observed
by the aunthor after injection of tissue fibrinogen (intra-
vascular coagulation in any vascular district where blood
has been rendered adequately venous). (d) Probably
comes urder observation clinically in the ipcrease of
coagulability in the venous system in the resorption stage
of poneumonia.

2. Subsequent diminished coaqulabilty (Wooldridge’s
““ negative phase of coagulability ") —(a) Observed by Groth
and Kriger after the injection of leucocytes ; (&) observed by
Wooldridge after tissue-fibrinogen injections, especially in
the blood of the extra-portal vascular areas; (c) shown by
author prohn.blitu depend upon the setting free of albumose
or peptone by the disintegration of the tissue-fibrinogen in
the blood ; (d) no clinical record of occurrence.

3. Excretion of albumoses or peptone in the urine (re-
ferable to the protein constituent).—(z) Observed by the
author after injeetion of tissue-fibrinogen solutions both in
the dog and in the rabbit (b) Ob:erved clinically in
connexion with the disintegration of leucocytes in pneu-
monia, pus-absorption, pyemia, and proliferating tumours
of bone marrow, &e.

4, Inereased excretion of uric acid (referable to the nnelein
constitnent) —(z) Observed by Horbaczewski (in man and
animals) after admiristration of nuclein prepared from the
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lencocytes of the spleen. (&) Shown by Hunbaeczewski to go
hand in hand with every increase of leucocy‘es in the blood.
(¢) Comes under obs=rvation clinically in connexion with
the increace of leucocytes in pneumonia (crompous) and
leucoeythamia, burns, and scalcs.

5. Later occurring increased leucocytosis (referable to the
nuclein copnstituent).—(a) Observed by Groth two or three
days after the injection of leucocytes; (b) observed by
aunthor after injections of tissue-fibrinogen ; (¢) observed by
Horbaczewski after the administration of nuclein prepared
from the leucreytes of the spleen; (4) possible connexion
with immunity from anthrax obtained by tissue.fibrinogen;
experiments with nuclein in progress.

have nob time here to go into the important izsnes which
Horbaczewski's work cpens up. I wounld merely point ont
that to the trisd of symptoms which has been referred to in
the body of this lecture we are mow able to add twe
additional symptoms—namely, those that are enumerated
on the table under headings 4 and 5. I would also point
oub that we find all the symptoms, 1, 2 3, and 4, making
their appearance in every ordinary case of cronpous pneun-
monia, so that we may re,%a.rd this disease as affording an
almost classical instance of the effects of tissue-fibrinogen
on the blood. The association of an increased uric acid
excretion with peptonwia and with a more coagulatle
condition of the blood is not, however, limited to eronpous
pneumornia. It occurs also in connexion with, for instance,
certain **rhenmatic” or * gouty” conditicne, and in con-
pexion with burns and sealds. In the case of these last, we
find thromboszes in the portal area (leading to gastric and
duodenal ulcers) associa‘ed with peptonuria and an in-
creased uric acid excretion.

And now, in coneclus’on, I would desire to be allowed to
expiess my very sincere thanks to the Councils of the
IRoyal Colleges of Surgeons and Physicians, and more
especially to the Laboratories Committee of the Conjoint
Colleges, not only for their kindness in permitting me to
work in their laboratories, but also for the very liberal
mannoer in which I have been supplied wich every appliance
which was necessary for my work. Lastly, I feel that I
have a debt of very special gratitude to discharge to
Dr. Sims Woodhead for much unselfishly afforded assistance,
and, above all, for his continunal gift of sympathetic interest
in the work upon which I have been engi;ie . Ibelieve that
I am only expressing what is felt equally by every other
worker in these laboratories when 1 say for myself that
the help and sympathetic interest of such a director of
















